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ABSTRACT 

This report is an effort to describe and decipher the mid-Paleozoic to 
Lower Cretaceous stratigraphy and the orogenic evolution of the western Brooks 
Range. The western Brooks Range primarily is composed of stacks of complexly 
deformed thrust sheets that contain mostly coeval sequences of rocks with 
slightly different lithologic facies. In order to simplify the thrust-faulted 
stratigraphy and pal inspastic restoration, the rocks are grouped into eight 
principal structural levels, The lowest structural level i s  believed to be 
autochthonous or parautochthonous and above that, each succeeding level i s  
designated allochthon one through seven. Allochthon seven i s  composed of the 
remnants of an extensive ophiolite sheet. Allochthon six is composed of 
pillow basalt with subordinate intermediate volcanic rocks, chert, and 
Devonian limestone. It is not certain whether this allochthon was formed in a 
continental or oceanic setting. Allochthons five through one consist of 
distinctive and coeval sequences of Devonian to Lower Cretaceous sedimentary 
rocks that were deposited in a continental setting. The present geographic 
distribution of each structural level is shown on the allochthon map of the 
western Brooks Range. 

The stratigraphy of the southern part of northern Alaska has been 
reconstructed by systematically unstacking lower allochthons to the north of 
higher allochthons. The palinspastic map that results from this procedure 
shows that the minimum thrust displacement between allochthon seven and the 
autochthon is approximately 700 to 800 km. Schematic cross sections drawn 
across the palinspastic map show how the stratigraphy of the southern part of 
northern Alaska most likely appeared prior to the orogeny. During Devonian 
and Mississippian time, the sedimentary sequences that are now part of 
allochthons one to five are inferred to have been deposited in an ensialic 
basin with both northern and southern margins. During Pennsylvanian time, the 
sequences seem to have become part of a southward-sloping continental shelf 
when a southern land area moved away from northern Alaska by an inferred plate 
tectonic process o f  rifting or strike-slip motion. In Early Jurassic time 
just prior to the Brooks Range orogeny, northern Alaska probably was an 
extensive continental shelf with oceanic conditions to the south and land to 
the north. 

The Brooks Range orogeny seems to have begun in the Middle Jurassic as 
the Arctic Alaska plate was underthrust (subducted) southward beneath oceanic 
crust of allochthon seven. At progressively later stages in the 
underthrusting process, the upper parts of the continental shelf were detached 
from the subthrust basement on which they were deposited, resulting in the 
other allochthons of the western Brooks Range. The period of major thrusting 
ceased by Albian time in the Early Cretaceous. During middle and Late 
Cretaceous t ime ,  epeirogenic uplift in the Brooks Range caused large 
quantities of clastic detritus to be shed into successor bas ins  to the north 
and south. Broad folds and reverse faults in Upper Cretaceous sediments north 
of the Brooks Range provide evidence for a later period(s) of less intense 
deformation in northern Alaska. 



INTRODUCTION 

The western Brooks Range i s  situated a t  the northwest end of the 
Cordilleran orogenic belt of North America. Like i t s  counterparts t o  the 
south in the Canadian Rockies and the thrust belts of Idaho, Montana, and 
Wyoming, an important part of the Mesozoic orogeny i s  characterized by a 
period of intense compression in which large panels of shelf stratigraphy were 
thrust onto what had been a stable continental platform. I n  the Brooks Range, 
th i s  process also involved the obduction of an extensive sheet of ophiolite 
and i s  here viewed as the underthrusting of a continental margin below an 
oceanic plate t o  the south. The  western part of the Brooks Range provides a 
particularly good place t o  study the effects of this  process, because erosion 
has stripped away just enough of the major thrust sheets t o  permit a 
comprehensive three dimensional view of the juxtaposed stratigraphy. As such, 
this  region i s  an excellent place in which to  study orogenic processes and to  
reconstruct a detailed picture of the depositional history of the continental 
edge prior t o  the orogeny. 

This report describes the stratigraphy and structure of the western 
Brooks Range. During the orogeny that created the Brooks Range in Jurassic 
and Cretaceous time, a stable continental shelf that contained Devonian t o  
Early and Middle(?) Jurassic sediments was broken u p  and telescoped by 
numerous thrust sheets with a combined displacement measured in hundreds of 
ki.lometers. In the f i r s t  part of th is  report a tectonostratigraphic scheme i s  
outlined that i s  an attempt t o  simplify and catalogue the thrust-faulted 
stratigraphy. This i s  followed by a palinspastic synthesis in which the rock 
units are restored t o  their  original basins of deposition. The report 
concludes with a plate tectonic model which seems to explain the principal 
orogenic processes that created the Brooks Range. 

The palinspastic synthesis of the western Brooks Range primarily 
concentrates on a 300 m.y. period from Devonian t o  Cretaceous time. The 
geologic history of this  period includes the time of deposition of most of the 
regional sedimentary rocks units that crop out in the north and western parts 
of the western Brooks Range. In the southeastern part of the western Brooks 
Range, Precambri an and 1 ower Paleozoic rocks are extensively exposed b u t  much 
of their  geologic history was obscured by a regional metamorphism during the 
Brooks Range orogeny in Jurassic and Cretaceous time. 

The ectonostrat igraphic scheme presented in th is  report i s  documented by I 12,000 km of geologic f ie ld  mapping a t  1:63,360 scale (1 mile = 1 in.) which 
was completed during the summer months of 1978, 1979, and 1981. This mapping 
project was an effort  t o  reach a better understanding o f  the complex structure 
and stratigraphy o f  the western Brooks Range in connection with the 
exploration program of the National Petroleum Reserve in Alaska.  The geologic 
maps from part of th i s  f ie ld  project are currently available as U. S. 
Geological Survey Open-File Reports 82-611, 82-612, 82-613, 83-183, 83-184, 
and 83-185. The remainder of the area that was mapped i s  currently being 
prepared for pub1 ication. Areas of previous geologic mapping not covered by 
the new maps have been reinterpreted using the scheme presented in this  
report. 

For the purposes of this report* the western Brooks Range consists of the 
area bounded on the east by long 156 W .  and bounded on the west by the 



Chukchi Sea. The area consists mainly of the Howard Pass, Ambler River, 
Misheguk Mountain, Baird Mountains, De Long Mountains, Noatak, and Pt. Hope, 
1:250,000 scale quadrangles (fig. I ) .  This region has been extended a short 
distance north and south of the Brooks Range, through the northern foothills 
and south to the Arctic Circle respectively, to show important geologic 
details in adjacent provinces that relate to the Brooks Range orogeny. 

The present understanding of how the Brooks Range was formed and how the 
rocks were distributed prior to the orogeny has been built upon numerous 
geologic studies. Reports that have presented generalized stratigraphic and 
structural synthesis of this region include those by Tailleur and others 
(1966), Tai 1 leur and others (1967), Snel son and Tai 1 leur (1968), Tai 1 leur 
(1969a, b) , Tai 1 1  eur and BrosgC, (1970), BrosgC and Tai 1 leur (1970), Martin 
(1970), Mayf ield and others (1978a), Churki n and others (1979a), El lersieck 
and others (1979), and Mull (1979; 1982). Differences in nomenclature and in 
interpretation between these reports reflect the fact that the stratigraphic 
and structural synthesis has been, and still is, in a process of evolution. 
This report confirms, documents, and refines many of the ideas reported 
earlier, and where possible, the same concepts and terms are used. Details of 
the stratigraphic sequences and allochthons can be field checked, either using 
the allochthon-sequence map in this report or the more detailed geologic maps 
on which the current interpretations are based. Important differences from 
previous strati graphic and structural interpretations are di scussed under the 
appropriate subject headings. 

GEOLOGIC SETTING 

The general geology of the western Brooks Range and adjacent areas can be 
simplified by dividing this region into four geologic provinces: 1) the 
Colville basin; 2) the De Long Mountains allochthon belt; 3) the Schwatka 
Mountains province; and 4) the Yukon-Koyukuk province (fig. 2). The rocks in 
the provinces have a related geologic history that presents a comprehensive 
picture of the evolution o f  the Brooks Range. 

The Colvi 1 le basin, sometimes cal led Colvi 1 le geosyncl ine (Payne, 1955) 
or the Colville trough, consists of Lower and Upper Cretaceous clastic rocks 
that form a thick successor basin along the north side of the Brooks Range. 
The rocks consist predominantly of immature to moderately mature sandstone, 
mudstone, and conglomerate composed of clastic materials that were shed from 
the developing Brooks Range orogen. The basin is more than 6.5 km (20,000 
feet) thick near the northern edge of the study area and thins gradually to 
the south where it onlaps Lower Cretaceous and older rocks of the De Long 
Mountains allochthon belt. Under the Colville basin, there is a succession of 
gently south-dipping Lower Cretaceous (Neocomian) and older sedimentary rocks 
whose stratigraphy is inferred from seismic traces that extend to the strata 
in oil exploration wells located farther to the north. The Permian and 
Carboniferous stratigraphy under the Colvi 1 le basin can be correlated by age 
and lithology to rocks exposed in the Schwatka Mountains province in the 
southwestern Brooks Range (Mu1 1, 1982). 

Important rock units in this part of the Colville basin are the Lower 
Cretaceous ( A 1  bi an) Torok and Fortress Mountain Formations that are composed 
mostly of flyschoid marine turbidites deposited at the close of the major 
thrusting period in the Brooks Range. These rocks are succeeded by the middle 
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F igu re  1. Index map o f  c e n t r a l  and nor thern  Alaska. Bo ld  l i n e s  mark boundary 
of the western Brooks Range as def ined  i n  t h i s  r e p o r t .  Dashed 
1 i nes mark boundaries of the  fo1 low ing  1:250,000-scale 
quadrangles: PL = P t .  Lay; UR = Utukok River ;  LR = Lookout Ridge; 
PH = P o i n t  Hope; DM = De Long Mountains; MM = Misheguk Mountain; 
HP = Howard Pass; N = Noatak; BM = B a i r d  Mountains; AR = Ambler 
R ive r ;  SE = Selawick; SH = Shungnak. A l s o  shown are t he  p r i n c i p a l  
mountain b e l t s  w i t h i n  the  western Brooks Range. 
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SCALE 

F i g u r e  2. The four principal geologic provinces of the western Brooks Range 
and selected geographic features.  Bold lines mark area of this 
report. Bold dashed 1 i nes mark geologic p r o v i  nce boundaries. 



and Upper Cretaceous (A lb i an  t o  Maes t r i ch t i an )  Nanushuk and C o l v i l l e  Groups 
t h a t  are composed of marine and d e l t a i c  sandstone, shale, conglomerate, and 
coa l  depos i ted du r i ng  the  cu lm ina t i on  and waning stages o f  t he  orogenic  
u p l i f t .  

The rocks o f  t h i s  prov ince have been g e n t l y  fo lded i n t o  broad a n t i c l i n e s  
and sync1 i nes w i t h  f o l d  axes t h a t  general  l y  t r e n d  wes te r l y .  Deformat i o n  
g r a d u a l l y  decreases from south t o  n o r t h  i n  t he  C o l v i l l e  bas in  and w i t h i n  the  
Fo r t r ess  Mountain and Torok Formations, i t  decreases from lower t o  h igher  i n  
the  sect ion.  I n  some places a long t he  southern margin o f  t he  province, 
discussed i n  a  l a t e r  sec t i on  o f  t h i s  r epo r t ,  t h r u s t  f a u l t s  and northward 
over turned f o l d s  i n  t he  lower s t r a t a  of the  Fo r t r ess  Mountain and Torok 
Formations are o v e r l a i n  by  g e n t l y  f o l ded  and sparse ly  f a u l t e d  s t r a t a  of t h e  
the  upper p a r t  o f  the same rocks un i t s .  These s t r u c t u r a l  r e l a t i o n s  show t h a t  
the  pe r i od  o f  most in tense  deformation had ceased be fo re  l a t e  Fo r t r ess  
Mountain and Torok t ime. 

The De Long Mountains a1 lochthon be1 t encompasses t he  E n d i c o t t  Mountains, 
De Long Mountains, L isburne H i l l s ,  and nor thern  and western p a r t s  o f  t h e  B a i r d  
Mountains ( f i g .  1). I n  t h i s  r eg ion  t he  bedrock i s  composed o f  sedimentary 
and, t o  a  l esse r  ex ten t ,  igneous rocks t h a t  range i n  age f rom Ordov ic ian t o  
E a r l y  Cretaceous i n  the L isburne Hil l s  ( f i g .  2 )  and Devonian t o  E a r l y  
Cretaceous i n  t h e  De Long, End i co t t ,  and B a i r d  Mountains. The rocks occur i n  
a se r i es  o f  stacked t h r u s t  sheets t h a t  have been g e n t l y  fo lded  and then eroded 
t o  c rea te  numerous k l i p p e n  and f ens te r s .  Th is  p rov ince  i s  thought t o  make up 
a l a r g e  sync l ino r ium w i t h  s t r a t a  t h a t  d i p  south o r  southwest along t he  n o r t h  
f r o n t  o f  t h e  De Long and End i co t t  Mountains and n o r t h  o r  northwest along t h e  
southern boundary w i t h  t he  Schwatka Mountains prov ince.  

While many f o l d s  have d i ve r se  o r i e n t a t i o n s ,  most axes i n  t h e  De Long and 
End i co t t  Mountains general  l y  para1 l e l  the  wes te r l y  o r  southwester ly  
phys iographic  t r e n d  o f  t he  mountain ranges and a re  thought t o  be a t  r i g h t  
angles t o  the  p r i n c i p a l  t h r u s t  d i r e c t i o n .  Incompetent rocks such as shale and 
c h e r t  have been deformed most i n t ense l y ,  and i n  some p laces t h e r e  are numerous 
complex disharmonic f o l ds .  A n t i c l i n a l  f o l d s  are commonly over turned toward 
t he  n o r t h  i n  t h e  E n d i c o t t  Mountains and eas te rn  De Long Mountains and 
over turned toward the  northwest i n  t he  western p a r t s  o f  the  De Long and B a i r d  
Mountains, I n  t h e  L isburne  H i l l s ,  f o l d  axes g e n e r a l l y  t r e n d  nor th -sou th  and 
appear t o  t r ansec t  the  wes te r l y  s t r u c t u r a l  t rends  of t he  f o o t h i l l s  n o r t h  o f  
t h e  Brooks Range. 

The Schwatka Mountains p rov ince  makes up t he  bedrock i n  t h e  southern and 
eastern p a r t  o f  t h e  B a i r d  Mountains quadrangle and the  c e n t r a l  p a r t  o f  t h e  
Ambler R i ve r  quadrangle. I n  general, t h i s  p rov ince  i s  an i n t e r n a l l y  complex 
an t i c l i no r i um .  I t s  nor thern  edge d ips  nor th ,  under a  s e r i e s  o f  t h r u s t  sheets 
t h a t  form t he  base o f  the De Long Mountains a l loch thon  b e l t ,  and i t s  southern 
edge d ips  south under t h r u s t - f a u l t e d  ma f i c  igneous rocks t h a t  a re  p a r t l y  
covered by mid-Cretaceous c l a s t i c  rocks. Th is  p rov ince  i s  be l ieved  t o  be 
autochthonous o r  parautochthonous, because t h e  l a t e  Paleozoic  metasediments 
are more c l o s e l y  roo ted  t o  the c r u s t a l  rocks on which they  were deposi ted than 
are t he  coeval rocks i n  t h e  De Long Mountains a l loch thon  b e l t  where t h e  
sedimentary and igneous rocks are w ide ly  separated f rom the c r u s t  on which 
they  were formed. 



The autochthonous or parautochthonous rocks of the Schwatka Mountains 
province also are considered to be relatively unmoved with respect to rocks in 
the Colville basin. Upper Paleozoic rocks are interpreted to be linked in the 
subsurface to the north with coeval and lithologically similar rocks that 
occur under the Colville basin and have been drilled in oil exploration wells 
under the North Slope (Mu1 1, 1982). 

Most rocks of the Schwatka Mountains province were isoclinally folded and 
regional ly metamorphosed to the greenschist metamorphic f acies during 
Cretaceous time. Consequently, the older part of the sedimentary sequence 
that makes up the protolith is poorly dated and poorly understood. Based on 
1 i thologic correlations and sporadic fossi 1 evidence, the youngest parts of 
the stratigraphic section in the Schwatka Mountains province are Devonian, 
Carboniferous, and locally Permian(?) (Mu1 1 and Tai 1 leur, 1977; Mayfield and 
Tailleur, 1978). This makes them partly coeval with the allochthonous 
sedimentary sequences in the De Long Mountains allochthon belt. Mississippian 
rocks in this province rest upon Devonian and older rocks with a regional 
angular unconfomity. This is in sharp contrast to all but the lowest 
allochthonous sedimentary sequences in the allochthon belt, which record 
relatively unbroken sedimentation from Devonian into Mississippi an time. The 
protolith for the autochthonous pre-Mississippian rocks appears to have been a 
thick pile of sedimentary and igneous rocks of Early Paleozoic and late 
Precambrian age. 

Within the area covered by this report, the Yukon-Koyukuk province (fig. 
2), described in greater detai 1 by Patton (1973), includes the rocks south of 
the Brooks Range in the Selawi k ,  Shungnak, and southern edge of the Ambler 
River quadrangles (fig. 1). The bedrock chiefly is composed of orogenic 
clast ic rocks and volcanogenic sedimentary and andesi tic volcanic rocks of 
Cretaceous age. Locally, these rocks are intruded by plutons of Late 
Cretaceous and ear 1 i est Tert i ary age. 

Immediately south of the Brooks Range, the Yukon-Koyukuk province is 
underlain by sandstone, conglomerate, coal, and shale that form a basin, 
called the Kobuk-Koyukuk basin by Patton (1973). Clastic materials were shed 
into this east-trending trough-like basin from andesitic rocks to the south 
and from the Brooks Range to the north. Unlike the Colville basin, which 
preserved the continuous flood of detritus shed from the Brooks Range in Early 
Cretaceous (late Neocomian) to Tertiary t ime, most deposition in the Kobuk- 
Koyukuk basin appears to record a relatively short episode in mid-Cretaceous 
(Albian and Cenomanian) time (Patton, 1973). In some places along the north 
margin of the basin, t h e  clastic rocks rest on south-dipping, thin, and 
discontinuous thrust sheets of mafic and ultramafic rocks which are thought to 
be the root zone for similar igneous rocks in the De Long Mountains allochthon 
belt (Tailleur, 1969a,b; Patton and others, 1977; Roeder and Mu1 1, 1978; 
Gealey, 1980). In other places, the Cretaceous rocks onlap low-grade 
metamorphosed Devonian limestone and pelitic schist t h a t  are part of the 
Schwatka Mountains province. 

South of the Kobuk-Koyukuk basin is an extensive area of slightly older 
andesi t ic volcanic rocks which probably under1 ie most of the sedimentary rocks 
in the Yukon-Koyukuk province. The volcanic assemblage is composed 
predominantly of volcaniclastic rocks, flows, and hypabyssal intrusives. 
Fossi 1 s from volcanic1 astic beds are Early Cretaceous (Neocomian) and 



potassium-argon ages from andesitic volcanic rocks range from 134 to 117 
m.y. Some tuff beds are considered to be mid-Cretaceous in age. Late 
Cretaceous granitic plutons with potassium-argon ages of approximately 100 to 
80 m.y. intrude the older rocks in the province. Local felsic extrusive, 
tuffaceous, and hypabyssal rocks that are probably related to the plutonic 
activity have Late Cretaceous to Early Tertiary potassium-argon ages that 
range from 85 to 58 m.y. (Patton, 1973). 

DEFINITIONS OF SEQUENCES AND ALLOCHTHONS 

The hundreds of thrust sheets that exist in the De Long Mountains 
allochthon belt and the Schwatka Mountains province contain parts of 
structurally overlapping sequences that are composed of sedimentary, 
metasedimentary, and (or) igneous rocks. On the a1 lochthon map (plate I ) ,  
there are 15 sedimentary and two igneous sequences named in the De Long 
Mountains allochthon belt. A11 the rocks in the Schwatka Mountains province 
have been assigned to one sequence. Sedimentary sequences are mostly 
coeval. They are characterized by having a distinctive column of sedimentary 
rocks that have slightly different 1 i thologic facies compared to coeval rocks 
of other sequences. The rocks of each sequence are believed to have been 
deposited contiguously. The interpretation o f  depositional contiguity is 
based on simi 1 ari ty of stratigraphic sections, present geographic proximity o f  
outcrops, and a regional occurrence at the same structural level. Igneous 
sequences are predominantly composed of distinctive igneous rocks that have 
wide geographic extent, 

Sequences are differentiated by 1 i thologic differences in certain coeval 
rock units. Both o f  the igneous sequences and a few of the sedimentary 
sequences have certain unique rock units which serve to easily distinguish 
them from all other sequences. The other sedimentary sequences do not have a 
single unique rock unit and must be distinguished by differences in the 
succession o f  several rock u n i t s .  Sediments deposited during Late 
Mississippian time have the greatest variety of lithologies and so are most 
useful for distinguishing among the various sedimentary sequences. Where 
Mississippian rocks that occur in different sequences have similar 
lithologies, differences in sequences most commonly are determined by 
comparison of their Upper Devonian rocks. Pennsylvanian to Early Cretaceous 
rocks are more similar so they have been used only sparingly to help 
differentiate certain sequences. 

In the De Long Mountains allochthon belt, thrust sheets with the same or 
similar sequences almost always occur at the same structural levels. The 
smallest division o f  a structural level is a thrust sheet, but because there 
are hundreds of thrust sheets, often poorly exposed, i t  i s  prohibitively 
complex to describe each of them. Therefore, in order to provide a simple 
structural scheme for this large region, multiple thrust sheets that contain 
similar sequences and occur at approximately the same structural level are 
grouped into seven structural units cal led "a1 lochthons". A 1  lochthons are 
sequenti a1 ly numbered with a1 lochthon number one, the Brooks Range a1 lochthon, 
at the bottom of the stack and allochthon number seven, the Misheguk Mountain 
allochthon, at the top. Autochthonous or parautochthonous metasedimentary 
rocks in the Schwatka Mountains province are not numbered. 



Many prev ious s tud ies  which recognized major s t r u c t u r a l  d i s l o c a t i o n s  i n  
t h e  western Brooks Range d i d  no t  d i s t i n g u i s h  between t he  s t r u c t u r a l  u n i t s  and 
t he  sedimentary sequences w i t h i n  them, bu t  used t he  same names f o r  both. Most 
o f  these names correspond t o  t h e  s t r u c t u r a l  u n i t s  t h a t  a re  here c a l l e d  
a l lochthons.  Mapping over a  l a rge  area, however, shows t h a t  t he re  are 
s i g n i f i c a n t  s t r a t i g r a p h i c  changes f rom p lace  t o  p lace w i t h i n  most o f  t he  
a l lochthons.  The f a c i e s  d i f f e rences  w i t h i n  a l lochthons gene ra l l y  are no t  as 
pronounced as t h e  f a c i e s  d i f f e rences  between d i f f e r e n t  a l lochthons.  Thus, t h e  
a l loch thons  a lso  can be used as genera l i zed  t e c t o n o s t r a t i g r a p h i c  u n i t s .  Th i s  
simp1 i f  i c a t i o n  may be use fu l  i n  c o r r e l a t i o n s  across hundreds o f  k i  lometers, o r  
f o r  mapping a t  r eg iona l  scales.  

The scheme o f  seven a l lochthons i n  t h i s  r e p o r t  prov ides f o r  s i m p l i c i t y  
when s t r u c t u r a l  u n i t s  are unstacked on a p a l i n s p a s t i c  map. The des igna t ion  o f  
18 sedimentary and igneous sequences emphasizes fac ies  changes between and 
w i t h i n  a l lochthons.  The d i s t i n c t i o n  o f  minor d i f f e rences  i n  sequences, 
permi ts  a  more accurate view o f  the  l i m i t s  t h a t  can be placed on s t r u c t u r a l  
i n t e r p r e t a t i o n s  as w e l l  as a more complete p a l i n s p a s t i c  view o f  t h e  o r i g i n a l  
basins o f  depos i t i on  of the  rock u n i t s .  

I t i s  l i k e l y  t h a t  d e t a i l e d  s tudy  o f  some areas w i  11 p rov ide  da ta  f o r  
f u r t h e r  d i v i s i o n  o f  some o f  the sequences used i n  t h i s  r epo r t .  There i s  
commonly some degree of f a c i e s  change between some o f  the coeval rocks i n  any 
two t h r u s t  sheets, o r  even w i t h i n  t he  same sheet. D i f f e r e n t  observers m igh t  
decide t o  d e f i n e  t h e i r  sequences i n  d i f f e r e n t  ways, because o f  d i f f e rences  
between the areas where they  have worked, o r  because they  may base t h e i r  
i n t e r p r e t a t i o n s  on d i f f e r e n t  u n i t s  w i t h i n  t h e  sequences. Undoubtedly t h e  
system presented here w i l l  undergo some expansion and t he  u n i t s  w i  11 undergo 
subdiv is ion,  as more reg iona l  and d e t a i l e d  s tud ies  are done. 

SUCCESSION OF ALLOCHTHONS COMPARED TO EQUIVALENT STRUCTURAL 
UNITS OF PREVIOUS STUDIES 

From the  bottom t o  the  top, t he  s tack of a l l och thons  t h a t  are 
d i f f e r e n t i a t e d  i n  t h e  De Long Mountains a l loch thon  b e l t  are: 1) t h e  Brooks 
Range a l lochthon;  2 )  t h e  P i c n i c  Creek a l lochthon;  3 )  t h e  K e l l y  R i ve r  
a l lochthon;  4 )  t h e  Ipnav ik  R i ve r  a l lochthon;  5 )  t h e  Nuka Ridge a l lochthon;  6 )  
the  Copter Peak a1 lochthon; and 7 )  t h e  Misheguk Mountain a1 lochthon. The 
f i r s t  f i v e  a l loch thons  are composed mos t l y  of coeval  sedimentary sequences. 
The base o f  the  sequences are as o l d  as Ordovic ian,  Devonian, o r  
M iss iss ipp ian ,  and t h e  t op  of each sequence i s  E a r l y  Cretaceous i n  age. The 
t o p  two a l lochthons are composed of d i s t i n c t i v e  igneous sequences t h a t  are 
T r i a s s i c  and ( o r )  Ju rass ic  i n  age. Each a l loch thon  i s  named a f t e r  a  prominent 
geographic f e a t u r e  where the  s t r u c t u r a l  p o s i t i o n  o f  one o r  more sequences i n  
the  a l loch thon  i s  w e l l  exposed. A l loch thon  names are taken from prev ious 
pub l i ca t i ons .  Because o ther  authors commonly have used d i f f e r e n t  names f o r  
equ iva len t  s t r u c t u r a l  u n i t s ,  t a b l e  1 i s  inc luded t o  c o r r e l a t e  t he  p resen t l y  
used s t r u c t u r a l  nomencl a t u re  w i t h  those o f  prev ious repo r t s .  

