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ABSTRACT

Allochthonous sedimentary rocks of the Brooks Range orogen and overlying foredeep 

deposits are well exposed in the Atigun Gorge area, at the northern mountain front of the 

Brooks Range. A stepwise northward decrease in structural relief occurs in this area, ex

posing progressively younger stratigraphic units. Present exposures reveal three structural 

levels: an antiformal imbricate stack and an overlying roof zone, composed of allochthonous 

Devonian to Cretaceous rocks, and a higher level of broad open structures in the overlying 

foredeep deposits.

The structures of the area formed either by two distinct deformational events, involving 

the emplacement and subsequent deformation of the antiformal stack and overlying foredeep 

deposits, or by a single event, involving emplacement and simultaneous backthrusting at 

the base of the structurally overlying foredeep deposits. Timing of the earliest deformation 

is indicated by Lower Cretaceous (Neocomian) synthrust deposits.
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CHAPTER 1

INTRODUCTION

1.1 Purpose

The purpose of this report is to document the geology of the Atigun Gorge area, in part 

with a new geologic map, and to model its deformational history. At Atigun Gorge, located 

at the Brooks Range mountain front in northern Alaska, the thrust sheets of the Brooks 

Range orogen are exposed to the south, and a major northward decrease in structural 

relief preserves foredeep deposits to the north. Additionally, the Atigun Gorge area marks 

a zone of transition between the Devonian to Cretaceous stratigraphic successions of the 

central and northeastern Brooks Range. An understanding of the geology of Atigun Gorge 

contributes to an understanding of the surface and subsurface structure and stratigraphy 

of the Brooks Range mountain front.

1.2 Objectives

The objectives of this study were to examine, map, and describe the rock exposures 

of the Atigun Gorge area, use new and existing fossil information for age control, develop 

a balanced geologic cross-section and produce a viable structural model which depicts the 

geologic evolution of the Atigun Gorge area. From this study, information can be derived 

concerning the regional deformational history of the Brooks Range mountain front.
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13 Location

The Atigun Gorge area is located in northern Alaska, in the southwest part of the 

U.S. Geological Survey (USGS) Philip Smith Mountains 1:250,000-scale quadrangle (fig. 

1). The gorge and the surrounding area are included in the Philip Smith Mountains B-4 

and C-4 l:63,360-scale quadrangle maps. Atigun Gorge is approximately 320 miles (510 

km) north of Fairbanks via the Dalton Highway, and 140 miles (225 km) south of Prudhoe 

Bay (Deadhorse) on the Beaufort Sea coast.

The study area (fig. 2), which forms a square approximately 6 miles (10 km) on each 

side, is bounded on the west by the Dalton Highway (Trans-Alaska Pipeline Haul Road). 

The area of the geologic map (Plate 1, enclosed in back pocket) includes the area mapped 

in detail in this study as well as an area mapped by Brosge and others (1979) that extends 

east to the Sagavanirktok River.

The Atigun Gorge area is located at a major topographic inflection in the northern 

mountain front of the Brooks Range, where the east-trending Endicott Mountains meet the 

northeast-trending Philip Smith Mountains (fig. 2). The area is approximately 20 miles 

(32 km) north of Atigun Pass, which marks the Continental Divide. The topographically 

subdued Arctic foothills and coastal plain lie to the north of the study area.

In the map area, the north-flowing Atigun River deviates sharply to the northeast and 

cuts a narrow gorge through a tundra-covered, U-shaped valley. The Atigun River flows 

through the gorge into the north-flowing Sagavanirktok River. The valley of Atigun Gorge 

is bounded on both sides by steep mountain ridges, with a local relief of 3000 ft (900 m). 

The shape of the valley attests to its glacial origins, and large driftstones can be found on 

some relatively high ridges in the study area.

The study area lies partially within the southwestern part of the Arctic National 

Wildlife Refuge, and partially within the Trans-Alaska Pipeline Corridor. An operational
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Fig. 1 Index map of study area.
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Fig. 2 Regional and local physiography of the Atigun Gorge area.
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airstrip is present at Galbraith Lake, 5 miles (8 km) northwest of the map area. Pump 

Station 4 of the pipeline is located near the southwest corner of the map area.

1.4 Methods

The 36 square-mile (92 sq. km) study area was mapped during the summer seasons of 

1986 and 1987. A geologic map of the area, based on fieldwork conducted in this study, was 

extended to the east and south with a compilation map based on this and previous studies 

in the region (Plate 1).

The area was mapped on a scale of 1:24,847, using enlarged USGS topographic maps 

and aerial photographs for topographic reference. A set of balanced geologic cross sections 

(Plate 2, enclosed in back pocket) were then constructed. The balanced geologic cross 

sections conform to the structural geometry mapped in surface exposures and model the 

structural geometry of the rock units in the subsurface. Restoration of the balanced geologic 

cross sections yielded a reconstruction of the study area prior to deformation (Plate 2). 

Forward modeling of the restored sections, based on the observed structures of the study 

area, resulted in viable geologic models that represent the possible deformational histories 

of the Atigun Gorge area.

1.5 Scope

This study is concerned mainly with the deformational history of the Atigun Gorge area. 

However, prior to this study the geology of much of the Atigun Gorge area had not been 

mapped on any scale other than 1:250,000 (Brosge and others, 1979). A major component 

of the fieldwork was the identification, delineation and description of the various rock units. 

Stratigraphic studies were reconaissance in scope. Representative rock samples were taken 

from each lithologic unit for petrographic analysis. No stratigraphic sections were measured 
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and lateral changes in rock type and thickness were not investigated. The geologic setting 

and stratigraphy of Atigun Gorge are summarized in chapter 2. Detailed stratigraphic 

descriptions are presented in Appendix A. The relationship between the local stratigraphy 

and the regional structural and stratigraphic setting of the Brooks Range is presented 

in chapter 3. The geologic map and structural descriptions are presented in chapter 4. 

In chapter 5, a deformational model is presented along with balanced and restored cross 

sections. Variations of the interpreted regional structural setting of the area are presented 

in chapter 6.

1.6 Previous Work

Syntheses of recent concepts on the origin and structure of the Brooks Range are outlined 

by Mayfield and others (1983) and Mull (1982, 1985). The broad stratigraphy of the study 

area is outlined in regional stratigraphic studies by Bowsher and Dutro (1957), Detterman 

and others (1975), Bodnar (1984), Siok (1985), Mull and others (1987), Crowder (1987) 

and Adams (1991). The broad distribution of rock units and major structures of the Philip 

Smith Mountains quadrangle were mapped at 1:250,000-scale by Brosge and others (1979).

Other researchers (Adams, 1991; Bodnar, 1984; and Crowder, 1987,1989) have studied 

specific lithologic units of the Atigun Gorge area. Because many of the rocks in the area are 

allochthonous, the stratigraphy of the area has important structural implications. Aspects 

of the stratigraphy found to differ from what has been reported in previous research are 

highlighted in chapter 2.



CHAPTER 2

GEOLOGIC SETTING AND STRATIGRAPHY

2.1 Geologic Setting

The Brooks Range of northern Alaska is thought to have originated in Middle Jurassic to 

Early Cretaceous (Neocomian to Aptian) time as a result of the collision of the south-facing, 

passive continental margin of Arctic-Alaska with an island arc to the south (Mayfield and 

others, 1983; Box, 1985; Mull, 1985). The Arctic-Alaska continental margin was thrust 

beneath the sedimentary and igneous rocks of the upper plate, resulting in detachment 

and telescoping of the sedimentary cover of the Arctic-Alaska continental margin into a 

stack of thrust sheets (Mull, 1982; Mayfield and others, 1983). These fault-bounded and 

internally imbricated sheets, which contain coeval sedimentary rocks of differing deposi

tional environments, and overlying thrust sheets of oceanic rocks, comprise the allochthons 

of the Brooks Range. The underthrusting process which formed the stack is interpreted 

to have resulted in the relative northward transport of each allochthon over the one now 

structurally beneath it.

This major underthrusting event created the ancestral Brooks Range, which shed sed

iments to the north into a foreland basin, named the Colville basin (Mull, 1985) (fig. 3). 

This basin is floored by autochthonous sedimentary rocks of the south-facing passive con

tinental margin of Arctic-Alaska. From Albian to earliest Tertiary time, further crustal 

shortening resulted in the additional folding and faulting of the allochthons and the north-

ward migration of the deformational front into foredeep deposits of southern Colville basin. 

The orogenic basal detachment surface also dropped to a lower stratigraphic position during 

7
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the continued deformation, which resulted in minor displacement of previously undeformed 

autochthonous rocks beneath the foredeep deposits (Mull, 1982, 1985).

On the south side of the Brooks Range, the contact between the allochthonous thrust 

sheets and deformed parautochthonous rocks is exposed in a structural high, named the 

Doonerak fenster (fig. 3). The Doonerak fenster is 35 miles (56 km) south of Atigun Gorge, 

and is described in chapter 3.

Along the northern mountain front of the Brooks Range, allochthonous thrust sheets 

are overlain by Aptian-Albian foredeep deposits. At Atigun Gorge the thrust sheets and 

overlying foredeep deposits are interpreted to be separated by a backthrust.



Fig. 3 Regional cross section of northern Brooks Range and southern Arctic Slope, 

Alaska.
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2.2 Stratigraphy of Atigun Gorge

The stratigraphy of Atigun Gorge is summarized below and in figure 4, and is described 

in more detail in Appendix A. The Atigun Gorge area is underlain by sedimentary rocks of 

Devonian to Cretaceous age, with progressively younger rocks exposed from south to north. 

The Devonian to Neocomian stratigraphic section can be divided into a lower, structurally 

competent portion dominated by the Devonian Kanayut Conglomerate and the Mississip

pian to Pennsylvanian Lisburne Group, and an upper, structurally incompetent portion 

dominated by shale beds of Permian to Early Cretaceous (Neocomian) age. Cretaceous 

(Aptian-Albian) foredeep deposits include a lower structurally incompetent interval and an 

upper structurally competent interval of sandstone and conglomerate.

The Upper Devonian to Lower Mississippian Kanayut Conglomerate (MDk) dominates 

exposures south of Atigun Gorge, and also is inferred to underlie some of the rocks exposed 

in the southern part of the map area. The Kanayut Conglomerate is a thick (9440 ft, 2877 

m), structurally competent unit composed of sandstone, conglomerate and shale (Moore 

and Nilsen, 1984). The Mississippian Kayak Shale (Mk) rests conformably on the Kanayut 

Conglomerate (Nilsen, 1981). The Kayak Shale consists of 600-1000 ft (180-300 m) (this 

study) of shale, subordinate fine-grained sandstone and siltstone, and also contains one 

or more distinctive brown-weathering limestone marker beds. The Kayak Shale is struc

turally incompetent with respect to the surrounding rock units, and has served as a major 

detachment horizon.

The Mississippian to Pennsylvanian Lisburne Group (PMlu) conformably overlies the 

Kayak Shale. In the Atigun Gorge area, the Lisburne Group is composed of approximately 

1800 ft (550 m) of structurally competent, 4-20 in. (10-50 cm) thick beds of recrystallized 

and Stylolitized wackestone and packstone. The Lisburne Group has been divided into two 

units in the map area, a lower unit (Ml) of dark grey-weathering fine-grained limestone that
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Fig. 4 Stratigraphy of Atigun Gorge.



12

forms rubble-covered exposures (1100 ft, 335 m), and an upper unit (IPMl) of more resistant, 

lighter grey-weathering limestone (700 ft, 215 m). At Atigun Gorge, the uppermost beds of 

the Lisburne Group have yielded productid brachiopods of Lower Pennsylvanian (Atokan) 

age (Siok, 1985).

A thin (2 in., 5 cm) clay horizon separates the Lisburne Group beds from the overlying 

Permian limestone (Plm). The Permian limestone consists of a lower unit (20 ft, 6 m) 

of relatively resistant, thin-bedded (1-6 in., 2-15 cm) calcarenite, and an upper unit (23 

ft, 7 m) of non-resistant finer-grained massive calcarenite. Both of these units weather 

a characteristic yellow-brown color, and contain tracks of the trace fossil Zoophycos and 

abundant Permian brachiopods and gastropods (Sellars, 1981; Adams and Siok, 1989). 

The stratigraphic boundary between the lower and upper units of the Permian limestone 

serves as a horizon of detachment in the map area (this study).

