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Abstract 

6 
Alaska, comprising 3.6 X 10 sq km (about 28 percent) of  the  land, 

shelf ,  and upper continental  s lope of the  United S ta tes ,  has been e s t i -  - 

mated by the U.S. Geological Survey (1974) t o  contain about 25 percent of 

the  Nation's petroleum resources. Some 11 b i l l i o n  ba r r e l s  of petroleum 

l iqu ids  and 31 t r i l l i o n  cubic f e e t  of na tura l  gas have been announced a s  

discovered t o  date. 

In  northern Alaska, Paleozoic and Mesozoic shelf  and slope deposi ts  

of the  Brooks mnge orogen were t h r u s t  r e l a t i ve ly  northward over the  

d3prcssed souJ& m r g i n  of t he  Paleczoic and 1-:esozoic Arctic platform, upo.1 

which a foredeep ( the  Colvi l le  geosyncline) developed i n  e a r l i e s t  Creta- 

ceous time. Detr i tus  from the  Brooks Range f i l l e d  the foredeep and pro- 

graded northwest and northeast  t o  f i l l  the  Cretaceous and Tert iary North 

Chukchi and Umiat-Camden basins and form the  Beaufort shelf .  

In  southern Alaska, a s e r i e s  of arc-trench systems developed on 

oceanic rocks during the Jurass ic  and Cretaceous. Between the  a rcs  and 

the metamorphic (continental)  t e r ranes  of east-central  and northern Alaska, 
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large back-arc and arc-trench gap basins received thick volcanic and 

detrital deposits. These deposits were extensively deformed and disrupted 

by mid-Jurassic to Tertiary plutonism, Laramide oroclinal bending, wrench 

faulting, and arc-related compression. 

The Laramide events 'continentalized' the late Mesozoic back-arc 

basin deposits and welded them to the oider continental terranes to the - 

north and east. Subsequent sedimentation %as localized and nonmarine 

except in onshore and offshore coastal basir;, where thick mixed marine and 

nonmarine sections were deposited. The Aleutian arc and associated Queen 

Charlotte transform fault system have dominited structural and depositional 

patterns in southern Alaska since the early Cenozoic. 

The largest petroleum reserves in Alas'ca (the Prudhoe Bay and associated 

fields) and the best prospects for additional large discoveries are in 

northern Alaska, where an extensive terxane is underlain by Upper Paleozoic 

to Tertiary carbonate and shelf, slope and delta clastic deposits. The pre- 

Tertiary back-arc and arc-trench gap basins in southern and interior Alaska 

are too intensely deformed or too low in porosity (because of diagenetic 

mobilization of labile constituents) to .offer more than modest local prospects. 

The Tertiary coastal basins do, however, offer large tracts of thick marine 

and nonmarine clastic rocks and in some areas many large folds to exploration. 

Such basins are known to be petroliferous on Bristol Bay and the Gulf of 

Alaska and to contain major accumulations of oil and gas at Cook Inlet, but 

they are relatively little explored. 



Introduction 

This psper r e l a t e s  t he  occurrence of petroleum i n  Alaska t o  its 

tec ton ic  history. W e  consider t h a t  p l a t e  tec ton ic  theory' and the ideas 

of D. E. Karig and o thers  on marginal ocean basins,  migrating a rc s  and 

back-arc sedimentation provide the most f r u i t f u l  avai lable  concepts f o r  

understanding Alaskan tectonics ,  and our discussion i s  colored by these - - 

ideas. We present  an ou t l ine  of the  tectonics  of Alaska t o  provide a 

conceptual b a s i s  f o r  evaluating i t s  petrolemi resources, b u t  because of 

l imi ta t ions  of  time and space, t he  ou t l i ne  j . 5  necessar i ly  sketchy and 

over-simplified. For t he  sake of brevi ty ,  we use an asser t ive  s t y l e  t h a t  

may imply a grea te r  confidence than we place i n  a l l  the  d e t a i l s  of the  

tec ton ic  h i s to ry  we out l ine ,  and we have not attempted t o  reconcile the  

rr;my worthy, b - ~ t  of t en  confl ic t ing ideas  on t h e  subject  tha t  have been 

proposed recently.  For our purposes, Alaska includes both its land areas  

and bordering cont inental  terraces .  These te r races  cons t i tu te  more than 

ha l f  of t he  t o t a l  continental  mass i n  and adjacent t o  Alaska and o f f e r  large 

t r a c t s  of ground t h a t  appear t o  be a t t r a c t i v e  t o  exploration. 