The process o f  naming and mapping sequences and s t r u c t u r a l  u n i t s  i n  t h e  
western Brooks Range began w i t h  t he  p u b l i c a t i o n  of geo log ic  maps f rom the  
nor thern  p a r t  o f  t h e  Howard Pass and Misheguk Mountain quadrangles by Tai  1  l e u r  
and others  (1966).  That r e p o r t  represents  the  f i r s t  s i g n i f i c a n t  s tep toward 
understanding and mapping t he  d i s t r i b u t i o n  of th rus t - jux taposed  sequences. By 



Table 1.--Comparison o f  allochthons i n  th is  report  with equivalent st ructural  un i t s  o f  other authors 

Curt is and Snelson and 
others, 1982;'83 El lers ieck Ta i l  leur, 

Churkin and Mayfield and 1968; 
Tai 1 l eur  

El lers ieck and 
others, 1982; '83 and Others* Mu"s others, 1979a; others, 1978a 

Martin.1970 Tallleur, and others, 
1979 Churkfn and and Brosge 1966 

Mavfleld and 
others, 1982a; ' 83 Trexler, 1981 1970 

Mfsheguk Mishequk 
Mountain Hountaln 
allochthon allochthon 

Hisheguk Misheguk 
Hountaj n Mountain 
allochthon thrust  

sequence 

M i  sheguk Hot d i s t i n -  Hishegok 
sequence gulshed Mountain 

th rus t  
sequence 

Ill trabasic 
pluton 
sequence 

Misheguk 
th rus t  
tectonic 

Not d i s t i n -  
guished 

u n i t  

Misbeguk Not d i s t i n -  Misheguk 
sequence guished Hountaln 

thrust  
sequence 

Ultrabas i c 
p lu ton 
sequence 

Misheguk Hot d i s t i n -  
thrust  gui shed 
tectonic 
unf t 

Copter Peak Copter Peak 
allochthon allochthon 

Copter Peak Copter Peak 
allochthon th rus t  

sequence 

Nuka Ridge Nuka Ridge 
th rus t  sequence 
tectonic 
u n i t  

Nuka Ridge Nuka Ridge 
r allochthon allochthon 
0 

Nuka Ridge Nuka Ridge 
allochthon thrust  

sequence 

Nuka Not d i s t i n -  Nuka Ridge 
sequence guished thrust  

sequence 

Nuka Ridge 
sequence 

Ipnavik River Ipnavik River 
allochthon allochthon 

Ipnavik River Ipnavik River Ipnavik 
allochthon th rus t  sequence 

sequence 

Hot d i s t i n -  Ipnavlk Ipnavik 
guished River thrust  sequence 

sequence 

Ipnavik 
thrust  
tectonic 
unl t 

Ipnavik 
sequence 

Not d i s t i n -  Ke l l y  River Oe Long 
gui shed thrust  sequence 

sequence 

Kel l y 
thrust  
tectonic 
u n i t  

Not d i s t i n -  
guished 

Ke l l y  R ive r  Ke l l y  River 
atlochthan allochthon 

Ke l l y  River Ke l l y  River Ke l l y  
allocthon thrust  sequence 

sequence 

Uul ik  
thrust  
tectonic 
u n i t  

Sequence 
at Ki l igwa 
River 

Picnic Creek Picnlc Creek 
allochthon allochthon 

Not d i s t i n -  Picnic Creek Not d j s t i n -  
guished thrust  guished 

sequence 

H o t  d i s t i n -  Northwestern Not d i s t l n -  
guished Brooks Range guts hed 

thrus t  
sequences 

Foo th i l l s  i sequence Brooks Range sequence 
th rus t  sequences 

Kagvik North Central I s t ruc tura l  Brooks Range sequence 
sequence th rus t  sequence 

Foo th i l l s  
thrust 
tectonic 
unit  

Assemblages 
on Drench- 
water 
Creek 

Brooks Range Brooks Range 
allochthon allochthon 

Endicott Brooks Range Endicott 
Mountains th rus t  sequence 
a1 lochthon sequence 

peqce at  

Bupto 



1970, six out of the seven presently distinguished structural units 
(equivalent to the allochthons of present usage) had been published in one or 
more of several reports on the regional geology. These were by Tai 1 leur and 
others (1967); Snel son and T a i  1 leur (1968) ; T a i  1 leur (1969a,b); T a i  1 leur and 
Brosgk (1970); and Martin (1970). When these reports were published most of 
the allochthons were named even though different names were sometimes given to 
equivalent structural units. 

In these earlier reports, the structural position of the Nuka Ridge 
allochthon was one of the least understood aspects of the tectonostratigraphic 
relations. For example, Tailleur and others (1966) thought the Nuka Ridge 
allochthon was on top of the Ipnavik and Brooks Range allochthons. However, a 
few years later Tailleur (1969a,b) and Tail leur and BrosgC (1970) reported 
that the Nuka Ridge allochthon was either on the top or on the bottom of the 
stack of a1 lochthons. Martin (1970) thought it was near the bottom of the 
stack, and mapped it over a wide area, much of which is presently known to be 
parts of the Brooks Range or Picnic Creek allochthons. Part of the problem in 
understanding this allochthon was due to poorly dated stratigraphy and 
misinterpretation of the structural positions of isolated tectonic blocks of 
the Nuka Formation which are widely scattered in areas of low re1 ief and poor 
exposure in the foothills north o f  the Brooks Range. The Nuka Ridge 
allochthon is presently considered to be the fifth allochthon in the stack of 
seven on the basis of detailed mapping i n  the mountainous areas where 
structural relationships are we1 1 exposed (El lersieck and others, 1979; Mu1 1, 
1979; Curtis and others, 1982; El lersieck and others, 1982; and Mayfield and 
others, 1982a). It is structurally the highest allochthon of those that 
contain the sedimentary sequences. 

Evidence for the a1 lochthonei ty o f  the Brooks Range a1 lochthon re1 ative 
to the Schwatka Mountains province was not published until the latter half o f  
the 1970's by Mu1 1 and others (1976); Dutro and others (1976); and Mu1 1 and 
Tailleur (1977). These reports contain descriptions of the late Paleozoic 
part of the sequence of rocks in the Schwatka Mountains province. Subsequent 
maps of the Baird and Schwatka Mountains (Mayfield and Tailleur, 1978; Nelson 
and Grybeck, 1980; and Turner and others, 1978) show the general distribution 
of the northern part of the Schwatka sequence based on the location of 
outcrops of the Mississippian to Permian Kekiktuk Conglomerate, Kayak Shale, 
Lisburne Group, and Sadlerochit Group, 

DESCRIPTION OF ALLOCHTHONS AND SEQUENCES 

In order to understand the evidence for the palinspastic synthesis and 
tectonic implications given in a later section of this report, i t  is necessary 
to become familiar with the stratigraphic and structural subdivisions i n  the 
western Brooks Range. This section gives a brief description of each of the 
18 sequences and seven allochthons (plate 1) that are differentiated in this 
report. The discussion begins with a description of the autochthonous or 
parautochthonous Schwatka sequence and progresses to descriptions of the 
allochthons and the sequences of rocks that occur in each allochthon. A 
generalized stratigraphic column (figs. 3 to 21 on plate 2) is given for each 
sequence along with highlights of the most distinctive characteristics and 
areas of most complete exposure of the sequences and allochthons. Because of 
complex structural deformation and of sparse paleontologic dates, the original 
depositional thicknesses and age ranges for t h e  various rock units are 
approximated in many cases. 



THE SCHWATKA SEQUENCE 
The la te  Paleozoic and older parts of the Schwatka sequence ( f ig .  3, 

plate 2 )  are exposed in the area of the southern Brooks Range here called the 
Schwatka Mountains province. This i s  the least  understood sequence i n  the 
western Brooks Range, because i t  was regional ly metamorphosed .during the 
Cretaceous (Turner and others, 1978; Turner and others, 1979; Dil l o n  and 
others, 1980) and, in some areas, in the Precambrian (Turner and others, 1979; 
Mayfield and others, 1982b). The protolith i s  believed t o  range in age from 
Precambrian t o  Mississippian or Permian? (Mu1 1 and Tai 1 leur, 1977) .  The 
sequence probably consists of hundreds, or even thousands, of meters of lower 
Paleozoic and Precambri an metasedimentary rocks. Because the older rocks of 
the protolith for the Schwatka sequence are largely undated and their  
structure i s  complex, the stratigraphic column i s  partly speculative and i s  
composed of a composite of sparsely-dated rock units from a wide geographic 
area. 

Upper Paleozoic rocks, mostly of Mississippian age, make up less than two 
percent o f  the geographic area of this  province. They are mapped i n  a 
discontinuous narrow belt of outcrops that extends from east and north of 
Shishakshinovik Pass t o  Nanielik Creek near Hub Mountain (plate 1; Pessel and 
Brosgk, 1977; Tailleur and others, 1977; Mul l  and Tailleur, 1977; Mayfield and 
Tailleur, 1978). In the Schwatka Mountains, th i s  succession of rnetasediments 
consists of Upper Mississippian carbonate rocks of the Lisburne Group 
underlain hy the mid-Mississippian Kayak Shale and Lower Mississippian 
Keki k t u k  conglomerate. The congf omerate unconf ormably overl ies 01 der 
metamorphic rocks. In the vicinity of Shishakshinovik Pass, s i l ts tone and 
s late  appear t o  l i e  stratigraphically on the Lisburne and may correlate with 
the Permian part of the Sadlerochit Group (Mull and Tail leur, 1977). The same 
stratigraphic sequence a1 so occurs at  Mount Doonerak (f ig .  2 )  in the central 
Brooks Range (Dutro and others, 1976). 

Upper Paleozoic s t rata  in the Schwatka sequence are believed t o  correlate 
with autochthonous rocks under the Colville basin. Oil exploration wells show 
that the foundation for the north part of the Colville basin has deformed 
Devonian and older sedimentary rocks and granite unconformably overl ain by the 
Mississippian t o  Lower Cretaceous Kekiktuk Conglomerate, Kayak Shale, Lisburne 
Group, Sadlerochit Group, S h u b l  i k Formation, Kingak Shale, and "pebble 
shale". Seismic profiles in the National Petroleum Reserve (Bruynzeal and 
others, 1982) show that these s t ra ta  extend southward from the wells t o  a t  
least the lati tude of the Colville River where they l i e  beneath five t o  seven 
km of mid-Cretaceous basin f i l l  and dip gently south. Similar Mississippian 
to Permian(?) s t ra ta  reappear in the Schwatka and Baird Mountains (Mu1 1 and 
Tai l leur,  1977) and similar Mississippian t o  Triassic s t ra ta  reappear in the 
southern Endicott Mountains (Dutro and others, 1976).  Intense deformation of 
Cretaceous sediments south of the Colville River makes seismic records nearly 
uninterpretable, b u t  gently south dipping seismic reflectors a t  inferred 
depths o f  approximately seven to ten km under the mountain fronts o f  the  De 
Long and Endicott Mountains probably represent continuity between 
autochthonous rocks t o  the north and those in the Schwatka sequence t o  the 
south. A representative section of rocks under the Colville basin i s  shown on 
figure 4 (plate 2 ) .  



Below the  Kek ik tuk  angular unconformi ty  i n  t he  southern Brooks Ran e i s  a 9 p o o r l y  understood succession of i n t e n s e l y  deformed l i t h o l o g i c  u n i t s  i n c  ud ing 
marble, p h y l l i t e ,  calcareous sch is t ,  metawacke, quartz-mica sch i s t ,  
greenstone, and gne i ss i c  g r a n i t i c  rocks.  Most o f  t h e  t h i c k  and wide-spread 
metamorphosed 1 imestone and do lomi te  i s  c o r r e l a t i v e  w i t h  t h e  S i  l u r i  an and 
Midd le  Devonian S k a j i t  Limestone. I n  a few places, s l a t e  and marble o f  
Ordov ic ian and S i l u r i a n  age a lso  have been dated by f o s s i l s  (U.S. Geolog ica l  
Survey, 1975; May f i e l d  and T a i l l e u r ,  1978; Mayf ie ld and others,  1983b). Most 
o ther  rocks i n  t h i s  sequence are too  r e c r y s t a l  1 i zed t o  preserve i d e n t i f i a b l e  
f o s s i l s ,  a l though c o r r e l a t i o n  o f  c e r t a i n  o f  these l i t h o l o g i e s  t o  t h e  w ide l y  
spaced areas t h a t  have f o s s i l  c o n t r o l  o r  rad iogen ic  ages suggest t h a t  most of 
t h e  p r o t o l i t h  ranges i n  age from e a r l y  Paleozoic i n t o  t he  Precambrian. 

The s t r a t i g r a p h y  o f  the  Schwatka sequence d i f f e r s  i n  a few impor tant  
respects  from t h e  a1 lochthonous sequences s t r u c t u r a l l y  above it. The 
predominant ly  sha ly  Permi an t o  T r i a s s i c  Sadlerochi  t Group and, a t  Mount 
Doonerak i n  t h e  c e n t r a l  Brooks Range, t h e  Shub l i k  Format ion occur o n l y  i n  t h i s  
sequence. These u n i t s  are l i t h o l o g i c a l  l y  d i s t i n c t  from and the  same age as 
t h e  predominant ly che r t y  E t i v l u k  Group i n  t he  al lochthonous sequences. The 
p re -Miss iss ipp i  an angular unconformi t y  under t he  Keki  k tuk  Conglomerate i s  i n  
c o n t r a s t  t o  a cont inuous succession o f  Devonian through M iss i ss i pp ian  rocks i n  
a l l  the  al lochthonous sedimentary sequences except f o r  t he  sequence of rocks 
i n  t h e  L isburne  H i l l s .  I n  t h e  L isburne  H i l l s ,  t h e r e  i s  a p re -Miss iss ipp ian  
unconformi t y  s imi  1 a r  t o  the Schwatka sequence, bu t  post-Mi ss i s s i  pp i  an rocks 
are much more l i k e  those i n  o ther  al lochthonous sequences. 

THE BROOKS RANGE ALLOCHTHON (11 
The ,Brooks Ranse a1 lochthon i s  the most extens ive1 Y exposed and the  

lowest i n  t h e  s tack -o f  a l l och thons  i n  t he  western  rook; ~ a n ~ e  ( p l a t e  1). I t  
was named by M a r t i n  (1970), who called it the  Brooks Range sequence because of 
i t s  widespread occurrence throughout t he  no r t h  and western p a r t s  o f  t h e  Brooks 
Range. It i s  w ide ly  exposed i n  t he  L isburne  H i l l s ,  Mulgrave H i l l s ,  E n d i c o t t  
Mountains, no r t h  and western p a r t s  o f  t he  B a i r d  Mountains, and i n  numerous 
f ens te r s  i n  the  De Long Mountains. Th i s  i s  t he  o n l y  a1 lochthon i n  t he  western 
Brooks Range t h a t  has a n e a r l y  cont inuous outcrop area extending from the  
Chukchi Sea i n  the  west t o  the  P h i l i p  Smith Mountains i n  the  eastern Brooks 
Range. The t o t a l  outcrop area makes up a t h i r d  t o  a quar te r  o f  a l l  t h e  
exposures i n  t he  Brooks Range. The est imated aggregate th ickness of t he  
t h r u s t  sheets i n  t h i s  a l lochthon,  measured approx imate ly  normal t o  t h e  upper 
and lower f a u l t  surfaces, may t o t a l  f i v e  t o  ten  km i n  t he  f o o t h i l l s  and under 
t h e  De Long and End i co t t  Mountains. 

Sequences i n  the  Brooks Range a1 lochthon have c e r t a i n  c h a r a c t e r i s t i c s  
which can be used t o  d i s t i n g u i s h  them f rom sequences i n  o ther  a1 lochthons. 
Th i s  a l loch thon  conta ins t he  t h i c k e s t  and most widespread occurrences o f  Upper 
Devonian and Lower M i ss i ss i pp ian  sandstone, shale, and conglomerate of t he  
End i co t t  Group. The E t i v l u k  Group i s  gene ra l l y  s h a l i e r  and l ess  c h e r t y  and 
Upper T r i a s s i c  rocks have a g rea te r  p ropo r t i on  o f  l imestone than i n  o the r  
a? lochthonous sequences. 

There are t h ree  sequences i n  the  Brooks Range a l loch thon  c a l l e d  the 
Ivo tuk ,  Key Creek, and L isburne H i  11s sequences. They a re  grouped i n t o  t h e  
same a1 lochthon because they  have impor tant  1 i t h o l o g i c  s i m i l a r i t i e s  and occur 
a t  approx imate ly  t h e  same s t r u c t u r a l  l e v e l .  I n  t h e  f o o t h i l l s  n o r t h  of t he  



End i co t t  Mountains, the  I vo tuk  sequence occurs i n  a se r i es  o f  t h r u s t  sheets 
t h a t  are s t r u c t u r a l l y  below t h e  Key Creek sequence. West o f  long 158' W., t h e  
d i s t i n c t i v e  M i ss i ss i pp ian  carbonate rocks i n  the  I vo tuk  sequence appear t o  
grade i n t o  l i t h o l o g i e s  c h a r a c t e r i s t i c  of t h e  Key Creek sequence. The L isburne  
H i l l s  sequence o n l y  occurs i n  exposures on the  L isburne  Peninsula.  I t  i s  
thought t o  be s t r u c t u r a l l y  below t h e  Key Creek sequence, bu t  t h e  sequences a re  
separated by a b e l t  o f  Cretaceous orogenic c l a s t i c  rocks t h a t  make d i r e c t  
s t r u c t u r a l  r e l a t i o n s  uncer ta in .  

The I vo tuk  Sequence 
The I vo tuk  seauence ( f i q .  5. p l a t e  2 )  was named and descr ibed by M a r t i n  

(1970) f o r  exposures a t  1votuk ~ j d g e  i n  t h e  K i  1 l i k  R i ve r  quadrangle eas t  o f  
t he  area o f  t h i s  r epo r t .  Outcrops occur i n  a r e l a t i v e l y  l i m i t e d  geographic 
l o c a t i o n  i n  t he  f o o t h i l l s  n o r t h  o f  t h e  E n d i c o t t  Mountains. Best exposures 
occur a t  L i sburne  Ridge and a t  Mount Bupto i n  t h e  Howard Pass quadrangle 
( p l a t e  1). This  sequence i s  composed of M i ss i ss i pp ian  t o  Lower Cretaceous 
sedimentary rocks.  Pre-Cretaceous rocks are approx imate ly  600 m t h i c k .  

The I vo tuk  sequence i s  d i s t i n g u i s h e d  from t h e  Key Creek sequence by 
d i f f e rences  between t he  Upper M i ss i ss i pp ian  rocks i n  each sequence. I n  t he  
I vo tuk  sequence, a r e l a t i v e l y  t h i n  b lack  carbonaceous sha l y  Kuna Format ion 
o v e r l i e s  severa l  hundred meters o f  l i g h t  gray-weather ing do lomi te  and 
l imestone w i t h  b lack c h e r t  nodules and lenses. The upper p a r t  o f  t h e  
M i ss i ss i pp ian  s t r a t a  conta ins a phosphat ic zone which i s  be l ieved  t o  be 
c o r r e l a t i v e  w i t h  phosphat ic beds i n  t h e  upper p a r t  of t h e  Alapah Limestone i n  
t he  f o o t h i l l s  and mountains of t he  no r t h - cen t ra l  Brooks Range (Pa t ton  and 
Matzko, 1959) and w i t h  phosphat ic  sha le  i n  t h e  Kuna Format ion o f  the Key Creek 
sequence. 

Rocks o l de r  than the  Lower M i ss i ss i pp ian  Kayak Shale have no t  been 
i d e n t i f i e d  and must have been s t r u c t u r a l l y  detached from most o f  t h e  I v o t u k  
sequence. L i k e  t he  o ther  sequences i n  a l loch thon  one, t he  I v o t u k  sequence 
p robab ly  was depos i ted upon Lower M i ss i ss i pp ian  and p o s s i b l y  Upper Devonian 
sandstone o f  the End i co t t  Group. I n  t h e  L isburne Well which was d r i l l e d  t o  a 
depth o f  17,000 f e e t  i n  t h e  southern p a r t  o f  t h e  Na t iona l  Petroleum Reserve, 
a t  least  f i v e  p a r t l y  repeated sec t ions  (Mickey, 1980) of t he  I v o t u k  sequence 
were encountered bu t  no coarse c l a s t i c  rocks of t he  E n d i c o t t  Group were 
found. The o l de r  rocks on which the  I v o t u k  sequence was depos i ted may have 
been t h e  nor thern  p a r t  o f  t h e  t h i c k  c l a s t i c  wedge o f  La te  Devonian and E a r l y  
M i s s i s s i p p i  an age, s i m i l a r  t o  the  Key Creek sequence, o r  they  may have been 
para1 i c  coa l y  sandstone and shale  on a p re -Miss iss ipp ian  unconformi t y ,  s im i  1 at- 
t o  the  L isburne H i l l s  sequence. 

The Key Creek Sequence 
The Key Creek sequence ( f i g .  6, p l a t e  2 )  was named by C u r t i s  and o thers  

(1982) f o r  exposures a t  Key Creek i n  t h e  De Long Mountains A1 quadrangle 
( C u r t i s  and others ,  1983). Th is  sequence i s  t he  most ex tens i ve l y  exposed 
sequence i n  t h e  western Brooks Range. I t  crops o u t  from t h e  southwestern edge 
o f  the Mulgrave H i1  1s a t  the  sea coast i n  the Noatak quadrangle t o  t he  
E n d i c o t t  Mountains i n  the  Howard Pass quadrangle. There are numerous p laces 
where p a r t s  o f  t h i s  sequence are we1 1 exposed, b u t  t h e r e  appears t o  be no 
p lace  where t h e r e  i s  a complete unbroken succession of s t r a t a .  The 
M iss i ss i pp ian  t o  Cretaceous p a r t  o f  t he  s e c t i o n  i s  we1 1 exposed a t  Key 
Creek. The L a t e  Devonian t o  M i ss i ss i pp ian  p a r t  o f  t h e  s e c t i o n  i s  w e l l  exposed 



along t he  nor thern  mountain f r o n t  of the  End i co t t  Mountains, The lower p a r t  
o f  t h i s  sequence i s  exposed along t h e  no r t h  and west edge o f  t h e  B a i r d  and 
Schwatka Mountains. Pre-Cretaceous rocks are approximately 1,900 m t h i c k .  

The Key Creek sequence d i f f e r s  f rom t h e  o ther  two sequences i n  a l l och thon  
one, t he  I vo tuk  and L isburne H i l l s  sequences, by hav ing a t h i c k  sec t i on  of 
w ide l y  exposed b lack sha le  and c h e r t  o f  t h e  Kuna Format ion o f  La te  
M i ss i ss i pp ian  and E a r l y  Pennsylvanian age (Mu l l  and others ,  1982) which 
o v e r l i e s  a  t h i n  ( l e s s  than 20 m) and d iscont inuous l i g h t  gray-weather ing 
l imestone w i t h  b lack che r t  nodules. The Pre -Miss iss ipp ian  p a r t  of Key Creek 
sequence d i f f e r s  f rom a l l  o t he r  sequences i n  t h e  western Brooks Range, because 
i t  i s  composed o f  a  1,000-m t h i c k  c l a s t i c  wedge o f  La te  Devonian and E a r l y  
M i s s i s s i p p i  an age c a l  l e d  t h e  E n d i c o t t  Group (Ta i  1  l e u r  and others ,  1967; 
N i  lsen, 1981). 

The L isburne H i l l s  Sequence 
The L isburne H i l l s  sequence ( f i q .  7, p l a t e  2 )  i s  named f o r  exDOsures 

along t h e  s e a c l i f f s  i n  t h e  'southern p a r t - o f  t h e  ~ i s b u r n e  H i l l s  ( p l a t e  1 )  which 
were descr ibed by Campbell (1967).  Exposures are conf ined t o  t he  L isburne 
H i l l s .  The base o f  t h e  exposed s e c t i o n  i s  Ordov ic ian (U. S. Geolog ica l  
Survey, 1972; Grantz and others ,  1983), and t he  t op  i s  E a r l y  Cretaceous. The 
composite depos i t i ona l  th i ckness  i s  more than 2,700 m. 

Because t he  L isburne H i l l s  sequence does no t  have any exposed contacts  
w i t h  t h e  o ther  sequences i n  t he  western Brooks Range, i t s  s t r u c t u r a l  and 
s t r a t i g r a p h i c  p o s i t i o n  i s  uncer ta in .  I t i s  assigned t o  a l loch thon  one, 
because Carboni ferous and younger rocks are s i m i l a r  t o  o ther  sequences i n  t h i s  
a l loch thon  and t he  s t r a t i g r a p h y  records the  same Neocomian t e c t o n i c  h i s t o r y  
dur ing  t he  Brooks Range orogeny. 

In t he  past, t h i s  sequence has been c o r r e l a t e d  w i t h  a1 lochthon three, 
p r i m a r i l y  because t h e  Upper M i ss i ss i pp ian  carbonate beds i n  t h e  L isburne Hi  11s 
and De Long Mountains are s i m i l a r  i n  l i t h o l o g y  and th ickness ( T a i l l e u r ,  
1969a, b; Mu1 1, 1979). A1 though t h e  Upper M i s s i s s i p p i  an dolomi t i c  carbonate 
rocks,  mapped as the  Kogruk(?) Formation by Campbell (1967), are  s i m i l a r  i n  
th ickness t o  t h e  Kogruk Format ion i n  t h e  sequences o f  a l l och thon  three,  t h e  
o v e r a l l  M i ss i ss i pp ian  t o  Lower Cretaceous s t r a t i g r a p h i c  sec t i on  i s  a lso  
s i m i l a r  t o  coeval  beds i n  sequences of a l l och thon  one. For example, t h e  upper 
p a r t  o f  the T r i a s s i c  and Jurass ic  Otuk Format ion i n  the  L isburne H i l l s  has 
numerous d i s t i n c t i v e  1  imestone beds, and i t s  general  1  i t h o l o g i c  charac te r  i s  
more s i m i l a r  t o  c o r r e l a t i v e  beds i n  the  Key Creek and I vo tuk  sequences than t o  
any o f  t h e  sequences i n  a l l och thon  three.  The Siks ikpuk Formation and t h e  
lower p a r t  o f  the  Otuk Format ion are s h a l i e r  i n  t he  L isburne H i l l s  sequence 
than they  are i n  c o r r e l a t i v e  beds i n  sequences o f  a l l och thon  three.  These 
sha ly  beds are q u i t e  s i m i l a r  t o  coeval beds i n  t h e  I v o t u k  and Key Creek 
sequences. The Upper M i ss i ss i pp ian  dolomi t i c  carbonate beds i n  t h e  L isburne  
H i  11s are t h i c ke r ,  bu t  l i t h o l o g i c a l  l y  s i m i l a r  t o  c o r r e l a t i v e  beds i n  t he  
I vo tuk  sequence. Outs ide t h e  L isburne H i l l s ,  coa l  beds o f  s i m i l a r  
s t r a t i g r a p h i c  s e t t i n g  are known o n l y  t o  occur i n  a few places i n  t h e  lower 
sandy p a r t  o f  t h e  Kayak Shale i n  t he  Key Creek sequence and i n  autochthonous 
rocks under t he  C o l v i l l e  basin.  

Lower M i ss i ss i pp ian  rocks i n  t h e  L isburne  H i l l s  rest unconformably on 
b lack,  g r a p t o l i t i c  Ordov ic ian and S i l u r i a n  wacke and shale  (Grantz and others ,  



7.983). Th i s  i s  s i m i l a r  t o  the  s t r a t i g r a p h i c  r e l a t i o n s h i p s  a t  t he  basal 
M i ss i ss i pp ian  unconformity i n  t h e  Schwatka sequence and i n  t h e  succession o f  
Neocomian and o l de r  rocks under the nor thern  p a r t  of the  C o l v i l l e  basin. 
However, i n  t h e  L isburne H i l l s  sequence rocks of Pennsylvanian t o  E a r l y  
Cretaceous age are markedly d i f f e r e n t  i n  l i t h o l o g y  f rom coeval rocks under t he  
C o l v i l l e  bas in  and from suspected Permian rocks i n  t h e  Schwatka sequence 
(compare f i g s .  3, 4,  and 7 ) .  

