
DEPARTMENT OF THE INTERIOR 
UNITED STATES GEOLOGICAL SURVEY 

TO ACCOMPANY MAP 1-1 182-C 

MAP, CROSS SECTIONS, AND CHART SHOWING LATE QUATERNARY FAULTS, FOLDS, 
AND EARTHQUAKE EPICENTERS ON THE ALASKAN BEAUFORT SHELF 

By Arthur Grantz and David A.  Dinter 
U.S. Geological Survey, Menlo Park, Cal i fornia  94025 

and 
Nirendra N .  Biswas 

Geophysical I n s t i t u t e ,  University of Alaska, Fairbanks, Alaska 99701 

INTRODUCTION 

Geologically youthful s t ruc tu re s  a r e  l o c a l l y  
numerous on t h e  Alaskan Beaufort she l f .  These 
f ea tu re s  can be grouped i n t o  provinces of (1) deep- 
reaching landsl ides  and r e l a t ed  l i s t r i c  normal f a u l t s  
near the  s h e l f  break, ( 2 )  apparently aseismic normal 
f a u l t s  and r e l a t ed  monoclines on the  cen t r a l  and 
western she l f ,  and (3)  broad fo lds ,  monoclines, and 
f a u l t s  I n  a seismogenic zone on t h e  eas tern  s h e l f .  
The d i s t r i bu t ion  and geologic character  of these near- 
surface  s t ruc tu re s  provide i n s i g h t s  i n t o  t he  deeper 
geologic s t r u c t u r e  of the Beaufort shel f  and slope 
t h a t  may be useful  t o  petroleum explora t ion .  They 
a l s o  provide information on the mobi l i ty  of the near- 
surface  and su r f ace  mater ia ls  t h a t  may const ra in  t h e  
s a f e  development of the considerable o i l  and gas 
resources thought t o  under l ie  t he  area (Grantz and 
o the r s ,  1980). Preliminary assessment and overview of 
t he  environmental geology of t h e  Alaskan Beaufort 
s h e l f ,  including l a t e  Quaternary fo lds ,  f a u l t s  and 
earthquakes, a re  given i n  Grantz and Dinter (19801, 

Surface movement along the  f a u l t s  o r  o ther  
apparently ac t ive  s t ruc tu re s  discussed i n  t h i s  r epo r t  
could d is rupt  petroleum production and t ranspor ta t ion  
f a c i l i t i e s  on the  Beaufort s h e l f ,  possibly causing 
blowouts and s p i l l s  of o i l ,  gas, or formation water, 
The U,S, Bureau of Land Management (1979) has 
concluded t h a t  such accidents  near shore between the  
Co lv i l l e  and Canning Rivers could have se r ious  adverse 
eaologic consequences. This repor t  i nd i ca t e s  areas  of 
t h e  she l f  sub jec t  t o  hazards of d is rupt ion  of t h e  
seabed by t ec ton ic  movement. With a companion repor t  
(Dinter,  1982), it shows where th i ck  unconsolidated 
sediment l i e s  adjaaent t o  t ec ton ica l ly  ac t ive  and 
seismogenic ter ranes .  Suah areas  would be especia l ly  
prone t o  s t rong ground motion and f a i l u r e  during 
earthquakes. 

The d i s t r i b u t i o n  and character  of youthful 
geologic s t ruc tu re s  of t h e  Alaskan Beaufort s h e l f  a r e  
presented on sheet  1. The data  a r e  shown on a new 
bathymetric map of t h e  Beaufort Sea prepared by 
Greenberg and others  (1981 ) . Line drawings showing 
aross  s ec t ions  of t yp i ca l  s t ruc tu re s  as observed on 
both high- and low-frequenay seismic r e f l ec t ion  
p r o f i l e s  a r e  shown on sheet  2, and a char t  depic t ing  a 
t en t a t ive  displacement h i s to ry  o f  the mapped f a u l t s  
and monoclines is presented on sheet  3. 

DATA BASE AND ITS LIMITATIONS 

Seismic-reflection data  

High-resolution se ismic-ref lec t ion  p ro f i l e s  
obtained i n  1977 by t h e  U.S. Geological Survey 

Research Vessel S. P. Lee (Grantz and Greenberg, 1981) 
were used t o  map and t e n t a t i v e l y  t o  da te  t h e  movement 
h i s to ry  of near-surface geologic s t ruc tu re s  on the  
Alaskan Beaufort she l f .  The p r o f i l e s  cover most of 
t he  middle and outer  she l f  between the  20- and 600-10 
isobaths.  S ix  hundred meters is t h e  maximum water 
depth a t  which the  high-resolution seismic system 
obtained useful. data.  Most of t h e  t r ack l ines  t rend 
normal t o  the  she l f  break and a r e  spaced 15 t o  25 W 
apa r t  ( sheet  1 ) .  Tie  l i n e s  a r e  roughly p a r a l l e l  t o  
t he  she l f  break. Because of the  g r id  spacing, fewer 
than half  of t h e  s t ruc tu re s  mapped on sheet  1 were 
crossed on more than one seismic p ro f i l e .  S t r ikes  of 
s t ruc tu re s  crossed only once have been in fe r r ed  from 
regional trends or from the t rends  of nearby loca l  
s t ruc tu re s .  Maximum uncer ta in t ie3  i n  pos i t i on  
obtained by the  in tegra ted  sa t e l l i t e -dopp le r  sonar 
navigation system on t h e  R/V S. P. Lee i n  1977 a r e  
estimated t o  be bout 1 !a. 

The Unibooa se ismic-ref lec t ion  system used f o r  
t he  survey employs a hull-mounted transducer and a 
sho r t  single-channel streamer Cowed with an o f f s e t  of 
32 m, Amplifiers were f i l t e r e d  t o  pass s igna l s  i n  t h e  
300- t o  1,500-Hz range. S t ruc tu ra l  o f f s e t s  as small 
as 1 rn are d i sce rn ib l e  on the  best p ro f i l e s .  Sub- 
bottom acoust ia  penetration was commonly 0.1 t o  0.15 
seconds of two-way seismic t r a v e l  time, but, i n  
e spec i a l ly  favorable areas  when seas  were calm, 
penet ra t ion  ranged t o  as muah as 0.2 t o  0.4 seconds. 
Offse ts  along near-surface geologic s t r u c t u r e s  (sheets  
1 and 3 )  were ca lcula ted  assuming a sedimentary sound 
ve loc i ty  of 1,500 m / s ,  a choice in fe r r ed  from i n t e r v a l  
ve loc i t i e s  derived from the  processing of coincident 
multichannel se ismic-ref lec t ion  and sonobuoy 
r e f r ac t ion  p ro f i l e s .  

The chief inhomogeneities i n  the  data  were 
introduced by sea  s t a t e .  Noise and s t rong motion of 
the streamer and the  hull-mounted transducer during 
occasional storms s t rongly  degraded the  seismic 
p ro f i l e s .  A t  such times, indica ted  by a marked 
s inusoidal - l ike  waviness of r e f l ec t ions  on the  high- 
resolut ion  p ro f i l e s ,  only s t rongly  r e f l e c t i v e  shallow 
fea tu re s  were recorded. These e f f e c t s ,  cmbined with 
water depth and l o c a l  va r i a t i ons  i n  acoust ic  
proper t ies  of t he  shallow sedimentary deposi t s ,  
c rea ted  considerable va r i a t i on  i n  the  depth t o  which 
the  young geologic s t ruc tu re s  could be resolved. 

Except on turns  between the  genera l ly  l i n e a r  
t r ack l ines ,  low-frequency single-channel and 
multichannel seismic-reflection p ro f i l e s  were recorded 
coincidenta l ly  with most of t h e  Uniboom p ro f i l e s .  A l l  
s t ruc tu re s  mapped from the  high-resolution p ro f i l e s  
were a l so  examined on t h e  low-frequency p r o f i l e s  i n  
order t o  determine t h e i r  deeper s t r u c t u r a l  character ,  
approximate d ip ,  and r e l a t i o n  t o  regional geologic 
s t ruc tu re .  

' ~ n ~  use of t r ade  names is f o r  desc r ip t ive  
purposes only and does not imply endorsement by the 
U.S. Geological Survey. 



Earthquake data 

The epicenters  shown on sheet  1 represent a l l  
earthquakes i n  the  map area  located by the northern 
and cen t r a l  Alaska seismographic networks of t h e  
Geophysical I n s t i t u t e  (University o f  Alaska) and by 
the  regional seismographic network of Canada during 
the  period 1968-78. Earthquakes pr ior  t o  1968 were 
excluded because t h e  data  a r e  t oo  inoomplete. 

