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THE DOONERAK FENSTER, CENTRAL. BROOKS RANGE, ALASKA 

C.G. Mull  I ,  J T .  D i  I Ion I, and Karen E. ~ d a r n s ~  

LOCATION AND ACCESSIBILI TY 

The Doonerak fenster i s  located i n  the central  Brooks 

Range about 55 km (35 m i )  south of the Endicott Mountains 

f ront.  I t  can be traced fo r  a t  least 110 km (70  m i )  southwest 

f rom the Dalton Highway ( the Trans-Alaska Pipel ine haul road) 

about 80  km (50 m i )  nor th  of the v i l lage of Coldfoot. The area 

i s  located on the Wiseman and Chandalar 1 :250,000 quadrangle 

maps and the Wiseman D l  and 02 and Chandalar 0 6  1:63,360 

quadrangle maps. 

The most s ign i f icant  s t ra t igraphic  and s t ruc tu ra l  

re lat ionships i n  the fenster and a t  the base of the allochthon 

are best exposed near Mount Doonerak and i n  the canyon of  

Amawk Creek 24 to  35 km (15 t o  22 m i )  west of the Dalton 

Highway. These areas are most easi l y  reached by hel icopter, o r  

by bush planes which can be landed on a gravel bar near the 

junct ion of  Bombardment Creek and the North Fork of the 

Koyukuk River. The area i s  w i t h i n  the Gates of  the A rc t i c  

National Park, and permission fo r  hel icopter access must be 

obtained in advance from the Superintendent, Gates of the 

A rc t i c  National Park, P.O. Box 74680, Fairbanks, Alaska 99707. 

The easternmost end of  the fenster i s  accessible by 

foo t  f rom the Dalton Highway f rom between Mi les 225 and 226. 

By wading the Oiet r ich River, an 8 km ( 5  m i )  hike up Kuyuktuvuk 
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Creek or TrcrnbJcy Crcek and a 3000 t o  3000 f t .  c lcva t inn  q a i n  

g ives access t o  some of  the m a j o r  s t ra t - ig raph ic  u n i t s  exposed In 

the fens te r  and a t  the  base o f  the a i lochthon.  However, in th is  

area, exposures are not  as good, and the s t r u c t u r e  I S  much 

more complicated than in the area o f  Mount Doonerak and 

Amawk Creek t o  the west .  

Only the base o f  the End icot t  Mountains a l lochthon i s  

present  i n  the area o f  the  Doonerak fens te r .  The upper p a r t  o f  

the  Upper Devonian c l a s t i c  sequence and the  Miss iss ipp ian t o  

T r i ass i c  rocks  on the a l lochthon are best  exposed f r om the 

Brooks Range c r e s t  a t  A t igun Pass n o r t h  t o  the mountain f ront ,  

and are  mos t  eas i l y  reached f r o m  the  Dal ton Highway i n  t he  

nor the rn  End ico t t  Mountains. 

SIGNIFICANCE OF LOCAL1 TY 

The Doonerak fens te r  i s  the  mos t  s i g n i f i c a n t  l o c a l i t y  

f o r  understanding the reg iona l  s t r u c t u r a l  s t y l e  and tec ton ic  

h i s t o r y  o f  the  cen t ra l  Brooks Range. The fens te r  i s  a m a j o r  

nor theast -southwest  t rend ing ant  i f  o rm bounded by the Endicot t 

Mountains al lochthon, wh ich  t o  the n o r t h  f o rms  the nor the rn  

End ico t t  Mountains o f  the  cen t ra l  Brooks Range (Fig. 1 ). The core 

of the  f ens te r  conta ins  a d i s t i n c t i v e  Lower  Miss iss ipp ian t o  

Upper T r i ass i c  sec t i on  t h a t  unconformably over l i es  l owe r  

Paleozoic vo lcan ic  and metamorphic rocks  (Fig. 2). A s i m i l a r ,  

coeval s t r a t i g raph i c  sequence i s  found 240 km (150 m i )  t o  the 

n o r t h  and nor theast  in the  A r c t i c  Slope subsurface and in 

outcrop In the nor theastern  Brooks Range. Rocks i n  the  fens te r  

are  over la in  by t he  Amawk thrus t ,  the  so le  f a u l t  o f  the  End ico t t  

Mountains a l lochthon (Fig.3). 

