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ABSTRACT
Sedimentology and structural geology of the Endicott Mountains allochthon,
central Brooks Range, Alaska
by
James W. Handschy

The Endicott Mountains allo.chthon is an east-west striking stack of north-northwest
vergent thrust sheets which were emplaced during late Mesozoic and Cenozoic
(Brookian) orogenesis. Thrust sheets in the allochthon are composed of clastic and
carbonate rocks which track the progressive evolution of a Late Devonian and Early
Carboniferous continental margin. Sedimentary facies in lower Upper Devonian rocks of
the Beaucoup Formation delimit a volcanically active depositional basin. Volcaniclastic
sediments within the Beaucoup were apparently derived from the south; whereas
siliciclastic sediments were derived from the north. By the late Late Devonian, the
Beaucoup depositional basin had developed into a south-facing continental margin.
Southwestward progradaticn of the Kanayut-Hunt Fork delta system deposited thick
conglomerates, sandstones, and shales on the margin and created a lithofacies pattern in
which the Kanayut Conglomerate is thicker in the north and the Hunt Fork Shale is
thicker in the south. Transgression of the Lower Mississippian Kayak Shale over the
Kanayut Conglomerate occurred as sea level rose during the Early Mississippian.
Subsequent transgressive-regressive cycles in carbonates of the Lisburne Group indicate
that the margin had evolved into a stable passive margin by the middle Mississippian.

The style of Brookian structures in the Endicott Mountains allochthon changes from
imbricate thrust sheets and large single-phase folds in the north to a thick, variably
strained thrust nappe in the south. Strain variation in the southern nappe is evidenced by
a progressive change from single-phase folds at the top of the nappe to polyphase folds at
the bottom. First phase fold axes change from strike-parallel at the top of the nappe to

dip-parallel at the bottom, and the angle between first phase axial planes and the basal




thrust decreases with depth. The change from thrust imbrication in the north to
heterogeneous intranappe strain in the south apparently was controlled by the distribution
of sedimentary facies and the extent of tectonic burial. The greater thickness of Kanayut
Conglomerate and lack of a superjacent thrust sheet favored thrust imbrication in the
north; whereas the greater proportion of shale and tectonic burial beneath the Skajit
allochthon favored heterogeneous intranappe deformation in the south. Changes in fold
orientation, the number of superposed fold phases, and measured strain in the southern
nappe indicate that deformation was facilitated by a combination of layer parallel

shortening and simple shear in a collapsing shear zone.
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PREFACE
This thesis is written in the form of two publication ready manuscripts. Each
manuscript is a separate chapter. Although each manuscript is unique and covers a
different topic, this format necessitates some redundancy of introductory material. Data,
which is summarized graphically in the text, is presented in the appendices. The folded

plates are full-size versions of maps presented in reduced form in the text.




Chapter 1

Sedimentology and stratigraphy
of Upper Devonian and Lower Mississippian clastic rocks,

Endicott Mountains allochthon, central Brooks Range, Alaska

ABSTRACT

Upper Devonian and Lower Mississippian rocks exposed in the Endicott Mountains
allochthon of the central Brooks Range track the progressive evolution of a Late Devonian
and Early Carboniferous continental margin. Sedimentary facies in lower Upper Devonian
rocks of the Beaucoup Formation delimit a volcanically active depositional basin, possibly
related to a convergent arc system or an active rift. Volcaniclastic sediments within the
Beaucoup Formation were apparently derived from the south; whereas nonvolcanic
sediments were derived from the north. By the late Late Devonian, the Beaucoup
depositional basin had developed into a south-facing continental margin. Southwestward
progradation of the Upper Devonian Kanayut Conglomerate - Hunt Fork Shale deltaic
system deposited thick conglomerates, sandstones, and shales on the margin and created a
lithofacies pattern in which the Kanayut Conglomerate is thicker in the north and the Hunt
Fork Shale is thicker in the south. Transgicssion of the Lower Mississippian Kayak Shale
over the Kanayut Conglomerate occurred during the first major rise in Mississippian sea
level. Subsequent transgressive-regressive cycles in carbonates of the Lisburne Group
indicate that the margin had evolved into a stable passive margin by the middle
Mississippian.