The Canadian locat ions  a r e  least-squares 
so lu t ions  f o r  a one-layer, 36-)an-thick c rus t  having 
hypocentral depths constrained t o  mid-layer (18 Ian). 
A general estimate of e r r o r s  i n  Canadian loca t ions  of 
epicenters  is about +I00 km (Basham and others ,  
1977). Locations determined by t h e  Geophysical 
I n s t i t u t e  a r e  based on the  weighted least-squares 
method of Lee and Lahr (1975). The P-wave veloci ty  
s t ruc tu re  used is given by Biswas and others  (1977). 
The hypocentral depths were constrained t o  10 h. For 
most of these events the ep i cen t r a l  locat ion  e r ro r s  
a r e  about 215 t o  20 !a, 

The magnitude of the earthquakes shown ranges 
f r m  about 0.5 t o  5.3. The l a r g e s t  event (M = 5.3) 
occurred about 30 lan off shore of Bar ter  Is land i n  
1968. Many events had magnitudes between 3.0 and 5.0, 
and a s ign i f i can t  number of these were between M = 4.0 
and M = 5.0. 

The locat ion  of s t a t i o n s  i n  the Geophysical 
I n s t i t u t e  seismograph network i n  nor theas t  Alaska 
(Biswas and Gedney, 1978) was such t h a t  a l l  events 
g rea t e r  than magnitude 3.0 i n  t he  nor theas t  Brooks 
Range and the eas tern  part  of the ooaatal  p l a in  t o  the 
west would have been recorded. Given t h e  l a rge  number 
of events g rea t e r  than M r 3.0 recorded by the  
network, and t h e  f a c t  t h a t  t he  network operated during 
pa r t s  of three  years,  the absence of epicenters  from 
the  coas ta l  p la in  west of t h e  mountain f r o n t  and t h e  
Canning displacement zone (sheet 1) is  thought t o  be 
t ec ton ica l ly  s ign i f i can t .  

GEOLOGIC FRAMEWORK 

The regional extent  and s t r u c t u r a l  character  of 
each of the three  provinces of young, near-surface 
s t ruc tu re s  can be r e l a t ed  t o  major f ea tu re s  of t h e  
regional geology of the Alaskan Beaufort she l f  and 
s lope ,  I n  order t o  demonstrate t he  connection a 
synopsis of the regional geology, presented i n  g rea t e r  
d e t a i l  by Grantz and others  (19791, is included here. 

The Atlantic-type cont inenta l  margin off  northern 
Alaska is postulated t o  have been created by r i f t i n g  
t h a t  separated the present North Slope of Alaska from 
the  western Arc t i c  Is lands  of Canada by sundering a 
formerly s t a b l e  s h e l f ,  the Arctic platform, The 
Arct ic  platform was cut  by erosion across  mildly 
metamorphosed ea r ly  Paleozoic bedded rocks during Late 
Devonian and Ear ly  Mississippian time and then covered 
by shel f - fac ies  c l a s t i c  and carbonate rocks during 
Mississippian t o  T r i a s s i c  time. Breakup of t h e  
platform, and the  beginning of d r i f t ,  occurred about 
120 m.y. B.P. 

The geometry of the nascent r i f t  divided the  
cont inenta l  margin e a s t  of long 160' W. i n t o  two 
d i s c r e t e  s t r u c t u r a l  s ec to r s .  This d iv is ion  has 
l a rge ly  contro l led  the  post-Triassic geologic 
deve lopen t  of the northern Alaskan cont inenta l  
margin. I n  t h e  western, o r  Barrow, s ec to r ,  which l i e s  
west of the Canning River, the edge of the r i f t e d  
margin is thought t o  under l ie  t h e  s lope  or upper r i s e ,  
and a well-defined t ec ton ic  hinge l i n e  (sheet 1) 
underlies t h e  middle and outer  she l f .  The hinge l i n e  
is a f lexure  i n  the  Arct ic  platform north of which the  
platform was heated, up l i f t ed ,  and deeply eroded 
during the i n i t i a l  s tages  of r i f t i n g ,  and then cooled 
and subsided as t h e  s ea f loo r  spreading center  moved 
away from the margin. The eroded Arct ic  platform 
steepens i n  slope a t  t he  hinge l i n e  and descends 
northward through a t r a n s i t i o n  zone t o  oceanic depths 

beneath the  cont inenta l  rise. A s  most of the  she l f  i n  
t he  Barrow sec to r  is underlain by t h e  Arct ic  platform, 
t he  s ec to r  is characterized by r e l a t i v e  t ec ton ic  
s t a b i l i t y .  During Cretaceous and Te r t i a ry  time, 
c l a s t i c  sedimentary ma te r i a l s  derived from souther ly  
(Brooks Range) sources prograded across  the  platform 
i n  t he  Barrow sec to r  t o  form a th i ck  and 
s t r a t i g r a p h i c a l l y  complex, but i n  general  l i t t l e -  
deformed, cont inenta l - ter race  sedimentary prism. 
These sedimentary rocks a r e  assigned t o  t h e  Brookian 
sequence of Lerand (1973) a s  modified by Grantz and 
others  (1 979). 

I n  t he  eas tern ,  or Bar ter  Is land,  s ec to r  of the 
cont inenta l  margin, which l i e s  e a s t  of t h e  Canning 
River, the edge of the  r i f t e d  margin is  thought t o  l i e  
beneath the  s h e l f ,  and the  hinge l i n e  l i e s  shoreward 
of our seismic p r o f i l e s ,  probably near the  present 
coas t l i ne .  The s t a b l e  Arct ic  platform, which l i e s  
south of the hinge l i n e ,  is therefore  believed t o  be 
mostly absent beneath the  she l f  i n  t h i s  s ec to r  (Grantz 
and o the r s ,  1979). The Brookian sedimentary wedge 
beneath t h e  shel f  here is th i cke r  than i n  t h e  Barrow 
s e c t o r ,  and is thought t o  contain t h i ck  sec t ions  of 
Ju ra s s i c  as well a s  Cretaceous and Te r t i a ry  s t r a t a .  
The Brookian sequence here is a l s o  much more aomplex 
s t r u c t u r a l l y  and contains deep subbasins.  A few long, 
large-amplitude fo lds  dominate the  s t r u c t u r e  of the 
i nne r  she l f  i n  t he  Bar ter  Is land s e c t o r ,  and numerous 
smaller d i a p i r i c  fo lds  under l ie  the  cont inenta l  slope 
and rise. The f o l d s  i n  t he  ea s t e rn  par t  of t h e  s ec to r  
a r e  shale-cored s t ruc tu re s  of i r r egu la r  shape and 
northwest s t r i k e .  Those i n  t h e  western pa r t  a r e  
detachment fo lds  of more regular  morphology and 
southwest s t r i k e .  

The detachment fo lds  of the  ea s t e rn  Beaufort 
she l f  appear t o  be r e l a t ed  s p a t i a l l y ,  and probably 
gene t i ca l ly ,  t o  a broad zone of u p l i f t  and d i s t r i bu ted  
l e f t - l a t e r a l  displacement t h a t  follows t h e  west race  
of the nor theas t  Brooks Range (sheet  1 ) .  Because pa r t  
of i t  follows t h e  lower Canning River, t h e  f ea tu re  is 
here named the  Canning displacement zone. The 
exis tence  of a zone of " . . . e i t he r  l e f t -  o r  r ight -  
l a t e r a l  movement,. ." along the  lower Canning River was 
postulated by Blanton (1970, p. K-14) on the  bas is  of 
regional  s t r u c t u r a l  and s t r a t i g r a p h i c  trends.  We read 
Blanton's br ief  note,  which was not accompanied by 
maps, t o  suggest t ha t  the  movement followed a 
subsurface disturbed zone t h a t  trended north from the  
Canning River a t  about 6g030' N. through the  Marsh 
an t i c l i ne .  From near 6g030' N.  t he  subsurface 
d is turbed zone t rends  westerly and passes south of 
Umiat. 