D l s t  i n c t  ive f ea tu res  t h a t  d i s t i ngu i sh  the s t r a t i g raph i c  



sequence on the allochthon from the sequence in  the fenster  

include the fo l lowing:  1 )  a th ick sequence of Upper Devonian 

del ta ic  deposits on the allochthon that conformably underlie 

Mississippian to Jurassic sediments, i n  contrast  to lower 

Paleozoic a r g i l l i t e  and metavolcanic rocks i n  the fenster that  

unconformably underl ie Mississippian to  Tr iassic sediments.; 2) 

the presence of s i l iceous Permian and Tr iassic s t ra ta  on the 

al lochthon i n  contrast  t o  non-sil iceous coeval s t ra ta  i n  the 

fenster; and 3) the presence of  maroon and green shale w i t h  

associated s ider i te  and bar i te  nodules in the Permian sect ion 

on the allochthon, ir! contrast  to  corre la t ive dark-gray t o  black 

shale in the fenster.  

Restoration of the Endicott Mountains allochthon t o  

south o f  the Doonerak fenster resu l ts  in  a logical  reconstruct ion 

of the Mississippian therough Tr iassic depositional basin. A 

minimum of 88 km (55  m i )  of  tecton ic  overlap of  the allochthon 

over the Doonerak fenster i s  indicated by regional relat ionships; 

the actual shortening i s  a t  least  an order of magnitude greater. 

Thrust emplacement o f  the a l  lochthon probably occurred during 

the Early Cretaceous par t  of the Brookian orogeny and was 

fo l lowed by Late Cretaceous folding, which formed the Doonerak 

an t i  form. 

GENERAL STRATIGRAPHY 

Two major  depositional sequences are present i n  the 

Doonerak fenster. The Lower Paleozoic Frankl in ian sequence 

, consists of  low-rank metasedimentary and metavolcanic rocks, 

over la in by the El lesmerian sequence of  Mississippian t o  

Tr iass ic  age shelf-carbonate and shal low-marine c las t i c  rocks. 

A regional unconformity a t  the base of the Mississippian 

separates the E l  lesmerian sequence f rom the Frankl in ian 



sequence. D e t a i l s  o f  t h e  strat . igraphy in t h e  fenster  a r e  given 

by Dutro and others ( 1976) and by Mu1 I and others ( i n  press). 

I n  contrast  to the rocks o f  the fenster, the Endicott 

Mountains al lochthon consists of a th ick Upper Devonian del ta ic 

sequence conformably over la in by Mississippian t o  Jurassic 

shelf carbonate and c las t i c  rocks. 

STRUCTURE 

The generalized s t ruc tu ra l  re lat ionship between the 

Doonerak fenster and the Endicott Mountains allochthon is  

i l l us t ra ted  in Figure 3. The Doonerak fenster i s  defined by 

major  thrust  f au l t s  that  dip away from the axis of the ant i form. 

The Amawk thrust  (Fig. 41, which forms the base of the 

Endicott Mountains allochthon, can be readi ly  traced from the 

nor th  f lank o f  the eastern Doonerak fenster around the eastern 

plunge to  the south f lank of  the ant i form. On the nor th  flank, 

northwest of Mount Doonerak, the El lesmerian s t ra t igraphic  

sequence i s  a complete sect ion w i t h  re la t i ve ly  uni form 

regional nor th  dip broken only by minor faul t ing.  However, t o  

the east, deformation w i t h i n  the Ellesmerian rocks becomes 

progressively more complex, and i s  characterized by thrust  

imbr ica t ion  and isoc l ina l  folding. Thrust f au l t s  have also been 

iden t i f  led i n  the Frankl inian sequence; however, these fau l t s  

may have been pre-Mississippian fau l t s  react ivated during the 

Cretaceous orogeny. I n  addition, a ser ies of east-west-  

trending high angle fau l ts  cut  the Frankl inian and Ellesmerian 

sequences; some of these fau l t s  also cut  the overlying Amawk 

thrust  and the lower  beds of the Endicott Mountains allochthon. 



SIGNIFICANT GEOLOGIC L O C A L I T I E S  

The locations of some of  the most sign~ficant 

s t ruc tura l  and s t ra t igraphic  features in  the Doonerak f ens ter  

are p lo t ted  on f i g  1 .  and are discussed below. 

Frankl inian seauence--Pre-Mississippian a r g i l l i  te  and 

Cambrian- Ordovician metavolcanic rocks form the main mass 

of  Mount Doonerak ( l oca l i t y  I )  (Fig. 51, and are also w e l l  exposed 

i n  the canyon of Bombardment Creek ( loca l i t y  2) and near the 

head of an unnamed canyon between Mount Doonerak and Wien 

Mountain ( l oca l i t y  3).  