Above the Permian limestone, the stratigraphic section is dominated by shale units, all 

of which serve as detachment horizons, with intervening units of more competent lithologies. 

The shale-dominated rock units are invariably structurally disrupted so that thicknesses 

and the nature of contacts are uncertain. The maroon and green shale unit (Pmg) and the 

overlying black shale unit (Pbs), Stratigraphically overlie the Permian limestone and have 

a combined structural thickness of 220 ft (66 m) (Adams and Siok, 1989). The black shale 

unit contains fossil remains of the dental structure of the shark Helicoprion (discovered in 

this study) which has not been found in rocks younger than Middle Permian. As of present 

the Atigun Gorge area is the only Alaska site where Helicoprion has been found (J. T. 

Dutro, 1987, pers. comm, to C. G. Mull).

A gradational lithologic change separates the Permian black shale from the Stratigraph- 

ically overlying undifferentiated nodular shale (TrPsu). This unit consists of black shale 

and shale with brick-red nodules of barite, siderite, dolomite, and siliceous mudstone.



13

A gold-white weathering clay interval (paleosol?) separates the nodular shale unit 

from the overlying Triassic to Jurassic Otuk Formation (JTro), estimated to be 330 ft 

(100 m) thick (Bodnar, 1984). In the study area, the contact is usually eroded or tundra- 

covered. The Otuk Formation includes a lower shale member and an upper limestone 

member (Bodnar, 1984). Bodnar (1984) documented an unknown thickness of shale and 

black limestone, representing the Blankenship Member, overlying the limestone member 

in the map area, but this unit was mapped as part of the limestone member of the Otuk 

Formation (JTro) in this study due to their lithologic similarities.

A thin (10 ft, 3 m) and structurally discontinuous bed of coquinoid limestone (Kmb), 

containing shells of the Lower Cretaceous (Valanginian) bivalve Buchia sublaeυis (Jones 

and Grantz, 1964), separates the Otuk Formation from the overlying tectonic breccia and 

contorted shale beds of the Lower Cretaceous (Neocomian) Okpikruak Formation (Ko). 

Extensive faulting and the occurrence of large, fault-bounded blocks of older rock units 

in the Okpikruak Formation make determination of stratigraphic thickness impossible. In 

the central Brooks Range, the Okpikruak is up to 2600 ft (800 m) thick (Gryc and others, 

1951), though this may not be a true stratigraphic thickness.

Some of the large blocks in the tectonic breccia of the Okpikruak Formation are of 

unusual rock types not exposed elsewhere in the Atigun Gorge area. Blocks of wispy- 

laminated green chert, altered limestone, and green siltstone, as well as smaller slivers of 

altered green mudstone are contained in the tectonic breccia. These green chert and green 

siltstone units have not been previously identified at Atigun Gorge and are interpreted 

to be fragments of higher allochthons incorporated into an Okpikruak Formation shale 

matrix. The altered green limestone contains brachiopods and crinoid fragments, as well 

as Zoophycos trace fossils and has lithologic compositions (though altered) which suggest 

an alternative correlation with the upper part of the Lisburne Group and the lower part 

of the Permian limestone. Blocks of the coquinoid marker bed, the limestone member of 
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the Otuk Formation, and possibly some of the older shale units, which are exposed in a 

relatively less deformed state elsewhere in the map area, are also included in the tectonic 

breccia.

Above the Okpikruak Formation is the relatively mildly deformed lower Fortress Moun

tain Formation (Kt). This unit consists of laterally continuous, brown-weathering shale with 

minor sandstone and carbonate lenses and beds. The Cretaceous (Aptian-Albian) upper 

Fortress Mountain Formation (Kfm), composed of sandstone, conglomerate and shale, over- 

lies the lower Fortress Mountain Formation and caps the ridge which forms the northern 

boundary of the map area.



CHAPTER 3

REGIONAL CORRELATION

In northern Alaska, Neocomian and older allochthonous rocks of the central and west

ern Brooks Range, parautochthonous rocks of the northeastern Brooks Range, and au

tochthonous rocks underlying the Alaskan North Slope have been distinguished on the 

basis of sedimentary facies variations. These facies variations are reflected in differences in 

lithology, thickness, and interpreted depositional environment (Muff, 1982; Mayfield and 

others, 1983). These facies variations are useful in identifying the various allochthons of 

the Brooks Range and determining their structural position.

In the Philip Smith and eastern Endicott Mountains, including the Atigun Gorge area, 

the structural contact between allochthonous and underlying parautochthonous rocks is 

commonly covered or poorly defined (Mull and others, 1987). Regional structural rela

tions, then, must be determined at least in part using sedimentary facies variations. In this 

study, the Upper Devonian through Lower Cretaceous rocks of the Atigun Gorge area are 

interpreted to be allochthonous. It is important first to review the stratigraphic charac

teristics that distinguish the allochthonous from the parautochthonous rocks of the region, 

then to define the aspects of the Atigun Gorge rocks that indicate they are allochthonous.

A reconstruction of the Upper Devonian to Lower Cretaceous stratigraphic relation

ships of the central and northeastern Brooks Range is shown in figure 5. An overall strati

graphic thickening of the Upper Devonian to Lower Mississippian Endicott Group and 

stratigraphic thinning of the Permian through Jurassic section occurs from the northeast

ern to central Brooks Range. In the central Brooks Range, the Endicott Group consists of a 

very thick section of shale, sandstone, and conglomerate and comprises, in ascending order, 

the Hunt Fork Shale, Noatak Sandstone, Kanayut Conglomerate, and Kayak Shale (Moore 

15



and others, 1989). In the northeastern Brooks Range, the Endicott Group is bounded at its 

base by a regional angular unconformity and is represented by the much thinner Kekiktuk 

Conglomerate and Kayak Shale.

Regional patterns of stratigraphic and thickness variation in the Carboniferous Lis- 

burne Group are less clear (Armstrong and Mamet, 1989). The Mississippian Wachsmuth 

Formation is the lowermost unit of the Lisburne Group in the central Brooks Range, but 

is generally absent in the northeastern Brooks Range. The Mississippian-Pennsylvanian 

Wahoo Formation is the uppermost unit of the Lisbume Group in the northeastern Brooks 

Range, but is generally absent in the central Brooks Range. The stratigraphy of the Lis- 

burne Group in the Atigun Gorge area has not been studied sufficiently to determine which 

of these units are actually present.

The Permian through Jurassic units are generally thinner and finer-grained in the cen

tral Brooks Range than in the northeastern Brooks Range. The coarse clastic components 

of the Sadlerochit Group and Shublik Formation of the northeastern Brooks Range are not 

found in the central Brooks Range, for example. Conversely, many of the shaly and cherty 

components of the coeval Etivluk Group in the central and western Brooks Range are not 

found in the northeastern Brooks Range (Adams, 1991).

The tectonically disturbed Lower Cretaceous (Neocomian) Okpikruak Formation is 

found only in the allochthons of the Brooks Range (Mull, 1985). In the northeastern Brooks 

Range, the Kemik Sandstone and pebble shale units are partly coeval with the Okpikruak 

Formation. The Kemik Sandstone pebble shale units are thin units of shelf sediments that 

contrast with the turbidites of the Okpikruak Formation and do not display the style of 

structural deformation characteristic of the Okpikruak Formation.

The Doonerak fenster is a structural window in the central Brooks Range (fig. 3). 

The structurally thickened overlying rocks consist of an Upper Devonian to Lower Creta

ceous stratigraphic sequence characteristic of the central Brooks Range (Dutro and others,



Fig. 5 Stratigraphic relationships between the northeastern and central Brooks 
Range, Alaska (modified from Bodnar, 1989).
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1976). The structurally underlying Lower Mississippian to Upper Triassic rocks exposed 

in the Doonerak fenster are Stratigraphically more similar to autochthonous rocks in the 

subsurface of the North Slope and to parautochthonous rocks exposed in the northeastern 

Brooks Range than to the structurally overlying rocks (Mull and others, 1987). The rela

tionships at the Doonerak fenster suggest that an allochthonous sequence of rocks, known 

as the Endicott Mountains allochthon, has been tectonically transported northward over 

parautochthonous rocks. Exposures of the allochthon are continuous from the edge of the 

Doonerak fenster northward approximately 35 miles (56 km) to the mountain front.

The following criteria from figure 5 appear to be useful in distinguishing between the al

lochthonous and parautochthonous stratigraphic sequences in the central and northeastern 

Brooks Range.

1. The thickness and lithology of the Upper Devonian and Mississippian rocks: The 

thick Upper Devonian to Lower Mississippian stratigraphic sequence consisting of the Hunt 

Fork Shale, Noatak Sandstone, Kanayut Conglomerate, and Kayak Shale is found only 

on the Endicott Mountains allochthon. Parautochthonous rocks contain the much thinner 

Kekiktuk Conglomerate, floored by an angular unconformity, and the Kayak Shale.

2. The relative abundance of coarse clastic or shaly and siliceous rocks in the Permian 

to Jurassic stratigraphic units: The siliceous and shaly units of the Siksikpuk and Otuk 

Formations are diagnostic of the allochthons of the central Brooks Range. The coarse 

clastic components of the Echooka, Ivishak, and Shublik Formations are found only in 

parautochthonous rocks.

3. The Okpikruak Formation is found only in allochthonous rocks.

By these criteria, the Devonian to Lower Cretaceous sedimentary rocks of the Atigun 

Gorge area are interpreted to be allochthonous and part of the Endicott Mountains al

lochthon. The Devonian to Lower Mississippian rocks in the Atigun Gorge vicinity consist 

of the Hunt Fork Shale, Kanayut Conglomerate, and Kayak Shale. The Permian through 
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Jurassic rock units of Atigun Gorge are finer-grained and more siliceous than coeval rocks 

in the northeastern Brooks Range, but to a lesser extent than those of the central and 

western Brooks Range (Adams, 1991). The Lower Cretaceous Okpikruak Formation at 

Atigun Gorge is intensely deformed, similar to the Okpikruak Formation on the Endicott 

Mountains allochthon. Overall, the stratigraphic sequence exposed at Atigun Gorge is more 

similar to that of the Endicott Mountains allochthon than to that exposed beneath the al

lochthon to the south, in the Doonerak fenster; and the stratigraphic sequence exposed in 

the Doonerak fenster is more similar to that of the northeastern Brooks Range than to that 

of Atigun Gorge. These relationships support the interpretation that the rocks at Atigun 

Gorge are part of the Endicott Mountains allochthon.
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CHAPTER 4

STRUCTURE

4.1 Introduction

Rocks exposed in the map area can be divided into three main structural levels (figs.

6 and 7). Southernmost and structurally lowest is an antiformal imbricate stack (Boyer 

and Elliot, 1982), composed mainly of competent allochthonous Devonian to Permian rock 

units. The antiformal imbricate stack is informally named the Galbraith stack in this study, 

for the nearby Galbraith Lake (2-3 miles (3-5 km) to the northwest). This structure formed 

under a roof of depositionally overlying Permian to Cretaceous (Neocomian) shale. These 

allochthonous Permian to Cretaceous (Neocomian) shales were deformed as a result of the 

formation of the Galbraith stack, and this disrupted roof comprises the middle structural 

level. At the highest structural level are Cretaceous (Aptian to Albian) foredeep deposits, 

which form the broad, open Atigun syncline. These foredeep deposits are separated from 

the underlying allochthonous rocks by an inferred erosional surface and possibly by a major 

backthrust as well.

The area mapped in detail for this study has been divided into three east-trending 

structural provinces, numbered from south to north and corresponding to the three major 

structural levels (Plates 1 and 2). The provinces are distinguished by differences in stratig

raphy and deformational style. Structural province 1 includes the Galbraith stack. The 

more highly deformed Permian to Cretaceous (Neocomian) rock units comprise structural 

province 2. Structural province 3 includes the broad, open syncline which overlies the dis

rupted roof. A detailed description of each of the three structural provinces follows. All
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Fig. 6 Generalized geologic map of Atigun Gorge. Line A-A' is line of cross section 
in figure 7. Lithologic symbols as in Plate 1 (Ps ≡ Permian rock units).
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Geologic Cross Section A-A’

Fig. 7 Geologic cross section of Atigun Gorge.
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structure and fault names introduced in this study are informal unless otherwise indicated 

and are not based on any formal geographic nomenclature.