Thus, the  p re -Miss iss ipp ian  s t r a t i g r a p h y  o f  the  L isburne H i l l s  i s  s i m i l a r  
t o  t h e  sequences i n  t h e  Schwatka Mountains and under t h e  C o l v i l l e  basin,  and 
the  Pennsylvanian t o  Lower Cretaceous s t r a t i g r a p h y  i s  s i m i l a r  t o  sequences i n  
a l loch thon  one. On the bas is  of these s t r a t i g r a p h i c  r e l a t i o n s h i p s ,  i t  i s  here 
i n f e r r e d  t h a t  be fo re  the  Brooks Range orogeny t he  L isburne H i l l s  sequence was 
i n  t h e  nor thern  p a r t  o f  t h e  r eg ion  occupied by t h e  sequences i n  a l loch thon  one 
and south o f  the Schwatka sequence. For  s t r u c t u r a l  s i m p l i c i t y ,  the  L isburne 
H i l l s  sequence and o the r  exposures o f  a l lochthonous rocks w i t h  no sequence 
des igna t ion  i n  the  f o o t h i l l s  n o r t h  o f  the  De Long Mountains ( p l a t e  1) are 
inc luded  as p a r t  o f  a l l och thon  one. 

PICNIC CREEK ALLOCHTHON ( 2 )  
The P i c n i c  Creek a1 lochthon i s  the  second a1 lochthonous s t r u c t u r a l  l e v e l  

i n  t h e  western Brooks Range. I t  was named by E l l e r s i e c k  and o thers  (1979) f o r  
exposures i n  the  P i c n i c  Creek fens te r  i n  the  Misheguk Mountain quadrangle 
(May f ie ld  and others,  1982a). The sequences i n  t h i s  a l loch thon  are exposed 
from the  h i l l s  southeast o f  Cape Seppings t o  t he  f o o t h i l l s  a long t he  n o r t h  
margin o f  t h e  E n d i c o t t  Mountains. The P i c n i c  Creek a l loch thon  occurs 
d i scon t i nuous l y  between a l loch thon  one and t h ree  o r  f ou r .  Best exposures o f  
t h e  s t r u c t u r a l  r e l a t i o n s h i p  t o  a l lochthons one and t h r e e  are found i n  t h e  
mountains dra ined by t he  Wul ik River ,  n o r t h  of the Avan H i1  1s along the  Kuruk 
Creek va l l ey ,  i n  t h e  P i c n i c  Creek f ens te r ,  and i n  t h e  Cutaway f e n s t e r  ( p l a t e  
11. This  a1 lochthon probably  does no t  exceed 1000 m i n  th ickness, and i n  most 
areas i t  i s  l ess  than 500 m t h i c k .  

Sequences i n  the  P i c n i c  Creek a l l och thon  are l i t h o l o g i c a l l y  d i s t i ngu i shed  
f rom most o ther  sequences by  hav ing a s e c t i o n  o f  well-bedded b lack  c h e r t  w i t h  
subord inate f i ne -g ra i ned  carbonate o f  La te  M i ss i ss i pp ian  age. I n  sequences o f  
a l l och thon  f o u r ,  coeval sedimentary rocks are 1  i t h o l o g i c a l  l y  s im i  1  ar bu t  
con ta i n  l o c a l l y  abundant diabase s i l l s .  I n  a l l och thon  two M iss i ss i pp ian  rocks 
appear t o  be depos i ted upon Upper Devonian and ( o r )  lowest  M i ss i ss i pp ian  sandy 
rocks o f  the  E n d i c o t t  Group. I n  one sequence of a l l och thon  two, these sandy 
beds i n t e r f  i n g e r  w i t h  1  a t e s t  Devonian (Famenni an) carbonate beds t h a t  are here  
c o r r e l a t e d  by age and l i t h o l o g y  w i t h  t he  B a i r d  Group. Th i s  con t ras ts  w i t h  
a l loch thon  f o u r  i n  which M i s s i s s i p i a n  rocks appear t o  have been deposi ted o n l y  
upon Midd le  and Upper Devonian carbonate rocks o f  the B a i r d  Group. 

Four sequences i n  t h e  P i c n i c  Creek a l loch thon  are d i f f e r e n t i a t e d  i n  t h i s  
r epo r t .  They are d i s t r i b u t e d  i n  a eas t - t rend ing  ser ies  o f  outcrops f rom the  
f o o t h i l l s  o f  t h e  End i co t t  Mountains through t h e  De Long Mountains and are 
ca l led ,  f rom west t o  east: t he  Amaruk sequence, Wulik sequence, P i c n i c  
sequence, and Nigu sequence. The sequences a re  mos t l y  found i n  ad jacent  
geographic areas and each i s  be1 ieved t o  have been depos i ted cont iguous ly .  
Border areas between these sequences e i t h e r  have g rada t iona l  l i t h o l o g i e s  o r  
are be l ieved  t o  be separated by t h r u s t  f a u l t s  w i t h  r e l a t i v e l y  rninor 
displacements. 



The Amaruk Sequence 
The Amaruk sequence ( f i g .  8, p l a t e  2 )  was named by Mayf ie ld  and o thers  

(1983a) f o r  exposures a t  t h e  headwaters o f  t h e  Amaruk R i ve r  i n  t h e  De Long 
Mountains quadrangle. Th is  sequence extends from the  western De Long 
Mountains t o  t h e  h i l l s  southeast o f  Cape Seppings. Best exposures a re  found 
along t h e  nor theas t  and northwest margins o f  t he  Wulik Peaks ( p l a t e  1). Th i s  
sequence i s  composed of Upper Devonian o r  Lower M i ss i ss i pp ian  t o  Lower 
Cretaceous sedimentary rocks.  Pre-Cretaceous rocks are approx imate ly  350 rn 
t h i c k .  

The Amaruk sequence occurs s t r u c t u r a l l y  below t he  K e l l y  sequence o f  
a l l och thon  t h r e e  and above t h e  Key Creek sequence o f  a l l och thon  one. Upper 
M i ss i ss i pp ian  rocks are d i s t i ngu i shed  from border ing  sequences i n  s t r u c t u r a l  l y  
h igher  and 1 ower a1 lochthons by be ing composed predorni n a n t l y  o f  b lack che r t .  

W i t h i n  t he  P i c n i c  Creek a1 lochthon, t he  Amaruk sequence grades eastward 
i n t o  t h e  Wul ik sequence. U n l i k e  t h e  Wul ik sequence, t h e  Amaruk sequence 
con ta ins  o n l y  a  few sha l y  rocks t h a t  c o r r e l a t e  w i t h  t he  Kuna Format ion and 
o n l y  a  smal l  amount o f  noncherty m i c r i t i c  l imestone. The o l d e s t  rocks i n  t h e  
Amaruk sequence are best exposed i n  t he  h i l l s  southeast o f  Cape Seppings where 
t h e  Kayak Shale grades downward i n t o  i n c r e a s i n g l y  sandier  beds t h a t  a re  p o o r l y  
exposed and imp rec i se l y  dated by s t r a t i g r a p h i c  c o r r e l a t i o n  as La te  Devonian 
and ( o r )  E a r l y  M i ss i ss i pp ian  i n  age. These beds a re  s t r a t i g r a p h i c a l l y  
c o r r e l a t e d  w i t h  the  Noatak Sandstone o r  the  sandstone member o f  the  Kayak 
Shale and are s i m i l a r  t o  coeval  c l a s t i c  beds a t  t h e  base of t h e  Wulik and Nigu 
sequences. 

The Wulik Sequence 
The Wulik sequence (F ig .  9, p l a t e  2 )  was named by Snelson and T a i l l e u r  

(1968) f o r  exposures i n  t h e  Wul ik R i ve r  area of t h e  De Long Mountains 
quadrangle. Discont inuous exposures occur throughout t he  De Long Mountains 
and i n  t h e  f o o t h i l l s  n o r t h  o f  t h e  range. Best exposures a re  i n  t h e  Wulik kno t  
on t he  south s ide  o f  I naccess ib l e  Ridge and i n  t h e  Kuruk Creek va l  l e y  about 4 
km n o r t h  o f  t h e  Avan H i l l s  ( p l a t e  1). Th is  sequence i s  composed o f  Upper 
Devon i an t o  Lower Cretaceous sedimentary rocks.  Pre-Cret aceous rocks are 
approx imate ly  400 m t h i c k .  

The Wulik sequence i s  s t r u c t u r a l l y  o v e r l a i n  by  t he  Amphi t h e a t r e  and K e l l y  
sequences of a l l o ch thon  t h r e e  and i s  unde r l a i n  by  t he  Key Creek sequence o f  
a l l och thon  one. It i s  best  d i s t i ngu i shed  by hav ing a r e l a t i v e l y  t h i c k  s e c t i o n  
o f  Upper M i ss i ss i pp ian  b lack  c h e r t  o r  b lack  c h e r t  and l imestone. Th is  
con t ras t s  w i t h  coeval l imestone o f  t he  Kogruk Format ion i n  sequences of 
a l l o ch thon  t h ree  and b lack carbonaceous shale  and c h e r t  o f  t h e  Kuna Format ion 
i n  t he  Key Creek sequence. Upper Devonian (Famennian) racks  i n  t h i s  sequence 
are exposed o n l y  i n  Kuruk Creek va l l ey .  Here, l imestone, c o r r e l a t e d  w i t h  t h e  
B a i r d  Group, and sandstone and shale, c o r r e l a t e d  w i t h  t h e  End i co t t  Group, are 
interbedded. Th is  con t ras t s  w i t h  Upper Devonian rocks i n  t h e  o v e r l y i n g  
sequences i n  a l loch thon  t h r e e  t h a t  a re  mos t l y  carbonate o f  t h e  B a i r d  Group, 
and Upper Devonian rocks i n  t h e  unde r l y i ng  Key Creek sequence of a l l o ch thon  
one t h a t  are e n t i r e l y  sandstone and shale  o f  t he  End i co t t  Group. 

W i t h i n  t h e  P i c n i c  Creek a l lochthon,  t h e  Wulik sequence grades east  and 
west i n t o  the P i c n i c  and Amaruk sequences. It i s  d i s t i ngu i shed  from them by  



having a  p e r s i s t e n t  m i c r i t i c  l imestone u n i t  beneath Upper M i ss i ss i pp ian  b lack  
cher t .  I n  t h e  De Long Mountains quadrangle, t h e  Wulik sequence appears t o  
c rop  o u t  i n  the  f o o t h i l l s  n o r t h  o f  t he  Amaruk sequence which suggests t h a t  
p a r t  o f  t h e  Wulik sequence occurs i n  s t r u c t u r a l l y  lower t h r u s t  sheets. Nor th  
o f  I naccess ib l e  Ridge, Upper M i s s i s s i p p i  an rocks o f  t h i s  sequence have more 
shale  and l ess  l imestone, s i m i l a r  t o  t h e  l i t h o l o g i e s  i n  the Key Creek sequence 
(Cur t  i s  and others,  1983). 

The P i c n i c  Sequence 
The P i c n i c  sequence ( f i g .  10, p l a t e  2)  was named by  E l l e r s i e c k  and o thers  

(1979) f o r  exposures i n  t h e  P i c n i c  Creek f e n s t e r  i n  t h e  Misheguk Mountain 
quadrangle. Th is  sequence i s  exposed throughout t he  eas te rn  De Long Mountains 
i n  an outcrop b e l t  t h a t  extends f rom t h e  Kuna R i v e r  i n  t h e  Howard Pass 
quadrangle west t o  the  headwaters o f  t he  Kugururok and Utukok R ivers  i n  t he  
Misheguk Mountain quadrangle. Best exposures o f  t h i s  sequence occur i n  t h e  
Cutaway fenster ,  on the  n o r t h  s i de  o f  the  P i c n i c  f ens te r ,  and southeast o f  t he  
Drenchwater f e n s t e r  ( p l a t e  1 ) .  The base of t h e  sequence i s  E a r l y  
M i ss i ss i pp ian  i n  age and the  t o p  i s  E a r l y  Cretaceous. Pre-Cretaceous rocks 
are approx imate ly  270 m t h i c k .  

The P i c n i c  sequence s t r u c t u r a l l y  o v e r l i e s  t h e  Key Creek sequence and, i n  
most places, i s  o v e r l a i n  by d iscont inuous t h r u s t  s l i c e s  o f  t h e  K e l l y  sequence 
o f  a l l och thon  th ree  o r  the  I pnav i k  and Nachra l i k  Pass sequences o f  a l l o ch thon  
four .  Upper M i ss i ss i pp ian  rocks a re  mos t l y  we1 1-bedded b lack  c h e r t  i n  
con t ras t  t o  coeval rocks i n  t he  K e l l y  and Key Creek sequences. Sedimentary 
rocks i n  t h e  P i cn i c ,  Nachra l i k  Pass, and I pnav i k  sequences are l i t h o l o g i c a l  l y  
s i m i l a r .  Maf ic  igneous rocks are common i n  t h e  I pnav i k  sequence and uncommon 
i n  t h e  Nachra l i k  Pass, and P i c n i c  sequences. I n  general ,  t h e  P i c n i c  sequence 
conta ins less  l imestone i n  t he  L isburne  Group and a sma l le r  percentage o f  
maroon c h e r t  i n  t h e  E t i v l u k  Group i n  comparison t o  t h e  Nachra l i k  Pass and 
Ipnav ik  sequences. 

W i t h i n  t he  P i c n i c  Creek a l lochthon,  the  P i c n i c  sequence grades east  and 
west i n t o  t h e  Nigu and Wul ik sequences respec t i ve l y .  I n  t h e  f o o t h i l l s  o f  t h e  
northwestern De Long Mountains, the  P i c n i c  sequence appears t o  grade westward 
i n t o  t he  Wul ik sequence. The P i c n i c  sequence i s  d i s t i ngu i shed  f rom t h e  Wul ik 
sequence by hav ing more c h e r t  and l ess  l imestone i n  t h e  L isburne  Group. 

The Nigu Sequence 
The Nigu sequence ( f i g .  11, p l a t e  2 )  i s  named f o r  exposures a t  Nigu B l u f f  

i n  t h e  f o o t h i l l s  n o r t h  o f  t h e  E n d i c o t t  Mountains which were descr ibed by  
Murchey and o thers  (1981). The ou tc rop  area o f  t h i s  sequence i s  conf ined t o  
t h e  low r o l l i n g  h i l l s  w i t h  r u b b l e  s lopes i n  t h e  f o o t h i l l s  n o r t h  o f  t h e  
End i co t t  Mountains. B e s t  exposures occur a long stream cuts;  t h e  most 
prominent i s  t h e  one a t  Nigu B l u f f  ( p l a t e  1). The base o f  t h e  sequence i s  
La te  Devonian o r  E a r l y  M i ss i ss i pp ian  i n  age and the  t o p  i s  E a r l y  Cretaceous. 
Pre-Cretaceous rocks are approx imate ly  220 m t h i c k  based on i s o l a t e d  exposures 
o f  d i f f e r e n t  p a r t s  o f  the  sec t ion .  

The Nigu sequence l i e s  s t r u c t u r a l l y  above t h e  I v o t u k  and Key Creek 
sequences o f  a l l o ch thon  one and below t h e  I pnav i k  sequence o f  a l l och thon  
four .  Sequences i n  a l loch thon  t h ree  do no t  occur as f a r  east  as t he  outcrop 
b e l t  o f  t h e  Nigu sequence. The Nigu sequence i s  d i s t i ngu i shed  f rom t h e  Key 
Creek and I vo tuk  sequences by hav ing Upper M i s s i s s i p p i  an we1 1-bedded b lack 



c h e r t  o v e r l y i n g  a t h i n  m i c r i t i c  l imestone u n i t .  The c h e r t y  p a r t  of t he  
s e c t i o n  i s  s i m i l a r  t o  coeval rocks i n  t h e  I pnav i k  sequence except t h a t  che r t s  
i n  the  I pnav i k  sequence have numerous brown-weathering diabase s i l l s .  

W i t h i n  t h e  P i c n i c  Creek a l lochthon,  t h e  Nigu sequence appears t o  grade 
westward i n t o  the  P i c n i c  sequence. I n  con t ras t  t o  t he  P i c n i c  sequence, t he  
Nigu sequence con ta ins  mid-Miss iss ipp ian f i ne -g ra i ned  l imestone t h a t  i s  
o v e r l a i n  by dark-gray and b lack  cher t .  On t he  a l loch thon  map, an a r b i t r a r y  
boundary between t h e  Nigu and P i c n i c  sequences was chosen i n  t h e  area o f  
d iscont inuous exposures between t he  I pnav i k  and E t i v l u k  Rivers .  

KELLY RIVER ALLOCHTHON (3 )  
The K e l l y  R i ve r  a l loch thon  i s  t he  t h i r d  al lochthonous s t r u c t u r a l  l e v e l  i n  

t h e  western B F O O ~ S  Range. It was named t h e  K e l l y  t e c t o n i c  u n i t  by Snelson and 
T a i l l e u r  (1968) f o r  exce l l en t  exposures o f  t h i s  a l loch thon  i n  the  mountains a t  
t h e  head o f  t h e  K e l l y  R i ve r  i n  t h e  De Long Mountains quadrangle. The 
sequences which compose t h i s  a l loch thon  are w e l l  exposed throughout the  De 
Long Mountains and i n  a southwest- t rending b e l t  i n  t h e  western B a i r d  
Mountains. The g rea tes t  aggregate th ickness o f  t h r u s t  sheets i s  p robab ly  more 
than  2 km i n  t h e  Wulik Peaks ( p l a t e  I ) ,  and i n  t h e  h i l l s  southeast o f  Cape 
Seppings. East o f  Misheguk Mountain, t h i s  a1 lochthon becomes much t h i nne r  and 
more d iscont inuous.  I n  t h e  Nirniuktuk R i ve r  drainage and t h e  P i c n i c  Creek 
f ens te r ,  i t  i s  probably  no more than 200 m t h i c k .  East o f  long 159' W., i t  i s  
no t  present  except f o r  p o s s i b l y  a few t h i n  t h r u s t  s l i v e r s  o f  Devonian and 
Miss i  s s i  pp i  an carbonate rocks a t  t he  south margi n o f  t he  Drenchwater f e n s t e r  
and on t h e  no r t h  s i de  o f  t h e  Pupik H i l l s  ( p l a t e  1). 

Except f o r  two sequences i n  a1 lochthon one, the  sequences i n  a l loch thon  
t h r e e  are d i s t i ngu i shed  f rom sequences i n  o ther  a l lochthons o f  t h e  western 
Brooks Range i n  t h a t  they  con ta i n  a t h i c k  sec t i on  o f  Upper M i ss i ss i pp ian  
b i o c l a s t i c  l imestone, c a l l e d  t h e  Kogruk Formation. The L isburne  H i  11s and 
I vo tuk  sequences o f  a1 lochthon one a lso  have s i m i l  at- Upper M i ss i ss i pp ian  
carbonate sect ions.  I n  sequences o f  t h e  K e l l y  R i ve r  a l lochthon,  t h e  E t i v l u k  
Group has a h igher  p ropo r t i on  o f  c h e r t  and l ess  T r i a s s i c  l imestone than i n  
e i t h e r  t h e  L isburne H i l l s  o r  I vo tuk  sequences. Also, t h e  Ipewik  Format ion has 
no t  been recognized from sequences i n  t h e  K e l l y  R i v e r  a1 lochthon. 

There are t h r e e  sequences i n  t h e  K e l l y  R i ve r  a l loch thon :  t h e  
Amphi t h e a t r e  sequence, K e l  ly sequence, and E l i  sequence. They enera l  l y  have 9 t h r u s t  f a u l t  con tac ts  w i t h  t h e  Amphitheatre sequence s t r u c t u r a l  y lowest, t h e  
K e l l y  sequence i n  t he  middle, and the  E l i  sequence s t r u c t u r a l l y  h ighest .  

The Amphitheatre Sequence 
The Amphitheatre sequence ( f i g .  12, p l a t e  2)  was named by C u r t i s  and 

o thers  (1983) f o r  exposures around Amphitheatre Mountain i n  t h e  eastern p a r t  
o f  the  De Long Mountains quadrangle. Exposures occur i n  the  mountains a t  t he  
headwaters o f  t h e  K e l l y  R i ve r  ( p l a t e  1) i n  t h e  Oe Long Mountains quadrangle 
and a t  the  mountain f r o n t  i n  the h i  11s southeast o f  Cape Seppings. Th is  
sequence cons i s t s  o f  sedimentary rocks t h a t  range i n  age f rom La te  Devonian t o  
E a r l y  Cretaceous. ?re-Cretaceous rocks range i n  th ickness from approximately 
900 m i n  t h e  De Long Mountains t o  about 500 m i n  t h e  h i l l s  southeast o f  Cape 
Seppi ngs. 

The Amphitheatre sequence o v e r l i e s  the  Wul ik and Amaruk sequences of 
a l l och thon  two and the  Key Creek sequence o f  a l l och thon  one, I t  i s  



d i s t i ngu i shed  from a1 1 o ther  sequences by hav ing severa l  hundred meters o f  
l i g h t  gray b i o c l a s t i c  l imestone w i t h  b lack  c h e r t  nodules ( t h e  Kogruk 
Format ion),  under1 a i  n by more than 100 m of buff -weather i  ng, non-cherty, 
" m i c r i  t i c  1 imestone" t h a t  cormonly weathers t o  p l a t y  and f laggy t a l u s  
slopes. A t  i t s  southern boundary, t h i s  sequence i s  s t r u c t u r a l l y  o v e r l a i n  by 
imbr ica ted  t h r u s t  sheets o f  t h e  K e l l y  sequence. A t  t h e  southwest end o f  
Inaccess ib le  Ridge, t he  Amphi t h e a t r e  sequence appears t o  grade 1 a t e r a l  l y  i n t o  
t h e  K e l l y  sequence. I n  t h e  h i l l s  southeast of Cape Seppings, t h e  c h e r t y  zone 
a t  the t op  o f  the  Kogruk i n  the  Amphitheatre sequence becomes much t h i cke r ,  
and a t  t h i s  l oca t i on ,  the Miss i ss i pp ian  p a r t  o f  t h e  Amphitheatre sequence 
approaches p a r t s  o f  t he  Wul ik sequence i n  o v e r a l l  l i t h o l o g y .  

The K e l l y  Sequence 
The K e l l  v seauence 

by Snel son and ~ a f  1 l e u r  
( f i g .  13, p l a t e  2 )  was named t h e  K e l l y  t e c t o n i c  u n i t  
(1968) f o r  exposures i n  t h e  mountains west of t h e  

K e l l y  R i ve r  i n  the  De Long Mountains. I t s  outcrop area extends from the  
P i c n i c  f e n s t e r  ( p l a t e  1 )  west t o  t h e  sea coast  south o f  Cape Seppings. East 
o f  the P i c n i c  fens te r ,  the Kelly sequence occurs as a few t h r u s t  s l i c e s  a t  t he  
mountain f r o n t  south o f  t h e  Drenchwater f e n s t e r  and p o s s i b l y  along t h e  n o r t h  
s ide  o f  the Pupik H i l l s .  The th ickness  o f  the  M i ss i ss i pp ian  p a r t  o f  the  K e l l y  
sequence decreases f rom west t o  east  i n  t h e  De Long Mountains, I n  t h e  west, 
t he  M i ss i ss i pp ian  p a r t  o f  t he  s e c t i o n  i s  a t  l e a s t  800 m th i ck ,  and i n  the  
east, i t  i s  l ess  than  7 5  m. I t  probab ly  was no t  depos i ted a t  t h e  l ong i t ude  o f  
the eastern p a r t  o f  the  map area ( p l a t e  1). This  sequence ranges i n  age from 
L a t e  Devonian t o  E a r l y  Cretaceous. Pre-Cretaceous rocks a re  approx imate ly  600 
t o  1000 m t h i c k  west o f  l ong  162' W. and are l ess  than 300 m t h i c k  east  o f  
l ong  160° W .  

I n  t h e  western De Long Mountains, t h r u s t  sheets t h a t  con ta i n  t h e  K e l l y  
sequence a re  a t  a s t r u c t u r a l  m idd le  l e v e l  i n  t h e  K e l l y  R i v e r  a l lochthon.  They 
o v e r l i e  t h e  Amphitheatre sequence wherever t h e  two sequences are i n  contact ,  
and they  u n d e r l i e  t h e  E l i  sequence. Where t h e  Amphitheatre sequence does n o t  
occur, they  d i r e c t l y  o v e r l i e  the  P i cn i c ,  Wulik, and Amaruk sequences of 
a l l och thon  two and t h e  Key Creek sequence o f  a l l och thon  one. I n  many p laces 
they  are s t r u c t u r a l l y  o v e r l a i n  by  sequences i n  a l l och thon  four .  

The K e l l y  sequence i s  d i s t i n g u i s h e d  from t h e  Amphitheatre and E l i  
sequences by the  charac te r  of the  Lower M i ss i ss i pp ian  Utukok Formation. The 
Utukok has no t  been recognized i n  t h e  Amphitheatre sequence. I n  t h e  E l i  
sequence, the  Utukok i s  t h i n  and d iscont inuous,  g e n e r a l l y  no t  more than 50 m 
t h i c k ,  i n  c o n t r a s t  t o  t h e  K e l l y  sequence where th icknesses o f  300 rn o r  more 
are common. 

The E l i  Sequence 
The E l i  sequence ( f i g .  14, p l a t e  2 )  was named by C u r t i s  and o thers  (1982) 

f o r  exposures i n  t h e  mountains around t h e  E l i  R i ve r  i n  t h e  B a i r d  Mountains and 
Noatak quadrangles. Th is  sequence a l so  occurs west o f  t he  Mulgrave H i l l s  i n  
t h e  Noatak quadrangle and d i scon t i nuous l y  i n  t h e  southern p a r t  o f  t h e  De Long 
Mountai ns . Best exposures occur along a southwest - t rend i  ng mountai nous be1 t 
extending along the  e a s t  s i d e  o f  t h e  Avan H i l l s  t o  t he  east  s i d e  o f  Maiyumerak 
Mountain and As ik  Mountain ( p l a t e  1). The base of t h i s  sequence i s  a t  l e a s t  
as o l d  as M idd le  Devonian i n  age and t h e  t o p  i s  Early Cretaceous. Pre- 
Cretaceous rocks are approximately 1300 t o  1500 m t h i c k  based on a composite 
o f  sec t ions  i n  t h e  western B a i r d  Mountains. 



The E l i  sequence occurs s t r u c t u r a l l y  below the  I pnav i k  and Nachra l i k  Pass 
sequences and above t h e  Ke l l y ,  Wulik, and Key Creek sequences. I t  i s  
d i s t i ngu i shed  from sequences i n  o ther  a l lochthons by hav ing a t h i c k  sec t i on  of 
carbonate rocks c a l l e d  t h e  Kogruk Format ion and B a i r d  Group. The Utukok 
Format ion i s  t h i n  or l o c a l l y  absent i n  t he  E l i  sequence i n  c o n t r a s t  t o  t he  
o ther  sequences i n  t h e  K e l l y  R i ve r  a l lochthon.  I n  a  few places, such as eas t  
and west o f  t he  Kugururok River ,  t he  Kogruk Format ion appears t o  r e s t  d i r e c t l y  
on t h e  B a i r d  Group. Th is  sequence con ta ins  t h e  most ex tens ive  exposures of 
t h e  B a i r d  Group carbonate rocks i n  any o f  t he  sequences i n  t he  De Long 
Mountains a1 lochthon be1 t. 