Keki ktuk Conalomerate and Kavak Shale--Kekiktuk 

Conglomerate and Kayak Shale are general l y  buried beneath 

l imestone ta lus f rom the overlying Lisburne. However, 

Kekiktuk unconformably overlying the Frankl inian sequence i s  

present in several loca l i t ies  near the head of  the unnamed 

canyon between Mount Doonerak and Wien Mountain. ( l oca l i t y  3) .  

Kayak Shale and Kekiktuk Conglomerate are both w e l l  exposed 

on large north-dipping f l a t i r ons  on the nor th  f lank of Amawk 

Mountain near the head of Amawk Creek ( l oca l i t y  4). 

Lisburne G~OUD--Complete sections o f  the l imestone of 

the Lisburne Group are present in c l i f f  exposures i n  

Bombardment Creek canyon and i n  the two  canyons to  the east 

nor th  o f  Mount Doonerak ( l oca l i t i es  2, 5, and 6 )  (Fig.  5) .  The 

Lisburne i s  also w e l l  exposed on the nor th  side of  Amawk Creek 

canyon ( l oca l i t y  7, Fig. 6) .  

Sadlerochi t Grow--F ine-grained calcareous sandstone of 

the Echooka Formation of  the Sadlerochi t Group i s  present on a 

number o f  north-dipping f l a t i r ons  nor th  of Mount Doonerak. 

One of the best exposures of the Echooka and an overlying black 

p h y l l i t i c  shale in terva l  i s  on the nor th  side of  Amawk Creek 



canyon t l o c a \ i t y  7KFig  6) Thc t r a c c  fos3 i l  Zooohvco~ ,  whrch 1 3  

character is t ic  o f  the Echooka in northern Alaska, and scattered 

brachiopods are present a t  thrs loca l i ty .  The Sadlerochrt i s  

also w e l l  exposed i n  a narrow gorge near the mouth of 

Bombardment Creek ( loca l i t y  8). The upper par t  of the section, 

and the contact w i t h  the overlying Shublik Formation i s  readi ly  

accessible i n  the canyon; however, the lower  par t  of the section 

i s  d i f f i c u l t  t o  reach i n  the very narrow upper par t  of  the gorge. 

The depositional contact of the Echooka w i t h  the underlying 

Lisburne Group carbonates can be examined jus t  above a 

w a t e r f a l l  a t  the head of the gorge. This l oca l i t y  may be 

reached by c l imbing above the west side of the gorge. 

Shublik Formation and Karen Creek Sandstone--The youngest 

s t ra ta  i n  the E l  lesmerian sequence i n  the Doonerak fenster 

consist  of  the Shublik Formation and the Karen Creek Sandstone. 

These un i t s  are exposed a t  only one loca l i t y  - near the mouth of 

the canyon o f  Bombardment Creek ( l oca l i t y  8 ) .  Thin-bedded 

black earthy l imestone and shale of  the Shublik i s  exposed on 

both sides of the canyon, but  the Karen Creek, 2 m thick, i s  

exposed only on the east side of the downstream end of the 

canyon. Phosphatic nodules and the f l a t  pelecypods Halobia so. 

and Monotls so. are common i n  the l imestone beds of the Shublik. 

Amawk thrust--The Amawk thrust  i s  generally not exposed. 

On the nor th  w a l l  o f  the Amawk Creek canyon ( l oca l i t y  -/)(Fig. 6 )  

i t  i s  i n  a covered in te rva l  between the gray l imestone c l i f f s  of  

an imbr icate th rus t  sheet of Lisburne and the over ly ing a r g i l l i t e  

of  the Beaucoup and Hunt Fork Formations near the base of the 

Endicot t  Mountains allochthon. On a low f l a t i r o n  j us t  wes t  of 

the mouth of  the Amawk Creek canyon ( l oca l i t y  91, the Amawk 

th rus t  I s  in a narrow covered in terva l  between the Lisburne 



Group l imestone and a schistose quar tz i te  which forms the base 

o f  the allochthon. The thrust  i s  a lso  present in some p laces  In 

the val ley of Trembley Creek near the east end of the fenster. 