INTRODUCTION

The Endicott Mountains allochthon is part of a large structural sheet that constitutes




2
much of the northern, non-metamorphic, part of the late Mesozoic and Cenozoic Brooks

Range fold-thrust belt in Arctic Alaska (Fig. 1.1). The allochthon is comprised of an
east-west striking stack of north-northwest vergent thrust sheets composed predominantly
of Upper Devonian and Lower Carboniferous clastic and carbonate rocks of the Endicott
and Lisburne Groups (Brosgé et al., 1962; Tailleur et al., 1967; Brosgé et al., 1979, eic.).
Typically, thrust nappes in the allochthon only expcse the upper part of the Endicott
Group and the lower part of the Lisburne Group. However, in the central Brooks Range,
uplift and folding of the Endicott Mountains allochthon by the Doonerak duplex (Oldow et
al., 1987; Mull et al., 1987) has exposed the entire Endicott Group and a significant part
of the underlying Beaucoup Formation.
Regional igraphy and Previous Wor

The Endicott Group was named for exposures in the Endicott Mountains of the central
Brooks Range and, in its type area, includes the Kayak Shale, Kanayut Conglomerate,
and Hunt Fork Shale (Tailleur et al., 1967). Bowsher and Dutro (1957) described the
type sections of the Kanayut Conglomerate and Kayak Shale at Shainin Lake (Fig. 1.1)
and Chapman et al. (1964) defined the type section of the Hunt Fork Shale 100 km farther
west near the Killik river. In the western Brooks Range, and locally in the central Books
Range, the Endicott Group also includes the Noatak Sandstone which lies between the
Hunt Fork and Kanayut (Tailleur et al., 1567). In the northeastern Brooks Range and
along the margins of the Doonerak window, where the Kanayut Conglomerate and Hunt
Fork Shale are absent due to non-deposition, the Endicott Group is composed of the
Kekiktuk Conglomerate and the Kayak Shale (Armstrong et al., 1976; Brosge et al.,
1962).

The basal contact of the Endicott Group is a disconformity(?) which separates the Hunt
Fork Shale from mixed clastics and carbonates of the Beaucoup Formation (Tailleur et al.,

1967). The type section of the Beaucoup Formation is located on the northeast side of
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Beaucoup Creek approximately 100 km east of the study area (Fig. 1.1; Dutro et al.,
1979). The contact between Kayak Shale, at the top of the Endicott Group, and the basal
limestone of the Lisburne Group is gradational (Armstrong and Mamet, 1978).

Aside from the preliminary work listed above, the only detailed study of Late
Devonian stratigraphy in the Brooks Range is a regional analysis of the Kanayut
Conglomerate by Nilsen and Moore (1984; Moore and Nilsen, 1984; Nilsen and Moore,
1982a; Nilsen and Moore, 1982b; Nilsen et al., 1982; Nilsen, 1981; Nilsen et al., 1981a;
Nilsen et al., 1981b; Nilsen et al., 1980a; Nilsen et al., 1980b). This study compliments
the work of Nilsen and Moore by focusing on marine and transitional marine facies
distribution in the Kanayut-Hunt Fork clastic wedge, depositional relationships between
the Hunt Fork Shale and Beaucoup Formation, and the significance of Upper Devonian
and Lower Mississippian sequence boundaries in the central Brooks Range.

Sedimentary facies, paleocurrents, and provenance indicate a northern siliciclastic
source for the Kanayut and Hunt Fork. Clastics in the Beaucoup were apparently derived
from both a northern siliciclastic source and a southern volcanic source. Age and
compositional similarities between the Beaucoup, at the bottom of the Endicott Mountains
allochthon, and mixed carbonates and clastics in the superjacent Skajit allochthon (Oldow
et al., 1987; Dillon et al., 1987a) provide a tentative stratigraphic tie between the two
allochthons. Paleogeographic reconstructions based on these facies relations in the central
Brooks Range, balanced cross sections through the central Brooks Range (Oldow et al.,
1987), and facies in the western and southern Brooks Range suggest that the tectonic
setting of sedimentation changed from a continental or intra-arc rift basin in the early Late
Devonian, to a rifted continental margin in the latest Devonian and earliest Mississippian,
and eventually to a passive margin by the middle Mississippian.

ural Settin

The structural geology of the central Brooks Range is dominated by a series of
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Figure 1.2a - Location map of the study area and the surrounding tectonostratigraphic units
in the central Brooks Range. The locations of Galbraith Lakes (GL) and Atigun Pass
(AP) are shown for reference.




Figure 1.2b - Balanced cross section through the study area. Structures in the Cretaceous
and Carboniferous through Jurassic beneath the Endicott Mountains allochthon, and the
structures in the Apoon assemblage are taken from Oldow et al. (1987). A, A',and B
are reference points to help the reader understand the reconstruction. Note: In the
restored section, the part of the section north of the Doonerak window is not shown.
Also, only the preserved parts of the section are patterned, material that is missing
because of erosion is not patterned.