IPNAVIK RIVER ALLOCHTHON ( 4 )  
The I pnav i k  R i v e r  a l loch thon  i s  the  f o u r t h  al lochthonous s t r u c t u r a l  l e v e l  

i n  t h e  western Brooks Range. I t  was f i r s t  named t h e  I pnav i k  t e c t o n i c  u n i t  by  
Snelson and T a i l l e u r  (1968) f o r  exposures i n  t he  f o o t h i l l s  o f  t he  End i co t t  
Mountains west o f  t h e  I pnav i k  River .  The sequences which compose t h i s  
a l loch thon  are w e l l  exposed i n  t he  f o o t h i l l s  o f  the  E n d i c o t t  Mountains and 
throughout t h e  eastern p a r t  o f  t h e  De Long Mountains. More l i m i t e d  exposures 
occur t o  the  west and southwest i n  the  western B a i r d  Mountains, south o f  t h e  
Wulik Peaks, and west o f  I y i k r o k  Mountain. Best areas f o r  v iewing t h e  
s t r u c t u r a l  l e v e l  o f  t h i s  a l lochthon,  compared t o  the h i ghe r  and lower 
a l lochthons,  a re  between Nuka Ridge and t h e  P i c n i c  fenster ,  a t  t h e  Cutaway 
f ens te r ,  southeast o f  the Misheguk ma f i c  and u l t r ama f i c  complex, and i n  t h e  
mountains around t h e  upper Kugururok R i ve r  drainage. I n  some places between 
Mount B a s t i l l e  and t he  Drenchwater f e n s t e r  ( p l a t e  I), t h i s  a l loch thon  i s  
composed o f  up t o  t h r e e  o r  f o u r  t h r u s t  sheets which probably  reach an 
aggregate th ickness i n  excess of two k i lomete rs .  Fa r t he r  t o  t h e  west, i n  t h e  
h i l l s  southeast of Cape Seppings, t h i s  a l loch thon  i s  more d iscont inuous and 
appears t o  be m iss i ng  i n  some places between a1 lochthons t h ree  and f i v e .  

Sequences i n  t h e  I pnav i k  R i ve r  a l loch thon  a re  d i s t i ngu i shed  f rom 
sequences i n  most o ther  a1 lochthons by  hav ing Upper M i s s i s s i p p i  an b lack c h e r t  
o r  i nterbedded b l  ack c h e r t  and f i ne-gra i  ned 1 imestone. However, w i t h  t h e  
except ion o f  d i s t i n c t i v e  diabase s i l l s  t h a t  are common i n  some places and r a r e  
i n  o thers ,  t h e  M i ss i ss i pp ian  t o  Cretaceous sedimentary rocks i n  sequences of 
t he  I pnav i k  R i ve r  a l loch thon  are s i m i l a r  t o  t he  rocks i n  a l l och thon  two. One 
way t o  d i s t i n g u i s h  sequences i n  these a l lochthons i n  t h e  absence o f  diabase 
s i l l s  i s  t o  asce r t a i n  the  Devonian rocks o f  the  quest ionable  sequence. I f  the  
Upper Devonian rocks c o n s i s t  o f  sandstone and shale  o f  t h e  E n d i c o t t  Group, 
then they  belong t o  a sequence i n  a1 lochthon two. I f  they  are l imestone and 
do lomi te  o f  t h e  B a i r d  Group, then t h e  sequence belongs t o  t h e  I pnav i k  R i ve r  
a l lochthon.  Devonian rocks are commonly m iss ing  f rom t h r u s t  sheets o f  these 
a l lochthons,  and where they  do occur a t  t h e  base of t h e  sec t ion ,  they  are t h i n  
and d iscont inuous t h r u s t  s l i c e s .  I n  areas where i t  i s  d i f f i c u l t  t o  f i n d  
Devonian rocks o r  diabase s i l l s ,  t h e  s t r u c t u r a l  p o s i t i o n  i n  r e l a t i o n  t o  known 
a l lochthons has been used t o  determine i f  a sequence i s  i n  the  I pnav i k  R i ve r  
a l loch thon  o r  i n  a l loch thon  two. 

There are th ree  sequences i n  the  I pnav i k  R i ve r  a l lochthon.  They are t he  
Nachra l i k  Pass, Puzzle Creek, and I pnav i  k sequences. The Nachral i k Pass 
sequence i s  s t r u c t u r a l l y  o v e r l a i n  by t h e  I pnav i k  sequence. Outcrops o f  t he  
Puzzle Creek sequence are i s o l a t e d  geograph ica l l y  t o  t h e  n o r t h  and west o f  t he  
Nachral i k Pass and Ipnav i  k  sequences. 



The Nachralik Pass Sequence 
T h e  Nachra l i k  Pass sequence ( f ig .  15, plate 2 )  was named by Curtis and 

others (1982) for  exposures in the mountains east and west of Nachralik Pass, 
which is  located a few kilometers northeast o f  Copter Peak (plate 1).  
Exposures of this  sequence occur as isolated outcrop areas in the central and 
southern parts of the Misheguk Mountain quadrangle. The section is  composed 
almost entirely of sedimentary rocks which range i n  age from Early 
Mississippi an to Early Cretaceous, Pre-Cretaceous rocks are approximately 300 
m thick. 

In most places, the Nachral ik Pass sequence over1 ies the Kel l y  and E l i  
sequences; i n  a few places, i t  appears t o  overlie the Picnic and Key Creek 
sequences. I t  underlies the Ipnavik sequence throughout most of i t s  outcrop 
belt. 

The lithologies of coeval sedimentary rocks in the Nachralik Pass, Puzzle 
Creek, and Ipnavik sequences are essentially the same. There are few mafic 
s i l l s  and dikes in the Nachralik Pass and Puzzle Creek sequences i n  comparison 
with the great abundance of mafic rocks in the Ipnavik sequence. Because the 
Nachralik Pass and Puzzle Creek sequences are structurally lower, they are 
believed to have been deposited relatively north of the Ipnavik sequence in  a 
part of the depositional basin not  reached by most o f  the mafic intrusive 
activity. Mississippian to  Cretaceous rocks in the Nachralik Pass and Puzzle 
Creek sequences are simi 1 a r ,  Unl i ke the Puzzle Creek sequence, Devoni an rocks 
are not exposed at  the base of the Nachralik Pass sequence. 

The Puzzle Creek Sequence 
The-Puzzle Creek sequence ( f ig .  16, plate 2 )  was named by Mayfield and 

others (1983a) for  exposures in the h i l l s  around Puzzle Creek which is  located 
south of the Wulik Peaks in the De Long Mountains quadrangle (plate 1). 
Exposures are limited t o  the Puzzle Creek area where th i s  sequence is  composed 
of sedimentary rocks that range in age from Middle o r  Late Devonian t o  Early 
Cretaceous. Pre-Cretaceous rocks are approximately 800 t o  900 rn thick. The 
greater thickness of the Puzzle Creek sequence compared t o  other sequences in 
the Ipnavik River allochthon is due t o  a greater exposed thickness of the  
Baird Croup in the lower part o f  this sequence. 

Mississippian t o  Jurassic sedimentary rocks of the Puzzle Creek sequence 
are similar t o  coeval rocks in the Ipnavik and Nachralik Pass sequences. 
There are only a few mafic igneous rocks in the Puzzle Creek sequence i n  
c ~ n t r a s t  t o  the Ipnavik sequence. The Nachralik Pass sequence i s  both 
lithologically and structurally similar t o  the Puzzle Creek sequence, and if 
the outcrop belt of these sequences were continuous across the De Long 
Mountains, i t  is  probable that the two sequences could be mapped with a single 
name. The two separate names are retained in this  report so that the 
allochthon-sequence map (plate 1) will conform t o  terminology used previously 
on more detailed maps o f  this  region (Mayf ield and others, 1983a; Curtis and 
others, 1982) and t o  provide greater f l ex ib i l i t y  for discussions concerning 
their  structural relationships. 

The Ipnavik Sequence 
The Ipnavik sequence ( f ig .  17,  plate 2 )  was named and described by 

Tailleur and others (1966) for exposures in the foothi l ls  o f  the Endicott 
Mountains in the vicinity o f  the Ipnavik River. This sequence i s  



d iscon t inuous ly  exposed froin the  lower K i v a l i n a  R i v e r  area i n  the  west t o  t he  
east edge o f  t h e  s tudy area i n  t h e  f o o t h i l l s  o f  t h e  E n d i c o t t  Mountains. Some 
o f  the  best  exposures o f  t h i s  sequence are found i n  t h e  mountains around t h e  
P icn ic ,  Drenchwater, and Cutaway f e n s t e r s  ( p l a t e  1). The rocks i n  t h i s  
sequence range i n  age from Devonian t o  E a r l y  Cretaceous. Pre-Cretaceous rocks 
range i n  th ickness  f rom 400 t o  g rea te r  than  600 m dependent upon t h e  th ickness  
and abundance o f  maf i c  igneous s i  11 s. 

In d i f f e ren t  places, t he  I pnav i k  sequence s t r u c t u r a l l y  ove r l  i e s  most o f  
t h e  o the r  sequences i n  a l lochthons three, two, and one. W i t h i n  t h e  I pnav i k  
R i ve r  a1 lochthon, t h i s  sequence s t r u c t u r a l  l y  o v e r l  i e s  t he  Nachral i k Pass and 
Puzzle Creek sequences. It i s  d i s t i ngu i shed  f rom a l l  o ther  sequences by 
hav ing numerous ma f i c  igneous s i l l s  and d ikes which i n t r u d e  rocks o f  the  
L isburne and E t i v l u k  Groups. The prominent brown-weathering charac te r  of t h e  
igneous rocks and l i gh t -wea the r i ng  bleached che r t  and l imestone makes t h i s  
sequence r e a d i l y  d i s t i n g u i s h a b l e  f rom a l l  o t he r  sequences, even when viewed 
from a distance. 

NUKA RIDGE ALLOCHTHON ( 5 )  
The Nuka Ridqe a l loch thon  i s  t he  f i f t h  a1 lochthonous s t r u c t u r a l  l e v e l  i n  

t h e  western l rooks Range. I t  i s  s t r u c t u r a l l y  h ighes t  i n  t h e  s tack o f  
a l lochthons t h a t  are composed predominant ly o f  sedimentary rocks.  I t  was 
f i r s t  mapped and descr ibed by  Ta i  1 l e u r  and o thers  (1966) f rom exposures a t  
Nuka Ridge i n  t h e  Misheguk Mountain quadrangle. Outcrops o f  t h i s  a1 lochthon 
a lso  are found as i s o l a t e d  t h i n  t h r u s t  s l i v e r s  f rom t h e  h i l l s  southeast o f  
Cape Seppings t o  the f o o t h i l l s  no r t h  o f  the  End i co t t  Mountains. Outcrop areas 
which best  show t h e  s t r u c t u r a l  r e l a t i o n s h i p s  between t h i s  a l loch thon  and t h e  
adjacent a1 lochthons occur i n  the  h i  11s around Nuka Ridge and i n  the  mountains 
along t h e  upper Kugururok R i ve r  v a l l e y  ( p l a t e  1). The t h i c k e s t  p a r t  of t h e  
Nuka Ridge a l loch thon  occurs a t  Nuka Ridge where a t  l e a s t  f i v e  stacked, t h r u s t  
sheets a re  f o l d e d  i n t o  an over turned sync l i ne  which reaches a depth f rom t h e  
sur face o f  approximately 1 t o  1.5 km. I n  most o ther  places, t h i s  a l loch thon  
i s  l ess  than  200 m t h i c k  and i s  comnonly m iss ing  a t  t h e  t h r u s t  f a u l t  con tac t  
between a1 lochthons four  and s i x .  

There are two sequences i n  the  Nuka Ridge a l lochthon:  t he  B a s t i l l e  and 
Bogie sequences. The s t r u c t u r a l  and s t r a t i g r a p h i c  r e l a t i o n  between these two 
sequences i s  unce r t a i n  even though both sequences s t r u c t u r a l l y  o v e r l i e  
a l loch thon  f o u r  and under1 i e  a1 lochthon s i x .  The apparent l i t h o l o g i c  
d i f fe rence  between the  two sequences i s  t h a t  i n  t he  B a s t i l l e  sequence, 
poss ib l e  Carboniferous rocks appear t o  be thin-bedded, f i ne -g ra i ned  l imestone, 
and i n  t h e  Bogie sequence, coeval rocks are a rkos ic  1  imestone o f  t h e  Nuka 
Format ion t h a t  o v e r l i e  sha le  and s i l t s t o n e  o f  t h e  Kayak Shale. A quandary 
stems from u n c e r t a i n t y  about t he  s t r a t i g r a p h i c  p o s i t i o n  and age o f  t he  
poss ib l e  Carboniferous l imestone i n  t h e  B a s t i l l e  sequence. The upper p a r t  o f  
t he  l imestone sec t i on  i n  t he  B a s t i l l e  sequence has thus f a r  proved t o  be 
unf oss i  1  i f  erous. Because t h i s  1  imestone occurs i n  ou tc rop  beneath a 
r e l a t i v e l y  unf aul  t e d  sec t i on  o f  E t i  v luk  Group che r t ,  the  f i e l d  r e l a t i o n s h i p s  
suggest i t  i s  i n  p a r t  Carboni ferous i n  age and t h e r e f o r e  c o r r e l a t i v e  w i th ,  bu t  
l i t h o l o g i c a l l y  d i s t i n c t  from, t he  Nuka Formation. However, i f  f u t u r e  f o s s i l  
c o l l e c t i o n s  e s t a b l i s h  t h a t  these l imestone beds are Devonian i n  age and i n  
f a u l t  con tac t  w i t h  t he  o v e r l y i n g  E t i v l u k  Group, then t he  B a s t i l l e  sequence 
would no longer  need t o  have a separate des ignat ion,  because i t s  upper and 
lower pa r t s  would become the  E t i v l u k  Group and B a i r d  Group of t he  Bogie 



sequence. If f u t u r e  s tudy can show t h a t  t he re  i s  an unconformity between the  
E t i v l u k  Group and B a i r d  Group t h a t  cu t s  o u t  Carboni ferous rocks,  t he  B a s t i l l e  
sequence would remai n  d i s t i n c t .  

The B a s t i l l e  Sequence 
The B a s t i l l e  sequence ( f i g .  18, p l a t e  2 )  was named by C u r t i s  and o thers  

(1982) and E l l e r s i e c k  and o thers  (1982) f o r  exposures i n  t he  upper Kugururok 
R i ve r  v a l l e y  and a t  Mount B a s t i l l e  i n  the  De Long Mountains ( p l a t e  1). 
Outcrops of t h i s  sequence as mapped on p l a t e  1 are con f ined  o n l y  t o  t h i s  area 
where the  s t r u c t u r a l  p o s i t i o n  o f  t h i s  sequence i n  r e l a t i o n  t o  o ther  sequences 
above and below i s  w e l l  exposed. Th i s  sequence i s  composed of sedimentary 
rocks t h a t  range i n  age from Devonian t o  E a r l y  Cretaceous. Pre-Cretaceous 
rocks are approx imate ly  500 t o  600 m t h i c k .  

There are numerous o ther  places i n  t he  western Brooks Range where 
Devonian l imestone t h r u s t  s l i c e s  s i m i l a r  t o  those i n  t h e  B a s t i l l e  sequence 
over1 i e  a1 lochthon four  and e i t h e r  under1 i e  o r  occur as t h r u s t  s l i c e s  w i t h i n  
a l l och thon  s i x .  Many o f  these i s c l a t e d  l imestone outcrops have been 
t e n t a t i v e l y  c o r r e l a t e d  w i t h  a l loch thon  f i v e  w i t hou t  a  sequence des ignat ion.  
On t h e  a l l och thon  map ( p l a t e  1) some of t h e  l a r g e r  l imestone outcrops a re  
labe led  w i t h  the  numeral 5 t o  s i g n i f y  a  probable c o r r e l a t i o n  w i t h  t he  Nuka 
Ridge a1 lochthon. 

The Bogie sequence ( f i g .  19, p l a t e  2) was named by Mayf i e l d  and o thers  
(1982) f o r  exposures along Bogie Creek a t  t h e  southeast end o f  Nuka Ridge. 
Th is  sequence i s  mapped d i scon t i nuous l y  i n  t he  h i l l s  southeast o f  Cape 
Seppings, i n  t h e  southern and eas te rn  DeLong Mountains, i n  t h e  western B a i r d  
Mountains, and i n  the  f o o t h i l l s  o f  the  E n d i c o t t  Mountains ( p l a t e  1). The best  
exposures o f  t h i s  sequence occur a t  Nuka Ridge. The age o f  t h e  Bogie sequence 
i s  E a r l y  M i ss i ss i pp ian  t o  E a r l y  Cretaceous. An un fau l t ed  and ( o r )  uncovered 
s t r a t i g r a p h i c  con tac t  o f  t h e  Upper Devonian 1 imestone below t h e  Lower 
M i ss i ss i pp ian  Kayak Shale has not  been observed i n  outcrop. I t  i s  poss i b l e  
t h a t  some i f  no t  a l l  o f  t h e  i s o l a t e d  Devonian l imestone outcrops t h a t  occur a t  
t h i s  s t r u c t u r a l  l e v e l  belong i n  t h i s  s t r a t i g r a p h i c  i n t e r v a l .  The th ickness  o f  
Pre-Cretaceous rocks i n  the  Bogie sequence p robab ly  exceeded 500 m, bu t  
because o f  t h r u s t  f a u l t i n g ,  no p lace has been found where more than 200 m o f  
unf  aul t ed  s e c t i o n  i s  exposed. 

The Upper M i ss i ss i pp ian  and Lower Pennsy lvan ian(?)  p a r t  o f  t he  Bogie 
sequence, c a l l e d  t h e  Nuka Formation, has t h e  most d i s t i n c t i v e  l i t h o l o g y  o f  a l l  
the  sedimentary sequences i n  the western Brooks Range. It cons is ts  o f  coarse- 
gra ined arkose, a rkos i  c  l imestone, and g l  auconi t i c  o r  hemati t i c  l imestone. 
Th is  con t ras t s  w i t h  the  l imestone, cher t ,  and shale  t h a t  cha rac te r i ze  coeval 
p a r t s  o f  t h e  sedimentary sequences i n  o the r  a l loch thons .  Exposures of t h e  
Bogie sequence commonly occur as smal l  d i  s con t i  nuous t h r u s t  s l i c e s  o r  blocks 
t h a t  s t r u c t u r a l l y  o v e r l i e  t h e  I pnav i k  sequence and u n d e r l i e  t h e  Copter igneous 
sequence. Some outcrops are be l ieved  t o  be o l i s t o l  i ths  t h a t  have s l i d  onto 
s t r u c t u r a l l y  lower a l loch thons  and were subsequent ly encased i n  Lower 
Cretaceous f l y s c h o i d  sediments. 

COPTER PEAK ALLOCHTHON ( 6 )  
The Copter Peak a l loch thon  i s  the s i x t h  al lochthonous s t r u c t u r a l  l e v e l  i n  

t h e  western Brooks Range. I t  was named by E l l e r s i e c k  and o thers  (1979)  f o r  



exposures a t  Copter Peak i n  t h e  western p a r t  of the  Misheguk Mountain 
quadrangle. The most ex tens ive  exposures o f  t h i s  a1 lochthon a re  preserved as 
e ros iona l  remnants o f  l a rge  synforms and are commonly bes t  exposed around t he  
margins o f  t h e  k l i p p e n  o f  a l l o ch thon  seven. Extens ive exposures a lso  occur i n  
t he  Pupik H i l l s  i n  t he  E n d i c o t t  Mountains, as a  nor theas t  l i n e a r  t r e n d  through 
Maiyunerak Mountain i n  t h e  western B a i r d  Mountains, and as mountain t o p  
k l i p p e n  i n  t he  Copter Peak and Mount B a s t i l l e  areas o f  t he  eastern De Long 
Mountains. Poo r l y  exposed r u b b l y  outcrops occur i n  t h e  low h i l l s  around 
I y i k r o k  Mountain and t he  lower K i v a l i n a  R i ve r  i n  the  southwestern De Long 
Mountains ( p l a t e  1). S i m i  1  a r  outcrops, thought t o  be s t r u c t u r a l l y  equ iva len t  
t o  the Copter Peak a1 lochthon, occur along t he  southern edge o f  t he  Brooks 
Range t r end ing  through t h e  Jade Mountains and Cosmos H i l l s .  The th ickness  of 
t h i s  a l loch thon  va r i es  g r e a t l y  throughout  t h e  outcrop b e l t .  I n  most areas, i t  
i s  a t  l e a s t  up t o  650 m t h i c k ;  i n  some areas such as a t  Maiyurnerak Mountain 
( p l a t e  I ) ,  the  th ickness may be as much as one o r  two k i lomete rs .  

The o n l y  sequence i n  t h i s  a l loch thon  i s  c a l l e d  t h e  Copter igneous 
sequence. I n  most places, i t  l i e s  s t r u c t u r a l l y  above sequences i n  a l lochthons 
f o u r  and f i v e  and below a1 lochthon seven. 

The Copter Igneous Sequence 
I he Copter igneous sequence ( f i g .  20, p l a t e  2)  was named by C u r t i s  and 

o thers  (1982) f o r  e x c e l l e n t  exposures a t  t h e  t o p  o f  Copter Peak i n  t h e  
~ i s h e ~ u k  ~ o u n t  a i  n  quadrangle. ' Th i s  sequence i s  predomi nant l y  composed of 
p i l l o w  b a s a l t  and, t o  a  l esse r  extent ,  andesi te.  A smal l  g r a n i t i c  d i ke  c u t s  
t h e  b a s a l t  no r theas t  o f  Misheguk Mountain, and t he re  a re  a lso  smal l  g r a n i t i c  
d ikes o r  stocks i n  t h e  lowlands south and west o f  Maiyumerak Mountain. Areas 
o f  a n d e s i t i c  vo lcan ic  and i n t r u s i v e  rocks i n t e r c a l a t e d  w i t h  b a s a l t  occur i n  
t h e  lower Kugururok R i ve r  v a l l e y  and n o r t h  o f  As ik  Mountain ( p l a t e  1). 
S i m i  1  ar  rocks o f  unce r t a i n  s t r u c t u r a l  p o s i t i o n  are mapped t e n t a t i v e l y  as p a r t  
o f  t h i s  sequence northwest o f  S in ik tanneyak Mountain ( p l a t e  1). A t  t h i s  
l o c a t i o n  i t  i s  poss ib l e  t h a t  some in te rmed ia te  vo lcan ic  rocks and basa l t s  may 
have formed a t  t h e  t o p  o f  t h e  Misheguk igneous sequence i n  a l l och thon  seven. 

Gray, green, and maroon che r t  and gray o r  maroon shale  appear t o  be 
in terbedded w i t h  t h e  b a s a l t  i n  some areas. T r i a s s i c  and i n d e f i n i t e l y  dated 
Mesozoic r a d i o l a r i a  have been i d e n t i f i e d  f rom the  c h e r t  i n t e r c a l a t e d  w i t h  
p i l l o w  b a s a l t  a t  severa l  w ide l y  sca t t e red  l o c a l i t i e s  i n  t h e  De Long Mountains 
(E l  l e r s i  eck and others,  1982) and i n  t he  Anguyucham Mountains east  of t he  
Cosmos H i l l s  ( P l a f k e r  and others ,  1978). Based on t h i s  r a d i o l a r i a n  f o s s i l  
evidence and the  poss ib l e  c o r r e l a t i o n  o f  some of the  basa l t s  t o  t he  Ju rass i c  
gabbroic rocks i n  t h e  Misheguk igneous sequence, t he  p i  1  low basa l t s  and 
andes i te  are c u r r e n t l y  thought t o  be T r i a s s i c  and J u r a s s i c ( ? )  i n  age. 

There are w i d e l y  sca t t e red  outcrops o f  f o s s i l i f e r o u s  shal low-water 
Devonian l imestone i n t e r c a l a t e d  w i t h  t he  b a s a l t  i n  some areas. Some o f  these 
l imestone blocks are c lose  t o  t h e  basal  t h r u s t  f a u l t  o f  t h e  Copter Peak 
a l lochthon,  o r  occur along f a u l t  planes p a r a l l e l  t o  t he  basal t h r u s t  and so 
are thought t o  be t h r u s t  s l i v e r s  ( E l l e r s i e c k  and others ,  1982). The 
s t r a t i  graphic  s i g n i f i c a n c e  o f  the dated Devonian carbonate rocks i s  debatable; 
t hey  may be t h r u s t  s l i c e s  of the B a i r d  Group f rom sedimentary sequences i n  
lower a1 lochthons, o r  they  may be rocks upon which t he  vo lcan ic  rocks were 
extruded. 



MISHEGUK MOUNTAIN ALLOCHTHON (7 )  
The Misheguk Mountain a l l och thon  i s  the  seventh and h i ghes t  al lochthonous 

s t r u c t u r a l  l e v i l  i n  t h e  western Brooks Range. I t  was f i r s t - named  t h e  Misheguk 
t e c t o n i c  u n i t  by Snelson and T a i l l e u r  (1968) f o r  exposures a t  t he  Misheguk 
Mountain ma f i c  and u l t r ama f i c  complex. Th is  a l l och thon  i s  exposed as l a r g e  
s y n f o m a l  e ros iona l  remnants i n  the  igneous complexes around I y i k r o k  Mountain, 
As ik  Mountain, Avan H i l l s ,  Misheguk Mountain, and Sin ik tanneyak Mountain 
( p l a t e  1 ) .  C o r r e l a t i v e  rocks thought t o  be a t  t h i s  s t r u c t u r a l  l e v e l ,  composed 
o f  s e r p e n t i n i t e  and p a r t l y  se rpen t i n i zed  p e r i d o t i t e ,  a l so  c rop  ou t  a t  t h e  
southern margin o f  the  Brooks Range i n  t he  Jade Mountains, i n  t he  Cosmos 
H i l l s ,  and elsewhere i n  smal l  i s o l a t e d  outcrops a t  t h e  southern edge o f  t h e  
B a i r d  Mountains, Eros ion has s t r i p p e d  away much o f  the  o r i g i n a l  th i ckness  o f  
t h e  Misheguk Mountain a l lochthon.  Th is  a l l och thon  i s  probably  no more than 
one o r  two k i lomete rs  t h i c k  a t  most o f  the igneous exposures l i s t e d  above. 

The Misheguk Mountain a l l och thon  i s  thought  t o  be p a r t  o f  an o p h i o l i t a  
( T a i l l e u r  and Brosgk, 1970; T a i l l e u r ,  1973; Pa t ton  and others,  1977; Roeder 
and Mu l l ,  1978; Nelson and others,  1979; Zimmernan and Soustek, 1979; and 
Gealey, 1980). I t  i s  thought t o  have been a se r i es  of t h r u s t  sheets t h a t  
o v e r l a i d  a t  l e a s t  t h ree - f ou r t hs  o f  t h e  western Brooks Range and dipped south 
under the Yukon-Koyukuk province. 

The o n l y  sequence i n  t h i s  a l l och thon  i s  c a l l e d  t he  Misheguk igneous 
sequence. I n  d i f f e r e n t  places, i t  l i e s  d i r e c t l y  on sequences o f  a l l och thons  
one, two, three, f ou r ,  and s i x .  I n  some places below t he  basal t h r u s t  
contact ,  t h i s  sequence r e s t s  d i r e c t l y  on t h i n  zones o f  we1 1 - f o l  i a t e d  metamafic 
igneous and metasedimentary rocks.  Nor th  of the  Avan H i1  1 s and As ik  Mountain 
igneous complexes metabasi t e  and ( o r )  meta-andesi t i c  rocks o f  t h e  unde r l y i ng  
Copter igneous sequence are metamorphosed t o  ga rne t i f e rous  amph ibo l i te  which, 
a t  t h e  As ik  Mountain l o c a l i t y ,  grades i n t o  non fo l  i ated and unmetamorphosed 
b a s a l t  and andes i te  thought t o  be p a r t  o f  t he  Copter igneous sequence. Nor th  
and west o f  Misheguk Mountain t h e r e  a re  metabasi tes,  metape l i tes ,  and marble 
t h a t  represent  metamorphosed igneous and sedimentary rocks from s t r u c t u r a l l y  
lower sequences. These d iscont inuous t h i n  zones a re  i n t e r p r e t e d  t o  have been 
caused by con tac t  metamorphic e f f e c t s  f rom r e s i d u a l  heat  i n  t he  gabbro and 
p e r i d o t i  t e  du r i ng  o p h i o l i  t e  obduct ion ( E l l e r s i e c k  and others ,  1982; Zimmerman 
and Frank, 1982). 