4.2 Structural Province 1-The Galbraith Stack

The Galbraith stack is an antiformal imbricate stack (Boyer and Elliot, 1982), composed 

of at least three major thrust sheets, and forms the lowest structural level exposed in the 

study area (fig. 7). The Galbraith stack is interpreted to have formed above a detachment 

horizon which ramps upsection in two places: in the south from the Kanayut Conglomerate, 

and north of a long flat in the Kayak Shale, through the Lisburne Group to a flat in 

the Permian limestone. With some exceptions, the Galbraith stack duplicates only the 

stratigraphic interval from the Kayak Shale to the lower half of the Permian limestone. 

The thrust sheets of the Galbraith stack, then, can be generally characterized as folded 

thrust repetitions of the Lisburne Group above a detachment surface in the Kayak Shale. 

The thrust sheets of the Galbraith stack are informally named the upper, middle and lower 

thrust sheets, and will be described from structurally highest to lowest.

Several structural models were considered during this study for the Galbraith stack, 

and the preferred model is developed in the body of this thesis. An alternate model is 

described and evaluated in Appendix B. This model was found not to be consistent with 

relationships in critical exposures in the area mapped in detail, or in downplunge exposures 

out of the study area. Hence, this model was rejected.

The Upper Thrust Sheet

The structurally highest thrust sheet of the Galbraith stack lies above the Wolf Creek 

thrust fault (fig. 7). The Wolf Creek thrust is a folded thrust fault which juxtaposes a
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stratigraphic sequence from Kanayut Conglomerate through Permian shale over the Lis- 

burne Group. The following is a south to north description of the structures within this 

highest thrust sheet.

Exposures of the Devonian Kanayut Conglomerate above the Wolf Creek thrust lie 

at the southern edge of the compilation map area (fig. 6, Plate 1), outside of the area 

mapped in detail, and were not traversed in this study. Descriptions of Kanayut structures 

are included because they are well-exposed and closely related to the subsurface structure 

of the detailed map area. This close relationship is corroborated by structures that plunge 

beneath the study area from the east, as is shown on the compilation geologic map (Plate 

1)∙

The descriptions of structures in the Kanayut Conglomerate are based on published 

map data (Brosge and others, 1979), aerial photograph interpretation conducted in this 

study, and visual inspection of the exposures from a distance. Along the west edge of the 

study area, the Kanayut structures consist of a chevron syncline bounded on the north by 

a concentric anticline (fig. 8). The folds are informally named the Walton syncline and 

Tuurraq anticline, respectively. The fold pair is of large amplitude (greater than 2500 feet 

(760 m)) and underlies related structures in the overlying Kayak Shale and Lisburne Group.

The Walton syncline (fig. 8) has an interlimb angle of approximately 30 degrees. 

Exposures near the level of the Dalton Highway in the core of the syncline show that the 

uppermost bed of the Kanayut Conglomerate has been folded against itself, the overlying 

Kayak Shale having been squeezed out. The south limb of the Walton syncline is vertical, 

and the north limb dips uniformly at approximately 60 degrees south.

In the north limb of the Walton syncline, the south-dipping Childress thrust fault (fig. 

9) is rooted in the Kayak shale and truncates the Lisburne Group. Approximately 600 feet 

(180 m) of separation has resulted from northward displacement of the hanging wall on the

Childress thrust.



Fig. 8 Line drawing from oblique photo of Walton syncline and Tuurraq anticline.
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Fig. 9 Geologic cross-section of structures in the Kanayut Conglomerate above 
the Wolf Creek thrust fault.
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The Childress thrust is interpreted to be an out-of-syncline thrust fault rooted in the 

Kayak Shale. This fault is interpreted to have accommodated the space problems in the 

core of the Walton syncline. The north limb of the Walton syncline forms the south limb 

of the Tuurraq anticline (fig. 9). The northern portion of the Tuurraq anticline has a 

near-concentric geometry. The north limb of the anticline dips under the alluvial cover of 

Holden Creek to the north.

The Tuurraq anticline is interpreted as a fault-bend fold overlying a footwall ramp and 

flat of the Wolf Creek thrust (fig. 9). The south limb of the Tuurraq anticline is interpreted 

to parallel the underlying ramp. The north limb of the anticline is interpreted to mark a 

hanging wall ramp overlying the Wolf Creek thrust.

Given that the Kanayut Conglomerate in the Galbraith stack overlies the Wolf Creek 

thrust, the thrust fault geometry can be inferred by using the limitations imposed by 

a concentric fold geometry and assuming that the south limb of the Tuurraq anticline is 

parallel to an underlying ramp (fig. 10). The concentric geometry of the north limb of the 

Tuurraq anticline allows estimation of a minimum thickness for the Kanayut Conglomerate 

on the thrust sheet (“r” in fig. 10). By this method, a minimum thickness of 3500 feet 

(1070 m) is calculated for the Kanayut Conglomerate in the thrust sheet. Projecting this 

thickness “r” downward parallel to the Kanayut-Kayak contact on the south limb gives the 

approximate geometry of the thrust ramp. A minimum depth to detachment beneath the 

Walton syncline can be estimated by projecting the thickness “r” downward from the hinge 

of the Walton syncline.

The Wolf Creek thrust crops out parallel to and below a south-dipping panel of Lis- 

burne Group and Kayak Shale (figs. 7 and 11, Plate 1). This panel is termed the upper 

panel in this study. The upper panel dips 20-25 degrees to the south in its northernmost ex

posures, and steepens to 40 degrees to the south, south of an east-trending hinge line (Plate
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Fig. 10 Method of estimating minimum thickness of Kanayut Conglomerate and 
determining minimum depth to detachment.
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1). Mapping by Metz and Robinson (1979) indicates a gentle north dip in the southernmost 

exposures of the upper panel.

The Wolf Creek thrust is interpreted to change from a hanging wall ramp under the 

Tuurraq anticline northward to a hanging wall flat under the upper panel, where it is gen

erally parallel to bedding in both the hanging wall and footwall (fig. 12). The Tuurraq 

anticline is the only hanging wail anticline in the Kanayut Conglomerate that is present 

in the Galbraith stack. Thus, this anticline marks the northward and upward migration of 

the Wolf Creek thrust into the Kayak Shale (fig. 12), which is the significant horizon of 

detachment in the study area and a regional detachment horizon throughout the Brooks 

Range (Mayfield and others, 1983; Mull, 1982). As is typical of efficient detachment hori

zons, large displacement thrusts rooted in the Kayak Shale are parallel to bedding in much 

of both the hanging wall and footwall.

Beds near the base of the upper panel show north-vergent Intraformational folds in the 

lower Lisburne Group and in a limestone marker bed in the Kayak Shale (fig. 11). The 

amplitude of these folds is relatively small (less than 300 feet (100 m) in the direction of the 

axial surface). Contorted bedding occurs in the Kayak Shale beneath the limestone marker 

bed. The proximity of the Intraformational folds to the Wolf Creek thrust suggests that the 

folds may have formed due to inhomogeneously distributed shear within the Kayak Shale 

and overlying Lisburne Group during north-directed displacement of the upper panel along 

the Wolf Creek thrust.

The upper panel is separated from the north limb of the Tuurraq anticline to the south 

by the south-dipping Holden Creek thrust fault, which is interpreted to be rooted in the 

Kayak Shale. Brosge and others (1979) interpreted the Holden Creek thrust to juxtapose 

the Kanayut Conglomerate in the forelimb of the Tuurraq anticline over the south-dipping 

upper panel. East of the study area, however, a synclinal axis lies along trend with the 

Holden Creek thrust and marks a change in the dip of the upper panel to near-vertical



Fig. 11 Line drawing from oblique photo of upper panel. WCT-Wolf Creek thrust. 
Lithologic symbols as in Plate 1.



Fig. 12 Geologic cross-section of the upper panel and Holden Creek thrust fault.
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or north-overturned (Plate 1). According to the map of Brosge and others (1979), the 

upper panel is continuous with the northern forelimb of the Tuurraq anticline across this 

synclinal hinge. In the area mapped in detail, the change from south to gentle north dips 

in the southern edge of the upper panel may be a reflection of this synclinal axis. Since 

the axis is not sufficiently well-defined to be mapped, most of the synclinal hinge zone is 

interpreted to have been faulted away by the Holden Creek thrust (fig. 12).

Therefore, the Holden Creek thrust is interpreted to be an out-of-syncline thrust fault, 

which is rooted near the base of the Kayak Shale, and dies out into a syncline to the 

east. The apparent juxtaposition along part of Holden Creek of the Kanayut Conglomerate 

against the Lisburne Group is therefore assumed to be the result of tectonic thinning of the 

Kayak Shale in the core of the syncline.

Alternatively, both the Childress and Holden Creek thrusts may have cut up from a 

Stratigraphically lower level somewhere within Kanayut Conglomerate. For the Childress 

thrust, this alternative approach would do little to change the current geometry other than 

having a thrust fault of relatively small displacement cutting up from some horizon within 

the Kanayut Conglomerate, through the Kayak Shale and into the Lisburne Group. This 

alternative approach would explain the vertical orientation of the Kanayut Conglomerate 

in the south limb of the Walton syncline, as the hanging wall geometry of the Childress 

thrust would be analogous to a fold geometry found near the tip of a thrust.

If the Holden Creek thrust were rooted in the Kanayut Conglomerate, then the overall 

relationship between the Tuurraq anticline and the Holden Creek and Wolf Creek thrusts 

would be markedly different. The hanging wall ramp in the Tuurraq anticline would overlie 

the Holden Creek thrust instead of the Wolf Creek thrust. The footwall of the Wolf Creek 

thrust would also extend further to the south. By this alternative approach, the Holden 

Creek and Wolf Creek thrusts would look more like fault splays, rather than two distinct 

faults.
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North of the upper panel, the Wolf Creek thrust is interpreted to be antiformally folded 

above the Steele Mountain anticline (described below) (fig. 7). Structurally overlying the 

overturned forelimb of the Steele Mountain anticline to the north is an inverted (synformal) 

anticline (figs. 7 and 13), informally named the Paradise synform. The Paradise synform is 

defined by strata of part of the upper Lisburne Group, the Permian limestone, the maroon 

and green shale, and the black shale. AU strata in the Paradise synform are overturned, and 

are completely inverted in the trough of the structure. The Paradise synform is bounded on 

the north by a fault contact with the complexly faulted and laterally discontinuous Permian 

and younger shales of structural province 2 (Plate 1).

The Paradise synform is interpreted to be a klippe, representing the leading edge of the 

upper thrust sheet. The maximum structural rotation in the Paradise synform, assuming 

that it is a refolded hanging wall anticline, is 230 degrees from original horizontal. These 

beds are truncated to the south by the overturned Wolf Creek thrust fault against the 

forelimb of the Steele Mountain anticline. The inverted beds at the hanging wall cutoff dip 

50 degrees or more to the north, and the fault and beds in the forelimb dip 40 degrees to 

the south. These orientations indicate a hanging wall cutoff angle of at least 90 degrees.

Strata of the Lisburne Group and Permian limestone comprise a small fault sliver that 

is located between the forelimb of the Steele Mountain anticline and the Paradise synform 

(Plate 1). This sliver is about 500 feet (150 m) thick and 3500 feet (1070 m) long. The 

fault sliver is inferred to have formed as a result of a minor splay of the Wolf Creek thrust 

fault.

The Middle Thrust Sheet

The middle thrust sheet of the Galbraith stack overlies the Steele Mountain thrust 

fault (fig. 7). Although the Steele Mountain thrust is not exposed, it has emplaced a



Fig. 13 Line drawing from oblique photograph of Paradise synform, Steele Moun
tain anticline, and Lisburne bench anticline.

ω
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stratigraphic sequence from Kayak Shale to Permian limestone over the Lisburne bench 

anticline (described below) in the footwall. Present exposures of the middle thrust sheet 

reveal a north-vergent anticline, informally named the Steele Mountain anticline in this 

study, and a long, gently dipping backlimb (figs. 7 and 12). The Steele Mountain anticline 

is a close fold (interlimb angle less than 35 degrees), with a smoothly folded outer margin 

and a chevron-folded interior. The fold is defined by strata of the Lisburne Group and the 

Permian limestone. The Kayak Shale is inferred to core the fold at depth. The backlimb 

of the fold, informally named the lower panel (figs. 7 and 12), forms the footwall flat over 

which the upper panel has been emplaced.