Evidence f o r  the  Canning displacement zone is 
physiographic, seismic,  and s t r u c t u r a l ,  but t h e  
s t r u c t u r a l  evidence is sub t l e ,  presumably because the  
zone is i n  an ea r ly  s t age  of deve lopen t .  
Physiographioally, the zone is defined f o r  much of its 
length by t h e  northwest-facing, northeast-trending 
west f ron t  of the nor theas t  Brooh  Range (sheet  1) .  
This f r o n t  is a t  or near t h e  west l i m i t  of major l a t e  
Quaternary u p l i f t  i n  nor theas t  Alaska (T. D. Hamilton, 
wr i t ten  comun,,  1981). Seismically,  t he  zone is 
marked by the  west margin of a b e l t  of te lese ismic  
earthquake epicenters  t h a t  t rends  southwest from 
Camden Bay toward the  junction of the Yukon and Tanana 
Rivers (Meyers, 1976). Epicenters of t h e  mainly 
smaller earthquakes shown on sheet  1, most of which 
were located by loca l  and regional seismographic 
networks, a l so  extend only a s  f a r  west as the 
displacement zone. S t ruc tu ra l  evidence f o r  t he  zone 
is  of three  kinds. F i r s t ,  Laramide s t r u c t u r a l  trends 
are ro t a t ed  counCerclockwise i n  a broad zone across  
t he  mountain f ron t .  The geometry of the ro t a t i on  
suggests t h a t  t he  ea s t e rn  Brooks Range moved about 25 
t o  50 lan northward along the  displacement zone with 
respect t o  t he  aseismic t e r r ane  t o  t he  west (Grantz 
and o the r s ,  1979, p. 2841, Second, l a t e  Paleozoic and 
e a r l y  Mesozoic s t r a t a  a r e  folded i n  t h e  nor theas t  



Brooks Range, whereas the same beds a r e  m n e r a l l y  f l a t  
beneath the  lowland t o  t h e  west. Third, t he  
detachment fo lds  and associated earthquake epicenters  
of t he  Camden Bay area of the  Beaufort s h e l f ,  and 
apparently the Marsh a n t i c l i n e  of the Arct ic  coas t a l  
p la in  near Camden Bay, terminate near t he  projec t ion  
of the displacement zone. Taken together ,  these 
physiographic, seismic,  and s t r u c t u r a l  f ea tu re s  
suggest t ha t  the Canning displacement zone is a young, 
ac t ive ,  mainly s t r i ke - s l i p  zone of displacement along 
which the  northeast  Brooks Range is moving northward, 
but a l so  upward, with respect t o  t h e  lowland t o  t h e  
west. The detachment oharacter of the fo lds  near 
Camden Bay suggests two s t r u c t u r a l  models f o r  t h e i r  
or ig in .  The fo lds  may be the s t r u a t u r a l  f ront  of an 
ac t ive ,  low angle t h r u s t  f a u l t  system t h a t  d ips  
beneath the  nor theas t  Brooks Range and is bounded on 
t h e  west by the  Canning displacement zone. 
Al ternat ive ly ,  the fo lds  may be developed i n  one o r  
more gravi ty  s l i d e s  underlain by l i s t r i c  detachment 
f a u l t s  t ha t  rise t o  the surface  between the  fo lds  and 
t h e  f ron t  of t he  nor theas t  Brooks Range. The gradient  
f o r  s l i d i n g  could have been created by the  observed 
u p l i f t  and northward t r ans l a t i on  of these  mountains. 
Nearshore and onshore seismic data  w i l l  be required t o  
t e s t  these  models. 

DATING METHODS AND LATE QUATEFUiARY 
STRATIGRAPHY 

The f a u l t s  and monoclines mapped on sheet 1 
d isplace  seismic r e f l e c t o r s  t h a t  correspond e i t h e r  t o  
bedding o r  t o  disconformities within approximately the 
uppermost 300 m of sediment on t h e  Alaskan Beaufort 
she l f .  The age ranges of young movements assigned t o  
t h e  f a u l t s  and monoclines (sheets  1 and 3) a r e  based 
s o l e l y  on a t en t a t ive  i n t e rp re t a t i on  of the ages of 
t h e  involved s t r a t a  and contac ts  as observed on t h e  
high-resolution seismic-reflection p ro f i l e s .  From an 
environmental or engineering-geologic standpoint,  t h e  
most important s t ruc tu re s  a r e  those which a r e  
present ly ,  or were recent ly ,  actlve--that  is, those 
f a u l t s  t h a t  d isplace  upper Ple is tocene  deposi t s  , 
Holocene deposi t s ,  o r  t he  seabed. Fortunately,  t he se  
deposi t s  can be dated with r e l a t i v e l y  l i t t l e  ambiguity 
f r a a  s t r a t i g r a p h i c  r e l a t i ons  observed on the  high- 
resolut ion  p ro f i l e s .  Act iv i ty  along f a u l t s  and 
monoclines t h a t  d isplace  o lde r  s t r a t a  is dated with 
less confidence, and the ages of movement reported f o r  
these beds are  probably more useful  i n  e s t ab l i sh ing  a 
r e l a t i v e ,  ra ther  than an absolute,  chronology of 
f a u l t i n g  and monoclinal fo ld ing on the  Beaufort s h e l f .  

Faul ts  and monoclines reported t o  show evidence 
of Holocene a c t i v i t y  o f f s e t  e i t h e r  t h e  seabed o r  
bedding in t e rna l  t o  a l a t e  Wiswnsin/Holocene stratum 
cal led  un i t  A by Dinter (1982). For emphasis, these  
s t r u c t u r a l  fea tures  are marked with a ba l l  on sheet  
1. Because much of un i t  A is probably o lde r  than the  
Pleistocene-Holocene boundary a r b i t r a r i l y  defined a t  
roughly 10,000 years B.P. by Hopkins (19751, f a u l t s  
and monoclines t ha t  displace un i t  A may be l a t e s t  pre- 
Holocene. A s  explained below, even the  o ldes t  beds a t  
the base of uni t  A beneath the outer  she l f  postdate 
t h e  maximum develowent of t h e  l a t e s t  Wisconsin 
g l ac i a t i on ,  and none exceed 17,000 years i n  age. For 
convenience, because t h e r e  is no present ly  rewgnized 
s t r a t i g r a p h i c  f ea tu re  t h a t  defines the 10,000 year 
isochron i n  un i t  A ,  we a r b i t r a r i l y  r e f e r  a l l  f ea tu re s  
which d isplace  any par t  of uni t  A t o  the Holocene even 
though most pa r t s  of t he  un i t  may be o lder  than 10,000 
years.  I n  doing so ,  we do not intend a revis ion  of 
t he  de f in i t i on  of t h e  Pleistocene-Holocene boundary a t  
10,000 years B.P. (Hopkins, 1975). 

Unit A is a stratum t h a t  apparently represents  
near ly  continuous marine deposit ion during the  ea r ly  
phases of t h e  r i s e  i n  sea  l eve l  following subae r i a l  
exposure of the she l f  during the  f i n a l  Wisconsin 
e u s t a t i c  s ea  l eve l  minimum. The stratum is bounded a t  

its base by a disconformity and is underlain,  i n  
places,  by a t h i n  nonmarine o r  shallow-marine stratum, 
un i t  B of Dinter (1982). This un i t  is thought t o  
represent  subaer ia l  exposure of t h e  she l f  during t h e  
l a t e  Wisconsin g l ac i a t i on ,  which culminated about 
17,000 years ago when sea  l eve l  was approximately 100 
m lower than at present (Dillon and Oldale, 1978). 
The age i n t e r p r e t a t i o n  of these  s t r a t a  is corroborated 
by the  f a c t  t h a t  the  disconformity a t  the  base of un i t  
A becomes i n d i s t i n c t  and dies  out  seaward at  a depth 
of 97 t o  115 rn below sea  level., roughly the  same depth 
as  t he  l a t e  Wisconsin sea-level minimum. The 
uppermost sedimentary deposi t s  seaward of the 
termination of t he  disconformity show vague but 
continuous bedding a t  l e a s t  as deep as 150 t o  200 m 
beneath t h e  s ea  f l oo r  and probably represent  
i n t e rmi t t en t  marine deposit ion from a t  l e a s t  middle 
Wisconsin through e a r l y  Holocene time. 

Beneath much of the middle and outer  Beaufort 
s h e l f ,  u n i t s  A and B are  underlain by a t  l e a s t  four  
marine s t r a t a  separated by prominent disconformities 
and, i n  places,  by t h i n  l aye r s  s imi l a r  i n  r e f l e c t i o n  
character  t o  un i t  B.  The penetration l i m i t  of the 
Uniboca high-resolution system is such t h a t  no more 
than four underlying marine l aye r s  can be in terpre ted  
with confidence, and record qua l i t y  is var iable  enough 
t h a t  not a l l  four l aye r s  a r e  penetrated on every l i n e ,  
nor can these  l aye r s  be uniformly corre la ted  from l i n e  
t o  l i n e ,  as is  possible with un i t s  A and B.  