The Misheguk Igneous Sequence 
The Mishequk iqneous sequence ( f i g .  21, p l a t e  2 )  i s  named f o r  excel  l e n t  

exposures a t  t he  igneous complex around Misheguk Mountain ( E l  I e r s i e c k  and 
others ,  1982). The sequence i s  predominant ly  composed of a wide v a r i e t y  o f  
gabbroic and p e r i  d o t i  te - re1  ated rocks (Roeder and Mu1 1, 1978; Zimmerman and 
Soustek, 1979; Nelson and others,  1979; Zimmerman and others ,  1981; Frank and 
Zimerman, 1982; Nelson and Nelson, 1982). D i o r i  t i c  and g ran i  t o i d  p l u t o n i c  
rocks occur l o c a l  l y  i n the  Avan H i  11 s and S i n i  ktanneyak igneous complexes 
( p l a t e  1). They are specula ted t o  have been l a t e - s tage  d i f f e r e n t i a t e s  (Frank 
and Zimrnerman, 1982) o r  f e l s i c  p lu tons  produced by anatex is  o f  w a l l  rocks 
dur ing  o p h i o l i t e  obduct ion (Roeder and Mu1 1, 1978). 

Th i s  sequence i s  the  lower p a r t  o f  a c l a s s i c a l  o p h i o l i t e  sequence. The 
layers  o f  t h e  b a s a l t  and oceanic sediments above t he  gabbroic and u l t r a m a f i c  
rocks have not  been repor ted  and presumably were s t r i p p e d  away by eros ion.  
The bottom o f  t h e  sequence i s  a zone o f  o l i v i n e - r i c h  p e r i d o t i t e  and duni t e  



w i t h  both t e c t o n i t e  and cumulate c h a r a c t e r i s t i c s .  Above t h i s  i s  a  
t r a n s i t i o n a l  zone t h a t  conta ins a l t e r n a t i n g  l aye rs  o f  p e r i d o t i t e ,  pyroxeni te ,  
and gabbroic rocks.  The t o p  o f  the  sequence ma in l y  cons i s t s  o f  gabbroic rock  
t h a t  tends t o  d i s p l a y  cumulate l a y e r i n g  o f  pyroxene-r ich and p l a g i o c l  ase-r i  ch 
l aye rs  i n  t he  lower par t ;  i n  t he  upper par t ,  i t i s  no t  layered  and i s  more 
l eucoc ra t i c .  Loca l  occurrences of g r a n i t o i d  rocks a re  more p reva len t  i n  t h e  
upper p a r t  and seem t o  occur bo th  as layers  and as c ross - cu t t i ng  d ikes i n  t h e  
gabbro (Roeder and Mu l l ,  1978; Nelson and others,  1979; and Zimneman and 
others,  1981). 

B i o t i t e  f rom g r a n i t o i d  rocks and hornblende f rom gabbro pegna t i tes  
c o l l e c t e d  a t  t h e  Misheguk and Siniktanneyak igneous complexes have been dated 
as 170 t o  150 m.y. o l d  by the  potassium-argon method (Pat ton and others ,  1977; 
E l l e r s i e c k  and others ,  1982). These Midd le  Ju rass ic  dates record  t h e  c o o l i n g  
o f  t h i s  sequence and are thought t o  co inc ide  w i t h  the  process o f  o p h i o l i t e  
obduct ion.  

SUMMARY OF DIFFERENCES IN STRATIGRAPHY BETWEEN ALLOCHTHONS 
C e r t a i n  genera l i za t ions  can be made about the  comparrson o f  coeval 

sedimentary rocks t h a t  occur i n  t h e  d i f f e r e n t  a l lochthons.  For  example, Upper 
Devonian rocks do no t  occur i n  the L isburne H i  11s sequence o f  a1 lochthon one 
and appear t o  be t h i n  and d iscont inuous i n  t h e  Schwatka sequence. I n  these 
sequences, La te  Devonian t ime  i s  thought t o  be mos t l y  represented by an 
e ros iona l  i n t e r v a l .  I n  t h e  Key Creek sequence o f  a l l och thon  one, Upper 
Devonian rocks cons i s t  of a  t h i c k  succession of sandstone, shale, and 
conglomerate o f  t h e  E n d i c o t t  Group i n  comparison t o  coeval rocks i n  
a l lochthons three, fou r ,  and f i v e  which cons i s t  o f  l imestone and do lomi te  o f  
t h e  B a i r d  Group ( T a i l l e u r  and others,  1967). Nor th  o f  t h e  Avan H i l l s  ( p l a t e  1) 
i n  the  Wul ik sequence o f  a l l o ch thon  two, i n t e r l a y e r e d  c l a s t i c  and carbonate 
rocks w i t h  l a t e s t  Devonian (Famennian) f o s s i l s  appear t o  be a t r a n s i t i o n a l  
f a c i e s  between t he  E n d i c o t t  Group and upper p a r t s  o f  the  BaSrd Group. 

Lower M i s s i s s i p p i  an rocks cons i s t  o f  i n t e r f  i n g e r i n g  shale, l imestone, and 
sandstone of the Kayak Shale and t h e  Utukok Formation. These format ions 
con ta i n  s i m i l a r  l i t h o l o g i e s  i n  d i f f e r e n t  a l lochthons.  Thus, i s o l a t e d  
exposures o f  these rock u n i t s  are no t  ve ry  use fu l  f o r  d i s t i n g u i s h i n g  among t h e  
a l lochthons.  

Upper M i s s i s s i p p i  an rocks con ta i n  a v a r i e t y  o f  li tho log ies  i n  d i f f e r e n t  
a l lochthons.  The few exposures o f  Upper M i ss i ss i pp ian  rocks i n  t h e  Schwatka 
sequence cons i s t  o f  l imestone and do lomi te  w i t h  b lack c h e r t  nodules. I n  
a l lochthons one and two, t h e r e  i s  b lack carbonaceous sha le  and ( o r )  b lack 
c h e r t  unde r l a i n  by t h i c k  t o  t h i n  and d iscont inuous l imestone. Sequences i n  
a l loch thon  t h r e e  con ta i n  m o s t l y  1  imestone w i t h  b lack c h e r t  nodules. Sequences 
i n  a1 lochthon f o u r  con ta i n  we1 1 -bedded b lack c h e r t  o r  interbedded b lack  c h e r t  
and l imestone, and sequences i n  a l l och thon  f i v e  con ta i n  noncher ty  l imestone 
and ( o r )  arkose. 

Pennsylvanian t o  Lower Ju rass ic  rocks gene ra l l y  have o n l y  minor  
l i t h o l o g i c  d i f f e rences  i n  d i f f e r e n t  a l lochthons.  These rocks ma in l y  c o n s i s t  
o f  r a d i o l a r i a n  c h e r t  and s i l i c e o u s  shale  o f  the  E t i v l u k  Group (Mu l l  and 
others,  1982). For  example, t h e  Otuk Format ion has more Upper T r i a s s i c  
l imestone i n  sequences o f  a l l och thon  one than i t  does i n  h igher  a l lochthons.  
Also, t h e  E t i v l u k  Group g e n e r a l l y  has a g rea te r  p ropo r t i on  o f  c h e r t  and 



maroon-weathering beds i n  h igher  a l lochthons.  These d i f f e rences  are u s u a l l y  
no t  d i s t i n c t i v e  enough t o  d i f f e r e n t i a t e  i n d i v i d u a l  sequences, bu t  i n  areas o f  
poor exposure, they commonly can be used as guides t o  approximate t he  
s t r u c t u r a l  l e v e l .  

The Ipewi k Format ion of Ju rass i c  t o  E a r l y  Cretaceous age (Crane and 
d igg ins ,  1976) i s  exposed most p rominen t l y  i n  sequences o f  a l l och thon  one and 
t h e  Wul ik sequence o f  a1 lochthon two. I n  most places i n  t he  De Long 
Mountains, t h i s  f o rma t i on  cons i s t s  o f  maroon and gray c l a y  beds and papery 
carbonaceous shale. However, i n  a few o f  the  lower t h r u s t  sheets o f  
a l l o ch thon  one, t h i s  format ion a lso  con ta ins  d i s t i n c t i v e  coqu ino id  l imestone 
beds and ( o r )  quartzose sandstone beds o f  the  Tingnerkpuk Member ( C u r t i s  and 
others,  1983). 

The t o p  o f  each al lochthonous sedimentary sequence has rocks o f  E a r l y  
Cretaceous and ( o r )  La te  Ju rass ic  age t h a t  a re  ma in l y  composed o f  shale, 
wacke, and l o c a l  conglomerate which i n  most sequences are c a l  l e d  t he  Okpi kruak 
Formation. I n  a few l o c a l  places v a r i a t i o n s  i n  t h e  p r o p o r t i o n  o f  sha le  and 
wacke can be used t o  he lp  d i f f e r e n t i a t e  between a l loc thons,  bu t  i n  l a r g e r  
geographic areas these v a r i a t i o n s  are no t  cons i s t en t  enough t o  be used as 
mapping c r i t e r i a .  The age o f  the  base of t he  Okpikruak Formation, as dated by 
sparse pelecypod f o s s i l s ,  appears t o  be o l d e r  i n  higher-numbered a l loch thons  
and younger i n  lower-numbered a l loch thons .  I t  appears t o  be a t  l e a s t  as o l d  
as L a t e  Ju rass i c  i n  a l loch thons  f o u r  and f i v e  and Neocomian i n  a l loch thons  
one, two, and p o s s i b l y  t h ree  (Mayf ie ld  and others ,  1983a). A t  t h e  Su rp r i se  
and Brady a n t i c l i n e s  i n  the f a r t h e s t  n o r t h  exposures o f  a l l o ch thon  one ( p l a t e  
I), the  base o f  s i m i l a r  wacke and mudstone i s  no o l d e r  than l a t e s t  Va lang in i  an 
and l i k e l y  no o l d e r  than  A l b i  an i n  age. Because t h e r e  a re  few f o s s i l s  i n  
these rocks, t h i s  diachronous c h a r a c t e r i s t i c  has no t  been useful f o r  
d i s t i n g u i s h i n g  sequences i n  most places. 

APPROXIMATE TIMING OF WJOR TECTONISM IN  THE WESTERN BROOKS RANGE 

The t e c t o n i c  event which c rea ted  most o f  the Brooks Range orogen i s  
be l ieved  t o  have begun i n  t he  M idd le  Jurass ic ,  about 170-150 m.y. ago 
(Ta i  l l e u r  and Brosgk, 1970). S t r a t i g r a p h i c  evidence f o r  t h e  i n i t i a t i o n  o f  the 
orogeny comes from study o f  the sedimentary record  on t h e  a1 lochthonous 
sequences. Dur ing E a r l y  o r  M idd le  Ju rass i c  t ime, t h e  pe r i od  o f  slow 
depos i t i on  o f  s i l i c e o u s  sediments i n  t h e  southern p a r t  o f  no r thern  Alaska came 
t o  an end and was f o l l owed  by  r a p i d  depos i t i on  o f  sediments composed o f  
f l y s c h o i d  mudstone and wacke. I n  a1 lochthon f ou r ,  the  t o p  c h e r t y  beds o f  t he  
E t i v l u k  Group are dated by  r a d i o l a r i a n  f o s s i l s  t h a t  range f rom Toarc ian t o  
Bajoc ian i n  age (May f i e l d  and others,  1983a), and i n  a1 lochthon one, s i l i c e o u s  
shales a t  t h e  t o p  o f  t h e  E t i v l u k  Group con ta i n  t h e  pelecypods O t a p i r i a  
t a i l l e u r i  and Inoceramus l u c i f e r  Eichwald (Imlay, 1955; 1967) t h a t  are 
considered t o  b e  Bajoc ian I n  age (Mu l l  and others,  1982). Al though sparse ly  
dated by pelecypods, the  f l y s c h o i d  sediments t h a t  o v e r l i e  t he  E t i v l u k  Group 
appear t o  have begun t o  be depos i ted i n  sequences o f  upper a l lochthons du r i ng  
Midd le  and L a t e  Ju rass ic  t ime. The o l d e s t  i d e n t i f i e d  megafoss i l  r epo r t ed  from 
t h e  f l y scho id  depos i t s  i n  t h e  western Brooks Range i s  a pelecypod Buchia 
f i s che r i ana  d lOrb igny o f  T i t hon ian  age ( C u r t i s  and others ,  1982). Th is  f o s s i l  
was c o l l e c t e d  from t h e  midd le  o f  a s e c t i o n  o f  graywacke and mudstone more than  
150 m t h i c k  so i t  i s  poss ib le ,  i f  no t  l i k e l y ,  t h a t  the base o f  the  Brookian 
orogenic sediments a re  o l de r  t h a n  T i t h o n i a n  i n  t h i s  reg ion.  Upper Ju rass i c  



t u r b i d i  t e s  and 01 i s tos t rome u n i t s  a lso  have been repor ted  by K l e i s t  and o thers  
(1983). I n  t h e  no r t h - cen t ra l  Brooks Range f ragnen ts  o f  t he  pelecypod 
Inoceramus sp. s i m i l a r  i n  appearance t o  immature forms of Inoceramus l u c i f e r  
found elsewhere i n  no r t he rn  Alaska i n  beds of Ba joc ian age and t h e  amnonite 
Arke l loceras  c f .  A. t o z e r i  Frebold, a l so  o f  Ba joc ian  age, have been found i n  
t u f f  aceous gr-4-s and Grantz, 1964). 

Radiometr ic  evidence f o r  the  i n i t i a t i o n  o f  t h r u s t i n g  comes f rom 
potassium-argon ages on t h e  o p h i o l i t e  o f  a l l o ch thon  seven. Though d i f f i c u l t  
t o  prove, the  f a c t  t h a t  the  o p h i o l i t e  cooled t o  argon r e t e n t i o n  a t  about t h e  
sane t ime  as t h e  change f rom a  s t a b l e  t o  a  t e c t o n i c  depos i t i ona l  regime i n  
nor thern  Alaska i s  s t r o n g l y  suggest ive t h a t  the  obduct ion o f  the  o p h i o l i t e  
a lso  occurred a t  t h e  same t ime. A d d i t i o n a l  i n d i c a t i o n  t h a t  t h e  o p h i o l i t e  
might  have been h o t t e r  than a rgon- re ten t i ve  temperatures du r i ng  t h e  e a r l y  
stages o f  t h e  obduct ion process comes f rom t h e  basal t h r u s t  con tac t  o f  t h e  
p e r i d o t i t e  and gabbro i n  a l loch thon  seven. A t  As ik  Mountain, Misheguk 
Mountain, and t h e  Avan H i l l s  ( p l a t e  I ) ,  t h e r e  are d iscont inuous t h i n  zones o f  
metamorphic rocks t h a t  cons i s t  of garnet amphi bo l  i t e ,  dark gray p h y l l  i t e  o r  
sch i s t ,  f i ne -g ra i ned  q u a r t z i t e ,  and marble. These metamorphic rocks a re  
i n f e r r e d  t o  have been basal t ,  shale, cher t ,  and l imestone i n  t h e  sequences of 
1 ower a l loch thons  t h a t  were heated and r e c r y s t a l  l i z e d  by  r e s i d u a l  heat  f rom 
the  o v e r l y i n g  panel o f  p e r i d o t i  t e  and gabbro i n  a1 lochthon seven. 

Evidence f o r  t h e  t ime  o f  cessa t ion  o f  t h e  major t h r u s t i n g  pe r i od  comes 
from f o s s i  1  dates i n  the  r e1  a t i v e l y  autochthonous Fo r t r ess  Mountain Format ion 
t h a t  crops o u t  i n  t h e  f o o t h i l l s  o f  t h e  E n d i c o t t  and De Long Mountains. The 
Fo r t r ess  Mountain Format i  on, which conta ins A1 b i  an pe l  ecypods and ammoni t e s  
( Imlay,  1961), i s  t h e  o l des t  rock u n i t  i n  t he  Brooks Range t h a t  has n o t  
undergone s i g n i f i c a n t  t h r u s t  t r anspo r t .  Th i s  r e l a t i o n s h i p  i s  p a r t i c u l a r l y  
w e l l  d i sp layed  a t  Ekakevik Mountain ( p l a t e  1) i n  the f o o t h i l l s  n o r t h  o f  t h e  
E n d i c o t t  Mountains ( T a i l  l e u r  and Kent, 1951; Mu1 1, 1982). Here, r e1  a t i v e l y  
g e n t l y  fo lded  and f a u l t e d  sedimentary rocks of t h e  upper p a r t  o f  t h e  Fo r t r ess  
Mountain Format i  on unconf ormably over1 i e a1 lochthon f o u r  which i s  composed o f  
h i  gh l  y def omed and f aul  t e d  sedimentary rocks o f  t h e  Neocomi an Okpi kruak 
Format ion and o f  o l de r  rock u n i t s .  

A f t e r  the  major t h r u s t i n g  pe r i od  had come t o  an end, t he  metamorphic w e l t  
i n  t h e  southern Brooks Range i s o s t a t i c a l l y  rebounded du r i ng  m idd le  and La te  
Cretaceous time. Evidence f o r  t h i s  pe r i od  o f  epeirogeny comes from the  
c o o l i n g  o f  metamorphic m inera ls  t o  argon r e t e n t i o n  i n  t h e  Schwatka Mountains 
prov ince (Turner and others ,  1979) and from the  concurrent depos i t i on  o f  l a rge  
volunes o f  c l a s t i c  d e t r i t u s  i n  t h e  successor basins n o r t h  and south o f  t h e  
Brooks Range. 

A t  a  l a t e  stage i n  the  Brooks Range orogeny, t he  a1 lochthons, whose 
i n t e r n a l  s t r a t a  were h i g h l y  deformed du r i ng  t h e  t h r u s t i n g  per iod,  probably  
underwent another pe r i od  o f  deformat ion i n  which t hey  were f o l d e d  i n t o  
complex-shaped broad a n t i c l i n e s  and sync l ines .  Broad f o l d s  w i t h  wes t - t rend ing  
axes a lso a f f e c t  the  Upper Cretaceous c l a s t i c  rocks i n  t he  f o o t h i  11s n o r t h  and 
south o f  t h e  Brooks Range. Th is  pe r i od  o f  deformat ion appears t o  have been 
accompanied by l o c a l  smal l -sca le  t h r u s t  f a u l t i n g  v i s i b l e  i n  m idd le  and Upper 
Cretaceous rocks i n  t h e  nor thern  f o o t h i l l s  and may date some smal l -sca le  l a t e  
t h r u s t  f a u l t i n g  i n  the  mountains. I n  t he  f o o t h i l l s  no r t h  of the  Brooks Range, 
L a t e  Cretaceous o r  younger high-angle normal f a u l t s ,  c m o n l y  w i t h  l ess  than  a  



few tens o f  meters displacement, c u t  both t he  f l a t  t h r u s t  sheets and b road ly  
f o l d e d  Upper Cretaceous rocks.  I n  t h e  B a i r d  and De Long Mountains some east -  
t rend ing,  h igh-angle  f a u l t s  w i t h  apparent displacements up t o  a few hundred 
meters c u t  t h e  major  t h r u s t  sheets and may date t o  t h i s  o r  o the r  episodes o f  
1 ate-stage deformation. 

The L isburne  H i l l s  a l so  appear t o  have undergone a l a t e - s tage  
d e f o n a t i o n a l  event which has been termed t h e  T iga ra  u p l i f t  (Payne, 1955) .  
The s t r u c t u r a l  g r a i n  o f  the  L isburne  H i 1  1s has n o r t h e r l y  t rends  w i t h  some 
eastward-verging f o l ds  and westward-dipping t h r u s t  f a u l t s  along t h e  eas t  
s ide.  The deformed rocks i n  t he  L isburne  H i l l s  are be1 ieved t o  couple w i t h  
t h e  west end of t h e  De Long Mountains i n  t h e  subsurface, and mar ine se ismic  
evidence i nd i ca tes  t hey  c o n t i  nu@ off shore t o  t he  nor thwest  (Grantz and others ,  
1975). Subpara l le l  f o l ds  and f a u l t s  a lso  have a f f e c t e d  A lb i an  and 
Cenomanian(?) c l a s t i c  rocks nor theas t  of the  L isburne  H i l l s .  From t h i s  
evidence, prev ious s tud ies  o f  t h e  r eg iona l  geology have concluded t h a t  t h e  
T igara  u p l i f t  was caused by eastward-d i rected tec ton i c  fo rces  i n  p o s t - l a t e  
A l b i  an (? )  t ime (Campbell, 1967; Grantz and others,  1975) o r  i n  L a t e  Cretaceous 
o r  T e r t i a r y  t ime  (Chapman and Sable, 1960; Mar t in ,  1970). However, these 
prev ious est imates f o r  t h e  age o f  tec ton ism o f  t h i s  r eg ion  have g iven no 
exp lana t ion  f o r  the  f a c t  t h a t  Pa leozoic  and e a r l y  Mesozoic rocks are o v e r l a i n  
by Neocorni an f lysch.  The Neocomi an f l ysch  and t h e  unde r l y i ng  pre-Cretaceous 
rocks i n  the  L isburne  H i l l s  are exposed i n  major t h r u s t  sheets i n  t he  same 
s t y l e  o f  i n t r a - a l l o c h t h o n  deformat ion comnon i n  t h e  De Long Mountains. The 
s t r a t i g r a p h y  records nonorogenic depos i t i on  i n  e a r l y  Mesozoic t ime  o v e r l a i n  by 
a sudden i n f l u x  o f  orogenic sediments i n  Neocomian t ime. These 
t e c t o n o s t r a t i g r a p h i c  r e1  a t i  onshi ps are t he  same as found i n  comparable t h r u s t  
sheets i n  t h e  De Long Mountains. Though f o l d  evidence f o r  a Neocomian p e r i o d  
o f  n o r t h l y - d i r e c t e d  t h r u s t  d i s l o c a t i o n  has no t  y e t  been c i t e d  i n  r eg iona l  
geo log ic  r epo r t s  on t h e  L isburne  H i l l s ,  t h e  o v e r a l l  h i s t o r y  o f  orogeny f rom 
s t r a t i g r a p h i c  evidence i s  the same as t he  r e s t  o f  the western Brooks Range. 
I t  i s  t h e r e f o r e  probable t h a t  l a r g e  t h r u s t  d i s l o c a t i o n s  a lso  occurred i n  t h e  
rocks i n  t he  L isburne  H i l l s  du r i ng  Neocomian t ime  j u s t  as they  d i d  i n  
s t r u c t u r a l l y  h igher  a l loch thons  i n  o ther  p a r t s  o f  t h e  western Brooks Range. 
Subsequent deformation o f  the  o l de r  al lochthonous sheets du r i ng  t h e  T iga ra  
u p l i f t  i n  post mid-Cretaceous t ime has produced f o l ds  w i t h  n o r t h e r l y - t r e n d i n g  
ax i  a1 planes and t h r u s t  f a u l t s  t h a t  have d isp laced  upper t h r u s t  sheets t o  the  
east  along t h e  east  s i d e  of t h e  L isburne  H i l l s  (Chapan and Sable, 1960; 
Campbell, 1967; and Mar t in ,  1970). 

The t e c t o n i c  o r i g i n  o f  the  T i  a ra  u p l i f t  i s  uncer ta in .  T a i l l e u r  
(1969a;b) and T a i l l e u r  and Brosge ? 1970) observed t h a t  t h e  C o r d i l l e r a n  f o l d  
t rends  o f  the western Brooks Range, Seward Peninsula, and L isburne  H i l l s  
formed a s e r i e s  o f  d e f l e c t i o n s ,  c a l l e d  t h e  Chukchi syntax is ,  t h a t  t h e y  
be1 ieved were caused by eastward-d i rected cornpressi on between S i b e r i a  and 
nor thwestern A1 aska. Pat ton and Ta i  l l e u r  (1977) specula ted t h a t  t h e  
de f  1 e c t  i ons were formed by a g i  ant southward- l o o p i  ng o r o c l  i na l  f l e x u r e .  
Grantz and o thers  (1975) argued t h a t  t h e  d e f l e c t i o n s  may have formed when t h e  
westward s t r u c t u r a l  t rends o f  the  western Brooks Range were r e f o l d e d  du r i ng  
la te -s tage  deformat ion i n  t h e  o f f s h o r e  Hera ld  f a u l t  zone and i t s  extens ion 
through the  t i s b u r n e  H i1  1s and i s  no t  necessa r i l y  due t o  o roc l  i n a l  bending. 
In any case, i t  seems l i k e l y  t h a t  t he  average southwest s t r u c t u r a l  bend o f  t h e  
western De Long and B a i r d  Mountains, which approx imate ly  p a r a l l e l s  the  f o l d  
axes i n  t h e  southern L isburne  H i l l s ,  was caused by  a l a t e  deformat iona l  event.  



CROSS SECTIONS TO THE ALLOCHTHON MAP 

Cross sec t ions  f o r  t h e  western Brooks Range a l loch thon  map ( p l a t e  1) 
appear on p l a t e  3. I n  s p i t e  of the  at tempt t o  keep t he  v e r t i c a l  and 
h o r i z o n t a l  s c a l e  t h e  same, t h e  th i ckness  o f  a l lochthons had t o  be exaggerated 
s l i g h t l y  i n  some places so t h a t  the  a1 lochthons cou ld  be t r aced  on t h e  
sect ions.  Th is  i s  e s p e c i a l l y  t r u e  of a l lochthons two, four, and f i v e  which i n  
many places are l ess  than ha l f  a  k i l ome te r  t h i c k .  

The depth o f  t h e  boundary f a u l t  a t  t h e  base o f  a l l och thon  one i s  no t  w e l l  
const ra ined by geo log ica l  o r  c u r r e n t l y  ava i  1  ab le  geophysical evidence under 
t h e  Oe Long and E n d i c o t t  Mountains. An approximat ion o f  t h e  upper boundary of 
t h e  succession o f  rocks under the  C o l v i l l e  bas in  t h a t  c o r r e l a t e s  w i t h  t he  
Schwatka sequence i s  taken here as t h e  t o p  of t h e  Lower Cretaceous "pebble 
shaleN s t r a t i g r a p h i c  hor i zon  from se ismic  maps i n  the  southern p a r t  of t he  
Petroleum Reserve (Bruynzeel and others,  1982). The nor thern  1  i m i t  of 
a l l o ch thon  one i s  approximated on p l a t e  1 and corresponds t o  t h e  southward 
l i m i t  o f  t h e  s e i s m i c a l l y  t r aceab le  and r e l a t i v e l y  g e n t l y  fo lded  Neocomi an t o  
A lb i an  s t r a t a  i n  the  C o l v i l  l e  basin. The l ead ing  edges o f  the  t h r u s t  sheets 
i n  a l loch thon  one probably  were moved by reverse  f a u l t s  o f  p rog ress i ve l y  
d im in i sh i ng  d i s p l  acernent i n  sha le  and sandstone o f  E a r l y  Cretaceous age. 