The dip of the lower panel is interpreted to steepen in the subsurface south of the 

same hinge zone observed in the overlying upper panel (Plate 1). The footwall cutoff of the 

middle thrust sheet below the Wolf Creek thrust is interpreted to form the ramp underlying 

the Tuurraq anticline (fig. 7).

South of Imnaich Falls, discontinuous exposures of the Permian limestone occur in the 

overturned north limb of the Steele Mountain anticline (Cross section B-B', Plate 2). At 

this location, the Permian limestone contains asymmetric intraformational folds. These 

folds are of small amplitude (less than 15 feet ( 5 m)) and display north-vergence if the 

forelimb is restored to horizontal.

The intraformational folds on the forelimb of the Steele Mountain anticline are in

terpreted to reflect thrust transport of the upper thrust sheet over the Lisburne Group 

and Permian limestone prior to formation of the Steele Mountain anticline (fig. 14). This 

relationship would indicate that the upper thrust sheet has been refolded along with the 

underlying Steele Mountain anticline, causing the inversion of its leading edge and resulting 

in the formation of the Paradise synform.
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Fig. 14 Thrust emplacement of upper thrust sheet and subsequent folding of the 
Steele Mountain anticline.
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The Lower Thrust Sheet

The only surface expression of the lower thrust sheet of the Galbraith stack is the 

Lisburne bench anticline, exposed at the leading edge of the Galbraith stack (figs. 7 and 

13). The Lisburne bench anticline is more open (minimum interlimb angle = 44 degrees) 

than the Steele Mountain anticline, and is interpreted also to have an overturned forelimb. 

The Lisburne bench anticline plunges east-southeast at 5-20 degrees.

The backlimb of the Lisburne bench anticline is interpreted to be truncated by the 

overlying Steele Mountain thrust (Plate 2). This truncation is indicated by the southward 

steepening of dips in the upper and lower panels at the hinge south of Wolf Creek (Plate 

1). The lower thrust sheet is interpreted to overlie the Lisburne Bench thrust fault (fig. 7), 

which is the lowest known thrust of the Galbraith stack.



Summary of Galbraith Stack

Each of the thrust sheets of the Galbraith stack is folded about the immediately under

lying sheet, and the highest thrust sheet is the most folded. The three thrust sheets define 

an antiformal imbricate stack (Boyer and Elliot, 1982). With the exceptions of the hang

ing wall anticlines of the Kanayut Conglomerate and the Permian shale units in the upper 

thrust sheet, the Galbraith stack duplicates the stratigraphic interval from the Kayak Shale 

to the lower half of the Permian limestone. Rocks Stratigraphically above the lower half of 

the Permian limestone must have been structurally detached from underlying units, and 

formed a roof to the antiformal stack. Structures above the Galbraith stack are described 

in the discussion of structural province 2.

The high cutoff angle measured at the Paradise synform, and the steep ramp inferred 

to underlie the Tuurraq anticline, indicate that thrust faults have truncated the Lisburne 

Group at angles nearly 90 degrees to bedding. The Steele Mountain anticline and the 

Lisburne Bench anticline are both north-vergent and overturned to the north. These axe 

indicators that folding of the Lisburne Group preceded faulting. Considering the north- 

vergent fold geometry of the Steele Mountain and Lisbume bench anticlines, then, thrust 

faults of the Galbraith stack probably cut through the Lisburne Group in the overturned 

forelimbs of anticlines.

No footwall cutoffs of the Lisburne Group thrust sheets are well exposed in the study 

area. Since folding is interpreted to have preceded faulting, the footwall cutoffs in the 

subsurface are interpreted to have a remnant synclinal morphology.
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4.3 Structural Province 2-The Disrupted Roof

A deformed roof structure, composed of Permian to Cretaceous (Neocomian) shale 

units and floored by a sole thrust in the Permian limestone, structurally overlies the Gal

braith stack and comprises Structural Province 2. This province is typified by discontinuous 

exposures of structurally disrupted rock units. In general, the strata are south dipping and 

overturned. The rocks of this province, with some exceptions, are progressively younger 

and more deformed to the north.

In the southern part of the province, near the mountain front, the structure is delin

eated by the yellow-brown weathering Permian limestone. Toward the north, the absence 

of a known stratigraphic sequence with well-defined markers and the increased intensity 

of deformation prevent a complete understanding of structural relationships and displace

ment sense and magnitude. Two exposures in this province will be described to illustrate 

the end-member structural styles: The rhythmically faulted Permian shale and limestone 

units exposed near Imnaich Falls, and the exposure of more chaotically deformed Triassic 

to Cretaceous rock units located at the mouth of Confluence Creek (Plate 1).

East of Imnaich Falls, on the south side of the Atigun River, a series of north-sloping, 

barren ridges and gullies extend from a high, tundra-covered plateau down to the level of 

the Atigun River (Plate 1). On these ridges, a belt of fault-repeated Permian limestone 

and shale units lies north of the Paradise synform (fig. 15). The Permian shale sequence 

dips to the south at about 40 degrees, is consistently overturned, and has been faulted at 

a low angle to bedding. The faults are east-striking and moderately south-dipping, and all 

but the southernmost, structurally lowest faults cut upsection to the south.



Fig. 15 Fault imbricates of Permian limestone and shale north of Imnaich falls. 
Lithologic symbols as in Plate 1.

⊂>
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The fault repetitions of the Permian rock units exposed near Imnaich Falls are in

formally named the Imnaich fault imbricates and, although their exact origin is not com

pletely understood, they are interpreted to have accommodated the emplacement of the 

upper thrust sheet along the Wolf Creek thrust. One geometric model which explains the 

Imnaich Falls shale sequence is shown in figure 16. This model shows two distinct defor- 

mational events: the northward thrust transport of the Permian limestone prior to any 

significant deformation of the underlying Lisburne Group, and the subsequent backthrust- 

ing of the Permian limestone in response to the emplacement of the upper thrust sheet along 

the Wolf Creek thrust. All of these faults are interpreted to have since been overturned.

Other possible models exist for the Imnaich Falls imbricates. The faults may have 

developed due to south-directed, out-of-syncline (”pop-out”) faulting of the Permian shale 

units during development of the anticline which forms the Paradise synform in the Lisburne 

Group. The imbricates may also be a complex combination of north-directed thrust faults 

cutting up from both the Steele Mountain and Lisbume Bench thrusts. The backthrust 

model was chosen because this model allows for a volume of Permian and younger rocks 

to be removed, via south-directed thrusting, from the backlimb of the Steele Mountain 

anticline to accompany the emplacement of the upper thrust sheet. As described above, 

the imbricate faults for the most part appear to be cutting upsection to the south at Imnaich 

Falls.

More chaotically deformed rocks of structural province 2 are exposed on the north side 

of the Atigun River, at the mouth of Confluence Creek (Plate 1). This exposure contains a 

shale-dominated sequence of at least three different formations (Otuk Formation, coquinoid 

limestone marker bed, and the green siltstone unit) with little or no stratigraphic order (fig. 

17). The limestone and shale members of the Otuk Formation and the coquinoid limestone 

marker bed axe present as vertically and laterally discontinuous blocks in a shale matrix.





Fig. 17 Line drawing from oblique photograph of Confluence Creek exposure in 
structural province 2.
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On the north side of structural province 2, a rough stratigraphic order is preserved, but 

in detail there is no consistent and predictable pattern to either orientation or stratigraphic 

order, and the rock units lose lateral continuity. The belt of shale-enveloped fragmented 

blocks of Otuk Formation limestone, coquinoid limestone marker bed, and green siltstone 

is well exposed at the mouth of Confluence Creek and can be traced downstream at least 

1.5 miles (2.4 km) along a trend of N70E. Upstream, the belt is exposed for less than a 

mile (1.6 km) (Plate 1).

The faulted rock units of structural province 2 are structurally detached from the Gal

braith stack. The degree of detachment increases from south to north and with decreasing 

age. The Imnaich Falls shale sequence somewhat mimics the structure of the underlying 

Galbraith stack. The sequence contains fault repetitions of a discrete sequence (generally 

Permian shale) just as the Galbraith stack contains repetitions of the Kayak Shale, Lis- 

burne Group, and Permian limestone. The more chaotically deformed rocks at Confluence 

Creek have no clear structural or stratigraphic orientation pattern. Geologic reasons for 

the increase in intensity of deformation to the north are explored in Chapter 6.

North of the Atigun River, the rocks of structural province 2 are poorly exposed in 

stream and river cuts and in the barren patches of the tundra-covered lowland adjacent to 

the Atigun River (Plate 1). This area includes faulted shale and sheared greywacke beds 

of the Cretaceous (Neocomian) Okpikruak Formation, and associated fault-bounded blocks 

and slivers of older rock units. The Okpikruak Formation is bounded on the south by the 

belt of shale-enveloped and fragmented Jurassic to Cretaceous (Valanginian) rock units, as 

described at the Confluence Creek exposure. The province is bounded on the north by the 

lowest Stratigraphically overlying occurrence of laterally continuous shale.

Due to its poor exposures and apparently chaotic structural character, a detailed struc

tural investigation of this formation was beyond the scope of this study. The various fault- 



bounded blocks were studied to determine their lithologic and gross structural character, 

but the stratigraphy and structure of the Okpikruak Formation were not analyzed in detail.

In the Atigun Gorge area, the Okpikruak Formation is a broken formation. There are 

no mappable and continuously traceable structures in the Okpikruak, only fault-bounded 

blocks in a contorted grey shale and greywacke matrix. The blocks are generally tabular 

with long axes oriented roughly east-west. Ages and lithologies of the blocks range from 

Carboniferous(?) crinoidal wackestones to Valanginian coquinoid limestone (Plate 1). A 

description of some of the better-exposed blocks follows. These blocks crop out of the 

tundra throughout the central part of the study area, on both sides of the Atigun River.

Faulted blocks of the Permian black shale(?), the limestone member of the Otuk For

mation. the coquinoid marker bed, the green chert unit, and the green-grey siltstone, are 

all found in the tundra-covered lowlands of the study area, and are inferred to occur in 

the contorted shale beds of the Okpikruak Formation. Some blocks are quite large and 

most are map-scale features (at 1:24,847). The blocks usually crop out in local flocks. For 

example, the green chert unit and the coquinoid marker bed are generally near each other 

in the higher exposures of the western part of study area (Plate 1). To the east, blocks of 

the limestone member of the Otuk Formation crop out of the tundra or in stream cuts near 

blocks of green-grey siltstone, coquinoid marker bed. and green chert.

An exposure of an altered Carboniferous(?) wackestone is located in lowlands of the 

west part of the study area, approximately 1 mile (1.6 km) east of the Atigun River bridge 

on the north side of the Atigun River (Plate 1). The block is nearly vertical and occurs in 

an east trending, 100 x 50 ft (30 x 15 m) exposure that is completely surrounded by tundra. 

The nearest rock exposures to the east are undifferentiated Permian(?) to Triassic(?) shale, 

and an exposure to the south reveals a block of the green-grey siltstone (Plate 1). As the 

vertical trend of the block is not seen to continue to the east or west, this exposure is 

considered a fault-bounded block.
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Elsewhere along the Brooks Range mountain front, the Okpikruak Formation is in

terpreted to contain olistostromal blocks (Mull, 1982; Crane, 1987). At these localities, 

however, the olistostromal blocks are in depositional contact with conglomerates and other 

coarse-grained clastic units. None of the blocks in the study area were observed in depo

sitional contact with coarse-grained clastic deposits. The mechanism for emplacement of 

these blocks is not known, but is interpreted to have been more influenced by tectonic than 

depositional processes, given the presence of the structurally underlying Galbraith stack 

and deformed roof structures.

4.4 Structural Province 3-Structures in Foredeep Deposits

Structural Province 3 is located along the northern edge of the Atigun Gorge area, 

and consists of a syncline in the Cretaceous (Aptian-Albian) Fortress Mountain Formation. 

This province is bounded on the south by the structurally underlying faulted shales of the 

Okpikruak Formation.

The east-trending ridge along the north side of Atigun Gorge contains north-dipping 

beds of the Fortress Mountain Formation (fig. 6, Plate 1). This ridge is defined by the 

south limb of a large, east-plunging syncline, known as the Atigun Syncline. The axis 

of this syncline is located approximately 1.5 miles (2.4 km) to the north of the study 

area, as determined from mapping by Brosge and others (1979) and by aerial photograph 

interpretation.