0 50 km
}

EEEEE St &2
- .i S Q\\\\\\Q\\:‘3§ X ‘\5‘_
b;}g—’







LR B AR R IR
LR R I N O
BRI R R I I I




north-vergent thrust sheets. Adjacent to the study area (Fig. . 2a), these thrust sheets are
grouped into five structural packages on the basis of position, internal stratigraphy, and
degree of metamorphism (Oldow et al., 1987). The Endicott Mountains allochthon, which
is central to this study, structurally overlies an allochthonous, internally imbricated,
sequence of Kayak Shale, Lisburne Group carbonates, and Permian through Jurassic
clastics along the front of the Brooks Range and along the northern margin of the
Doonerak window (Fig. 1.2a; Oldow et al., 1987; Mull, 1982; Mull et al., 1987,
Seidensticker, 1986). At the front of the Brooks Range, the Carboniferous through
Jurassic rocks are thrust over Cretaceous foredeep deposits; whereas in the Doonerak
window they structurally overlie duplexed phyllitic shales, volcaniclastics, and
metavolcanic rocks of the Cambrian through Silurian Apoon assemblage (Fig. 1.2b;
Armstrong et al., 1976; Dutro et al., 1976; Julian et al., 1984; Julian, 1986; Oldow et al.,
1984; Oldow et al., 1987; Seidensticker, 1986). On the south side of the Doonerak
window, the Endicott Mountains allochthon is in thrust contact with the Apoon
assemblage, and is structurzlly overlain by internally imbricated, weakly metamorphosed
carbonates and clastics of the Precambrian(?) through Late Devonian Skajit allochthon
(Fig. 1.2; Oldow et al., 1987; Phelps 1987). Farther to the southeast, the Endicott
Mountains allochthon is structurally overlain by both the Skajit allochthon and rocks of the
schist belt (Fig 2; Oldow et al., 1987). The age(s) of the protoliths of the schist belt are
poorly constrained, but deformed granitic plutons within the Schist Belt have yielded
Devonian ages (Dillon et al., 1980; Dillon et al., 1987).

The present structural position of the Endicott Mountains allochthon is the product of:
1) northward translation of the allochthon, and; 2) duplexing of the Apoon assemblage
beneath the allochthon (Fig. 1.2b; Oldow et al., 1987; Mull et al., 1987). Balanced cross

sections (Oldow et al., 1987) and facies reconstructions (Mull et al., 1987) indicate that
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the Endicott Mountains allochthon was originally located south of the Apoon assemblage

(Fig. 1.2b). North-directed thrusting of the Endicott Mountains allochthon placed Upper
Devonian rocks at the base of the allochthon over the Carboniferous through Jurassic
sequence which overlies the Apoon assemblage in the Doonerak window (Dutro et al.,
1976; Mull, 1982). Duplexing of the Apoon assemblage beneath the Carboniferous
through Jurassic sequence was accompanied by detachment of the Carboniferous section
from the Apoon (Seidensticker, 1976; Seidensticker et al., 1987; Oldow et al., 1987), and
folded the overlying stack of thrust sheets into an anticlinorium (Fig. 1.2b).

Most of this study is based on detailed examination of outcrops in the southern
Endicott Mountains allochthon on the north flank of the Doonerak duplex (Fig. 1.5) and
reconnaissance work in the northern thrust imbricates of the allochthon (Fig. 1.2).

STRATIGRAPHY AND DEPOSITIONAL ENVIRONMENTS

Five stratigraphic units are exposed in thrust sheets of the Endicott Mountains

allochthon adjacent to the Dalton Highway between the northeastern corner of the

represent three depositional sequences: 1) transgressional sandstones and shales, and
progradational carbonates of the Lower Mississippian Kayak Shale and middle
Mississippian through Lower Pennsylvanian Lisburne Limestone; 2) progradational
shales, sandstones, and conglomerates of the Upper Devonian and lowest
Mississippian(?) Kanayut Conglomerate and Hunt Fork Shale, and; 3) mixed carbonates
and clastics of the Upper Devonian Beaucoup Formation (Fig. 1.3).
Kayak Shale and Kekiktuk Conglomerate

The Mississippian Kayak Shale is exposed beneath the Endicott Mountains allochthon
along the flanks of the Doonerak duplex (Fig. 1.5), at the top of the southern thrust nappe
of the Endicott Mountains allochthon (Fig. 1.5), and in several thrust sheets in the

northern part of the allochthon. Balanced cross sections through the central Brooks Range
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(Fig. 1.2b; Oldow et al., 1987) indicate that the original distribution of the Kayak Shale

was such that the section in the northeastern Doonerak window was located approximately
150 km north of the southern Endicott Mountains allochthon section, with the northern
Endicott Mountains sections located at intermediate positions. Despite this initial
separation, the sections in the Doonerak window and the southern Endicott Mountains are
very similar.