The nor thern  ou tc rop  boundary o f  t h e  Schwatka Mountains p rov ince  i s  
d i f f i c u l t  t o  map i n  many areas. The rocks a t  t he  boundary zone i n  t he  B a i r d  
and Schwatka Mountains are low-grade metamorphic rocks of t h e  greenschis t  
metamorphic f ac i  es. A s  a consequence, the  s t r a t i  graphic  u n i t s  i n  t he  Schwatka 
sequence and a t  t h e  base o f  t h e  Key Creek sequence o f  a l l och thon  one have been 
d i f f i c u l t  t o  date; so the s t r a t i g r a p h y  of these sequences i s  not  complete ly  
understood and t h e  con tac t  between them i s  d i f f i c u l t  t o  l o c a t e  p rec i se l y .  
Carboniferous sedimentary rocks of t he  Schwatka sequence are exposed n o r t h  o f  
Hub Mountain and i n  t h e  nor thern  p a r t  o f  t h e  Schwatka Mountains. The con tac t  
between the Schwatka sequence and a l loch thon  one has been approximated n o r t h  
of these exposures, elsewhere t h i s  boundary i s  even more specu la t i ve .  I n  
many, if not  most areas, i t  i s  l i k e l y  t h a t  the  contacts  as shown on t he  
a l loch thon  map ( p l a t e  1) and t h e  cross sec t ions  ( p l a t e  3 )  w i l l  change somewhat 
i n  t he  f u t u r e  as t he  e a r l y  Paleozoic  metasedimentary rocks are s t ud ied  i n  
g rea te r  det  a i  1. 

The southern p a r t  of sec t i on  l i n e s  A - A '  and 0 -6 '  r e f l e c t  t he  u n c e r t a i n t y  
o f  whether t h e  t e r rane  o f  m o s t l y  Devonian carbonate rocks t h a t  extend from t h e  
southwest B a i r d  Mountains t o  the  I g i chuk  H i l l s  are p a r t  of a l l och thon  one o r  
a l loch thon  th ree .  Th i s  area needs more pa leon to l og i c  dates be fo re  t h e  
s t r a t i g r a p h i c  s e c t i o n  can be f u l l y  understood. I f  the  upper p a r t  o f  t h i s  
carbonate s e c t i o n  i s  La te  Devonian (Famennian) o r  younger, then  i t  i s  probably  
t he  lower p a r t  o f  a  sequence i n  a l loch thon  three.  I f  the upper p a r t  of t he  
carbonate sec t i on  i s  L a t e  Devonian ( e a r l y  Frasn ian)  o r  o l de r  then these rocks 
cou ld  be the lower p a r t  of a sequence i n  a l loch thon  one t h a t  has been 
juxtaposed by  i ntrasequence t h r u s t  f a u l t s .  

PALINSPASTIC SYNTHESIS 

Two assumptions are made about t h e  movement o f  t h e  t h r u s t  f a u l t s  and 
nor thern  Alaska. Both are used t o  cons t ruc t  the p a l i n s p a s t i c  map ( p l a t e  4) .  
The f i r s t  assumption concerns t h e  d i r e c t i o n  o f  movement along any t h r u s t  f a u l t  



r e l a t i v e  t o  the rocks t h a t  border it. The second assumption concerns the  
movment o f  t h e  A r c t i c  Alaska p l a t e  (Sweeney and others ,  1978) r e l a t i v e  t o  t h e  
Nor th  American craton. 

Assumption #1: The r e l a t i v e  movement o f  the t h r u s t  sheets i s  n o r t h  under 
south. Th is  assumption i s  based on t h r e e  observat ions and ( o r )  
i n t e r p r e t a t i o n s .  1)  The o v e r a l l  f o l d  s t y l e  of the  De Long and E n d i c o t t  
Mountains i s  t h a t  o f  a n t i c l i n e s  and sync l ines  over turned t o  t h e  nor th ,  and t h e  
lead ing  o r  nor thern  edges o f  the  t h r u s t  sheets commonly a re  r o l l e d  over i n t o  
northward vergent a n t i c l i  na l  f o l ds  ( C u r t i s  and others,  1982; 1983; E l l e r s i e c k  
and others ,  1982, 1983; and May f i e l d  and others,  1982a, 1983a). 2)  The r o o t  
zone f o r  t h e  o p h i o l i t e  s u i t e  i n  a l l och thon  seven and t h e  p i l l o w  b a s a l t  i n  
a1 lochthon s i x  appears t o  be present i n  southward-dipping t h r u s t  sheets a t  the  
southern edge of t h e  Brooks Range ( T a i l l e u r  and Brosgk, 1970; Pa t ton  and 
others ,  1977; Roeder and Mu1 1, 1978). 3 )  A s imple and reasonable 
r econs t ruc t i on  o f  sedimentary f a c i e s  pa t t e rns  i n  a1 lochthons one through f i v e  
and the autochthonous o r  parautochthonous rocks i n  the  Schwatka sequence, t o  
be discussed i n  a  l a t e r  s e c t i o n  o f  t h i s  r epo r t ,  r e s u l t s  when t h e  Schwatka 
sequence i s  r es to red  t o  a p o s i t i o n  f a r t h e s t  t o  the nor th ,  and t h e  sequences i n  
a l loch thon  f i v e  are r es to red  t o  a p o s i t i o n  f a r t h e s t  t o  t h e  south. 

Assumption #2: Re la t i ve  t o  the n o r t h  American craton, the  A r c t i c  Alaska 
p l a t e  has moved southward o u t  of t h e  Beaufort  Sea i n  a  counterc lockwise mot ion  
and c o l l i d e d  w i t h  another c r u s t a l  p l a t e  a t  a southward-di pp i  ng subduct ion zone 
along t h e  south s i d e  o f  t h e  Brooks Range. Th is  assumption i s  based upon t h e  
proposals of Carey (1958), Ta i  11 eur (1969a, b; 1973), Rickwood (1970), Free1 and 
and D ie t z  (1973), Mu l l  and o thers  (1976), Pat ton and o thers  (1977), Roeder and 
Mu1 1 (1978), Grantz and o thers  (1981), and Mu1 1 (1982) t h a t  the  con t i nen ta l  
s h e l f  o f  no r t he rn  Alaska i s  a r i f t e d ,  A t l a n t i c - t y p e  marg in  which began t o  move 
away f rom another con t i nen ta l  p l a t e  a t  i t s  no r thern  marg in  sometime between 
E a r l y  Ju rass i c  and E a r l y  Cretaceous (Neocomian) a t  about t h e  same t ime  t h a t  
t h r u s t i  ng occured i n  the Brooks Range. There i s  no evidence f o r  o r  aga ins t  
o v e r t h r u s t i n g  as be ing a component o f  t h e  process of major  t h r u s t  d i s l o c a t i o n  
i n  the Brooks Range orogeny, because t he  movement of t he  oceanic c r u s t  south 
o f  t he  Brooks Range r e l a t i v e  t o  t h e  Nor th  American c ra ton  i s  no t  known. Thus 
f o r  s i m p l i c i t y ,  i t  i s  assumed t h a t  the  o p h i o l i t e  k l i p p e n  of a l l och thon  seven, 
represented by I y i  k rok  Mountain, Avan H i  11 s, As i  k Mountain, Misheguk Mountain, 
and Sin ik tanneyak Mountain have remained i n  a f i x e d  p o s i t i o n  r e l a t i v e  t o  the  
Nor th  American craton.  Thus, t h e  t h r u s t i n g  process i s  viewed here complete ly  
as the unde r t h rus t i  ng o f  more n o r t h e r l y  rocks beneath more sou the r l y  rocks,  as 
f i r s t  proposed by  Ta i  1  l e u r  and Snel son (1969). 

The po le  o f  r o t a t i o n  f o r  the  counterc lockwise mot ion  o f  no r thern  Alaska 
i s  assuned t o  be i n  t h e  area of t h e  Mackenzie R i ve r  d e l t a  ( T a i l l e u r ,  1969a,b; 
Rickwood, 1970; Newman and others,  1979). The e v i  dence f o r  the  l o c a t i o n  o f  
t h e  po le  o f  r o t a t i o n  i s  no t  conc lus ive.  If no r the rn  Alaska moved i n  a 
sou the r l y  d i r e c t i o n  w i t hou t  a  s i g n i f i c a n t  amount of r o t a t i o n ,  as imp l i ed  by 
t h e  scheme o f  Dut ro  (lY81), t h e  r e l a t i v e  p a l i n s p a s t i c  p o s i t i o n  o f  t h e  
a1 lochthons and the  minir~lum est imated fo reshor ten ing  would no t  be changed 
s i g n i f i c a n t l y  through t h e  c e n t r a l  p a r t  of t h e  p a l i n s p a s t i c  map. However, 
somewhat 1  arger gaps and theref  ore g rea te r  d i  sp l  acement d i  stances would be 
measured between a l lochthons a t  t h e  eastern edge o f  t h e  p a l i n s p a s t i c  map. I n  
t h i s  r e p o r t  the po le  o f  r o t a t i o n  has been chosen i n  the  Mackenzie de l t a ,  
because t h i s  p l a t e  t e c t o n i c  model i s  c u r r e n t l y  t h e  most favored  exp lana t i on  



f o r  the  o r i g i n  o f  the  Canada Basin. A lso  t he  outcrop p a t t e r n  o f  a l lochthons 
on t h e  p a l i n s p a s t i c  map f i t s  toge ther  more t i g h t l y  when t he  a l lochthons a re  
unstacked us ing  t he  r o t a t i o n a l  model. 

THE PALINSPASTIC MAP 
The p a l i n s p a s t i c  map o f  the  western Brooks Ranqe ( p l a t e  4 )  was 

cons t ruc ted  us ing  t h e  ou tc rop  areas shown on t h e  a l ioch thon  map ( p l a t e  1 ) .  
A l loch thon  seven has been he ld  i n  a f i x e d  p o s i t i o n  and each lower-numbered 
a l loch thon  (a l loch thons  one through s i x  and t h e  parautochthonous rocks of t h e  
Schwatka Mountains p rov ince)  has been res to red  t o  a  p o s i t i o n  n o r t h  of the  
a1 lochthon s t r u c t u r a l  l y  above it. 

The present method t h a t  has been used t o  unstack the  a l lochthons does not  
take  i n t o  account severa l  f a c t o r s  which i n  some cases a c t  t o  lengthen and i n  
o ther  cases ac t  t o  shor ten the  est imated t h r u s t  displacement. Most 
a l lochthons vary  cons iderab ly  i n  th i ckness  f rom p lace  t o  place. In some 
exposures, a sequence may be thickened s i g n i f i c a n t l y  by imbr ica ted  t h r u s t  
sheets t h a t  d u p l i c a t e  p a r t s  o f  t h e  sequence, and i n  o ther  exposures, t h e  same 
sequence may be th inned by the  omission o f  the  upper o r  lower p a r t s  of the  
s t r a t i g r a p h i c  sect ion.  I n  many areas o f  poor exposure, i t  has no t  been 
poss ib l e  t o  determine which i s  the case. M u l t i p l e  sheets w i t h i n  a l lochthons 
have no t  been unstacked on t h e  p a l i n s p a s t i c  map, bu t  i f  they  were, t h e  no r t h -  
south w id th  o f  some o f  the outcrop areas would be increased. Thus, t he  
minimum t h r u s t  displacement would be increased. I n  o the r  areas, t h e  w id th  o f  
some of the  outcrop areas on the p a l i n s p a s t i c  map would be reduced i f  some 
t h r u s t  sheets, composed o f  the  upper p a r t  of a sequence, were r es to red  above 
o ther  t h r u s t  sheets composed o f  the  lower p a r t  of the  same sequence. If 
complex f o l d s  t h a t  are common w i t h i n  t h r u s t  sheets were unfolded, t h e  
a l loch thon  outcrop areas probably  would be widened and t o t a l  t h r u s t  
displacement increased. Because a l lochthons p inch and swe l l  i n  t h e  t h r u s t i n g  
d i r e c t i o n ,  i t  i s  d i f f i c u l t  t o  accura te ly  est imate t he  amount o f  f o resho r t en ing  
w i t h i n  a  s i n g l e  a l loch thon  i n  areas t h a t  occur between outcrops. Eros ion a l so  
has s t r i p p e d  away an undetermined amount o f  the  ac tua l  depos i t i ona l  w id th  of 
each sequence. In most cases, t he  depos i t i ona l  w id th  o f  sequences was 
probably  s i g n i f i c a n t l y  broader than i s  shown by t h e  present outcrop 
d i s t r i b u t i o n .  A l l  these f a c t o r s  make i t  d i f f i c u l t  t o  a r r i v e  a t  an accurate 
f i g u r e  f o r  the t o t a l  t h r u s t  displacement i n  the  western Brooks Range. 

Another p o t e n t i a l l y  impor tant  f a c t o r  i n  t he  cons t ruc t i on  o f  a  
p a l i n s p a s t i c  model i s  the poss ib l e  o r o c l i n a l  f l e x u r e  i n  the  western Brooks 
Range and t h e  eastward-d i rected t h r u s t i n g  on t h e  L isburne Peninsula, thought 
t o  have occurred a f t e r  the pe r i od  of major northward f o resho r t en ing  i n  t he  
Brooks Range (Ta i  1 l eu r ,  1969a, b; Pat ton and Tai  1  l eu r ,  1977).  For purposes o f  
s i m p l i c i t y ,  the  hypo the t i ca l  o r o c l i n e  has not  been taken i n t o  account on the  
p a l i n s p a s t i c  map. If t h e  southwester ly  s t r u c t u r a l  t rends i n  t h e  western De 
Long Mountains were bent back t o  t h e i r  poss ib le  p re -o roc l i na l  wes te r l y  o r  
nor thwes te r l y  t rends, t h e  r e l a t i v e  p a l i n s p a s t i c  p o s i t i o n s  o f  the a l loch thons  
i n  the  western Brooks Range would no t  change appreciably,  bu t  the  rocks i n  the  
L isburne  H i l l s  m igh t  r e s t o r e  t o  a  p o s i t i o n  up t o  150 km west o r  northwest o f  
t h e i r  p o s i t i o n  on the p a l i n s p a s t i c  map ( T a i l l e u r  and Brosgh, 1970). 

THRUST DISPLACEMENT 
The t h r u s t  displacement f o r  any a l loch thon  i n  the western Brooks Range i s  

t h e  d is tance  between i t s  present  geographic l o c a t i o n  and i t s  p a l i n s p a s t i c  



l o ca t i on .  Because t he  amount of p u l l  -apar t  of a1 lochthons on t h e  pa l  i n s p a s t i  c 
map ( p l a t e  4) i s  p robab ly  i n  e r r o r  on t h e  conserva t i ve  side, t h e  amount o f  
t h r u s t  displacement i n f e r r e d  from t h i s  map i s  here considered t o  be a minimum 
est imate.  The two areas l abe led  AH and SM on p l a t e  4 are  t h e  present  
p o s i t i o n s  o f  the k l i ppen  of a1 lochthon seven a t  Avan H i 1  1s and Sin ik tanneyak 
Mountain unmoved w i t h  respec t  t o  t h e  Schwatka Mountains province. The minimum 
t h r u s t  displacement of the Avan H i l l s  i s  the l e n g t h  of the arc between area AH 
and t h e  p a l i n s p a s t i c  p o s i t i o n  of t h e  Avan H i l l s .  Th is  d is tance  i s  about 800 
km. Measured i n  the  same way, bu t  c l ose r  t o  the  po le  o f  r o t a t i o n ,  t h e  minimum 
t h r u s t  displacement of S in ik tanneyak Mountain i s  about 700 km. These numbers 
are s i g n i f i c a n t l y  g rea te r  than most est imates pub1 i shed  p rev i ous l y .  To g i ve  
an idea  o f  how t h r u s t  displacement est imates have increased as d e t a i l e d  
geo log ic  maps i n  the  western Brooks Range have p rog ress i ve l y  encompassed a 
l a r g e r  p a r t  o f  t h i s  region, a sample o f  these est imates i s  g iven as f o l l o w s :  
80 km minimum and 160 km reasonable (Ta i  1 l e u r  and others,  1966); 32 km 
minimum, 160 km reasonable (Snelson and Ta i  1 l eu r ,  1968); 130 km minimum 
(Mart in,  1970); 240 km minimum, 500 km reasonable (Ta i  1 l eu r ,  1973); 250 km 
minimum, 600 km reasonable ( E l l e r s i e c k  and others ,  1979); 500 km minimum 
(Mul l ,  1980); 580 km minimum (Mul l ,  1982). Many o f  these est imates are based 
on s tud ies  o f  smal ler  geographic areas w i t h i n  t h e  western Brooks Range, bu t  
most prev ious est imates r e f l e c t  the  minimum amount o f  t h r u s t  displacement t h a t  
was known a t  t h e  t ime  t h e y  were publ ished. 

An est imate o f  the m i  nimum r a t e  o f  p l a t e  convergence can be made by 
d i v i d i n g  t h e  d is tance  moved by t h e  d u r a t i o n  o f  t h e  t h r u s t i n g  event. I f  i t  i s  
assumed t h a t  the  minimum t h r u s t  displacement i n  t he  western Brooks Range was 
700 t o  800 km and t h e  d u r a t i o n  of t h r u s t i n g  was 50 m i l l i o n  years (between mid- 
Ju rass ic  and mid-Cretaceous, 160 and 110 m.y.), then t h e  average minimum r a t e  
o f  p l a t e  movement would be 1.4 t o  1.6 cmlyear, 

Another est imate o f  the  minimum r a t e  o f  convergence can be made by 
comparison o f  two areas t h a t  should have been d isp laced  by a much l esse r  
amount. For  example, the minimum foreshor tened d i  stance between t h e  Schwat ka 
sequence and t h e  Surp r i se  a n t i c l i n e  l oca ted  i n  t h e  nor theas te rn  p a r t  o f  the De 
Long Mountains quadrangle ( p l a t e  1) i s  about 230 km. The lower p a r t  o f  t he  
sequence o f  rocks exposed a t  t h e  Su rp r i se  a n t i c l i n e  i s  composed o f  che r t  and 
carbonaceous shale  t h a t  i s  T r i a s s i c ,  Jurass ic ,  and E a r l y  Cretaceous 
(Val  ang in ian)  i n  age. These sediments record  slow r a t e s  o f  depos i t i on  and 
t h e i r  c l a s t i c  components have d i s t a l  o r  nonorogenic sources. Orogenic 
t u r b i d i  t e  deposi ts,  composed o f  s i l t y  mudstone and graywacke, over1 i e  t h e  
Val angi n i  an beds and are younger than s im i  1 ar  orogenic  sediments i n  sequences 
f a r t h e r  t o  t h e  south. Th is  evidence suggests t h a t  rocks i n  t h e  Su rp r i se  
a n t i c l i n e  were some o f  the l a s t  rocks t o  become i nvo l ved  i n  t he  orogeny and 
t h a t  t h r u s t i n g  d i d  no t  a f f e c t  them u n t i l  a t  l e a s t  l a t e  Valangin ian t ime  (about 
125 m.y.). Because t he  major t h r u s t i n g  episode had ceased by A lb i an  t ime 
(about 110 m.y.), t h e r e  was approx imate ly  15 m i l l i o n  years d u r i n g  which t h e  
rocks of the  Su rp r i se  a n t i c l i n e  m igh t  have been a f fec ted  by t h r u s t  movement. 
Calcu la ted by these assumptions, t h e  r a t e  of convergence between t h e  Schwatka 
Mountains prov ince and the  Su rp r i se  a n t i c 1  i n s  i s  agprox imate ly  1.5 cmlyear. 
When these est imates o f  p l a t e  movement are compared t o  t h e  average h a l f  r a t e  
o f  about two an lyear  f o r  spreading centers  i n  the  wor ld  today, t hey  show tha t ,  
even w i t h  moderate r a tes  o f  convergence, t h r u s t  displacement i n  t h e  western 
Brooks Range could  have exceeded 1,000 km. 



I t  i s  a lso poss ib l e  t o  t e s t  the  f e a s i b i l i t y  o f  the  est imated t h r u s t  
displacement i n  t h e  western Brooks Range us ing  t h e  counterc lockwise r o t a t i o n a l  
model f o r  the A r c t i c  Alaska p la te .  On t h e  p a l i n s p a s t i c  map, t h e  minimum 
angular convergence between t h e  Schwatka Mountains prov ince and a l l och thon  
seven, measured about a  po le  o f  r o t a t i o n  i n  t he  Mackenzie R i ve r  de l ta ,  i s  
about 40 degrees ( p l a t e  4) .  The amount of r o t a t i o n  necessary t o  r e s t o r e  
nor thern  Alaska a  a i n s t  t he  Canadian A r c t i c  i s l ands ,  shown on f i g u r e  22, i s  
about 67 degrees qllickwood, 1970). The minimun m o u n t  o f  t h r u s t  displacement 
g iven above f o r  S in ik tanneyak Mountain i s  700 km. The d is tance  between t he  
c o n t i  nenta l  edges o f  no r thern  Alaska and t h e  Canadian A r c t i c  i s l ands  measured 
along an arc  t h a t  p r o j e c t s  through Siniktanneyak Mountain i s  1150 km. These 
measurements show t h a t  t h e  m i  nimurn amount o f  t h r u s t  d i s p l  acment  c u r r e n t l y  
est imated i n  t he  western Brooks Range supp l ies  about 60 percent  of t he  
d is tance  requ i r ed  t o  open t h e  Canada Basin. 

THE ARCTIC ALASKA B A S I N  
Ihe p a l i n s p a s t i c  map ( p l a t e  4) o u t l i n e s  a smal l  p a r t  o f  an ex tens ive  

e p i c o n t i  nenta l  sedimentary p l a t f o r m  t h a t  e x i s t e d  across no r t he rn  A1 aska and 
p a r t  o f  no r theas te rn  S i b e r i a  p r i o r  t o  t he  Brooks Range orogeny. Th is  
depos i t i ona l  regime has been termed t h e  A r c t i c  Alaska bas in  by  T a i l l e u r  
(1969a). A genera l ized geolog ic  h i s t o r y  o f  the A r c t i c  Alaska bas in  i s  g iven 
below. D e t a i l s  o f  t h e  s t r a t i g r a p h y  w i t h i n  t h e  bas in  and reasons f o r  s p e c i f i c  
i n t e r p r e t a t i o n s  about i t s  geolog ic  h i s t o r y  are based on ana lys is  o f  t he  
p a l i n s p a s t i c  s t r a t i g r a p h y  which i s  covered i n  more d e t a i l  i n  t h e  nex t  sec t ion .  

Although t he  A r c t i c  Alaska bas in  was an area where sedimentary rocks were 
deposi ted du r i ng  most o f  midd le  Paleozoic  t o  e a r l y  Mesozoic t ime, depos i t i on  
d i d  no t  take p lace i n  a  s imple sedimentary basin. Dur ing M idd le  Devonian t o  
M i ss i pp i  an time, 1  and areas e x i s t e d  i n  t h e  r eg ion  p r e s e n t l y  occupied by t h e  
Schwatka sequence and by rocks i n  t he  subsurface under t he  C o l v i l l e  basin. By 
l a t e  Carboni ferous time, t h e  emergent rocks were planed by  e ros ion  and t h e  
nor thern  sho re l i ne  o f  the A r c t i c  Alaska bas in  s h i f t e d  n o r t h  toward t h e  Barrow 
area. Land a lso  probably  e x i s t e d  south o f  sequences t h a t  a re  now p a r t  o f  
a l l o ch thon  f i v e .  Th is  southern land area appears t o  have p e r i o d i c a l l y  shed 
c l a s t i c  d e t r i t u s  i n t o  t h e  southern edge o f  t h e  bas in  du r i ng  Devonian and 
M iss i ss i pp ian  t ime. A f t e r  t h a t  time, the  southern emergent area apparen t l y  
disappeared, because i t '  s d i s t i n c t i v e  a rkos ic  d e t r i t u s  i s  no t  observed i n  t h e  
sedimentary record.  Through much o f  the  l a t e  Paleozoic  and e a r l y  Mesozoic 
t ime, t h e  nor thern  land  area i s  i n f e r r e d  t o  have shed c l a s t i c  d e t r i t u s  south 
i n t o  the  Schwatka sequence. South o f  the  Schwatka sequence l a y  a  depos i t i ona l  
area i n  which s t r a t a  accumulated w i t h  o n l y  minor i n t e r r u p t i o n  on an e n s i a l i c  
p l a t f o r m  du r i ng  Devonian and e a r l y  Carboni ferous t ime and on what seems t o  
have become an ex tens ive  con t i nen ta l  s h e l f  more than 800 km wide i n  l a t e  
Carboni ferous t o  Ju rass i c  t ime. Remnants o f  the  seaward-most 400 km of t h i s  
depos i t i ona l  area are p r e s e n t l y  exposed i n  t h e  sequences i n  a l lochthons one 
through f i v e .  

Areas o f  s i m i l a r  depos i t i ona l  f a c i e s  on t he  pa l  i n s p a s t i c  map ( p l a t e  4)  
appear t o  f o l l o w  r e l a t i v e l y  narrow be1 t s  w i t h  wes te r l y  t rends.  To some .ex ten t  
t h i s  may be an a r t i f a c t  o f  the minimum p u l l  apar t  by which t he  map was 
cons t ruc ted  so t h e  o r i g i n a l  nor th-south depos i t i ona l  w id th  o f  these f a c i e s  
cou ld  have been much g rea te r  than t h e i r  p a l i n s p a s t i c  outcrop d i s t r i b u t i o n .  In 
order  t o  show these p r i n c i p a l  s t r a t i g r a p h i c  changes, schematic cross sec t i ons  
X - X I  ( f i g s .  23 and 24) and Y - Y '  ( f i g s .  25 and 26) have been made approximately 



F i g u r e  22. Map showing t h e  distance r e q u i r e d  t o  open the  Canada Bas in  by 
r o t a t i n g  n o r t h e r n  A laska about a p o l e  near t h e  Mackenzie R i v e r  
d e l t a .  T h i s  d i s tance  i s  1150 km measured a long an arc  of 67 
degrees t h a t  p r o j e c t s  through S in ik tanneyak Mountain. 



normal t o  the  a1 lochthon boundaries f rom the  Schwatka Mountains prov ince 
through a l l och thon  s i x .  Each s e c t i o n  i s  drawn t w i c e  t o  show l i t h o l o g i e s  and 
p r i n c i p a l  s t r a t i g r a p h i c  u n i t s .  Above each sect ion,  t he  a l lochthons and t h e i r  
associ a ted sequences are labeled. 

IMPORTANT FEATURES OF RESTORED NORTHERN ALASKA STRATIGRAPHY 
Dur ina Midd le  Devonian t ime. marine l imestone o f  t h e  B a i r d  Grouo aooears . . .  

t o  have be& depos i ted i n  most, i f  no t  a1 1, o f  t h e  sedimentary sequences o f  
western Alaska ( f i g s .  23, 24, 25, and 26). I n  t he  Key Creek and Schwatka 
sequences, these s t r a t a  have been c a l l e d  t h e  S k a j i t  Limestone i n  t h e  southern 
p a r t  o f  the  E n d i c o t t  Mountains and i n  the  Schwatka Mountains (Pessel and 
BrosgC, 1977; May f i e l d  and T a i l l e u r ,  1978; Nelson and Grybeck, 1980). I n  
sequences south o f  the Key Creek sequence, the  B a i r d  Group cons is ted  o f  t he  
Kugururok Format ion and o ther  unnamed carbonate rock u n i t s .  A t  t h e  base of 
t he  carbonate sec t i on  i n  southern sequences, t he re  was shale, l imestone, and 
conglomerate. 