North-dipping faults underlying the lower Fortress Mountain Formation in the study 

area have been identified in this study as well as by C.G. Mull (pers. comm., 1989). Minor 

folds in the lower Fortress Mountain Formation have been mapped in the northeastern 
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part of the study area by aerial photograph interpretation. These folds appear to be east

southeast vergent folds which along with the underlying faults may indicate backthrusting 

of the Fortress Mountain Formation above a detachment in the Okpikruak Formation. 

This backthrusting may have occurred in response to the emplacement of the structurally 

underlying Galbraith stack, or may be the result of a later deformational event.

The Aptian-Albian deposits of the Fortress Mountain Formation are relatively mildly 

deformed compared to the underlying units. There may be two reasons for this:

A) The Atigun syncline is floored by a backthrust which has freed it from the extreme 

internal shortening experienced by the Stratigraphically and structurally underlying rocks, 

or

B) At least some of Aptian-Albian rocks were deposited after the emplacement of the 

Galbraith stack.

These ideas are elaborated upon in Chapter 6.



CHAPTER 5

Deformational model

5.1 Introduction

Geologic cross sections of the study area reveal 3 major structural levels, from south to 

north (fig. 7, Plate 2):

1) The structurally lowest level is an antiformal imbricate stack, named the Galbraith 

stack. The Galbraith stack is interpreted to have formed above a detachment horizon which 

ramps up in two places: in the south from the Kanayut Conglomerate, and north of a long 

flat in the Kayak Shale, through the Lisburne Group to a flat in the Permian limestone.

2) The intermediate structural level contains deformed roof rocks structurally overly

ing the antiform. In general, these rocks are interpreted to have undergone deformation in 

response to the formation of the underlying Galbraith stack. The rocks are increasingly 

deformed from south to north. Though the exact mechanism is not clear, the Permian 

limestone and shale units of Imnaich Falls (Plate 1) are interpreted to have been deformed 

by south-directed thrust imbrication in response to the northward emplacement of the 

upper thrust sheet along the Wolf Creek thrust. These thrust imbricates were later over

turned by the formation of the underlying Steele Mountain anticline in the Lisburne Group. 

Northward thrust emplacement of the Steele Mountain anticline is interpreted to have been 

accommodated by the northward displacement of Permian and younger shales along im

bricate thrust faults, as is exposed at Confluence Creek (Plate 1). This event may have 

been contemporaneous with larger-scale south-directed backthrusting at Stratigraphically 

higher levels, causing the increased structural disruption exposed along Atigun Gorge. In 

48
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structural province 2, these deformational events have rendered the Okpikruak Formation 

and blocks of older rock units into a broken formation or tectonic breccia.

3) The structurally highest level is a syncline, possibly floored by backthrusts, where 

a relatively small amount of shortening is accommodated by folding.

5.2 Balanced Cross Sections

Cross sections A-A’ and B-B’ are northwest-southeast transects across the study area and 

are shown on Plate 2. The balanced cross sections represent a first-level of interpretation 

of the observable data. The balanced cross sections A-A’ and B-B’ are similar, since nearly 

all of the structures in the study area are continuous in an east-west direction. There are, 

however, some minor differences, and these are outlined in Table 2.

5.3 Balancing Methods and Assumptions

The cross sections A-A’ and B-B’ and accompanying restored sections (Plate 2) were 

constructed using the sinuous bed and equal area methods described by Woodward and 

others (1985). Thrust faulting of the Lisburne Group in the study area is assumed to have 

occurred in sequence from hinterland to foreland (north to south) as a result of oversteep

ening and eventual breakthrough of north-vergent anticlines above a detachment surface in 

the Kayak Shale.

Due to poor exposure and extreme deformation in other rock units, only the beds of the 

Kayak Shale, Lisburne Group and the lower half of the Permian limestone are balanced in 

the cross sections (Plate 2). The Lisburne Group and Permian limestone, being relatively 

competent, were balanced using the sinuous bed method. The Kayak Shale, which is a 

detachment horizon in the Atigun Gorge area, was balanced using the equal area method.
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TABLE 1

Fault and Fold Geometry Data: Galbraith Stack

Cross-section Cross-section
Measurement Type A-A' B-B'

Formation Thickness, Lisburne 
Group

1,625 ft (500 m) 1,750 ft (533 m)

Hanging Wall Cutoff Angie, Degrees

Paradise Synform 
Steele Mtn. Anticline 
Lisbume Bench Anticline

90
130
115

110
130
120

Stratigraphic Separation Measured 
along Cross-Section

Wolf Creek Thrust 
Steele Mtn. Thrust 
Lisburne Bench Thrust

3.1 mi. (5.0 km) 
0.7 mi. (1.1 km) 

?

2.9 mi. (4.6 km)
0.9 mi (1.4 km) 

?

Undeformed Length 
Net Shortening by Folding 
Net Shortening by Faulting 
Total Shortening 
Percent Total Shortenina

8.3 mi. (13.3 km)
1.5 mi. (2.4 km)
4.3 mi. (6.9 km)
5.8 mi. (9.3 km) 

70%

8.5 mi. (13.6 km)
1.7 mi. (2.7 km)
4.1 mi. (6.6 km)
5.8 mi. (9.3 km)

68%

All angle and shortening measurements measured from the top of the Lisburne 
Group in cross-sections.
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Formation thickness, fault displacement data, cutoff angles, and calculated amounts 

of shortening are given in Table 1.

5.4 Deformational Sequence

The order of deformational events for the Galbraith stack and related structures is 

summarized in figure 18(a-f) and below.

Figure 18 a. Thrusting of Permian units prior to significant deformation of the under

lying Lisburne Group. Development of a fault surface which ramps up from the Kanayut 

Conglomerate in the south to the Kayak Shale in the north. Formation of concentric Tu- 

urraq anticline in the Kanayut Conglomerate of the hanging wall.

Figure 18 b. The development of north-vergent folds in the Lisburne Group above the 

Kayak Shale detachment horizon, and incipient backthrusting in the Permian limestone.

Figure 18 c. Eventual breaking of “Paradise” fold and thrust transport along the Wolf 

Creek thrust fault over the incipient Steele Mountain anticline, displacing Permian and 

younger strata by thrust imbrication. Thrust transport of Kanayut Conglomerate over the 

Lisburne Group along the Wolf Creek thrust. Backlimb of Tuurraq anticline rests above 

underlying ramp in Wolf Creek thrust.

Figure 18 d. Folding continues to the north, forming the overturned Steele Mountain 

anticline and inverting the leading edge of the overlying thrust sheet into the Paradise 

synform. Roof thrust imbricates are deformed along with the Paradise synform.

Figure 18 e. Truncation of the Steele Mountain anticline in the forelimb and thrust 

transport onto the Lisburne Bench structure, displacing Permian and younger strata along 

north-directed imbricates.

Figure 18 f. Ramping of the Lisburne bench thrust from the Kayak Shale detachment 

horizon upsection through the forelimb of the Lisbume bench anticline and splaying of the



Stippled pattern - Kanayut Conglomerate, Shaded pattern - Lisburne Group.

Fig. 18 Deformational sequence: formation of Galbraith stack and overlying structures.
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fault into imbricates, displacing Permian and younger strata. This final event may have 

been accommodated by south-directed backthrusting beneath the Atigun syncline.



CHAPTER 6

INTERPRETED STRUCTURAL SETTING

Based on structures identified in this study, the greater structural setting of the Atigun 

Gorge area can be hypothesized. Two end-member hypotheses are given below which are 

consistent with the structures described in this study, but rely on different interpretations 

of deeper subsurface structure.

6.1 Triangle Zone Model

This model depends on two assumptions (fig. 19):

1) That the basal thrust fault of the Galbraith stack is the sole thrust of the Endicott 

Mountains allochthon, and,

2) That the Fortress Mountain Formation sits above a major backthrust.

Regional geologic maps of the Brooks Range (Mull, 1985) show that the northern 

outcrop limit of the Endicott Mountains allochthon is at Atigun Gorge. These maps also 

show exposures of parautochthonous rocks northeast of the outcrop limit of the Endicott 

Mountains allochthon. The Atigun Gorge area may then be located at the northern leading 

edge of the Endicott Mountains allochthon, where the allochthon is at its thinnest. In 

this structural setting, there will be the least amount of structural thickening, within the 

allochthon, and the basal thrust of the allochthon should cut up-section as the north tip 

of the wedge is approached. The rocks of the Galbraith stack at Atigun Gorge are known 

to be part of the Endicott Mountains allochthon. Hence, the sole thrust of the antiformal 

stack may be the sole thrust of the allochthon. In this model, the footwall cutoffs of the 

Devonian to Neocomian section would be located far to the south of the study area.
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Fig. 19 Subsurface extrapolations of structure.
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The broad, open folds observed in the Fortress Mountain Formation contrast with the 

extreme deformation observed in the Okpikruak Formation. The Fortress Mountain For

mation can be interpreted to be structurally separated from the more deformed underlying 

structure by one or more backthrusts, along which south-directed transport occurred to 

accommodate northwest-southeast shortening.

The presence of backthrusts below the basal Fortress Mountain Formation would also 

help to explain the more deformed nature of the northern exposures of structural province 

2. Rocks of this province may have undergone at least two stages of deformation: 1) 

North-directed thrust faulting and associated roof detachment related to formation of the 

Galbraith stack, and 2) backthrusting associated with continued deformation of the Gal

braith stack under the foredeep deposits of the Fortress Mountain Formation.

If these interpretations are correct (fig. 19 (a)), then the northern Atigun Gorge area 

is at an intersection of the basal thrust of a major allochthon and a zone of backthrusting 

of structurally overlying foredeep deposits. This is a triangle zone (Gordy and others, 1977; 

Jones, 1982). This triangle zone has experienced north-south compression at least as late 

as post-Albian, causing the formation of the Atigun syncline.

6.2 Blind Thrust Model

The blind thrust model assumes that the Endicott Mountains allochthon was emplaced 

during the deposition of the synorogenic Okpikruak Formation, and later deformed by blind 

thrusting. In this model, the Endicott Mountains allochthon is assumed to continue to the 

north beneath the Atigun syncline. In the model shown in figure 19 (b), the forelimb of 

the Lisburne Bench anticline is not faulted by the Lisburne bench thrust. Instead, the 

Lisburne Group is interpreted to be unbroken but kinked, and to dip to the north under 

the south flank of the Atigun syncline. The basal thrust of the antiformal stack would also 
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be kinked. This folding of the basal thrust is interpreted in this model to be the result of 

deep blind thrusts which deformed the Galbraith stack by fault-propagation or detachment 

folding after the Fortress Mountain Formation was deposited.

In another variation of this model, thrust sheets of the Kayak Shale to Permian lime

stone sequence continue indefinitely to the north, as a foreland-dipping duplex, under a roof 

of deformed Permian to Cretaceous shale. In this model, formation of the Atigun syncline 

would be the result of a broad kinking of the duplex structure and its roof by blind thrust 

faults at depth.

The blind thrusts in this model would be the result of a downward and northward 

migration of the basal detachment surface following emplacement of the Endicott Mountains 

allochthon. Formation of these blind thrusts may have resulted in minor south-directed 

backthrusting beneath the Fortress Mountain Formation to accommodate the shortening.

Assuming that the Okpikruak Formation at Atigun Gorge is truly synorogenic, as it is 

in the central and western Brooks Range, (Mayfield and others, 1983), both models indicate 

at least two stages of deformation, and either is possible. No definite extrapolation into the 

subsurface deeper than the interpreted cross sections (Plate 2) can be made on the basis of 

this study alone.



CHAPTER 7

CONCLUSIONS

Allochthonous rocks of the Brooks Range orogen and overlying foredeep deposits are well- 

exposed in the Atigun Gorge area. The allochthonous rocks of this area are in the Endicott 

Mountains allochthon. In this area a stepwise northward decrease in structural relief occurs, 

exposing progressively younger stratigraphic units. South of Atigun Gorge, multiple thrust 

sheets in structurally competent Devonian to Permian siliciclastic and carbonate rocks 

comprise an antiformal imbricate stack, named the Galbraith stack in this study. The 

Galbraith stack formed under a roof of deformed Permian and younger shales.

Devonian rocks of the map area are involved in the deformation only to the south, 

indicating that deformation to the north took place above a detachment horizon in the 

Kayak Shale. In this study, thrust faults are interpreted to ramp up from a detachment zone 

in the Kayak Shale, through the Lisburne Group and Permian limestone in the forelimbs 

of north-vergent anticlines to join a roof thrust in the Permian limestone.