In the northeastern Doonerak window, the Kayak Shale is gradationally underlain by
the Kekiktuk Conglomerate and is overlain by the Lisburne Limestone (Fig. 1.4a). Its age
is constrained by early Visean (Late Mississippian) microfossils at the base of the Lisburne
Limestone on Mount Doonerak, 30 km west of the study area, and by middle Tournaisian
(Early Mississippian) micrcfossils 1 m above the base of the Kayak Shale exposed along
Amawk Creek, 15 km west of the study area (Armstrong et al., 1976).

In the section measured along Kuyuktuvuk Creek (Figs. 4a and §), disharmonic folds
across the contact between the Kekiktuk Conglomerate and phyllites of the underlying
Apoon assemblage (Julian et al., 1984; Julian, 1986; Phelps, 1987) indicate that the two
units are separated by a detachment surface (Fig. 1.4a). The age of the Apoon assemblage
is inferred to be Cambrian through Silurian on the basis of Middle Cambrian trilobites in
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correlation to the Neruokpuk Formation in the northeastern Brooks Range (Dutro et al.,
1976; Moore and Churkin, 1984), and correlation to lower Paleozoic rocks beneath the
Skajit Limestone in the south-central Brooks Range (Dillon et al., 1987a).

Massive to trough cross-stratified chert pebble conglomerate at the base of the
Kekiktuk grades upward into massive, moderate- to well-sorted, coarse- to fine-grained
quartz arenite immediately below the Kayak Shale (Fig. 1.4a). The basal part of the
Kayak is composed of interlayered sandstone, siltstone, and mottled shale (Phelps, 1987).

Above the mottled shale, the Kayak is dominated by black shale. The transition into the
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Formation (Fig.1.10), B - Kayak Shale (Fig. 1.4a); C - lower Hunt Fork Shale (Fig.
1.9); D - Kayak Shale (Fig. 1.4b) and Kanayut Conglomerate (Fig. 1.6a); E - upper
Hunt Fork Shale (Fig. 1.9); F - middle Hunt Fork Shale (Fig. 1.9).
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Table 1.1 - Fossil assemblages in the southern Endicott Mountains allochthon. Localities
correspond to Figure 1.5. All fossils in this table were collected and identified by the
author. Three localities, #1, #9 and #40 are near fossil localities identified by other
authors. Dbl* near Middle to early Late Devonian Phacelloid rugose coral locality
(Dillon et al., 1987, location 24). Dhfmt near Frasnian (early Late Devonian)
brachiopod and coral localities (Brosgé et al., 1979, locations 147, 148, 163).
References used for fossil identification: Moore (1953; 1956; 1965); Moore, Lalicker,

and Fischer (1952); Shimer and Shrock (1944); Tasch (1980); Warren and Stelck
(1956).
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overlying Lisburne Limestone is marked by the appearance of crinoidal limestone beds

approximately 30 m above the uppermost Kekiktuk sandstone bed.

The Kayak Shale in the southern Endicott Mountains allochthon differs from that of the
northeastern Doonerak window in that it overlies the Upper Devonian and Lower
Mississippian(?) Kanayut Conglomerate instead of the Mississippian Kekiktuk
Conglomerate and lower Paleozoic Apoon assemblage (Fig. 1.4). Famennian (late Late
Devonian) brachiopods and Early Mississippian(?) plant fossils in the upper Kanayut
(Moore and Nilsen, 1984), and Tournaisian foraminifera in the basal Lisburne Limestone
(Armstrong et al., 1970) restrict the age of the Kayak in the Endicott Mountains allochthon
to Tournaisian.

At the base of the Kayak, a 2 m thick interval of massive, horizontally laminated and
ripple cross-laminated, well-sorted, fine-grained quartz arenite depositionally overlies a thin
(<10 cm) pebble lag that appears to be reworked from the underlying Kanayut
Conglomerate. This quartz arenite interfingers with thinly-laminated, bioturbated black
shale. The highest sandstone bed (>1 cm) is located approximately 4.5 m above the top of
the Kanayut Conglomerate. Black shales dominate the next 22.5 m of section. 27.0 m
above the top of the Kanayut, black shale is interbedded with a 7.5 m thick interval of
medium- to dark-gray argillaceous limestone containing abundant crinoid fragments and
rugose corals. These limestone beds are, in turn, overlain by 5.0 m of thinly laminated
biack shale (Fig. 1.4). The uppermost Kayak is missing due to erosion.