I n  La te  Devonian time, carbonate rocks o f  the  B a i r d  Group, i n c l u d i n g  t h e  
E l i  and Kugururok Formations, cont inued t o  be depos i ted i n  t h e  sequences t h a t  
l a t e r  became p a r t s  o f  a l lochthons three, four, and f i v e .  To t he  nor th ,  i n  t h e  
Key Creek sequence which l a t e r  became p a r t  o f  a l l och thon  one, a complex 
i n t e r v a l  o f  c l a s t i c  and carbonate rocks t h a t  p a r t l y  c o r r e l a t e s  r e g i o n a l l y  w i t h  
t h e  Beaucoup Format ion graded upward i n t o  a t h i c k  c l a s t i c  wedge o f  Frasn ian 
and Fammenian age. The c l a s t i c  wedge i s  a mos t l y  mar ine and p a r t l y  nonmarine 
f l u v i a l - d e l  t a i c  accunula t ion o f  sandstone, shale, and conglomerate c a l l e d  t h e  
E n d i c o t t  Group ( T a i l l e u r  and others ,  1967). Impor tant  rock u n i t s  i n  t he  
E n d i c o t t  Group are t h e  Hunt Fork Shale, Noatak Sandstone, Kanayut 
Conglomerate, and Kayak Shale. The source area was loca ted  t o  t h e  n o r t h  and 
nor theast  (Ta i  11 eur and others,  1967; Donovan and Ta i  1 l eu r ,  1975; N i  lsen,  
1981), presunably i n  the  Schwatka sequence and i n  rocks under t he  C o l v i l l e  
basin. The c l a s t i c  wedge seems t o  have i n t e r f i n g e r e d  southward w i t h  B a i r d  
Group carbonate rocks i n  t he  Wul ik sequence t h a t  became p a r t  o f  a l l och thon  
two. 

Whi le the  c l a s t i c  wedge was deposited, rocks t h a t  are i n  t h e  Schwatka 
sequence and are p r e s e n t l y  under t h e  Co l v i  1 l e  bas in  appear t o  have been 
deformed and up1 i f  t ed  a t  the  south s i de  o f  an ex tens ive  orogen t h a t  extended 
n o r t h  t o  Barrow and beyond. G ran i t e  p lu tons  were i n t r uded  i n t o  t h e  rocks o f  
t h e  Schwatka sequence p r e s e n t l y  exposed i n  t he  southern Brooks Range ( D i l l o n  
and others,  1980), i n  t h e  nor theas t  Brooks Range (Reiser  and others ,  1980), 
and p o s s i b l y  a t  the base o f  the East Teshekpuk e x p l o r a t i o n  w e l l  150 km 
southeast o f  Barrow ( B i r d  and others ,  1978). F a u l t i n g  and f o l d i n g  i n  t h e  
Lower Paleozoic  and Precambri an sedimentary rocks accompanied t h e  up1 i f  t and 
l a t e r  e ros iona l  p l ana t i on  r e s u l t e d  i n  an ex tens ive  p re -Miss iss ipp ian  angular 
unconformity.  Th i s  pe r i od  o f  tectonism i s  c a l l e d  the  E l lesmer ian  Orogeny 
(Lerand, 1973).  

Dur ing E a r l y  M i ss i ss i pp ian  t ime, the  Kek ik tuk  Conglomerate and Kayak 
Shale were depos i ted over  t h e  o l d  e ros iona l  su r face  i n  t h e  Schwatka sequence 
and i n  rocks under the C o l v i l l e  basin. Coal i s  interbedded w i t h  Lower 
M i s s i s s i p p i  an sandstone above a major unconformi ty  i n  t h e  L isburne  H i  11s 
sequence ( p l a t e  4 )  which suggests near-shore cond i t i ons  i n  t he  western p a r t  of 
sequences i n  a1 lochthon one ( C o l l i e r ,  1906; T a i l  l eu r ,  1965). Shale, 
l imestone, and sandstone were deposi ted south o f  the  Schwatka sequence and are 





UMOUY 10u SI aue 
siql  i o  uotjesol iuas 

X L W  
I PC, 

X rC1 
m- 

E E C L  
0 .7 v 
9- 3 
Y 0- 
U L N 
W V I  l 
m m 

" 
w-v, 
m u  w 
0 L 
L aJ 3 
UC, m 

IU .7 

v-cc ." Q 
U c -  E 
m .r 

E Q, 
aJ CT,w 
C E a J  
u m y l  
w e  = 



SOUTH 

Y 
NORTH 

COPTER PEAK NUKA 1 LPNAVtK AlVER KELLY AlVEH PICNIC CHEEK Y '  
ALLOCHTHON 6 ALtOCHS ALLOCHTHON 1 ALLOCHTHON 3 

ALIOCHTHW 2 BROOKS RANGE ALLOCHTHON 1 X H W A I K A  MTS PROVINCE 
COPTER IGNLMlS BOGIE IPHAVIK YACHAPll IK E( I KELLY PICNIC f NIGU SEOUENCE SF0 SCOUtNCt PASS Tb I StOUtNCE . S t 0  SEOUEWL SWCNCES SEOUENCC SCHWATKA SEOULNCE 

UkY CREEK SEOUEMCL IVOTUK 
C 

Figure 25. Schematic cross sect ion Y - Y ' ,  f rom the Middle  Jurassic p a l i n s p a s t i c  map o f  t he  western Brooks 
Range ( p l a t e  41, showing impor tant  rock u n i t s .  
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Range (plate 4), showing principal rock lithologies. Lithology symbols are the same as those 
used in figures 3-21 (plate 2). 
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mos t l y  c a l l e d  e i t h e r  the Kayak Shale o r  Utukok Formation. C l a s t i c  d e t r i t u s  
f o r  t h e  sha le  and sandstone i n  sequences t h a t  are now p a r t  of a l l och thons  one 
and two probably  were der ived from a land  area t o  t he  nor th .  I n  sequences 
t h a t  are now p a r t  o f  a l lochthons three, four,  and f i ve ,  Lower M i ss i ss i pp ian  
sandstone i s  a  more p reva len t  component of t he  rocks t o  t he  west than i t  i s  t o  
t h e  east. Thus, i t  i s  poss ib l e  t h a t  sands a lso  were be ing  shed f rom a western 
and ( o r )  s o u t h e r l y  source du r i ng  t h i s  t ime. 

Dur ing  L a t e  M i s s i s s i p p i  an and E a r l y  Pennsylvanian t ime, t h e  sediments 
t h a t  were deposi ted had many pronounced fac ies  changes across t h e  A r c t i c  
Alaska basin.  Limestone and do lomi te  of t h e  L isburne  Group were depos i ted i n  
t he  Schwatka sequence and i n  rocks under t he  Co l v i  1 l e  basin. These carbonate 
rocks p robab ly  graded and i n t e r f i n g e r e d  southward w i t h  t h e  Key Creek sequence 
i n  which t h i n  and d iscont inuous carbonate beds are o v e r l a i n  by bas ina l  b lack  
carbonaceous sha le  and c h e r t  of t h e  Kuna Formation. The Kuna Format ion graded 
southward i n t o  what appears t o  have been mos t l y  low-energy sediments composed 
o f  d iscont inuous l o c a l  m i c r i t i c  l imestone o v e r l a i n  by well-bedded b lack  c h e r t  
and subord inate b lack  sha le  i n  the  Amaruk, Wulik, P i cn i c ,  and Nigu 
sequences. Upper M i s s i s s i p p i  an rocks o f  t h e  Wulik and Amaruk sequences were 
g rada t iona l  t o  t he  south i n t o  t he  Amphitheatre and K e l l y  sequences t h a t  are 
now p a r t  of a l l o ch thon  th ree .  Here, l imestone w i t h  nodular  t o  bedded b lack  
c h e r t  make up the  rock  u n i t s  c a l l e d  " m i c r i t i c  l imestone",  and t he  Kogruk and 
Tupik  F o n a t i o n s .  Most rocks i n  these sequences were depos i ted as p a r t  o f  a 
b i o c l a s t i c  carbonate bu i ldup.  A l a r g e  p a r t  o f  the  Kogruk Format ion i s  
composed o f  coarse-grai  ned 1 imestone w i t h  l o c a l  l y  abundant co ra l s ,  
echinoderms, and o ther  b iogen ic  deb r i s  i n d i c a t i v e  o f  normal marine and 
shoal i ng-water depos i t i ona l  environments (Armstrong, 1970). The sequences o f  
a l l och thon  t h ree  t h i n  r a p i d l y  t o  t he  east  and are no t  recognized a t  t he  east  
margin o f  t h e  p a l i n s p a s t i c  map ( p l a t e  4). Comparison o f  sec t i ons  X - X I  and Y -  
Y' ( f i g s .  23-26) shows t h a t  the  Kogruk and unde r l y i ng  Utukok Formations were 
hundreds o f  meters t h i c k e r  i n  t he  western p a r t  o f  the area than  t h e y  were t o  
the  east. Fa r t he r  t o  t he  south and g rada t iona l  w i t h  rocks i n  t h e  E l i  and 
K e l l y  sequences, in terbedded b lack c h e r t  and f i ne -g ra i ned  l imestone o f  La te  
M i ss i ss i pp ian  age formed i n  the  Puzz le  Creek, Nach ra l i k  Pass, and I pnav i k  
sequences t h a t  are now p a r t  o f  a l l o ch thon  f o u r .  These l i t h o l o g i e s  were 
deposi ted i n  a low-energy s e t t i n g ,  perhaps i n  a  submarine t rough between 
sediments depos i ted i n  h igher  energy s e t t i n g s  t o  t h e  n o r t h  and south. 

A sharp break e x i s t s  i n  t he  sedimentary f a c i e s  of Upper M i ss i ss i pp ian  and 
Lower Pennsylvanian rocks o f  t h e  I pnav i  k sequence and sequences i n  a1 lochthon 
f i v e .  Slack c h e r t  i s  common i n  Upper M i ss i ss i pp ian  rocks i n  sequences of 
a l l o ch thon  f o u r  and m iss i ng  i n  t h e  coeval  rocks i n  t h e  sequences of a l l o ch thon  
f i v e .  On t he  o ther  hand, Upper M i ss i ss i pp ian  s i l i c i c l a s t i c  rocks a re  common 
i n  t he  Bogie sequence o f  a l l o ch thon  f i v e  and are ve r y  r a r e  i n  coeval  rocks o f  
the  lower a l loch thons .  It i s  no t  known i f  t h i s  sharp f a c i e s  change represents  
an abrupt  change i n  depos i t i ona l  s e t t i n g  o r  i f  i t  i s  an a r t i f a c t  of t h e  
incompl e t e  p reserva t ion  o f  what m igh t  have been a g rada t iona l  boundary. 

Dur ing  Upper M iss iss ippan  (Chester i  an) a ~ 5  E a r l y  Pennsy lvan ian(?)  t ime, 
arkose and arkos i  c  1  imestone were depos i ted i n  t he  Nuka Format ion of the  Bogie 
sequence. These rocks p r e s e n t l y  are preserved i n  t h i n ,  d iscont inuous t h r u s t  
sheets and o l i s t o l i t h s  from the  Chukchi seacoast t o  a t  l e a s t  as f a r  east  as 
t h e  c e n t r a l  Brooks Range. Coarse-grained arkose, i n d i c a t i v e  o f  a  nearby 
source, i s  interbedded w i t h  a rkos ic  l imestone i n  many places. Red beds, 



glauconi  te ,  and numerous brachiopod and c r i  no i d  f o s s i  1s are i n d i c a t i v e  o f  
depos i t i on  i n  sha l  low-water cond i t i ons  ( T a i l  l e u r  and Sable, 1963). An 
unrecognized g r a n i t i c  source area f o r  the Nuka Format ion i s  i n f e r r e d  t o  have 
been south of t h e  sequences t h a t  are now p a r t  o f  a l l och thon  f i v e .  

The hypo the t i ca l  source t e r rane  f o r  the  arkose i n  t he  Nuka Format ion i s  
he re i n  c a l l e d  Nukal and. Dur ing  La te  M i ss i ss i pp ian  and E a r l y  Pennsy lvan ian(?)  
time, t he re  must have been l a r g e  areas of exposed g r a n i t i c  rocks, because t h e  
c l a s t i c  component f o r  t h e  arkose, which i s  composed of quartz,  m ic roc l ine ,  and 
p lag ioc lase ,  has a n e a r l y  un i fo rm composi t ion f o r  up t o  500 km along t h e  east -  
west ou tc rop  b e l t  o f  t h e  Nuka Formation. Nukaland a lso  may have been emergent 
du r i ng  Midd le  and La te  Devonian time, because quartz ,  fe ldspar,  and low-grade 
metamorphic rock f ragnen ts  were shed i n t o  t h e  B a s t i l l e  sequence a t  t h i s  
t ime. The Kugururok Format ion a t  Mount Bas t i  1  l e  has f e l dspa th i c  1  imestone a t  
t h e  t o p  of t h e  sec t i on  and sha le  w i t h  rare,  hemat i te-s ta ined,  quar tz  
conglomerate a t  the bottom o f  the sec t ion .  The same source t e r rane  a lso  cou ld  
have con t r i bu ted  t o  t h e  sha le  and s i l  ts tone,  i nterbedded w i t h  M idd le (? )  
Devonian l imestone a t  the base o f  the  E l i  and Puzzle Creek sequences i n  
a l loch thons  t h r e e  and f o u r .  

La te  Carboni ferous t ime marks a s i g n i f i c a n t  change i n  l i t h o l o g y  and 
depos i t i ona l  s e t t i n g  i n  t h e  al lochthonous sequences. Rad io l a r i an  c h e r t  and 
s i l i c e o u s  shale  o f  the  E t i v l u k  Group were deposi ted i n  a l l  t he  sequences o f  
a l lochthons one t h r o u  h f i v e  f rom Pennsylvanian t o  E a r l y  o r  M idd le  Ju rass i c  
(Toarc ian t o  Bajoc ianq t ime. These rocks record  low-energy condensed 
sedimentat ion v i r t u a l l y  una f fec ted  by con t i nen ta l  c l a s t i c  d e t r i t u s .  

Dur ing Permian and T r i a s s i c  t ime, the  Sadleroch i  t Group was deposi ted i n  
t h e  area t h a t  l a t e r  became covered by  t h e  C o l v i l l e  basin.  Based on subsurface 
w e l l  i n f o rma t i on  and on geolog ic  mapping i n  t he  nor theas t  Brooks Range, the  
c l a s t i c  f a c i e s  i n  t h e  Sad le roch i t  under t h e  C o l v i l l e  bas in  i s  g e n e r a l l y  
coarser  t o  the no r t h  and f i n e r  t o  t he  south (Detterman, 1974; 1976). There 
are o n l y  two p laces i n  t h e  southwest and sou th -cen t ra l  Brooks Range where t h e  
Sadleroch i  t Group i s  exposed, These are a t  Shishakshi  novi  k  Pass ( p l a t e  1) i n  
t h e  eas t -cen t ra l  Ambler R i ve r  quadrangle (Mu l l  and T a i l l e u r ,  1977) and near 
Mount Doonerak ( f i g .  2 )  i n  t he  c e n t r a l  Brooks Range (Dut ro  and others ,  
1976). A t  bo th  l oca t i ons ,  sha le  and s i l t s t o n e  have been recognized which a re  
i n t e r p r e t e d  t o  be a d i s t a l  f a c i e s  of the  Sad le roch i t  Group. Fa r t he r  t o  the  
nor theas t  i n  t h e  subsurface a t  Prudhoe Bay and i n  outcrops i n  the nor theas t  
Brooks Range, near-shore marine and f l u v i  a1 sandstone and conglomerate compose 
much o f  t h e  Sad le roch i t .  South o f  t h e  Schwatka sequence i n  coeval rocks o f  
t he  E t i v l u k  Group, t he  p r o p o r t i o n  of sha le  t o  c h e r t  was gene ra l l y  g rea te r  i n  
sequences depos i ted f a r t h e s t  t o  t h e  no r t h  compared t o  those depos i ted f a r t h e s t  
t o  the  south. Thus, the Sad le roch i t  Group and t he  age-equivalent p a r t  o f  t he  
E t i v l u k  Group are thought t o  have been a continuum of depos i t i ona l  c l a s t i c  
fac ies  i n  which coarse-grained c l a s t i c  rocks were deposi ted i n  a near-shore 
s e t t i n g  near t h e  present  c o a s t l i n e  of no r t he rn  Alaska and p rog ress i ve l y  became 
f i n e r - g r a i n e d  southward grad ing t o  s i  1 iceous shale  and r a d i o l a r i a n  cher t .  
This gradual  f ac ies g rad ien t  across hundreds o f  k i  lometers of no r t he rn  A1 aska 
suggests t h a t  the  A r c t i c  Alaska bas in  may have been a con t i nen ta l  s h e l f  w i t h  
oceanic cond i t i ons  south o f  t h e  rocks i n  t h e  Bogie and B a s t i l l e  sequences 
du r i ng  La te  Pennsylvanian t o  Ju rass ic  t ime. 



SPECULATIONS CONCERNING THE ROCKS SOUTH OF THE ARCTIC ALASKA BASIN 
Dur ing Devonian and the t i r s t  h a l t  or  Carboni terous t ime, Nukaland 

appears t o  have shed c l a s t i c  d e t r i t u s  i n t o  t h e  southern p a r t  o f  t h e  A r c t i c  
Alaska basin.  A f t e r  l a t e s t  M i ss i ss i pp ian  o r  e a r l i e s t  Pennsylvanian time, t h i s  
source area i s  no t  sensed i n  t h e  sedimentary record.  I t  i s  u n l i k e l y  t h a t  
Nukaland was at tached t o  t he  south edge o f  t he  sequences i n  a l loch thon  f i v e  a t  
t h e  beginn ing o f  t h e  Brooks Range orogeny, because p a r t s  of a g r a n i t i c  terrane 
have no t  been found between a1 lochthons f i v e  and s i x .  

There i s  some evidence t o  suggest t h a t  Nukaland may have become detached, 
p o s s i b l y  by r i f t i n g  o r  s t r i k e - s l i p  motion, f rom the  south edge o f  no r thern  
Alaska i n  t h e  Carboni ferous, marking t h e  end o f  depos i t i on  i n  t h e  Nuka 
Formation and L isburne Group throughout  the al lochthonous sequences. Upper 
M i ss i ss i pp ian  and Lower Pennsylvanian sediments i n  t he  a l lochthonous sequences 
appear t o  have been deposi ted on a sea f l o o r  t h a t  r e s u l t e d  i n  a complex 
p a t t e r n  o f  h igh-  and low-energy sediments. Before and a f t e r  t h i s  t ime  per iod,  
sedimentologic cond i t i ons  produced much more gradual  1 i t h o l o g i c  changes. I t  
i s  poss ib l e  t h a t  a r i f t i n g  event cou ld  have produced b lock  f a u l t i n g  i n  La te  
M i ss i ss i pp ian  and E a r l y  Pennsylvanian t ime  which r e s u l t e d  i n  a se r i es  of 
subpa ra l l e l  r i s e s  and troughs on t h e  sea f l o o r .  Depos i t i on  o f  sediments on a 
h o r s t  and graben submarine topography seems t o  be t he  most probable 
exp lana t ion  f o r  t h e  many pronounced f a c i e s  changes t h a t  are mapped i n  Upper 
M i ss i ss i pp ian  rock u n i t s  o f  d i f f e r e n t  a l lochthons.  A t  t he  same t ime, 
Carboni ferous sediments under t h e  C o l v i l l e  bas in  were depos i ted i n  severa l  
l a rge  faul t -bounded th ickened basins t h a t  m igh t  i n d i c a t e  t h i s  was a pe r i od  o f  
r eg iona l  ex tens iona l  t e c t o n i c s  throughout nor thern  Alaska. Such an 
ex tens iona l  event a l s o  has been proposed t o  explain t h e  t e c t o n i c  s e t t i n g  f o r  
t h e  La te  M i ss i ss i pp ian  volcanism and lead-z inc  m inera l  depos i ts  i n  t he  Key 
Creek sequence (Metz, and others ,  1979; Metz and others ,  1982). Perhaps, when 
Nukaland disappeared, t he  c o n t i n e n t a l  s h e l f  o f  no r t he rn  Alaska foundered which 
r e s u l t e d  i n  a f avo rab le  open-marine environment For r a d i o l a r i a  t h a t  was 
d i s t a n t  f rom c o n t i n e n t a l  c l a s t i c  sources. The consequent depos i t i on  of 
sediments are t he  che r t  and s i l i c e o u s  shale o f  t he  E t i v l u k  Group. 

The present  l o c a t i o n  of Nukaland i s  p rob lemat i ca l .  A r i f t i n g  event a t  
t h e  south edge of the  Brooks Range has been proposed p rev i ous l y  t o  exp la i n  t he  
predominance of Cretaceous and younger rocks i n  t h e  Yukon-Koyukuk p rov ince  by 
W. W. Pat ton  (Pat ton and others ,  1977). By t h i s  scheme, t he  metamorphic and 
g r a n i t i c  t e r r ane  south o f  t h e  Yukon-Koyukuk prov ince,  c a l l e d  t h e  Ruby 
g e a n t i c l i n e  ( f i g .  2 )  by M i l l e r  and o thers  (1959), would have been r i f t e d  south 
f rom t h e  A r c t i c  Alaska bas in  du r i ng  l a t e  Paleozoic  t ime. However, ex tens ive  
g r a n i t i c  source rocks f o r  the  arkose i n  t he  Nuka Format ion have no t  y e t  been 
mapped i n  t h i s  reg ion.  Most o f  t h e  g r a n i t i c  rocks i n  t h e  Ruby g e a n t i c l i n e  a re  
thought t o  be Cretaceous i n  age (Si lberman and others ,  1979), whereas the  
source t e r rane  f o r  t h e  Nuka Format ion should con ta i n  a cons iderab le  amount o f  
Carboni ferous o r  o l d e r  g r a n i t i c  rocks.  S t r a t i g r a p h i c  study suggests t h a t  t he  
Ruby g e a n t i c l  i n e  mos t l y  con ta ins  pre-Permian (and p robab ly  pre-Ordov ic i  an) 
r eg iona l  metamorphic rocks (Pa t ton  and Dutro, 1979), bu t  no m inera log ic  
evidence has been found f rom pe t rograph ic  s tudy o f  t he  Nuka arkose t o  suggest 
t h a t  the re  were extens ive areas o f  metamorphic rocks i n  t h e  source ter rane.  
Conclusive evidence f o r  t he  l o c a t i o n  o f  Nukaland i s  no t  a t  hand, and f u r t h e r  
c lues t o  i t s  l o c a t i o n  must w a i t  u n t i l  t he  geotecton ic  s e t t i n g  of t h e  
c o n t i n e n t a l  rocks i n  c e n t r a l  and western Alaska i s  b e t t e r  understood. 



Dur ing e a r l y  Mesozoic t ime  south o f  sequences t h a t  are now p a r t  o f  
a l l och thon  f i v e ,  p i l l o w  b a s a l t  w i t h  i n t e r c a l a t e d  shale  and c h e r t  formed i n  t h e  
Copter igneous sequence ( f i g s .  23-26). B locks of l imestone, some of which 
have Devonian f o s s i l s ,  a l so  p r e s e n t l y  occur w i t h i n  and a t  t he  base o f  t h e  
basal t. The s t r a t i g r a p h i c  s e t t i n g  and t e c t o n i c  h i s t o r y  o f  the  Copter igneous 
sequence i s  p rob lemat i ca l .  If t h e  vo l can i c  rocks were erupted upon a 
cont inuous l aye r  o f  Devonian l imestone, then they  m igh t  have formed i n  a 
con t i nen ta l  s e t t i n g .  I f  t h e  l imestone b locks a re  t h r u s t  s l i c e s  f rom sequences 
below, then i t  i s  poss ib l e  t h a t  t h e  Copter igneous sequence was erupted on 
oceanic c r u s t  south o f  t h e  Bogie sequence. It has been suggested t h a t  t h e  
p i l l o w  basa l t s  are p a r t  o f  a dismembered o p h i o l i t e  sequence by Pa t ton  and 
o thers  (1977), bu t  because t h e  basal  t s  c o n s i s t e n t l y  occur s t r u c t u r a l  l y  below 
gabbros and p e r i d o t i t e s  o f  the  o p h i o l i t e  complex, a  comagmatic o r i g i n  f o r  
these two s u i t e s  o f  rocks i s  no t  necessa r i l y  an obvious conclusion, as debated 
by Roeder and Mu1 1 (1978) . 

In te rmed ia te  and g r a n i t i c  rocks make up l ess  than t en  percent  of t he  
exposures i n  t h e  Copter igneous sequence. I n  some places g r a n i t i c  rocks 
i n t r u d e  t he  p i l l o w  basa l t s .  I n  o ther  places, basa l t s  and andesi tes are 
i n t e r l aye red .  The assoc ia t i on  o f  g r a n i t i c  rocks,  which a re  mos t l y  quar tz  
d i o r i t e ,  w i t h  b a s a l t  and andes i te  suggests t h e  p o s s i b i l i t y  t h a t  p a r t s  o f  t h e  
Copter igneous sequence migh t  have i s l a n d  arc  a f f i n i t i e s .  De ta i l ed  chemical 
and pe t rograph ic  s tud ies  m igh t  p rov ide  more d e f i n i t i v e  evidence. Remnants of 
a hypo the t i ca l  obducted arc  may be preserved as t he  he re to fo re  unexplained 
Jurass ic  igneous cobbles and boulders found i n  Lower Cretaceous conglomerate 
i n  f l y s c h o i d  sediments along t h e  nor thern  f o o t h i l l s  o f  t he  De Long and 
End i co t t  Mountains (May f i e l d  and others ,  1978b). 

THRUSTING MECHANISM -- HYPOTHETICAL CONSIDERATIONS 

A s imple model t h a t  seems t o  exp la i n  t h e  g rea t  amount of f o resho r t en ing  
i n  t h e  western Brooks Range can be descr ibed as unde r t h rus t i ng  ( o r  subduct ion)  
o f  the  A r c t i c  Alaska p l a t e  beneath another c r u s t a l  p l a t e  t o  t he  south 
( T a i l  l eu r ,  1969a,b; Mar t in ,  1970; Mu1 1  and others ,  1976; Gealey, 1980; Mu1 1, 
1982). The sub th rus t  p l a t e  cons is ted  l a r g e l y  o f  con t i nen ta l  rocks and t h e  
upper p l a t e  cons is ted  o f  oceanic c r u s t  i n  a l loch thon  seven. Such a  model has 
been proposed p rev i ous l y  by Gealey (1980) as a l i k e l y  mechanism f o r  many o ther  
places around t h e  wor ld  where o p h i o l i t e s  have been obducted onto c o n t i n e n t a l  
c r u s t .  

According t o  t h i s  model, the  A r c t i c  Alaska p l a t e  began t o  move i n t o  a 
south-dipping subduct ion zone i n  about Midd le  Ju rass ic  t ime  as schematical  l y  
i l l u s t r a t e d  on p l a t e  5. When the  o p h i o l i t e  ( a l l och thon  seven) was sub th rus t  
by t h e  l ess  dense s i a l i c  c r u s t  below, i t  was u p l i f t e d  and cooled t o  argon- 
r e t e n t i v e  temperatures between 170 and 150 m.y. ago. A t  t h e  subduct ion zone, 
t h e  a l lochthons were detached from t h e  lower p a r t  o f  t he  c r u s t  on which t h e i r  
sequences had been deposi ted.  The process probably  f i r s t  s t a r t e d  a t  the  south 
edge of t h e  c o n t i n e n t a l  she l f  where i t  invo lved  a l loch thon  s i x  and then 
f i ve .  A t  p rog ress i ve l y  l a t e r  stages, n l loch thons  four,  three, two, and 
f i n a l l y  a l loch thon  one detached f rom t h e i r  basement along shal  low-angle t h r u s t  
f a u l t s  as each a l loch thon  was tucked under the  p r e v i o u s l y  detached 
a l lochthon.  The so le  t h r u s t s  f o r  each a l loch thon  commonly occur below 
M iss i ss i pp ian  s t r a t a  i n  t he  nor thern  De Long Mountains and commonly occur 
below Devonian s t r a t a  i n  t h e  southern De Long Mountains and i n  t he  B a i r d  
Mountains. 