On the  presumption t h a t  each worldwide high s tand 
of sea l eve l  would be accompanied by the  accumulation 
of sediment on the  ou te r  Beaufort s h e l f ,  each 
in t e rp re t ed  marine stratum has been t en t a t ive ly  
corre la ted  (sheet  3) with an odd-numbered oxygen- 
i so tope  s t age  of Shackleton and Opdyke (1973). These 
authors suggest t h a t  t he  odd-numbered s tages  
correspond c lose ly  t o  low i c e  volumes i n  the  northern 
hemisphere and r e l a t i v e l y  high stands of worldwide sea  
l eve l .  Conversely, each disconformity o r  in terpre ted  
nonmarine o r  shallow-marine stratum separa t ing  two 
marine un i t s  on the  Beaufort she l f  has been 
t en t a t ive ly  corre la ted  with an even-numbered oxygen- 
isotope stage.  Even-numbered s tages  are believed t o  
correspond t o  periods of high i c e  volume i n  t he  
northern hemisphere and r e l a t i v e l y  low stands of 
worldwide sea  l eve l  during which erosion o r  nonmarine 
and shallow-marine deposit ion might occur on 
cont inenta l  shelves .  The timing of a c t i v i t y  derived 
f o r  each of the mapped s t r u c t u r e s  is based e n t i r e l y  on 
these provisional co r r e l a t i ons  and on the  absolute  
ages t en t a t ive ly  assigned t o  the  oxygen-isotope s tage  
boundaries by Shackleton and Opdyke ( 1 973) .  Wherever 
a f a u l t  o f f s e t s  the base of a stratum but not its top,  
o r  o f f s e t s  t h e  top  l e s s  than the  base, movement is  
in fe r r ed  t o  have ocaurrad during the  oxygen-isotope 
s tage  assigned t o  t h a t  stratum. The incremental and 
cumulative o f f s e t s  during each s t age  f o r  each mapped 
f a u l t  and monocline a r e  presented i n  a co r r e l a t i on  
char t  ( sheet  3 ) .  

Only the  co r r e l a t i ons  of un i t s  A and B with 
isotope s tages  1 and 2 a r e  s t r i c t l y  defens ib le .  The 
o lder  un i t s  have not been dated with ce r t a in ty  wi th in  
t he  study a re s .  However, t h e  t en t a t ive  co r r e l a t i ons  
and age assignments a r e  useful (1) a s  a framework f o r  
e s t ab l i sh ing  a r e l a t i v e  chronology of s t r u c t u r a l  
a c t i v i t y  wi th in  and between she l f  provinces and (2) i n  
providing a bes t  estimate of t he  absolute  chronology 
of deformation from the ava i l ab l e  data.  

LATE QUATERNARY STRUCTURES 

t i s t r i c  normal Faul ts  and r e l a t e d  s t r u c t u r e s  
a t  t he  head of t h e  cont inenta l  s lope  

Character 

Northwest of Smith Bay, and between t h e  Co lv i l l e  
Delta and the  Canadian border, the upper cont inenta l  



s lope  is underlain by f ea tu re s  in terpre ted  t o  be l a rge  
slumps t h a t  moved seaward on moderate- t o  shallow- 
dipping s l i p  surfaces  morphologically resembling 
l i s t r i c  normal f a u l t s  ( f ea tu re  45 on shee t  1; f i g s .  9 
and 10 on sheet  2 ) .  Relat ive ly  s t e e p  bathymetric 
gradients  suggest  t h a t  slumping a l s o  shaped the  upper 
s lope  west of the Co lv i l l e  Delta. However, only one 
of t h e  few p ro f i l e s  t h a t  c rosses  t he  upper s lope  i n  
t h a t  area shows a l i s t r i c  f a u l t  and slump masses. The 
length of t h e  l i s t r i c  f a u l t  and slump ter rane ,  
measured p a r a l l e l  t o  the  slope,  exceeds 380 kin. Its 
width, f r m  head t o  toe ,  l o c a l l y  exceeds 35 km. 

The s l i p  surfaces  a t  the base of the l a rge  slumps 
dip  between roughly 15' and 40' (commonly 20') seaward 
near s l i d e  headwalls, and f l a t t e n  t o  between lo  and 6O 
down slope,  where they are planar and subpa ra l l e l  t o  
the seabed. These s t r u c t u r a l  dips a r e  approximate, 
having been measured from single-channel and 
unmigrated multichannel seismic p ro f i l e s  and corrected 
only f o r  apparent dip.  Upper surfaces  of t h e  slump 
masses a r e  hummoclq on a l a rge  sca l e ,  with bathymetric 
r e l i e f  l o c a l l y  exceeding 400 m. Slumpmass 
thicknesses are commonly 200 t o  300 m and r a r e l y  
exceed 1,000 m ( f i g s .  9 and 10, shee t  2 ) .  Ver t i ca l  
displacements a t  s l i d e  headwalls, observed on LOW- 
frequency seismic p ro f i l e s ,  range from 70 t o  700 m 
(average about 400 m) a t  the seabed o r  i n  the  
uppermost sedimentary s t r a t a .  I n  general ,  t h i cke r  
slump masses are s t r u c t u r a l l y  more coherent than 
th inner  ones and have g rea t e r  bathymetric r e l i e f ,  
s teeper  headwall s l i p  surfaces ,  and l a r g e r  
displacements at the  headwall. 

Four near-surface s t ruc tu re s  beneath the  outer  
she l f  ( f ea tu re s  41-44 on shee t s  1 and 3; f i g s .  6 and 7 
on sheet  2)  a r e  c lose ly  r e l a t ed  t o  the  slump 
t e r r ans .  One ( f ea tu re  41) is a deep-reaching 
monocline with no observable f au l t i ng  a t  depth. The 
other8 a re  a monocline and two syncl ines  developed 
over pull-apart zones a t  the heads of low-angle block 
g l ides .  The block g l ides  range from approximately 350 
t o  1,000 m i n  thickness.  Their  bounding s l i p  surfaces  
a r e  low-angle l i s t r i c  normal f a u l t s .  Down-to-the- 
basin displacements a s  grea t  a s  70 m i n  upper 
Ple is toaene  sedimentary deposi t s  and 30 m i n  Holocene 
mater ia ls  were measured a t  these fea tures .  

Dating of the l i s t r i c  normal fea tures  is 
uncertain.  They appear morphologically young on low- 
frequency seismic r e f l ec t ion  p ro f i l e s  and o f f s e t  beds 
t h a t  a re  probably co r r e l a t i ve  with sedimentary 
deposits  on the outer she l f  infer red  by Dinter (1982) 
t o  be upper Ple is tocene  and Holocene. The f a u l t s  and 
slumps a re ,  therefore,  presumed t o  be l a t e  Ple is tocene  
o r  Holocene i n  age. The r e l a t ed  monoclines and 
syncl ines  t h a t  ove r l i e  i nc ip i en t  l i s t r i c  f a u l t s  and 
block g l ides  on t h e  ou te r  she l f  cu t  Holocene 
sedimentary ma te r i a l s  and, a t  one l o c a l i t y ,  the  
seabed. Large-scale slumping has been a pe r s i s t en t  
process on the  upper cont inenta l  slope,  as  indica ted  
by t h e  many buried, i nac t ive  slump masses observed on 
low-frequency seismic records.  

Faul ts  t h a t  show l a t e  Quaternary and, i n  
pa r t i cu l a r ,  Holocene displacement, and a r e  still 
sub jec t  t o  t h e  tec tonic  conditions t h a t  produced t h a t  
displacement, are considered ac t ive  (Slemmons and 
McKinney, 1977). By these  cri teria subs id iary  f a u l t s  
i n  the  headwall region of the l i s t r ic -normal- faul t  
province and most of t h e  r e l a t ed  s t ruc tu re s  a r e  
po ten t i a l l y  subjec t  t o  renewed motion. 

Origin and r e l a t i o n  t o  regional framework 

The l i s t r i c  normal f a u l t s  and slumps and r e l a t ed  
outer-shelf  s t ruc tu re s  represent tens ional  f a i l u r e  
under g rav i t a t i ona l  s t r e s s e s  of the t h i ck  and probably 
poorly consolidated upper par t  of t h e  outer-shelf  

sedimentary prism toward the  adjacent ,  r e l a t i v e l y  
s teep ,  f r e e  f ace  of t he  cont inenta l  slope.  The 
l i s t r i c  normal f a u l t s  and r e l a t ed  s l i d e s  a r e  l a rge ly  
responsible f o r  t h e  s t r u c t u r a l  cont ras t  between the  
order ly  s t r a t a  of the cont inenta l  she l f  and the  
s t r u c t u r a l l y  and s t r a t i g r a p h i c a l l y  more ahaot ic  s t r a t a  
of the cont inenta l  slope and upper r i s e .  The four  
subs id iary  s t ruc tu re s  ( f ea tu re s  41-44) a r e  ea r ly  
s tages  i n  t he  extension of the slump t e r r ane  of the  
s lope  i n t o  the  cont inenta l  s h e l f .  A l l  r epresent  
f a i l u r e s  toward steepened s lopes  a t  the headwalls of 
t h e  main s l i d e  t e r r ane .  The deep reach ing  monocline 
( f ea tu re  41) is in fe r r ed  t o  be an inc ip i en t  or 
a r r e s t ed  l i s t r i c  normal f a u l t  t h a t  may f a i l  and form a 
l a rge ,  deep slump. The o ther  s t ruc tu re s  ove r l i e  t he  
l is t r ic  heads of low-angle nomal  f a u l t s  t h a t  bound 
deep block g l ides .  The blocka have moved only a 
r e l a t i v e l y  sho r t  d is tance ,  and the  grabens behind them 
a r e  l a rge ly  f i l l e d  with sediment. Henewed 
displacement t h a t  reac t iva ted  t h e  deepreaching 
monocline o r  moved the  g l ide  blocks onto the  s lope  
could col lapse  these  pa r t s  of t h e  ou te r  she l f  and 
s h i f t  the  s h e l f  break severa l  kilometers shoreward of 
its present pos i t ion .  Collapse could occur suddenly 
or by slow creep, but i n  e i t h e r  case is  judged t o  be 
an infrequent event. 