Structures exposed in the shale-dominated Permian to Neocomian rock units form a 

deformed roof which is structurally above the Galbraith stack. The deformed roof structures 

are too complex to be explained by a single process. The structurally incompetent rocks 

have probably undergone several stages of deformation.

The Neocomian Okpikruak Formation, which forms the structurally highest level of 

the deformed roof, is a tectonic breccia. Within the Okpikruak Formation are blocks of 

older lithologic units, including some which do not occur in the study area, and may be 

fragments of higher allochthons.

Structurally above the Okpikruak Formation is the Fortress Mountain Formation, 

which is folded into a broad, open syncline. Folding of the Fortress Mountain Formation 
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probably occurred above a backthrust in shales near its base. The backthrusting associ

ated with this folding may also have deformed the Okpikruak Formation and the northern 

exposures of the Permian to Neocomian rock units.

Timing of the major deformational event, the formation of the Galbraith stack and 

deformed roof structures, is at least as young as the youngest intensely deformed strati

graphic unit (Neocomian). Some deformation must be at least as young as post-Albian, 

resulting in the broad folding of the Fortress Mountain Formation.

Two possible models can account for the deformation of the allochthonous rocks and 

the folding of the Atigun syncline:

1) The Atigun Gorge area contains a triangle zone which has experienced north-south 

compression at least as early as post-Albian. Emplacement of the Endicott Mountains 

allochthon was accommodated by backthrusting and open folding in the overlying Fortress 

Mountain Formation, resulting in an intersection of north- and south-directed thrust faults.

2) The Endicott Mountains allochthon was emplaced during or after the Neocomian 

and then deformed after the Albian by deeper blind thrust faults. These blind thrust faults 

would be the result of downward and northward migration of the basal detachment surface 

of the Brooks Range orogen.



APPENDIX A

THE STRATIGRAPHY OF ATIGUN GORGE

Kanayut Conglomerate (MDk)

The Kanayut Conglomerate does not crop out in the study area, but is exposed south of 

the Holden Creek thrust fault, which is located at the south end of the map area (Plate 1). The 

Kanayut Conglomerate is inferred to occur in the subsurface of the southern portion of the study 

area. The Kanayut Conglomerate was named by Bowsher and Dutro (1957) for exposures near 

the Shainin Lake area in the USGS Chandler Lake quadrangle.

In general, the Kanayut Conglomerate consists of a thick, structurally competent sequence of 

sandstone, conglomerate, and shale deposited in a southwest-prograding delta system composed 

of braided stream, meandering stream, delta and delta plain deposits. In the eastern Endicott 

Mountains, the formation has been divided into three members: the Ear Peak Member-a me

andering stream complex, the Shainin Lake Member-a braided stream complex, and the Stuver 

Member-a meandering stream complex, in ascending order (Moore and others, 1989). Each of 

the members contains fining-upward sequences of shale, sandstone and conglomerate in varying 

proportions.

Moore and Nilsen (1984) measured a total thickness of 2440 ft (2880 m) for the Kanayut 

Conglomerate at locations about six miles (10 km) south of the study area. This is the greatest 

thickness measured for this formation anywhere in the Brooks Range. Given the amount of 

shortening in the region, 6 miles (10 km) of present geographic separation perpendicular to 

regional structure represents a much greater original separation. Hence, the thickness data cannot 

be extrapolated to the Atigun Gorge area with great confidence.
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The overlying Kayak Shale rests conformably upon the Stuver member of the Kanayut 

Conglomerate. The age of the Kanayut Conglomerate is Upper Devonian to Early Mississippian 

(Moore and Nilsen, 1984).

Kayak Shale (Mk)

The Kayak Shale was named by Bowsher and Dutro (1957) for exposures in the Shainin 

Lake area, approximately 65 miles (100 km) west of the Atigun Gorge area. The Kayak Shale 

is easily identified by its subdued outcrops, black color and its subordinate brown-weathering 

limestone beds. The unit is well-exposed in an east-trending belt in the southern portion of the 

study area, but is floored by a thrust fault and so is probably not exposed in its stratigraphic 

entirety.

In its type area, the Kayak Shale consists of five members: a basal fine-grained sandstone, a 

lower black shale, an argillaceous limestone, an upper black shale, and a red limestone member, 

in ascending order (Bowsher and Dutro, 1957).

In the study area, the lowest exposed Kayak Shale is a contorted black shale and siltstone, 

probably the lower black shale unit as defined by Bowsher and Dutro (1957). The black shale unit 

is overlain by a brown-weathering argillaceous crinoidal wackestone. The wackestone is overlain 

by another sequence of black shale, which is directly overlain by the grey-white-weathering 

limestone of the Lisburne Group. The two black shale units are composed of contorted 2

4 in. (5-10 cm) thick beds of laminated quartz siltstone and interbedded black shale. The 

laminated siltstone beds are black-weathering and display cleavage planes at a low angle to 

bedding. The beds are composed of coarse to fine silt-sized grains of quartz and minor carbonate 

mud. The intervening limestone bed is 3-10 ft (1-3 m) thick, weathers rusty brown and contains 

an abundance of crinoid fragments in a fine-grained black mud matrix. Stylolites occur parallel 
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to some bedding surfaces. Its position between the shale intervals has allowed the limestone to 

form steeply inclined to recumbent folds with wavelengths of five to a few tens of meters. The 

Kayak Shale has an estimated thickness of 600 ft (183 m) in the Atigun Gorge area. Elsewhere, 

the Kayak Shale is as much as 1100 ft (335 m) thick (Bowsher and Dutro, 1957). The top of the 

Kayak Shale has been defined in this study as the bottom of the first continuous white-weathering 

limestone. The Kayak Shale has been dated by Bowsher and Dutro (1957) as Early Mississippian.

Lisburne group (γpmlu)

The name Lisbume was first applied with formational status to the grey-white-weathering 

limestone beds near the Anaktuvuk River valley (Schrader, 1902). The Lisburne Formation was 

raised in rank to group status by Bowsher and Dutro (1957) and divided into two formations, the 

Wachsmuth Limestone at the base and the overlying Alapah Limestone.

The Wachsmuth Limestone is 1200 ft (366 m) thick in the Shainin Lake area, and is Lower 

to Upper Mississippian in age (Armstrong and Mamet, 1989). The Alapah Limestone is 970 ft 

(296 m) thick in the Shainin Lake area, and was dated as Upper Mississippian in age (Bowsher 

and Dutro, 1957). In the present study, the Lisburne Group was not subdivided into the Alapah 

and Wachsmuth Limestones. Instead, the Lisburne Group was divided into a lower recessive- 

weathering darker-colored limestone and an upper resistant-weathering lighter- colored limestone. 

These informal units are laterally continuous, and are usually easy to differentiate at the outcrop 

scaie. Where not traversed or differentiable, the Lisburne Group rocks are mapped as IPMlu.



63

Lower Limestone unit (Ml)

In the Atigun Gorge area, the lower unit of the Lisburne Group is a dark grey, recessive- 

weathering sequence of limestone beds that is commonly covered by talus from the overlying unit. 

At its base, the lower Lisburne Group consists of a 10-16 ft (3-5 m) thick bed of a relatively 

resistant, grey-weathering peloidal packstone, with grains of crinoid fragments, spicules, and 

brachiopod fragments. Above the base are 4-20 in. (10-50 cm) thick rhythmically bedded layers 

of very fine-grained grey-weathering laminated and crossbedded peloidal packstone. Laminations 

in these beds are less than 0.04 in. (1 mm) thick and are visible on weathered surfaces and in 

thin section.

The lower unit of the Lisburne group has an estimated thickness of 1000 ft (305 m), based 

on mapped contacts and measured attitudes.

Upper Limestone unit (IPMl)

The upper limestone unit of the Lisburne Group in the Atigun Gorge area is a resistant, 

700 ft (215 m) thick, grey-white-weathering sequence of 4-20 in. (10-50 cm) thick beds of 

crinoidal packstone and crinoidal, brachiopod packstone and wackestone, and contains an abun

dance of chert nodules and horizons near its top. This unit weathers a much lighter color and 

is more resistant than the underlying unit. Fossil grains in this unit are 0.08 in. (2 mm) in 

the longest dimension. Near the top of this unit, layers of glauconite-rich lime mud are present 

(K. E. Adams, pers. comm., 1986; this study). In addition, the upper limestone unit has been 

extensively recrystallized and Stylolitized. “Blobs” of massive calcite and black-weathering chert 

were observed near the top of the unit in the core of a fold, and many bedding-plane-parallel 

stylolites were observed in thin section. The thickness of the upper unit of the Lisburne Group 

is based on mapped contacts and measured attitudes.
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The top of the Lisburne Group is marked by a 2 in. (5 cm) thick yellow clay horizon 

that underlies the Permian limestone. This horizon is parallel to over- and underlying beds and 

does not significantly truncate either unit. Brosge and others (1962) identified this contact as a 

disconformity, separating Pennsylvanian-age limestone from Permian-age calcarenite.

Bowsher and Dutro (1957) dated the Alapah Limestone as Late Mississippian. However, 

dating of the uppermost beds in the Lisburne Group in the Atigun Gorge area by Brosge and 

others (1979); Siok (1985), and by K.E. Adams (pers. comm., 1989 based on conodonts analyzed 

by A.G. Harris) indicates that the uppermost beds of the Lisburne Group may be as young as 

Early Pennsylvanian (Atokan). This is the same as the age of the Wahoo Formation (Brosge 

and others, 1962), which is the uppermost formation of the Lisburne Group in the northeastern 

Brooks Range.

PERMIAN ROCKS

In the central Brooks Range, the Permian system is represented by the Siksikpuk Formation 

(Siok, 1985), which consists of shale and minor siltstone and carbonate rocks. The Siksikpuk 

Formation has been mapped on at least two of the allochthons of the central Brooks Range, 

the Endicott Mountains allochthon, and the structurally overlying Picnic Creek allochthon (Siok, 

1985). On the Endicott Mountains allochthon, the Siksikpuk Formation is 500 ft (140 m) thick, 

and contains four lithologic units, termed A, B, C, and D, in ascending order (Siok, 1985).

In the northeastern Brooks Range the Permian system is represented by the Echooka For

mation, which consists of the Joe Creek Member and the Ikiakpaurak Member, in ascending 

order (Keller and others, 1961). The Joe Creek Member, which is 200 ft (60 m) thick at its type 

locality, contains calcareous siltstone, limestone and shale, and generally thickens and fines to 
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the south (See Adams and Siok, 1989). The Ikiakpaurak Member is a fine- to very fine-grained 

quartzose sandstone to siltstone with minor amounts of silty shale (Detterman and others, 1975).

The Permian rocks of Atigun Gorge have characteristics of coeval rocks in both the central 

and northeastern Brooks Range. Because the two regions each have a different nomenclature 

for the Permian system, informal names were used for the Permian units mapped in this study. 

In general, the Permian rocks of Atigun Gorge are considered transitional between the distinct 

lithologies of the parautochthonous Echooka Formation of the northeastern Brooks Range, and 

the allochthonous Siksikpuk Formation of the central and western Brooks Range (Adams and 

Siok, 1989).

Permian Limestone (Plm)

The Permian limestone is an informally named unit consisting of the yellow-brown weath

ering bedded calcarenite and silty limestone beds that lie Stratigraphically above the grey and 

white-weathering Lisburne Group limestone. Although not solely a limestone, its name serves 

to distinguish it from the overlying shale and siltstone units, and from the underlying Lisburne 

Group. Exposures of this unit are best near the top of the mountain front south of the Atigun 

River. In additional exposures south of the mountain front, the Permian limestone is faulted, 

covered by talus, and poorly exposed.

The Permian limestone unit fines upward from a well-indurated, evenly bedded grey cal

carenite at its base to a less indurated, poorly bedded brown calcarenite and calcareous siltstone 

toward the top. The lower portion is composed of 1-6 in. (2-15 cm) thick pyritiferous silty 

limestone beds with fracture surfaces and nodules which weather deep red-brown. Quartz, barite, 

and calcite can also be found on the fracture surfaces.
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Study of thin sections shows that the calcarenite is composed of an equal proportion of 

detrital quartz and carbonate (dolomite?) in a calcite cement, accompanied by shell fragments 

and whole shells of brachiopods. The bedding planes are in places Stylolitized. Feeding tracks 

of the trace fossil Zoophycos are abundant on some bedding planes.