Evidence that the faults began to move at an earlier time in the south 
than in the north comes from comparison of the sporadic fossil dates in the 
orogenic f lysch at the top of the a1 lochthonous stratigraphic sequences. The 
basal part of the synorogenic f lyschoid mudstone and graywacke, in most places 
called the Okpikruak Formation, appears to be at least as old as Late Jurassic 
in the higher allochthons and no older than Early Cretaceous (late 
Valanginian) in the lowest exposed thrust sheets of the lowest allochthon 
(Curtis and others, 1983; Ellersieck and others, 1983; Mayfield and others, 
1983a). This fossil evidence for the diachronous nature of the flyschoid 
rocks is also supported by the occurrence of lithological ly distinct 
conglomerate clasts derived from structural ly higher a1 lochthons that are now 
found in the subthrust parts of the Okpikruak Formation in structurally lower 
allochthons. These relations suggest that lower allochthons were thrust 
beneath higher allochthons after the higher allochthons had been imbricated 
and parti a1 ly eroded. 

During the later stages of the underthrusting event, the southern part of 
the Schwatka sequence and the lower parts ,of allochthon one, presently exposed 
in' the Baird Mountains and Schwatka Mountains, were moved under more than ten 
km of thrust sheets. The resulting increase in heat and pressure transformed 
the rocks into slate, schist, quartzite, and marble of the greenschist 
metamorphic f acies (Nelson and Grybeck, 1979; Gealey, 1980; Mayf ield and 
others, 1983b). In most places, there is a steady and continuous metamorphic 
gradient southward from unmetamorphosed rocks at the latitude of the Noatak 
R i v e r  to mostly recrystallized rocks in the central Baird and Schwatka 
Mountains. 

South of the Brooks Range in the Yukon-Koyukuk province, an extensive 
terrane o f  Lower Cretaceous andesitic volcanic and intrusive rocks developed 
and clastic detritus was shed into the surrounding sedimentary basins. 
Potassium-argon dates from andesitic volcanic rocks in the Yukon-Koyukuk 
province (Patton, 1973) show that they were formed during the major thrusting 
episode in the Brooks Range. For this reason, i t  is speculated by some 
geologists that they were a volcanic arc generated from a subduction zone at 
the south edge of the Brooks Range (Gealey, 1980; Fisher and others, 1982). 

The major thrusting process stopped in Early Cretaceous time during, or 
just prior to, deposition of the sparsely fossiliferous Fortress Nountain 
Formation which i s  Albian in age. The southern Brooks Range began to 
isostatically rebound, erosion continued to strip away the a1 lochthonous 
thrust sheets, and large quantities of clastic sediments were shed north into 
the Colville basin during middle and Late Cretaceous time. Most potassium- 
argon ages from metamorphic micas in the southern Brooks Range are thought to 
record the uplift and cooling of these rocks between 110 and 80 m.y. (Tailleur 
and BrosgC, 1970; Turner and others, 1978; Turner and others, 1979). 

SPACE PROBLEMS CREATED BY THE SUBDUCTION MODEL 
It i s  assumed that sedimentary sequences of the western Brooks Range were 

deposited upon an unknown thickness of continental crust. Middle Devonian to 
Carboniferous parts of the allochthonous sequences contain reefoid, 
bioclastic, and glauconitic limestone, carbonaceous shale, and quartzose 
clastic sedimentary rocks that are characteristically deposited near 
shorelines and in epicontinental marine basins. Because these rock types were 
deposited for a period of about 50 million years in periodically shallow-water 



depos i t i ona l  environments, i t  i s  probable t h a t  t h e i r  basement was composed o f  
con t i nen ta l  c rus t .  Over l y ing  these mid-Paleozoic rocks a re  r a d i o l a r i a n  c h e r t  
and s i l i c e o u s  shale  o f  the  E t i v l u k  Group i n  t he  upper p a r t  o f  a1 1  t h e  
a1 lochthonous sedimentary sequences. 

Th i s  i n t e r p r e t a t i o n  o f  t he  c r u s t a l  s e t t i n g  f o r  t he  s i l i c e o u s  rocks o f  t he  
E t i v l u k  Group d i f f e r s  f rom t h e  conc lus ions reached by some prev ious s tud ies.  
Churkin and others  (1979a) named a  succession of M i ss i ss i pp ian  t o  Lower 
Cretaceous rocks i n  t h e  De Long Mountains t h e  Kagvik sequence. P r i m a r i l y  on 
t h e  bas is  o f  t he  s i l i c e o u s  charac te r  and f oss i  1s present  i n  these rocks, they  
i n t e r p r e t e d  t h e i r  sequence t o  be o f  oceanic depos i t i ona l  o r i g i n  (Churkin and 
others,  1979b) o r  con t i nen ta l  margin o r i g i n  (Churk in  and Trex le r ,  1981). The 
Kagvik sequence c o r r e l a t e s  w i t h  t h e  upper p a r t  of t he  Key Creek sequence and 
p o s s i b l y  some o ther  sedimentary sequences i n  t h i s  r epo r t .  The lower p a r t  o f  
t h e  Key Creek sequence inc ludes  t h e  E n d i c o t t  Group, which con ta ins  f l u v i a l  
quartzose c l  a s t i  c sediments, coa l  beds, and o the r  fea tu res  i n d i c a t i v e  o f  an 
e p i c o n t i  nen ta l  o r i g i n .  

According t o  t he  p a l i n s p a s t i c  model o u t l i n e d  i n  t h i s  r epo r t ,  p r i o r  t o  t he  
Brooks Range orogeny a panel  o f  con t i nen ta l  c r u s t  probably  extended more than 
400 km i n  a nor th-south d i r e c t i o n  under the  sequences o f  a l l och thon  one t o  
a l loch thon  f i v e .  The present  l o c a t i o n  o f  t h e  sub th rus t  c o n t i n e n t a l  basement 
f o r  t he  a1 lochthonous sequences i s  a  mystery. The subduct ion model o u t l i n e d  
i n  t h i s  r e p o r t  r equ i r es  t h a t  an unknown th ickness  o f  t h i s  c r u s t  was consumed 
a t  t he  south edge o f  the  Brooks Range. A t  present, t he re  i s  no t  much 
geo log ica l  o r  geophysical  evidence t o  cons t ra i n  hypo the t i ca l  models f o r  t h e  
process o f  c r u s t a l  consumption i n  nor thern  Alaska. A s imple s o l u t i o n  i s  t h a t  
t h e  excess c r u s t  was subducted i n t o  t h e  mantle. I f  i t  i s  assumed t h a t  t h e  
s i a l i c  p a r t  o f  the  c r u s t  i s  no t  dense enough t o  be re tu rned  t o  t he  mant le a t  a 
subduct ion zone, then a t  l e a s t  some o f  t h e  m iss ing  c r u s t  must be under,  t h e  
southern p a r t  o f  t he  Brooks Range and ( o r )  extend an unknown d is tance t o  t he  
south under t h e  Yukon-Koyukuk province. 

If some o f  t he  excess c r u s t  i s  under t he  Brooks Range, i t  i s  one way t o  
e x p l a i n  why g r a v i t y  data suggests t h a t  t h e  c r u s t  seems t o  be t h i c k e r  i n  t h e  
southern h a l f  o f  the  Brooks Range than t o  t he  n o r t h  o r  south (Barnes, 1976). 
Such a  c r u s t a l  t h i c k e n i n g  process, shown as basement t h i c ken ing  by Roeder and 
Mu l l  (1978), would a lso  he lp  t o  exp la i n  t he  g rea te r  amount o f  i s o s t a t i c  
rebound t h a t  has occurred i n  t he  southern Brooks Range compared t o  t h e  
adjacent geolog ic  prov inces t o  t he  n o r t h  and south. I f  some o f  t h e  excess 
c r u s t  f o l l owed  a course o f  sha l low subduct ion south o f  t h e  Brooks Range, i t  
may he lp  t o  e x p l a i n  why g r a v i t y  data i nd i ca tes  a  c r u s t a l  th ickness of 
approximately 30 km i n  t h e  Yukon-Koyukuk province. Th is  th i ckness  i s  more 
s i m i l a r  t o  t h a t  of a c o n t i n e n t a l  margin o r  an i s l a n d  arc  than normal oceanic 
c rus t .  

The th ickness o f  t he  con t i nen ta l  basement which once l a y  under t he  
al lochthonous sequences p r i o r  t o  t h e  Brooks Range orogeny i s  a lso  a  
s i g n i f i c a n t  u n c e r t a i n t y  f o r  developing c o n s t r a i n t s  t o  a  subduct ion model a t  
t h e  south edge o f  t h e  Brooks Range. Fu tu re  deep se ismic  s tud ies  o f  c r u s t a l  
th ickness i n  t he  Brooks Range and t he  Yukon-Koyukuk p rov ince  migh t  p rov ide  
some a d d i t i o n a l  c lues.  Geologic maps o f  t h e  k l i p p e n  i n  t h e  Brooks Range and 
along t he  Ruby geant i c l  i ne (Ta i  11 eur, 1969a; Pa t ton  and others ,  1977; Roedder 
and Mu l l ,  1978) i n d i c a t e  t h a t  t h e  o p h i o l i t e s  are roo ted  i n  t h e  Yukon-Koyukuk 



prov ince.  If so, t h i s  suggests t h a t  a panel o f  oceanic c r u s t  unde r l i e s  much, 
if not  a l l ,  o f  t h e  province. However, i f  t he  basement beneath t h e  o p h i o l i t e  
s l a b  con ta ins  some low-densi ty, con t i nen ta l  c rus t ,  as seems p e m i s s i  b l e  f rom 
t h e  g r a v i t y  model of Barnes (1976), then i t  i s  poss ib l e  t h a t  an under th rus t  
basement panel f rom the Brooks Range may u n d e r l i e  a s i g n f i c a n t  amount of west- 
c e n t r a l  Alaska. P a r t i a l  m e l t i n g  o f  a panel o f  a t tenua ted  s i a l i c  c r u s t  under 
t h e  Yukon-Koyukuk prov ince might  exp la i n  some o f  the  widespread La te  
Cretaceous g r a n i t e  p l u t o n  ism south of t h e  Brooks Range. 

IMPLICATIONS FOR THE CENTRAL AND EASTERN BROOKS RANGE 

Fewer al lochthonous t h r u s t  sequences are known t o  occur i n  t he  c e n t r a l  
and eastern Brooks Range i n  comparison w i t h  t he  western Brooks Range ( T a i l l e u r  
and Brosgk, 1970). P a r t  o f  t h e  reason seems t o  be t h a t  t h e  eas te rn  two - t h i r ds  
o f  the Brooks Range has been eroded t o  deeper s t r u c t u r a l  l e v e l s  than the  
western pa r t ,  so t h e r e  are fewer k l i p p e  o f  upper a l loch thons  preserved i n  t h i s  
reg ion.  Most of the  End i co t t  and P h i l i p  Smith Mountains are composed of rocks 
t h a t  c o r r e l a t e  both l i t h o l o g i c a l l y  and s t r u c t u r a l l y  w i t h  sequences i n  
a l loch thon  one. S t r u c t u r a l l y  h igher  a1 lochthons have smal l e r  outcrop areas 
w i t h  ma in l y  rubble-covered exposures i n  t h e  f o o t h i  11 s n o r t h  o f  t h e  E n d i c o t t  
Mountains. As a consequence, many prev ious workers i n  t h i s  area have been 
~ e l u c t a n t  t o  make p a l i n s p a s t i c  maps t h a t  r e s t o r e  these rocks south o f  rocks 
t h a t  c o r r e l a t e  w i t h  t he  autochthonous o r  parautochthonous Schwatka sequence i n  
t h e  southern Brooks Range. 

There i s  l i t t l e  doubt t h a t  the  c e n t r a l  and eastern Brooks Range underwent 
a s i g n i f i c a n t  compression du r i ng  t h e  Brooks Range orogeny. Numerous t h r u s t  
f a u l t s  and f o l d s  a f fec t  the  rocks as f a r  east as the  Canadian border (Brosgk 
and others,  1976). C o r r e l a t i o n  o f  sedimentary rocks i n  a1 lochthon one across 
t h e  no r t h - cen t ra l  Brooks Range, c o r r e l a t i o n  o f  rocks i n  the  Schwatka Mountains 
prov ince across t h e  south-cent ra l  Brooks Range, and c o r r e l a t i o n  o f  ma f i c  
igneous rocks along t h e  south edge o f  t h e  southwest and sou th -cen t ra l  Brooks 
Range makes i t  probable  t h a t  most rocks exposed i n  t h e  End i co t t  and P h i l i p  
Smith Mountains would be res to red  south o f  t he  southern Brooks Range on a 
p a l i n s p a s t i c  map o f  pre-Jurass ic  nor thern  Alaska. If t h e  po le  o f  r o t a t i o n  f o r  
t he  A r c t i c  Alaska p l a t e  was s i t u a t e d  i n  the  Mackenzie d e l t a  t h a t  c o n t r o l l e d  
most o f  t h e  t h r u s t  d i s l o c a t i o n  i n  t h e  Brooks Range, and t h e  lead ing  edge of 
the  p l a t e  boundary was along t he  south edge o f  the  Brooks Range, then a 
minimum t h r u s t  displacement between an o p h i o l i t e  sheet and t he  autochthon of 
about 500 km would be expected f o r  t he  c e n t r a l  Brooks Range w i t h  p rog ress i ve l y  
less  t h r u s t  d isplacement i n  t h e  eastern Brooks Range. However, i t  seems 
u n l i k e l y  t h a t  a po le  o f  r o t a t i o n  i n  t h e  Mackenzie d e l t a  would be t h e  so le  
determin ing f a c t o r  f o r  t h r u s t  displacement i n  t he  eastern Brooks Range, 
because s i g n i f i c a n t  t h r u s t  f a u l t i n g  w i t h  s imi  1 a r  displacement geometry a1 so 
occurred f a r t h e r  t o  t h e  south i n  t h e  Canadian C o r d i l l e r a .  

IMPLICATIONS FOR THE SEWARD PENINSULA 

I t  i s  probable t h a t  most, i f  no t  a l l ,  o f  t h e  sedimentary and 
metasedimentary rocks i n  t he  Seward Peninsula can be c o r r e l a t e d  w i t h  rocks 
t h a t  are p a r t  of t h e  Schwatka sequence and p o s s i b l y  some o f  t h e  al lochthonous 
sequences i n  the  southwest Brooks Range. Sainsbury (1969) descr ibed t he  rocks 
o f  the e n t i r e  Seward Peninsu la  as be ing  c u t  by  imb r i ca te  t h r u s t  sheets which 
he named the  A. J. C o l l i e r  t h r u s t  b e l t .  He i n t e r p r e t e d  t h a t  t he  upper t h r u s t  



p la tes  were moved t o  the  n o r t h  i n  t h e  western p a r t  o f  t he  Seward Peninsu la  and 
t o  t h e  east  along t h e  east s ide.  The t ime o f  t h r u s t i n g  i s  i n f e r r e d  t o  have 
been E a r l y  Cretaceous. Simi 1 a r i  t i e s  i n  metamorphic grade, mineralogy, 
s t r u c t u r a l  trends, and Paleozoic  s t r a t i g r a p h y  between rocks i n  t h e  Seward 
Peninsu la  and rocks i n  t he  southwestern Brooks Range have been noted by 
T a i  11 eur and o thers  (1967) and Pa t ton  and Ta i  1  l e u r  (1977). These s i m i l a r i t i e s  
suggest a  s i m i l a r  La te  Paleozoic  and Mesozoic geo log ic  h i s t o r y  f o r  t h e  Seward 
Peninsu la  and t h e  western Brooks Range. 

Late Cretaceous o r  E a r l y  T e r t i a r y  tec ton ism i n  t h e  Seward Peninsu la  has 
been speculated t o  be t h e  r e s u l t  o f  an o r o c l i n a l  f l e x u r e  i n  t h e  Ber ing  
S t r a i g h t  r eg ion  ( T a i l l e u r ,  1969a,b; 1973; Pa t ton  and T a i l l e u r ,  1977) o r  a f o l d  
b e l t  t h a t  cuts  across t he  dominant wes te r l y  t rends of t h e  Brooks Range ( M i l l e r  
and others ,  1959). Regardless of which o f  these o r  o ther  younger t e c t o n i c  
deformat ions occurred i n  t h e  Seward Peninsula, i t  i s  probable t h a t  t h i s  area 
was a lso a f f e c t e d  by the sane Ju rass i c  t o  E a r l y  Cretaceous t h r u s t i n g  event 
t h a t  a f f e c t e d  t h e  Brooks Range. Any scheme t h a t  exp la ins  t h e  Seward Peninsu la  
on a. pre-Jurass ic  p a l i n s p a s t i c  bas is  needs t o  take  i n t o  account t he  dramat ic 
e f f e c t s  o f  Brooks Range tecton ism on western Alaska. For  example, i f  most o f  
t h e  metamorphic rocks i n  the  Seward Peninsu la  are c o r r e l a t e d  w i t h  rocks i n  t he  
Schwatka sequence, as suggested by Pat ton and T a i l l e u r  (1977), then  t h e  Seward 
Peninsu la  would need t o  be res to red  hundreds o f  k i l omete rs  t o  t he  no r t h  i n  a  
p o s i t i o n  west o r  southwest o f  t h e  Schwatka sequence on t h e  p a l i n s p a s t i c  map of 
t h i s  r e p o r t  ( p l a t e  4 ) .  

CONCLUS ION 

T h e , f i r s t  p a r t  o f  t h e  Brooks Range orogeny was a pe r i od  o f  low-angle 
t h r u s t  f a u l t i n g  i n  which g rea t  panels o f  oceanic c r u s t  and con t i nen ta l  
p l a t f o rm  and s h e l f  sediments were under th rus t  by t h e  A r c t i c  Alaska p l a te .  
Th is  process i s  i n t e rp re ted ,  i n  reference t o  t he  Nor th  American craton, as t h e  
unde r t h rus t i ng  o f  t h e  A r c t i c  A1 aska p l a t e  southward, f i r s t  beneath oceanic 
c rus t ,  represented by a1 lochthon seven and p o s s i b l y  a1 lochthon s ix ,  and 1 a t e r  
beneath t h e  southern p a r t s  o f  i t s  own sedimentary cover, represented by 
a l lochthons one t o  f i v e .  The process appears t o  have been i n i t i a t e d  a t  t he  
southern edge o f  t h e  A r c t i c  Alaska p l a t e  by t h e  obduct ion o f  an ex tens ive  
o p h i o l i t e  panel ( a l l och thon  seven) i n  t he  Midd le  Ju rass ic ,  I n i t i a l  movement 
on t h e  t h r u s t  f a u l t s  appears t o  have become p rog ress i ve l y  younger f rom h ighe r  
t o  lower i n  the  s tack o f  t h r u s t  sheets, and t he  major t h r u s t  f a u l t s  had 
stopped most of t h e i r  movement by A lb i an  t ime  i n  t h e  E a r l y  Cretaceous. From 
the  p a l i n s p a s t i c  model presented i n  t h i s  r epo r t ,  t he  minimum t h r u s t  
f o resho r t en ing  between t h e  h ighes t  s t r u c t u r a l  l e v e l  and t h e  autochthon i s  700 
t o  800 km. A t o t a l  t h r u s t  fo reshor ten ing  o f  g rea te r  than 1,000 km i s  
poss ib le .  

The unde r t h rus t i ng  process moved autochthonous o r  parautochthonous rocks, 
p r e s e n t l y  exposed i n  t h e  Schwatka Mountains, beneath a subs tan t i  a1 th i ckness  
o f  a l ready  imbr ica ted  a1 lochthonous t h r u s t  sheets. Increased heat and 
pressure r e s u l t e d  i n  r eg iona l  metamorphism i n  t h e  Schwatka sequence and i n  t h e  
lower p a r t s  o f  the  o v e r l y i n g  lowest a1 lochthon. Dur ing t h i s  pe r i od  o f  
unde r t h rus t i ng  t h e  con t i nen ta l  c r u s t  i n  t h e  southern Brooks Range appears t o  
have been thickened. A f t e r  the  compressional episode ceased, t he  southern 
Brooks Range i s o s t a t i c a l l y  rebounded, and t h e  nor thern  Brooks Range and 
C o l v i l l e  bas in  developed broad f o l d s ,  h igh-angle  f a u l t s ,  and smal l -sca le  



t h r u s t  f a u l t s .  These l a t e  tec ton i c  processes probably continued from Late 
Cretaceous i n t o  T e r t i a r y  t ime and may be p a r t  o f  the  Laramide orogeny i n  more 
souther ly  regions o f  the Cordi 1 1 era. 

During Devonian and Miss iss ipp ian  time, the southern p a r t  of northern 
Alaska seems t o  have been an e n s i a l i c  basin w i t h  land areas t o  the  nor th  and 
south. During l a t e  Carboniferous (probably E a r l y  Pennsylvanian) time, the  
southern g r a n i t i c  land area, here c a l l e d  Nukaland, disappeared. S t ra t i g raph ic  
and s t r u c t u r a l  evidence suggests t h a t  Nukaland was moved away from the A r c t i c  
Alaska basin dur ing a widespread extensional t ec ton i c  event by a r ift o r  a 
s t r i k e - s l i p  f a u l t .  I n  l a t e  Paleozoic and e a r l y  Mesozoic time, p r i o r  t o  the 
Brooks Range orogeny, nor thern Alaska i s  i n f e r r e d  t o  have been an extensive 
cont inenta l  she l f  w i t h  oceanic condi t ions t o  the south and a land area t o  the 
north. The s t ra t i g raphy  of t h i s  o l d  sedimentary basin and cont inenta l  shelf  
has been reconstructed by sys temat ica l l y  r e s t o r i n g  lower al lochthons t o  the  
nor th  of higher al lochthons. The r e s u l t i n g  pa l i nspas t i c  map provides a 
reasonable s t r a t i g r a p h i c  model f o r  f u r t h e r  study o f  Paleozoic and Mesozoic 
s t ra t ig raphy i n  the  western Brooks Range. 

The tec tonost ra t ig raph ic  model ou t l i ned  i n  t h i s  repo r t  provides a 
framework t h a t  w i l l  he lp i n  the  exp lora t ion  o f  energy and mineral resources o f  
t h i s  region. I n  o i l  and gas explorat ion, i t  i s  c ruc ia l  t h a t  there be some way 
t o  p r e d i c t  what rock u n i t s  w i l l  be encountered i n  t he  subsurface and what 
f ac ies  trends w i l l  occur w i t h i n  key s t r a t i g r a p h i c  horizons. Unl ike the 
promising areas o f  petroleum p o t e n t i a l  i n  the t h r u s t  b e l t s  o f  the  Rocky 
Mountains which commonly are described as being composed o f  s ing le  
s t r a t i g r a p h i c  sequences, p red i c t i on  of f ac ies  trends i n  rocks o f  the  Brooks 
Range i s  .complicated by the presence o f  stacks o f  t h r u s t  sheets t h a t  conta in 
m u l t i p l e  s t r a t i g r a p h i c  sequences. Geologic maps o f  the  s t r a t i g r a p h i c  
sequences i n  the western Brooks Range show tha t  i n  d i f f e r e n t  al lochthons there 
are many pronounced facies changes i n  Devonian and Miss iss ippian rocks, and 
on l y  a few such changes i n  Pennsylvanian t o  Early Cretaceous rocks. The 
tec tonost ra t ig raph ic  model o f  sequences and a1 lochthons i n  t h i s  repo r t  
provides a way t o  p red i c t  these important l i t h o l o g i c  changes from one t h r u s t  
sheet t o  t he  next i n  the  subsurf ace. I n  minerals explorat ion,  the  l a rge  lead- 
z inc -s i l ve r  and ( o r )  b a r i t e  deposits t ha t  are found w i t h i n  a wide area o f  the 
western Brooks Range are known t o  occur on l y  i n  Devonian and Miss iss ippian 
rocks o f  a1 lochthon one. The a1 lochthon map and cross sect ions (p la tes  1 and 
3 )  should a id  i n  t he  exp lora t ion  o f  these favorable rocks by showing where 
they occur a t  the surface, and where they are expected t o  occur i n  the  
subsurface. 

The pa l inspast ic  synthesis o f  the western Brooks Range i s  a s t r a t i g r a p h i c  
framework which should provide add i t iona l  i n s i g h t  i n t o  the geologic h i s t o r y  o f  
adjacent regions i n  northern and cen t ra l  Alaska. I n  the  cen t ra l  Brooks Range 
where most rocks occur i n  t h r u s t  sheets t h a t  co r re la te  w i t h  s t r u c t u r a l l y  lower 
al lochthons i n  the western Brooks Range, hundreds o f  ki lometers o f  t h r u s t  
d i s p l  acment should have occurred dur ing Late Jurassic  and Ear l y  Cretaceous 
time, and the pa l inspast ic  s t ra t ig raphy,  m1:ch o f  which i s  now apparent ly 
eroded away, should have been s i m i l a r  t o  the s t ra t i g raphy  described i n  t h i s  
repor t .  I n  the Seward Peninsula where most ly  Lower Paleozoic and Precambrian 
rocks are exposed, important s i m i l a r i t i e s  of s t r u c t u r a l  s t y l e  and metamorphism 
w i t h  the southwestern Brooks Range suggest c lose l y  r e l a t e d  Late Jurassic  and 
Ear l y  Cretaceous tec ton i c  h i s t o r i e s .  South o f  the  Brooks Range i n  the  Yukon- 



Koyukuk province, models f o r  t he  o r i g i n  o f  Cretaceous vo l can i c  rocks and 
g r a n i t i c  p lu tons  w i l l  need t o  take  i n t o  account t h e  p o s s i b i l i t y  t h a t  t h e  
A r c t i c  Alaska p l a t e  under th rus t  t h i s  province. 

The t e c t o n o s t r a t i g r a p h i c  model 1 eaves many impor tant  geo log ic  problems 
unresolved. The e a r l y  Paleozoic  geolog ic  h i s t o r y  and t he  charac te r  and 
s t r u c t u r a l  s t y l e  o f  t h e  Devonian E l lesmer ian  orogeny i n  no r t he rn  Alaska i s  
s t i l l  p o o r l y  understood. The l a t e  Paleozoic  geolog ic  h i s t o r y  o f  no r thern  and 
c e n t r a l  Alaska i s  incomplete w i t hou t  knowledge o f  what happened t o  t h e  
g r a n i t i c  rocks o f  Nukaland. An impor tant  u n c e r t a i n t y  about t h e  character  of 
t h e  southern edge o f  t h e  A r c t i c  Alaska p l a t e  j u s t  p r i o r  t o  t h e  Brooks Range 
orogeny could  be reso lved i f  the c r u s t a l  s e t t i n g  of the p i l l o w  basa l t s  i n  the  
Copter igneous sequence o f  a l l och thon  s i x  were known. Determinat ion of t h e  
o r i g i n  o f  these basa l t s  might  p rov ide  added i n s i g h t  i n t o  t he  o r i g i n  and 
process o f  obduct ion o f  t h e  Brooks Range o p h i o l i t e s .  The model f o r  t h e  
t e c t o n i c  e v o l u t i o n  o f  the Brooks Range a lso  i s  incomplete w i t hou t  b e t t e r  
evidence f o r  what happened t o  t h e  m iss ing  subducted(?) s i a l i c  c r u s t  i n  t h e  
Brooks Range and whether o r  no t  the  d e f l e c t i o n  o f  the  mountain t rends a t  t he  
east and west ends o f  t h e  Brooks Range were formed by  o r o c l i n a l  bends. The 
answers t o  these quest ions w i l l  g r e a t l y  improve our understanding o f  the  
t e c t o n i c  processes t h a t  helped shape nor thern  Alaska. 
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