Normal f a u l t s  and monoclines beneath 
the  she l f  

Character 

Down- to- the-basin normal f a u l t s  and monoclines 
under l ie  t he  Beaufort she l f  between Camden and Prudhoe 
Bays and from Harrison Bay t o  t he  west edge of the map 
area ( f ea tu re s  1 t o  35 on sheets  1 and 3; f i g s .  1, 3, 
4, and 8 on sheet  2) .  Most of these s t ruc tu re s  
consis t  of nor ther ly  dipping f a u l t s ,  many of them 
growth f a u l t s ,  t h a t  pass upward from bedrock i n t o  
f a u l t s  o r  monoclines with t he  same sense  of 
s t r a t i g r a p h i c  displacement i n  Quaternary deposi t s .  
This morphology suggests t h a t  monoclinal warping i n  
the  Quaternary deposi t s  may foreshadow fu tu re  normd- 
f a u l t  displacement. A l l  but a few of t h e  monoclines 
can be t raced downward i n t o  f a u l t s  i n  t he  seismic 
p ro f i l e s .  

Dips of the normal f a u l t s ,  roughly estimated from 
unmigrated multichannel seismic p ro f i l e s ,  commonly 
f a l l  between 55' and 75O, averaging about 65' near the  
surface;  and between 40' and 65O, averaging about 55' 
a t  depths of 1.5 t o  2.4 Ion below the  sea  f l oo r .  These 
estimates a r e  corrected only f o r  apparent dip. Owing 
t o  the  prevai l ing  down-to-the-basin sense of 
displacement, moderate dip,  and common s t r u c t u r a l  
growth on the  f a u l t s ,  t h e i r  movement is  in fe r r ed  t o  be 
dominantly or e n t i r e l y  d ip  s l i p .  

The highest  s t r a t i g r a p h i c  l e v e l  of f a u l t i n g  a t  
each s t r u c t u r e  mapped on sheet  1 is indica ted  on shee t  
3. Observed s t r a t i g r a p h i c  displacements a t  the  normal 
f a u l t s  and associa ted  monoclines range from 2 t o  3 m 
a t  the  seabed t o  more than 118 m i n  beds of 
Ple is tocene  age 150 m o r  more beneath the  seabed. The 
l imi ted  penetration of the Uniboom p ro f i l i ng  system 
and a l ack  of means f o r  da t ing  t h e  o lder  Quaternary 
sec t ion  preclude the  determination of maximum 
Ple is tocene  o f f se t .  

Eight of t h e  t h i r t y - f ive  s t ruc tu re s  assigned t o  
the  normal-fault province are considered ac t ive  
because they o f f s e t  Holocene deposi t s  o r  t h e  seabed 
(sheet  2) .  These s t ruc tu re s  a r e  marked with a dot on 
sheet  1. Another 18 s t ruc tu re s  a r e  considered 
possibly ac t ive  because they o f f s e t  s t r a t a  t e n t a t i v e l y  
dated a s  l a t e s t  P le is tocene .  The remaining s t ruc tu re s  
d isplace  only strata thought t o  be o lder  than l a t e s t  
P le is tocene  and a r e  therefore  presumed young, but 



inact ive .  
We a r e  m o s t  aonfident of the age of o f f s e t  on 

s t r u c t u r a l  f ea tu re s  i n  t he  ea s t e rn  and cen t r a l  pa r t s  
of the Alaskan Beaufwt she l f  where the  l a t e  
Quaternary deposi t s  a r e  best  known. The displacement 
h i s to ry  of these  fea tures  is shown by heavy v e r t i c a l  
l i n e s  on sheet  3. Because a number of t h e  near- 
surface normal f a u l t s  can be traced down d ip  i n t o  
l a rge  bedrock growth f a u l t s ,  t he  growth process must 
be still ac t ive  on the Beaufort she l f .  Except near 
Camden Bay, no earthquakes have been recorded from t h e  
normal-faul t province on the Canadian o r  nor theas t  
Alaska seismograph networks. E i the r  t he  young f a u l t s  
of the province a r e  aseismic o r  the iP  recurrence 
i n t e r v a l s  a r e  too  long, or these  tens ional  f ea tu re s  
produce earthquakes too s m a l l  t o  be detected by the  
seismographic networks. 

Origin and r e l a t i o n  t o  regional frwework 

Down-to-the-basin normal f a u l t s  and r e l a t ed  
monoclines of the Alaskan Beaufort shel f  a r e  
extensional f a i l u r e s  i n  Brooldan sedimentary rocks. 
They are found near and seaward of the t ec ton ic  hinge 
l i n e  i n  t h e  Arct ic  platform of t h e  Beaufort she l f  
(sheet 1). The steepened s lope  of the  platform and 
t h e  thickened sedimentary wedge t h a t  ove r l i e s  it 
seaward of the hinge l i n e  have apparently local ized  
t h e  f a u l t s .  The d ips  of t h e  l a r g e s t  and deepest- 
reaching f a u l t s  a r e  observed on low-frequency seismic 
p ro f i l e s  t o  f l a t t e n  as they descend from shallow 
depths i n  the  v i c i n i t y  of the hinge l i n e  t o  merge with 
t h e  seaward-sloping su r f ace  of t h e  eroded Arc t i c  
platform t o  the north. 

Faul t ing  was prestnnably favored by the  weight of 
t he  thickened Brookian sec t ion ,  t h e  steepened s lope  of 
the base of the Broolcian sedimentary prism seaward of 
t he  t ec ton ic  hinge l i n e ,  and by the  proximity Of t h e  
r e l a t i v e l y  s t e e p  f r e e  face of the  cont inenta l  slope. 
I n  the  case of t he  growth f a u l t s ,  d i f f e r e n t i a l l y  
grea ter  sedimentary loading of the hanging wall by 
deposit ion a f t e r  displacement events provided an 
add i t i ona l  dr iv ing mechanism. 

The apparent absence of young normal f a u l t s  on 
the she l f  between the Co1vilY.e and Canning Rivers 
(sheet  1 )  may be due t o  t h e  f a c t  t h a t  t h e  t ec ton ic  
hinge l i n e  t he re  is  c lose  t o  the she l f  break. The 
thickened sedimentary prism t h a t  is found seaward of 
the  hinge l i n e ,  and i n  which normal f a u l t s  a r e  well 
developed t o  t h e  e a s t  and west, is thus narrow o r  
absent i n  t h i s  area. Seaward of the she l f  break, any 
young normal f a u l t s  t h a t  may be present a r e  obscured 
on the  seismic records by slumps and other  s t ruc tu re s  
of t h e  l i s t r i c -nomal - f au l t  te r rane .  The paucity of 
mapped young normal f a u l t s  west of Barrow Sea Valley, 
where the  hinge l i n e  lies about 50 lan south Of t h e  
she l f  break, is probably due t o  the wide spacing of 
p ro f i l e s  i n  t h a t  area. 