Both the Kekiktuk Conglomerate in the northeastern Doonerak window and the quartz
arenite at the base of the Kayak Shale in the southern Endicott Mountains allochthon appear
to be transgressive beach deposits. Poorly sorted, trough cross-stratified fluvial and
paralic(?) conglomerates are overlain by thin, horizontally laminated to ripple
cross-laminated, well-sorted, quartz-rich sand:tones which, in turn, grade upward into

shallow marine shales and carbonates. The disappearance of sandstone intcrbeds in the
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overlying Kayak Shale indicates continued deepening and a transition to off-shore

deposition. Cyclical shale and limestone interbeds in the upper Kayak Shale and lower
Lisburne Limestone indicate changes in the relative amounts of carbonate production and

terrigenous sediment influx and may reflect high frequency sea level fluctuations and/or
variations in clastic sediment influx.
Kanayut Conglomerate and Hunt Fork Shal

The Kanayut Conglomerate and Hunt Fork Shale are, respectively, the fluvial and
marine parts of a large Late Devonian through Early Mississippian(?) fluvio-deltaic
depositional system which is exposed in thrust sheets of the Endicott Mountains and related
allochthons for approximately 950 km along the crest of the Brooks Range (Fig. 1.1; see
also, Moore and Nilsen, 1984). Measured stratigraphic thicknesses of Kanayut in the study
area vary from approximaiely 1 km in the southern nappe to over 2.6 km in the northern
thrust imbricates (Fig. 1.6), reflecting southwestward thinning of the Kanayut
Conglomerate over the Hunt Fork Shale (Fig. 1.7). The age of the Kanayut-Hunt Fork
system is constrained by Famennian brachiopods and Early Mississippian(?) plant fragments
in the upper Kanayut (Moore and Nilsen, 1984), and Frasnian (early Late Devonian)

LIS

in the lower Hunt Fork (Dutro et al., 1979; Brosgé et al., 1979).
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Regionally, the Kanayut is divided into the Ear Peak, Shainin Lake, and Stuver
Members, in ascending order (Fig. 1.6). The Stuver and Ear Peak Members generally
consist of multiple fining-upward cycles and, at a regional scale, are interpreted as
meandering river deposits by Nilsen and Moore (1984; Moore and Nilsen, 1984). The
intervening Shainin Lake Member is more conglomeratic than the other two members and is
interpreted as a braided river deposit (Moore and Nilsen, 1984). In the study area, all three
members are dominated by conglomerate and sandstone beds, and appear to have been
deposited primarily by braided river systems. Where all three members can be

distinguished, maximum and average clast sizes are larger in the Shainin Lake Member, and
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Southern Endicott Mountains allochthon  Northern Endicott Mountains allochthon
(after Nilsen and Moore, 1984)
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Figure 1.6 - Stratigraphy of the Kanayut Conglomerate. a) Southern Endicott Mountains
allochthon. b) Northern thrust imbricates of the allochthon (after Nilsen and Moore,

1984). Lithofacies are from Table 1.2.




Facies

Code

Gm (organized)
Gt

Gp

St

Sh
Fm

Lithofacies

Sedimentary

Structures

clast supported, poorly-sorted, massive

pebble-cobble congiomerate

clast-suported, poorly-sorted,
pebble-cobble conglomerate

clast-suported, poorly-sorted,
pebble-cobble conglomerate

poorly- to moderately-sorted
sandstone and pebbly
sandstone

poorly- to moderately-sorted

sandstone and pebbly
sandstone

moderately-sorted sandstone

mudstone

mudstone

trough x-strata

planar x-strata

trough x-strata

planar x-strata

horizontal lamination

massive

horizontal lamination
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Interpretation

longitudinal
gravel bars

large 3D ripples
and scour fills

large 2D ripples
and late-stage
modification of
gravel bars

large 3D ripples

2D ripples and

lateral accretion
on bar margins
during waning

flow

planar bed flow

overbank and
waning flow;
sometimes
pedogenically
altered

overbank and
waning flow

Table 1.2 - Summary of Kanayut conglomerate lithofacies. Modified from Miall (1981)
and Graham et al. (1986).