Hiah-angle fau l ts- -A high -angle fau l t  tha t  cuts the 

Frankl inian sequence and the Lisburne Group i s  we1 l exposed 

i n  the canyons nor th  of Mount Ooonerak ( l oca l i t i es  3 and 5 )  (Fig. 

5) .  North of Falsoola Mountain, high-angle fau l t s  also cut the 

Amawk thrust  ( l oca l i t y  10). 

Basal beds on the Endicott Mountains allochthon--Intensely 

deformed phy l l i t e  and schis t  w i t h  abundant quartz veining i s  

present i n  several r i v e r  b l u f f  exposures along the North Fork of  

the Koyukuk River both upstream and downstream from the 

mouth of  Bombardment Creek ( l oca l i t y  8 ) .  Thick purple and 

green argi  I I i t e  of the Beaucoup Formation and dark-gray 

p h y l l i t i c  shale of the basal Hunt Fork are exposed on the 

mountain slopes nor th  of  the Amawk Creek canyon. ( loca l i t y  1 1 ). 

(Fig. 6). Isolated blocks of intensely f ractured and quartz- 

veined schistose quar tz i te  and conglomerate are also present i n  

the lower  par ts  of  these slopes. The quar tz i te  and conglomerate 

may be pa r t  of  the Beaucoup Formation or  may be tectonic blocks 

derived f rom an unknown source. 
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Figure Captions 

Figure I ..--Index map o f  eastern  end o f  Doonerak 
f ens te r  showing l oca t i on  o f  m a j o r  geographic 
fea tu res  and s i g n i f i c a n t  geologic l o c a l i t i e s .  

F igure 2.--Generalized s t ra t ig raphy  o f  Doonerak fens te r  and 
End ico t t  Mountains a l lochthon.  

F igure  3--  D iagrammat ic  c ross  sec t ion  o f  Brooks Range and 
A r c t i c  Slope showing general ized re la t ionsh ip  o f  
Doonerak fens te r  and Endicot t  Mountains al lochthon. 
T - -Ter t ia ry ;  Ku-- -Upper Cretaceous; KI---Lower 
Cretaceous; J- - Jurass ic ;  TRM--Mississippian t o  
T r iass ic ;  ~RD- -Devon ian  t o  T r i ass i c  on End icot t  
Mountains al lochthon; D--Middle and lower  Upper 
Devonian on Endicot t  Mountains a l lochthon;  Pz l - - lower  
Paleozoic; K -.-Devonian t o  Cambrian; sch--schist ;  
m-urn--mar i c - - u l  t ramaf  ic  rocks .  

F igure 4---.View t o  the west  f r om Falsoola Mountain along no r t h  
f l ank  o f  Uoorwrak fens te r  t owa rd  Mount Doonerak 
(center  s k y ]  ine).  North--d ipping L isburne Group 
l imestone ( PMI) and Kayak Shale and Kekik tuk  
Conglomerate (Mk) are over la in  by the Amawk 
t h rus t ,  the so le  f a u l t  o f  the  End icot t  Mountains 
a1 locht.hon. H x e  o f  a l  lochthon cons is ts  o f  Beaucoup 
Format ion and Hunt Fork Shale und i f f e ren t i a t ed  (Ds), 
and poss ib le  Kanayut. C:onylornerate (MDk?). 

k lgure 5 V ~ e w  t o  <;o i~thwest ,  o f  Mour)l boonerak, c,t~ow rng hrgh 
any le f a u l t  w p a r a t i n g  lower  P a l e o ~ o ~ c  nietavolcanrc 
rocks and a r g ~  1 l l t e  ( P r i )  f rom Llsburne (jroup 
l imestone ( P M I )  1 h row 1s mor-c than 500 rn ( l OOOft ) 

F igure  6- -V iew t o  t h e  east up Amawk Creek canyon showing 
good exposure o f  Sad le roch i l  Group (Ps) beneath 
imb r i ca te  t-hrust s l i c e  o f  L isburne Group l imestone 
( fPM1). I>f!von~an Hunt Fork Shale (Dhf and 
Beaucoup f-ormat ion (Db) on l owe r  pa r t  o f  End icot t  
Mountain?; a l lochthon are separated f r om the 
Lisburne Group by the  Amawk t.hrust. North-d ipping 
f l a t i r o n s  o f  L~sburne ,  Kayak Shale and Kek ik tuk  
Conglomerate depos i t iona l ly  o v c r l i e  l owe r  Paleozoic 
rocks  (Pz l )  on Amawk Mountain ( r i g h t  center  sky l ine) .  
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