A c l u s t e r  of young f a u l t s  and monoclines near 
Camden Bay ( f ea tu re s  20-35, sheet  1 )  marks the  e a s t  
termination of the normal-fault province. The 
termination is abrupt and l i e s  a t  t h e  t r a n s i t i o n  zone 
between the  t ec ton ica l ly  s t a b l e  Barrow sec to r  of the 
continenral  margin t o  t h e  west and t h e  folded Barter 
Is land sec to r  t o  the  ea s t .  It a l so  liea along t h e  
projec t ion  of t h e  Canning River shear  zone. The 
t r a n s i t i o n  zone is characterized by a sharp  westward 
decrease i n  amplitude of Neogene fo lds ,  a swing i n  
s t r i k e  of Neogene and Quaternary fo ld  axes from 
southwest t o  west, and a westward decrease i n  t h e  
dens i ty  and magnitude of earthquakes (sheet  1). 
Although both t h e  north and south limbs of t h e  s h o r t  
west-trending west ends of the broad Neogene and 
Quaternary fo lds  a r e  cut  by the  young f a u l t s  and 
monoclines of the t r a n s i t i o n  zone, the d i p  of these 
f a d t s  and monoclines, where determinable, is 
cons i s t en t ly  nor theas t .  For t h i s  reason, i t  is 
believed t h a t  t h e  f a u l t s  and f o l d s  had d i f f e r e n t  

o r ig ins .  
The r e l a t i v e  abundance of young f a u l t s  i n  t he  

t r a n s i t i o n  zone may be due t o  r eac t iva t ion  of 
preexis t ing  f a u l t s  i n  this area.  Such f a u l t s  would 
have formed o r i g i n a l l y  i n  a s e t t i n g  similar t o  t h a t  of 
t he  normal f a u l t s  which present ly  l i e  near and nor th  
of t h e  t ec ton ic  hinge l i n e  i n  t he  Barrow sec to r .  
Renewed movement along these  preexis t ing  f a u l t s  i n  t he  
t r a n s i t i o n  zone might have a r i s en  f rom t h e  s t r e s s e s  
t h a t  produced the  Neogene detachment fo lds  i n  t he  
adjacent west pa r t  of t he  Bar ter  Is land seotor .  I f  
t he  s t r i k e  of the young f a u l t s  i n  t he  t r a n s i t i o n  zone 
is co r rec t ly  i n t e rp re t ed ,  renewed displacement 
i n i t i a t e d  by suah s t r e s s e s  would be normal and(or) 
s t r i k e  s l i p ,  depending on the  prec ise  o r i en t a t ion  of 
the  s t r e s s e s  involved. 

The normal f a u l t s  and monoclines west of the  
t r a n s i t i o n  zone ( fea tures  1-19) a r e  thought t o  be 
simple g rav i ty  f a i l u r e s ,  where the  hanging w a l l  moves 
and t h e  footwall  is s t a b l e .  The character  of t h e  
normal f a u l t s  of the t r ans1  t i o n  zone ( f ea tu re s  20-25) 
is l e s s  c l ea r .  Thei r  s t r u c t u r a l  s e t t i n g  suggests t h a t  
they could a l s o  be g rav i ty  f a u l t s ,  but as noted above 
they may haw been react iva ted  by compressive s t r e s s e s  
r e l a t ed  t o  Neogene and Quaternary folding. Thtls, a t  
least t h e i r  young h i s to ry  may have involved ac tua l  as 
well as r e l a t i v e  motion of the footwalls,  and they may 
not be simple g rav i ty  f a u l t s .  

S t ruc tu ra l  f ea tu re s  near Camden Bay 

The inne r  she l f  of f  Camden Bay and Bar ter  Is land 
is unusual i n  t h a t  it is  se ismical ly  a c t i v e  (sheet 1) 
even though it  is par t  of a passive cont inenta l  
margin. Recorded earthquakes range i n  magnitude 
from 3 t o  5.3 and occur i n  g rea t e s t  concentration i n  
the  a r ea  of broad l a t e  Quaternary f o l d s  Chat ove r l i e  
t h e  Neogene detachment fo lds  near Camden Bay, i n  t h e  
western par t  of the Barter I s l and  t ec ton ic  sec tor .  
The Neogene detachment fo lds  under l ie  t h e  inner  and 
middle she l f  and terminate on the  west near t he  
Barrow-Barter Is land sec to r  boundary. A hors t - l ike  
ridge ( f ea tu re  38-39), a monocline ( f ea tu re  401, and 
two normal f a u l t s  ( fea tures  36 and 371, a l l  showing 
evidence of l a t e  Quaternary a c t i v i t y ,  were found 
within t he  a r ea  of t he  broad l a t e  Quaternary fo lds .  

Folds 

Late Quaternary deformation has oacurred along 
many of the l a rge  Neogene fo lds  of the Barter Xsland 
t ec ton ic  s ec to r  but has been s t ronges t  near Camden 
Bay, where anomalously t h i n  Holocene deposi t s  
de l ineate  a broad, low-amplitude l a t e  Quaternary 
s t r u c t u r a l  high about 30 km wide and at  l e a s t  60 Ian 
long. The northeast-trending s t r u c t u r a l  high 
comprises three  broad fo lds  expressed i n  l a t e  
Quaternary sedimentary deposi t s .  Flank dips  on these  
fo lds  do not exceed 0.5' t o  1.5'. Their  axes are 
roughly coincident with nor theas t -s t r ik ing detaohment 
fo lds  of much higher amplitude developed i n  the  
underlying Neogene sedimentary rocks (sheet  I ) ,  

Eas t  of the l a t e  Quaternary fo lds ,  recorded 
earthquakes a r e  sparse  and evidence of l a t e  Quaternary 
deformation is  more subt le .  I n  places,  however, 
fo ld ing poss i  bly ha8 extended i n t o  l a t e  Quaternary 
time. The a x i s  of one of the northwest-striking 
shale-cored Neogene a n t i c l i n e s  e a s t  of Bar ter  Is land 
is  marked by a s l i g h t  e levat ion  of the s ea  f l oo r ,  and 
a l a r g e  Neogene syncl ine  i n  the  area  is over la in  by 
s l i g h t l y  thickened l a t e  Quaternary sediment and by a 
s l i g h t  depression of t h e  s ea  f l oo r .  

The pa t t e rn  of l a t e  Quaternary a c t i v i t y  along 
s t ruc tu re s  t h a t  o r i g i n a l l y  developed i n  fieogene time 
may extend on shore,  Marsh a n t i c l i n e ,  f o r  ins tance ,  a 
60-lcm-long southwest-striking Neogene detachment(?) 
fo ld  l y ing  a few k lome te r s  south of Camden Bay, must 
have been ac t ive  during l a t e  Quaternary time. Dips i n  



Pliocene s t r a t a  near the ax i s  of the fo ld  reach 60' 
and Ple is tocene  beds on i ts  f lanks  d i p  a s  much as 18' 
(Morris, 1954; Reiser and o the r s ,  1971). D. M,  
Hopkins (o ra l  cormnun., 1980) repor ts  t h a t  probable 
outwash gravels  exposed on the  north f lank of Marsh 
a n t i c l i n e  i n  Car ter  Creek are underlain by marine 
c lays  containing f o s s i l s  probably r e s t r i c t e d  t o  mlddle 
Ple is tocene  and younger deposits .  The extens ive  
outwash gravels  exposed on the  f l a n k  of the s t r u c t u r e  
are thus a l so  probably of middle Ple is tocene  o r  
younger age, and the  time of t h e i r  deformation younger 
still.  The ex ten t  of fo ld ing on the  a n t i c l i n e  d n c e  
deposit ion of the gravels  cen be estimated by making 
t h e  assumption t h a t  t h e  surface  upon which the  gravels  
were deposited had r e l a t i v e l y  low r e l i e f .  The present 
s t r u c t u r a l  r e l i e f  of t he  basal  surface ,  then,  provides 
an estimate of growth on the  fo ld  s ince  deposit ion of 
t he  gravels.  Mapping by Morris (1 954) i nd ica t e s  t h a t  
s t r u c t u r a l  r e l i e f  on the  base of the Ple is tocene  
gravels present ly  exceeds 50 m on t h e  south f lank and 
100 m on the  north f lank of Marsh an t i c l i ne .  

Gemorphic f ea tu re s  along the  plunging nor theas t  
end of the a n t i c l i n e  may a l s o  ind ica t e  l a t e  Quaternary 
folding. Carter Creek and Marsh Creek cross t h e  fo ld  
ax i s  i n  va l leys  t ha t  a r e  narrower and deeper than 
t h e i r  headwaters. They may thus be antecedent streams 
t h a t  maintained t h e i r  course through an area of ac t ive  
u p l i f t .  I n  addi t ion ,  s eve ra l  mall  streams curve 
around the  northeast-plunging nose of the fo ld .  Some 
of these  streams l i e  i n  shallow val leys  i n  areas of 
low topographic gradient ,  and t h e i r  curvature may 
pa r t l y  r e s u l t  from l a t e  Quaternary t i l t i n g .  

Faul ts  and monoclines 

Only a few f a u l t s  and monoclines a r e  associa ted  
with the shallow earthquakes and broad l a t e  Quaternary 
fo lds  near Camden Bay ( f ea tu re s  36-40, shee t s  1-3; s ee  
a l s o  f i g s  2 and 5, sheet 2).  Faul ts  and monoclines 
a r e  a l s o  sparse  or absent on t h e  she l f  e a s t  of Camden 
Bay, even though Holocene fo ld ing and severa l  recent 
earthquakes have occurred there .  