The Permian limestone unit has a measured thickness of 53 ft (13 m) (Adams and Siok, 1989). 

Brachiopods and gastropods collected from the Permian limestone unit at Atigun Gorge have been 

dated by J. T. Dutro Jr. as Early Permian (Wolfcampian). The Atigun Gorge Permian limestone 

fossil assemblage includes the gastropod Straparollus (Euomphalus) alaskensis. Brachiopods 

from the area include: Spiferella sp., Martinia (large species), Anidanthus sp., and Calliprotonia 

sp. (Adams and Siok, 1989). Similar exposures to the west at Cobblestone Creek also yielded 

an Early Permian (Wolfcampian) age (Siok, 1985).

The Permian limestone unit grades upward into the shales and siltstones of the overlying 

maroon and green shale unit.

Maroon and Green Shale (Pmg)

The maroon and green shale is an informally named unit consisting of beds that directly 

overlie the Permian limestone. Exposures of this unit are present in the inverted sequence of the 

Paradise synform at the mountain front on the south side of the Atigun River.

The maroon and green shale unit is composed of alternating zones of maroon and green

grey calcareous mudstone and shale. The alternating colors do not occur in distinct beds, but in 

diffuse and irregular zones of variable thickness. These color changes are not necessarily parallel 

to bedding and are likely to be of diagenetic origin.

The red mudstone is almost entirely composed of red carbonate mud and siderite and contains 

approximately 5 percent detrital quartz of silt size. The green shale and mudstone is uniformly 
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composed of siliceous mud, but contains some pyrite, barite, and calcite on fracture surfaces. 

Poorly preserved radiolaria in coarser-grained parts of the maroon and green shale unit have been 

observed by Sellars (1981).

The maroon and green shale unit has a maximum estimated thickness of 20 ft (6 m). The 

unit is of variable thickness in the study area and in some places is missing, with the overlying 

and underlying units exposed in apparent depositional contact. Hence, the maroon and green 

shale unit may be a laterally discontinuous variant of the overlying black shale unit.

The base of the maroon and green shale unit is defined as the top of the highest laterally 

continuous brown-weathering limestone bed of the underlying unit. The top of the maroon and 

green shale unit grades lithologically into the overlying black shale unit.

The maroon and green shale unit is located Stratigraphically between two units of known 

Permian age, and is, therefore, also of Permian age.

Black Shale (Pbs)

The black shale is an informally named unit consisting of dark grey to black shale beds 

which directly overlie the Permian-age maroon and green shale unit. The black shale unit is well 

exposed east of Imnaich Falls.

The black shale unit is composed of black, thin-bedded, well-indurated shale with 10 in. (25 

cm) thick discontinuous interbeds of red-weathering altered mudstone. Some horizons or areas 

are green-grey or dark maroon on fresh surfaces, but the unit is mostly dark grey to black.

Examination of the red-weathering altered mudstone beds in thin section shows that most if 

not all of the red-weathering beds have been replaced by dolomite and sulfides. This replacemen, 

has resulted in a “honeycomb" texture which is easy to identify in hand samples.
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The black shale unit has an estimated thickness of 220 ft (66 m) (K. Adams, pers. comm., 

1989), but is extensively faulted by bedding-plane-parallel thrust faults.

In most exposures, the black shale unit is gradational with beds below and in apparent fault 

contact with the overlying undifferentiated nodular shale unit.

The black shale unit contains fossil remains of the dental structure of the shark Heli

coprion (discovered in this study) which has not been found in rocks younger than Middle 

Permian. As of present the Atigun Gorge area is the only Alaska site where Helicoprion 

has been found (J. T. Dutro, pers. comm, to C.G. Mull, 1987).

Nodular Shale, Undifferentiated (TrPsu)

The nodular shale unit is an informally named unit consisting of light grey shale with 

characteristic brick red-weathering ellipsoidal siliceous nodules and veins and nodules of barite. 

This unit overlies the Permian black shale unit. Also included in this unit are exposures of visibly 

featureless grey-blue shale.

The nodular shale unit is exposed on the low-lying rounded spurs on both sides of the 

Atigun River and on a single steep cutbank of the Atigun River near the center of the study area. 

Bedding and contacts of the nodular shale unit are usually poorly exposed, but some folds and 

faults are distinguishable due to color changes in the shale. Light blue-green or white weathering 

accentuates structural features. Abrupt juxtapositions of different colors indicate that this unit is 

extensively faulted, making thicknesses and contact relations difficult to determine.

The grey shales of this unit are locally stained while on bedding and fracture surfaces 

and contain abundant red-weathering nodules of siliceous mudstone, chert-cored barite, siderite, 

dolomite, quartz and lesser amounts of pyrite and sphalerite. The nodules are as large as 3.3 ft 

(1 m) in maximum dimension and weather a characteristic brick-red color. A small proportion of 
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the ellipsoidal nodules, probably composed of dolomite, weather light brown. In other exposures, 

such as the rounded low-lying hills immediately west of Imnaich Falls, a visibly featureless 

exposure of grey shale contains barite seams in thicknesses up to 4 in. (10 cm.)

The nodular shale unit is distinguished from the underlying black shale unit by its lighter 

color, ellipsoidal nodules, and the absence of the red-weathering siliceous mudstone beds, al

though thicknesses and contact relationships are unclear. The upper contact of the nodular shale 

unit is a poorly exposed, white-gold weathering clay (paleosol?).

The unit is distinguished from the overlying shale member of the Otuk Formation by its 

lighter color and lack of phosphatic nodules, black chert, and coquinoid limestone beds.

Otuk Formation (JTro)

The Otuk Formation was named by Mull and others (1982) for exposures in the western 

Endicott Mountains. The name was assigned to all rocks in the Endicott mountains previously 

assigned to the Shublik Formation. The type section of the unit is at Otuk Creek, a tributary 

to the east fork of the Etivluk River in the western part of the USGS Killik River 1:250,000 

quadrangle. The Otuk Formation was described in detail by Bodnar (1984), who separated the 

formation into 5 members, not all of which are present in every exposure. At Atigun Gorge, 

Bodnar (1984) identified a basal shale member, overlain by a chert member, a limestone member, 

the Karen Creek siltstone member and the organic shale of the Blankenship member.

Bodnar (1984) mapped the Karen Creek and Blankenship Members in an exposure in the 

study area on the north side of the Atigun River, downstream from Confluence Creek, but these 

members were not mapped as separate units in this study. The Otuk Formation in the map area 

contain the shale member and limestone member, in ascending order.
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Along the Endicott Mountains, the Otuk Formation reaches a maximum thickness of 400 

ft (120 m) (Bodnar, 1984). Mull and others (1982) indicate that the formation averages 330 ft 

(100 m) thick. Due to extreme structural complications, no attempts were made in this study to 

measure the Otuk Formation at Atigun Gorge.

The basal contact of the Otuk Formation is an irregular white-gold- weathering clay(?) 

horizon which is inferred to be a paleosol overlying the undifferentiated nodular shale unit. 

This contact is exposed on the south side of the Atigun River northeast of Imnaich Falls. The 

upper contact of the Otuk Formation is an apparent fault contact with the overlying Cretaceous 

(Valanginian) marker bed.

Due to structural disruption of the Otuk Formation, no laterally or vertically continuous 

exposures are present in the Atigun Gorge area, making systematic determination of lithology 

and thickness difficult. Faulting also makes it difficult to determine the original stratigraphic 

order of the formational members.

In most of the Atigun Gorge area, exposures of the Otuk Formation are parallel and adjacent 

to the Atigun River (Plate 1). Downstream from Confluence Creek, exposures of the Otuk 

Formation trend east and south of the river. Scattered exposures of the Otuk Formation are also 

present in isolated locations on the north side of the Atigun River in the western part of the study 

area.

Shale member

The pyritic nodular shale member of the Otuk Formation contains two distinct components, 

a basal shale unit with large ellipsoidal nodules of fine-grained laminated silty limestone, and an 

upper shale unit consisting of fetid-smelling black shale with spherical phosphate nodules, black 

chert beds, and limestone beds and lenses.
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The ellipsoidal nodules of the lower part of the shale member are up to 3.3 ft (1 m) in the 

longest dimension, and commonly contain fish remains and pelecypods (Posidonia sp.) (Bodnar, 

1984).

The upper part of the shale member contains abundant, smaller spherical nodules of phos

phatic mudstone. The nodules are black and weather a whitish blue on fractures that expose the 

interior. The shale matrix in this unit is fetid-smelling, sooty and contains finely disseminated 

pyrite. Resistant lenses of black chert and black calcareous siltstone are interbedded with the 

nodular shale. The chert lenses contain scattered radiolaria, but for the most part are composed 

of siliceous mud. The calcareous siltstone is thinly laminated, and contains tiny shell fragments. 

The laminated beds drape around the spherical phosphatic nodules.

Limestone Member

The limestone member of the Otuk Formation consists of rhythmically interbedded layers of 

grey limestone, pelecypod coquina, and organic-rich shale. The member weathers a characteristic 

white or tan. Individual beds of the grey limestone, 2-12 in. (5-30 cm) thick, have a light-colored 

rind above and below a dark grey interior, which gives the limestone a banded appearance. The 

coquina interbeds are 1—4 in. (5-10 cm) thick, black on fresh surfaces, weather a dark brown, 

and have a fetid odor. Pelecypods, especially AIonotis Subcircularis (Bodnar, 1984) comprise 

the bulk of the shell material for the coquina. The organic-rich shale occurs in interbeds between 

grey limestone beds and coquina layers. The organic-rich shale is similar to the pyritiferous shale 

matrix of the underlying shale member, and is commonly 2-12 in.(5-30 cm) thick.

The basal contact of the Otuk Formation is an irregular white-gold-weathering clay(?) hori

zon which is inferred to be a paleosol overlying the undifferentiated nodular shale unit. This 

contact is exposed on the south side of the Atigun River northeast of Imnaich Falls. At Atigun 
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Gorge, the upper contact of the Otuk Formation is an apparent fault contact with the overlying

Cretaceous (Valanginian) coquinoid limestone marker bed.

Coquinoid Limestone Unit (Kmb)

A distinctive, reddish-brown weathering coquinoid limestone unit of Cretaceous (Valanginian) 

age is found discontinuously from the western Brooks Range eastward into the British Mountains 

(Jones and Grantz, 1964). In the western Brooks Range, it is part of the Ipewik Formation, but 

is unnamed in the central and eastern Brooks Range.

In the Atigun Gorge area, exposures of the coquinoid limestone unit are scattered through

out the low-lying areas. In every exposure this distinctive marker bed is faulted and laterally 

discontinuous. Its exposures, however, define a southeast-trending belt between the Cretaceous 

Okpikruak Formation and the underlying Otuk Formation. The coquinoid marker bed can be 

distinguished from other units by its red-brown-weathered color and its tabular fracture pattern.

The coquinoid marker bed is a 3.3-10 ft (1-3 m) thick light red-brown packstone that 

weathers beige or brown and fractures into tabular and flaggy blocks. In other areas, the unit 

occurs in a brown shale, but this shale was not recognized in this study and was probably mapped 

as Okpikruak Formation.

The fossils of the coquina consist entirely of shells of the bivalve Buchia sublaeυis. A 

thin veneer of red mud separates individual shell fragments. The shell fragments range in size 

from 0.04-0.6 in. (1-15 mm), and are densely, conformably packed. These packed shells are 

commonly fractured and the fractures have been filled with calcite and quartz. Clastic grains 

coarser than fine silt or mud do not occur in the coquinoid marker bed. The unit is wholly 

composed of whole but flattened fossil shell fragments and mud.
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The Buchia sublaevis bivalves which comprise the coquina have been dated as Valanginian 

in age (Imlay, in Jones and Grantz, 1964). The brown shale in which the coquinoid limestone 

is interbedded contains benthic foraminifera of Neocomian age (Bodnar, 1984). The coquinoid 

marker bed is in fault contact with the overlying Okpikruak Formation.

Okpikruak Formation (Ko)

The Okpikruak Formation is named for exposures along the Okpikruak River in the USGS 

Killik River 1:250,000 quadrangle (Gryc and others, 1951). In the Atigun Gorge area, good 

exposures of the Okpikruak Formation are limited to a few steep stream cuts north of the Atigun 

River in the central part of the study area and similar cuts to the east on the south side of Atigun 

River. For the most part, this rock unit occurs in the tundra and rubble covered areas in the low 

parts of the gorge.