I n  cont ras t  t o  the normal f a u l t s  of the Barrow 
sec to r  and t h e  l i s t r i c  normal f a u l t s  of t h e  
cont inenta l  slope,  which d i p  uniformly seaward, some 
of t he  young f a u l t s  i n  t he  zone of se ismici ty  near 
Camden Bay d i p  southward ( fea tures  38-40, sheets  1- 
3). The f a u l t s  i n  t h i s  zone a l s o  d ip  r e l a t i v e l y  
s t eep ly ,  about 60° t o  go0, whereas the normal f a u l t s  
elsewhere d ip  a t  average a n g l e  of 55' t o  65'. 
Maximum s t r a t i g raph ic  displacement observed on Faul ts  
and monoclines of t h e  seismogenic province is 7 m a t  
t he  seabed and 21 m i n  the  upper Ple is tocene  sec t ion  
(sheet  3). 

Two normal f a u l t s  ( f ea tu re s  36 and 37) i n  t he  
seismogenic province formed i n  response t o  extension 
near the axis of a l a rge  Neogene t o  l a t e  Quaternary 
detachment an t i c l i ne .  I n  aontras t ,  what appears t o  be 
a shallow fault-block ( f ea tu re  38-39) may have 
resul ted  f r m  compression. This mall ,  s u r f i c i a l ,  
hors t - l ike  s t ruo tu re  has bathymetric expression and 
occupies a s t r u c t u r a l l y  low posi t ion  on t h e  f lank of a 
large Neogene and Qlnrternary f o l d  (sheet 1 ) .  

I f  we assume t h a t  its bounding f a u l t s  a r e  
p a r a l l e l  or subpara l le l ,  the hors t - l ike  s t r u c t u r e  
forms a low r idge  300 m o r  less i n  width t h a t  has been 
up l i f t ed  a s  much a s  7 m above the  adjacent seabed 
along s t eep ly  dipping f a u l t s .  The heights of t h e  
bounding scarps  a r e  unequal, and the  r idgetop between 
them slopes a l i t t l e  more s t eep ly  than t h e  surrounding 
seabed. The sea bed nor th  of the s t r u c t u r e  l i e s  about 
5 m higher than t h e  seabed t o  t he  south.  The deepest 
r e f l e c t o r ,  infer red  t o  be upper Ple is tocene ,  t ha t  can 
be seen on our Uniboam p ro f i l e s  t o  be displaced a t  t h e  
bounding f a u l t s  is o f f se t  13 m. 

The high-resolution record is of i n s u f f i c i e n t  
q u a l i t y  t o  determine prec ise ly  t he  nature  of the 
f a u l t s  t h a t  bound the  hors t - l ike  s t ruc tu re ,  but 

o f f se t s  of Quaternary strata suggest  t h a t  they may be 
a high-angle reverse  fault /normal f a u l t  pa i r .  I n  
con t r a s t  t o  the  normal f a u l t s  t o  the  west, which 
c l e a r l y  continue downward i n t o  deep bedrock f a u l t s ,  
t he  f a u l t s  bounding the  hors t - l ike  s t r u c t u r e  a r e  
obscure on the  coincident multichannel p ro f i l e .  
Possibly t he  horst-l ike s t r u c t u r e  is a near-surfaca 
f a i l u r e  formed i n  response t o  compression i n  a 
syncl ina l  region of the  underlying l a rge  Neogene t o  
l a t e  Quaternary fo lds .  

The concentration of shallow earthquakes near 
Camden Bay demonstrates t h a t  the a r ea  is  t ec ton ica l ly  
ac t ive .  Furthermore, four  of t h e  f i v e  f a u l t s  and 
monoclines within the  seismic province a r e  considered 
ac t ive  because they o f f s e t  t h e  seabed, and t he  
remaining one may be ac t ive  because it o f f s e t s  upper 
Pleistocene deposi t s  ( sheet  3 ) .  Recent t ec ton ic  
a c t i v i t y  on the  she l f  e a s t  of Camden Bay i s  indiaa ted  
by broad, low-amplitude fo lds  t h a t  involve l a t e  
Quaternary sedimentary deposi t s ,  and by a few shallow 
earthquakes (sheet  1 ) . 

Origin and r e l a t i o n  t o  regional framework 

The c lus t e r  of young f a u l t s ,  monoclines, broad 
fo lds ,  and earthquakes near Camden Bay ove r l i e s  the 
detachment fo lds  i n  t h e  western pa r t  of t h e  Barter 
I s l and  t ec ton ic  sec tor .  The s p a t i a l  associa t ion  of 
these  f ea tu re s  suggests a continuation of Neogene 
tectonism i n t o  Holocene and modern time. Late 
Quaternary warping roughly coincident and congruent 
with one of the shale-cored a n t i c l i n e s  and an adjacent 
syncl ine  of t he  a r ea  e a s t  of Bar ter  Is land suggests 
t h a t  some t ec ton ic  a c t i v i t y  may have extended e a s t  t o  
t h e  Canadian border. However, t he  absence of observed 
Quaternary f a u l t s  and monoclines i n  t h i s  area ,  the 
small amplitude of t h e  l a t e  Quaternary warps t he re  as 
compared t o  those near Camden Bay, and the  s c a r c i t y  of 
earthquakes i nd ica t e  t h a t  t he  area  is  l e s s  a c t i v e  than 
is the zone of se ismici ty  near Camden Bay. Perhaps 
the  a c t i v i t y  i n  t he  eas tern  par t  of t h e  Bar ter  I s l and  
sec to r  represents  a l a t e  phase of the d i a p i r i c  
deformation t h a t  produced t h e  l a rge ,  probably shale- 
cored a n t i c l i n e s  and f lanking synolines of the 
Beaufort she l f  ea s t  of Bar ter  Is land (sheet  1 ) .  A 
seismogenic zone t h a t  includes the  ac t ive  area  near 
Camden Bay and extends eastward t o  connect with t h e  
Richardson-Mackenzie Mountains seismogenic be1 t of 
northwest Canada has been delineated by Thenhaus and 
o the r s  (1979). 

Sheet 1 shows the r e l a t i o n  between the  Neogene 
and l a t e  Quaternary fo lds ,  t h e  seismic and aseismic 
areas  of northern Alaska (including the  ac t ive  
seismogenic zone near  Camden Bay), and t h e  Canning 
l e f t - l a t e r a l  s t r i k e - s l i p  displacement zone. Strong 
Holocene tectonism and se i smic i ty  may occur o f f  Camden 
Bay because the  area is  the s t r u c t u r a l  f ron t  of the 
be l t  of l a t e  Cenozoic compressional fo lds  t h a t  l i e s  
e a s t  of the  displacement zone. A s  discussed above, 
u p l i f t  and northward movement of t h e  nor theas t  Brooks 
Range along the  displacement zone may have produced 
the  detachment fo lds  i n  the BrooWan s t r a t a  of t h e  
coas t a l  p l a in  and s h e l f  by th rus t ing  o r  gravi ty  
s l i d ing .  Their geme t ry  Implies t h a t  the  d isplacment  
zone and the  detachment fo lds  were s t r u c t u r a l l y  l inked 
and s t r u c t u r a l  l inkage and synckone i ty  a r e  a l so  
suggested by the  regional d i s t r i b u t i o n  of earthquake 
epiaenters .  These a r e  c lus tered  i n  t h e  northeast  
Brooks Range and the  cont inenta l  she l f  as  f a r  north a s  
t h e  northern s t ruc tu re s  of t h e  fo ld  be l t  but a r e  
spa r se  o r  absent from the s h e l f  t o  the  nor th  and the  
lowland and cont inenta l  she l f  t o  t h e  west. The f a c t  
t h a t  the displacement zone projec ts  i n t o  t he  a r ea  off  
Camden Bay where both t h e  Neogene fo lds  and t h e  
seismogenic zone terminate on the west a l s o  suggests 



synchroneity. However, outcrop da t a  f o r  the  age of 
t he  displacament zone have not been reported from 
onshore northern Alaska. I f  the displacement zone i s  
indeed ac t ive  and linked gecmetrically t o  t h e  fo ld  
b e l t ,  it may be capable of generating earthquakes 
comparable i n  magnitude t o  t h e  M = 5.3  event t h a t  
occurred i n  the  f o l d  be l t  of f  Bar ter  Is land i n  1968. 