The Okpikruak Formation contains a tectonic breccia, composed of faulted grey and black 

shales with sheared siltstones and greywackes, and fault blocks of older rock units. No pebble 

or boulder conglomerates were observed in the Okpikruak Formation in the study area. As in 

other areas of the Brooks Range mountain front, blocks of older rocks are surrounded by rocks 

of the lower portion of the Okpikruak Formation. Although some or all of these blocks could 

have originated as olistoliths (Crane, 1987; Mull 1985), they are now fault-bounded, resulting in 

what appears to be a tectonic breccia. Breccia fragments, which can be as large as 330 x 165 ft 

(100 x 50 m) include: altered siliceous mudstone (formation unknown), green chert (gc), green 

siltstone (gs), coquinoid limestone (Kmb), Otuk Formation shale and limestone (JTro), possible 

Triassic, Permian and Lisburne Group units (TrPsu, Plm, and ΓPMlu).

The thickness of the Okpikruak Formation in the Atigun Gorge area cannot be measured due 

to extreme structural complications and poor exposure. The Okpikruak Formation become less 
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faulted near its top. Lithologically, the upper beds of the Okpikruak Formation and the lower 

beds of the overlying Fortress Mountain Formation are difficult to distinguish. Hence, the upper 

contact of the Okpikruak Formation is structurally defined as the bottom of the first laterally 

continuous undeformed shale. The base of the Okpikruak Formation is a fault contact with the 

underlying coquinoid marker bed.

C.G. Mull (pers. comm., 1990) has found fossils of Buchia sp. of Valanginian age in the 

Okpikruak Formation. Bodnar (1984) bracketed the age of the Okpikruak as Neocomian.

The structurally discontinuous blocks within the Okpikruak Formation present a difficult 

stratigraphic correlation problem. Blocks of the Otuk Formation limestone and of the coquinoid 

marker bed that are exposed in the breccia can be correlated to nearby less deformed rocks. 

However, blocks of Mesozoic green chert, Carboniferous? altered crinoidal wackestone, and 

other lithologies are also found in the breccia and are dissimilar to any of the less-deformed 

rocks exposed in the study area. Elsewhere at the Brooks Range mountain front, the Okpikruak 

Formation contains fragments of higher allochthons (Crane, 1987; Mull, 1985). This may be the 

origin of some of the blocks in the tectonic breccia at Atigun Gorge.

Fortress Mountain Formation

Lower (Kt), Upper (Kfm)

The Cretaceous (Aptian-Albian) Fortress Mountain Formation was named by Patton (1956) 

for exposures near the Kiruktagiak River and Castle Mountain in the USGS Chandler Lake 

1:250,000 quadrangle. The sandstone, shale, and conglomerate of the Fortress Mountain Forma

tion compose the resistant and well-exposed high ridge that is north of Atigun Gorge. This ridge 

contains the southern limb of Atigun syncline, a broad, east-plunging “thumbprint” syncline . 

The northern limb of the syncline crops out of the tundra north of the map area.



75

The Fortress Mountain Formation consists of grey-weathering shale and brown-weathering 

sandstone and conglomerate. Thin-bedded grey shales with 6-12 in. (15-30 cm) thick laterally 

continuous sandstone interbeds are present at the base. Thinner sandstone lenses which pinch and 

swell laterally and are not traceable along strike are also present in the basal shale. Well-developed 

fining-upward sequences in the sandstone beds display Bouma Tb-c divisions (Crowder, 1987). 

The sandstone beds become thicker, coarser and more abundant upsection, alternating at the top 

of the ridge with channel-shaped lenses of coarse-grained conglomerate 2-10 ft (0.6-3 m) thick. 

Rock units covered by tundra north of the ridge are finer-grained than the resistant conglomerates 

and sandstones which comprise the ridge itself.

The sandstones and conglomerates are nearly identical to each other in composition and differ 

only in grain size. Subangular quartz, blocky feldspar laths, and chert are the dominant grains 

in the sandstone, with minor amounts of glauconite and opaque minerals. Conglomerate clasts 

are mostly chert and quartz. Bivalve fossils and coal beds which indicate shallow marine and 

nonmarine conditions are present in the coarser-grained beds of the Fortress Mountain Formation 

(R. Goff, pers. comm. 1988).

In the map area, the Fortress Mountain Formation is divided into two mappable units, a 

lower unit (Kt) dominated by shale beds, and an upper unit (Kfm) dominated by sandstone and 

conglomerate beds. The lower unit is approximately 1000 ft (300 m) thick and the upper unit 

is at least 1000 ft (300 m) thick (R. Goff, pers. comm., 1988). Crowder (1987) has measured a 

thickness of 8860 ft (2700 m) for the Fortress Mountain Formation at Atigun syncline.

The upper contact of the Fortress Mountain Formation is outside the map area to the north.

The Fortress Mountain Formation is interpreted to overlie the deformed Okpikruak Formation 

with angular discordance (Tailleur and others, 1966; Mull, 1982, 1985) at Castle and Ekakevik 

Mountains, 95 and 155 miles (150 and 250 km) west of the study area, respectively. Although 

not well exposed at Atigun Gorge, this angular relationship is inferred to extend eastward into 

the map area.
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Patton (1956) has dated the Fortress Mountain Formation as Albian in age, but Mull (1985) 

suggests that in some areas the base of the Fortress Mountain Formation may be as old as Aptian.

Green Chert (gc)

Several isolated blocks of rhythmically bedded chert and siliceous mudstone are present 

in the map area. The chert blocks are composed of rhythmically bedded green to blue-grey 

radiolarian chert and siliceous mudstone, with wispy laminations and minor friable siliceous 

mudstone interbeds. In most exposures, the chert blocks are at least 10 ft (3 m) thick.

In general, these blocks are map scale features (at 1:24,847) and occur in the basal part of 

the Okpikruak Formation. Where contacts are exposed, the chert blocks are either in contact with 

the green siltstone unit or with the grey shales of the Okpikruak Formation. Elsewhere, tundra 

obscures the contacts.

Samples of the chert have yielded sparse radiolaria which have been dated as Mesozoic 

by K.M. Reed (pers. comm., 1988). Poor radiolaria preservation prevented more definitive age 

determination. However, based on lithologic similarities to part of the Siksikpuk Formation in 

the Endicott Mountains allochthon, and to the Imnaitchiak Chert in the Picnic Creek and Ipnaivik 

River allochthons, the green chert of Atigun Gorge may have been derived from rocks of Triassic 

and/or Permian age (C. G. Mull, pers. comm., 1989).

Green Siltstone (gs)

The green siltstone unit consists of evenly bedded green-grey-weathering calcareous sand

stone and siltstone, and is commonly exposed near outcrops of the Otuk Formation and blocks 
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of green chert. The siltstones are extensively folded and fractured in every outcrop. The unit is 

composed of fine-grained siltstone with coarser-grained siltstone horizons in the form of discon

tinuous lenses or fractured continuous beds. The siltstone unit locally occurs in massive exposures 

surrounded either by tundra or by the visibly featureless grey shale of the Okpikruak Formation. 

In other exposures, the siltstone occurs as lenticular or evenly bedded layers in a grey shale 

matrix. The fine-grained beds are poorly indurated but not sooty, and some fracture surfaces are 

pyritiferous. Thin sections of the siltstone unit show that the coarser-grained siltstone intervals 

are composed of thinly laminated graded beds of fine silt-size grains of quartz and feldspar, with 

lesser amounts of argillaceous and opaque minerals. The 0.04-0.12 in. (1-3 mm) thick beds 

of the fine-grained siltstone display both parallel laminations and low-angle crossbeds, as well 

as what appear to be rip-up clasts of underlying finer-grained siltstone and shale. The massive 

siltstone bed is generally poorly sorted with angular grains. The green siltstone unit may be the 

faulted equivalent of the rhythmically bedded siltstone and shale beds in the Okpikruak Formation 

in the central Brooks Range.

Green Limestone (Pzgl)

A single good exposure of an altered crinoidal wackestone is present on the north side of the 

Atigun River approximately one mile (1.6 km) east from the Atigun River bridge. This exposure 

is unique in the map area and the outcrop is considered part of a fault-bounded block, 100 ft x 

50 ft (30 x 15 m), in the tectonic breccia of the lower Okpikruak Formation. The rocks strike 

east-west, have a near vertical dip and are surrounded by tundra. The closest exposures to this 

unit are outcrops of the green siltstone unit to the south and the undifferentiated nodular shale 

unit to the north.
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The crinoidal wackestone is composed of a green, fine-grained matrix with large white

weathering crinoid fragments. The green matrix is composed of subhedral quartz grains, minor 

plagioclase and a fine-grained micaceous mineral which appears to be chlorite. The crinoid frag

ments, which are up to 1 in. (20 mm) long, are in places totally replaced by silica. Occurring with 

the green crinoidal wackestone is a pyritic white-weathering siliceous limestone. The limestone 

block at least superficially resembles the uppermost part of the Lisbume Group and lowermost 

Permian limestone found in the mountain front on the south side of the Atigun River. Crinoidal 

wackestones present in the block resemble, except for the greenish alteration, similar lithologies 

in the upper Lisburne Group. Zoophycos trace fossils have been found in the siliceous limestone 

exposure (C.G. Mull, pers. comm., 1990), supporting this correlation.
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APPENDIX B

AN ALTERNATE STRUCTURAL INTERPRETATION OF THE PARADISE SYNFORM

An alternate model, the ’’jelly roll model”, depicts the Paradise synform as the refolded upper 

portion of the Steele Mountain anticline (fig. 20). This model has been informally advocated by 

many researchers and a version of it was presented indirectly by Crane and Mull (1987).

In this model, the Steele Mountain anticline and the Paradise synform are part of one large 

fold, whose hinge has been refolded and completely inverted to the north. The Steele Mountain 

anticline and the Paradise synform would be separated by an antiformal syncline in this model. 

Exposures at the crest of the Steele Mountain anticline indicate that only approximately the upper 

two-thirds of the minimum thickness of the Lisburne Group are present in the refolded portion of 

the fold (fig. 20). If the entire Lisburne Group were involved in the jelly roll, then the outcrop 

thickness of the exposed crest of the Steele Mountain anticline would be much greater, and the 

Kayak Shale or at least the lowermost beds of the Lisburne Group would be exposed in its core.

In figure 20, the bed length of the upper contact of the Lisburne Group is almost twice as 

much as that of the lower contact of the Lisburne Group. Also, because the Kayak Shale does 

not crop out in the core of the fold, the upper portion of the Lisburne Group must be Structurally 

detached from the lower portion. Intraformational deformation in the Lisburne Group prior to 

formation of the jelly roll fold (fig. 21) could produce such a thickening of the upper Lisburne 

Group.

Such Intraformational deformation, though possible, is not observed in any of the other 

Lisburne Group exposures in the study area. In all of the other Lisburne Group exposures, such 

as the upper and lower panels and the Lisburne bench anticline of Structural province 1, the entire 

thickness of the Lisburne Group is deformed as a single Structural unit.



Fig. 20 Jelly roll geometry.



Fig. 21 Hypothetical Intraformational deformation in the Lisburne Group prior to 
folding of Steele Mountain anticline.
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In figure 20 the beds of the Permian limestone are duplicated in the core of an antiformal 

syncline, where the top of the Lisburne Group-Permian limestone package has been folded against 

itself, squeezing out Stratigraphically overlying Permian and younger units.

In places along trend with the hypothetical antiformal syncline, the structurally duplicated 

Permian limestone is separated not by younger Permian shale, but by a thrust sliver of the Lisburne 

Group. This relationship seems better explained by the fault splay interpretation given in Chapter 

4. In other places, the Permian limestone is not duplicated at all, which is not consistent with 

the jelly roll model.

The progressive changes in dip of the Lisburne Group as determined by the hypothetical fold 

geometry are indicated in figure 20. Because of the jelly roll geometry, dips would steepen both 

northward and southward toward the core of the Steele Mountain anticline. Also, the antiformal 

syncline structure would be reflected by a northward decrease in dips as its hinge is approached. 

The sense of the observed dip inflections exposed on the Steele Mountain anticline is actually 

just the opposite (Plate 2) and is much better explained by the simpler fold geometry proposed 

in Chapter 4.

In summary, the jelly roll model is possible, but is not the simplest explanation. Also, some 

critical Structural features of the model conflict with observed data.
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