ENVIRONMENTAL GEOLOGIC SIGNIFICANCE 

The ac t ive  geologic s t ruc tu re s  of the Alaskan 
Beaufort she l f  have the  po ten t i a l  f o r  su r f ace  
movements t ha t  could d is rupt  petroleum production 
f a c i l i t i e s  and pipel ines  t h a t  may, i n  t he  fu tu re ,  be 
i n s t a l l e d  there .  Because the  l i n e  spacing of the data  
analyzed i n  t he  present repor t  a r e  such t h a t  many 
individual  geologic s t ruc t l l res  were probably missed, 
de t a i l ed  high-resolution surveys of poss ib le  
construction s i t e s  on the  she l f  a r e  des i rable .  The 
areas of g rea t e s t  po t en t i a l  hazard a r e  those where 
f a u l t i n g  o r  fo ld ing has displaced upper Quaternary 
sedimentary deposits  o r  t h e  s ea  f l oo r .  These areas  
include (1) the  zone of la rge  l a t e  Ple is tocene  and 
Holocene slumps and r e l a t e d  l i s t r i c  noma l  f a u l t s  on 
the upper s lope  and outer  s h e l f ,  (2)  t he  zone of 
shallow earthquakes and Holocene deformation near 
Camden Bay, and (3) t he  province of normal f a u l t s  Chat 
o f f s e t  l a t e  Ple is tocene  beds, Holocene beds, o r  t h e  
seabed west from Caaden Bay. The absence of recorded 
earthquake3 near t h e  l is t r ic  and nomal  f a u l t s  is not 
evidence t h a t  these  f ea tu re s  a r e  quiescent.  Areas of 

, t he  Beaufort s h e l f  underlain by th ick ,  f i n e g r a i n e d  
unconsolidated l a t e  Ple is tocene  and Holocene 
sedimentary deposi t s  (Dinter,  1982) t h a t  a r e  within or 
near t ec ton ica l ly  a c t i v e  areas  a r e  a l s o  hazardous 
because f a u l t  movements or earthquakes might t r i g g e r  
f a i l u r e s  i n  these  weak sedimentary mater ia ls .  

REFERENCES CITED 

Basham, P.  W., Forsyth, D,  A.,  and Wetmiller, R .  J . ,  
1 977 , The se ismici ty  of northern Canada: Canadian 
Journal of Ear th  Sciences,  v. 14, p. 1646-1667. 

Biswas, N .  N.,  and Gedney, Larry, 1978, Seismotectonic 
s tud ie s  of nor theas t  and western Alaska: 
Fairbanks, Alaska, University o f  Alaska 
Geophysical I n s t i t u t e ,  Administrative Report, 45 
P. 

Biswas, N .  PI., Gedney, Larry, and Huang, P. ,  1977, 
Seismici ty  s tudies :  (A) Northeast Alaska, and (B) 
Norton and Kotzebue Sounds, & Environmental 
assesanent of t h e  Alaskan Continental  Shel f ;  
Hazard and data  management: United S t a t e s  
National Oceanic and Atmospheric Administration 
Report 18, p. 169-315. 

Blanton, S.  L., 1970, Discussion, 2 Adlcison, W. L., 
and Brosge, M. M . ,  eds. ,  Proceedings of t h e  
Geological Seminar on the  North Slope of Alaska: 
Pac i f i c  Sect ion ,  American Association of Petroleum 
Geologists,  Los Angeles, Cal i fornia ,  p. K- 14. 

Dillon,  W. P., and Oldale,  R .  N . ,  1978, Late 
Quaternary sea l eve l  curve; r e in t e rp re t a t i on  based 
on g lac io tac tonic  influence: ~ e o l o ~ ~ ,  v. 6, p. 
56-60. 

Dinter,  D. A . ,  1982, Holocene marine sediments on the  
middle and outer  cont inenta l  she l f  of t he  Beaufort 
Sea nor th  of Alaska: U.S. Geological Survey 
Miscellaneous Inves t iga t ions  S e r i e s  Map 1-1 182B, 
s c a l e  1:500,000. 

Grantz, Arthur, Barnes, P. W . ,  Dinter,  D. A . ,  Lynch, 
M.  P . ,  R e h n i t z ,  Erk, and S c o t t ,  E. W . ,  1980, 

Geologic framework, hydrocarbon po ten t i a l ,  
environmental conditions and an t i c ipa t ed  
technology f o r  explora t ion  and development of the 
Beaufort Sea she l f  north of Alaska, a summary 
report:  U.S. Geological Survey Open-File Report 
80-94, 42 p., 18 f i g s .  

Grantz, Arthur, and Dinter,  D. A . ,  1980, Constraints 
of geologic processes on western Beaufort Sea o i l  
developments: O i l  and Gas Journal ,  v. 78,  no. 18, 
p. 304-319, 6 f i g s .  

Grantz, Arthur, Ei t t re im,  S. L . ,  and Dinter,  D .  A . ,  
1979, Geology and t e c ton ic  deve lopen t  of t h e  
cont inenta l  margin north of Alaska: 
Tectonophysica, v. 59, p. 263-291. 

Grantz, Arthur, and Greenberg, Jonathan, 1981, Map 
showing loca t ion  of high-resolution Uniboom 
seismic r e f l e c t i o n  p ro f i l e s  col lec ted  August 25 
through October 5, 1977, on t h e  Beaufort Sea: 
U,S. Geological Survey Open-File Report 81-34, 1 
p., 1 map, s c a l e  1 :500,000. 

Greenberg, Jonathan, Hart ,  P. E . ,  and Grantz, Arthur, 
1981, B a t h p e t r i c  map of t he  cont inenta l  s h e l f ,  
s lope  and r i s e  of the Beaufort Sea nor th  of 
Alaska: U .S. Geological Survey Miscellaneous 
Inves t iga t ions  Se r i e s  Map 1-1 182A, s ca l e  
1 :500,000. 

Hopkins, D.  M . ,  1975, T i m e s t r a t i g r a p h i c  nomenclatwe 
f o r  t h e  Holocene epoch: Geology, v. 3, January 
1975, P. 10. 

Lee, W. H .  K . ,  and Lahr, J .  C . ,  1975, A computer 
program f o r  determining hypocenter, magnitude, and 
f i r s t  motion pa t t e rns  of l oca l  earthquakes: U.S. 
Geological Survey Open-File Report 75-31 1. 

Lerand, Monti, 1973, Beaufort Sea, McCrossan, H .  
G., ed . ,  The fu tu re  petroleum provinces of Canada- 
- t h e i r  geology and potent ia l :  Canadian Socie ty  of 
Petroleum Geologists Memoir 1, p. 315-386. 

Meyers, Herbert, 1976, A h i s t o r i c a l  summary of 
earthquake ep icen te r s  i n  and near Alaska: United 
S t a t e s  National Oceanic and Atmospheric 
Administration Technical Memorandum E N  NCPSDC-1, 
57 P. 

Morris, R .  H . ,  1954, Reconnaissance study of the Marsh 
a n t i c l i n e ,  northern Alaska: U.S. Geological 
Survey Open-File Report, 6 p . ,  1 pl .  

Reiser,  H .  N . ,  Brosge, W.  P. ,  Dutro, J .  T . ,  J r . ,  and 
Detterman, R .  L., 1971, Preliminary geologic map, 
M t  . Michelson quadrangle, Alaska: U.S. Geological 
Survey Open-File Report, 2 shee t s ,  s ca l e  
1 :200,000. 

Shackleton, N.  J . ,  and Opdyk, N .  D . ,  1973, Oxygen 
isotope and paleomagnetic s t r a t i g raphy  of 
equator ia l  P a c i f i c  core V28-238; oxy en i s o t  pe 5 8 temperatures and ice volumes on a 10 and 10 year 
sca le :  Quaternary Research, v. 3, p. 39-55, 

Slemmons, D. E., and McKinney, Roy, 1977, Def in i t ion  
of "Active Fault": Vicksburg, Mississippi.  U.S. 
Waterways Experiment S t a t i o n ,  Miscellaneous Paper 
S-77-8, 22 p. 

Thenhaus, P. C., Ziony, J .  I., Diment. W. H , .  Hopper, 
M. G . ,  Perkins,  D .  M . ,  Hanson, S.  L . ,  and 
Algeraissen,  S .  T. ,  1979. P r o b a b i l i s t i c  es t imates  
of maximrrm seismic acce l e ra t ion  i n  rock i n  Alaska 
and the  adjacent outer cont inenta l  shel f :  U.S. 
Geological Survey Interagency Report t o  t h e  Bureau 
of Land Management, May 1979, 20 p. , 4 pls .  

U.S. Bureau of Land Management, 1979, F ina l  
Environmental Impact Statement, Proposed Federal- 
S t a t e  O i l  and Gas Lease S a l e ,  Beaufort Sea ,  Vol. 
1 : U.S. Department of I n t e r i o r .  Bureau of Land 
Management, Washington, D.C., 397 p. 