This paper was i n i t i a t e d  and presented a t  t h e  Circwn-Pacific Energy and 

Mineral Resources Conference, Honolulu, ~ a w a i i ,  August 26-30, 1974, w i t h  

C. E. Kirschner as senior  author. However, because ~ i r s c h n e r  was assigned 

t o  Amoseas Indonesia, Inc., Jakarta i n  t h e  f a l l  of 1973, the  main burden 

of preparing t h e  paper and i l l u s t r a t i o n s  f e l l  t o  Arthur Grantz. The l a t t e r  

therefore has assumed the  respons ib i l i ty  of sen ior  author. 

W e  a r e  indebted t o  t he  Standard O i l  Company of ca l i fo rn i a  and t o  t h e  



U.S. Geologic~l Survey for permission and encouragement to present this 
I 
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paper, to many colleagues in these organizations for helpful information 
Q 

and comments, imd to W. P. Brosge, E. H. Lathram, and I. L. Tailleur for 

reviewing the manuscript. 

Tectonic Setting 

Alaska lies in the northwestern part of the late Mesozoic and Cenozoic 

North American crustal plate. Seafloor spreading in the North Atlantic has 

produced a continent to continent compressional boundary between the North 

American and Lurasian plates along the west front of the Cherskiy foldbelt 

of northeastern U.S.S.R. (Churkin, 1972), and extensive east-west megascale 

compression ir. western and northern Alaska. Similarly,. spreading at the 

East Pacific rise has produced an oceanic crust to continent compressional 

boundary between the Pacific plate and its predecessors and the evolving 

North American plate along the Aleutian arc and the Gulf of Alaska. These 

two interplate collision zones have been the dominant determinants of the 

late Mesozoic and Cenozoic tectonic evolution of Alaska. 

Viewed broadly (Fig. l), Alaska is an isthmus connecting the Euasian , 

Figure 1 near here. 

and North American continents in which topography and structure are dominated 

by the Cordilleran foldbelt of western North America. As a result of c0l- 

lisions with the Eurasian continental and Pacific oceanic plates, this 

foldbelt in Alaska was deformed by megascale oroclinal deformation, (i-e-, 

by rotation in plan). This deformation is postulated to have produced the 



genetically ljnked Alaska, Pribilof and Navarin oroclines in southern and 

central Alaska and the Bering shelf, and the Chukchi syntaxis, and 

Porcupine and Cjgilvie oroclines in northern Alaska. 

Physiography and Structural Setting 

The major physiographic-structural provinces of Alaska and some of 

the major fault systems are shown in Figure 2. The Southern and Interior 

Figure 2 near here. 

provinces toycther with the Brooks Range of the Northern province make up 

the Cordi1leri.n system in Alaska. The Northern province is dominated by a 

late Paleozoitr and Mesozoic stable shelf and cretaceous and Tertiary thrur. t 

fault system, whereas the Interior and Southern provinces are dominated, 

respectively, by deformed late Mesozoic back-arc basins and Mesozoic and 

Tertiary arc-trench systems. 

Northern Province 

The Northern province consists of the tectonically related Arctic 

coastal plain, Foothills, and Brooks Range subprovinces. The coastal plain* 

and foothills are underlain by a stable shelf, the Arctic platform, contain- 

ing Upper Devonian to lowest Cretaceous rocks of northern provenance. The 

shelf is apparently truncated on the north by the linear Beaufort scarp, 

which follows the Beaufort Sea continental slope, and it is disrupted on the 

south and southwest by Cretaceous and early Tertiary thrust fault systems in 

the Brooks Range and central Chukchi Sea. TI? the east it is partly uplifted 

in the northeastern Brooks Range and partly buried under Cretaceous and 



Tertiary beds in the Arctic coastal plain, Beaufort shelf and MacKenzie 

delta. This belta was localized at the intersection of the Beaufort scarp 

and the Canadian platform subsequent to development of the Canada basin. 

We speculate that the Beaufort scarp may be an extinct transform fault 

system, active only during the Jurassic and Early Cretaceous, that extended 

east from the Chukchi Sea end of the Alpha Ridge of the Arctic basin. This 

ridge is thought to have been an active spreading axis from 200 to 40 

m.y.b.p. (Ostcnso, 1973). However, the recent discovery of latest Creta- 

ceous sedimen,:~ on the.Greenland end of the ridge (~ing and others, 1973) 

suggests that activity ended during Late Cretaceous time. At least a part 

of the oceanir: Canada basin may thus have opened by relative southeast 

movement of t).e Canadian platform along the Reaufort scarp and away from 

the Alpha Ridge. Right slip on the postulzted Beaufort transfo-m fault 

might have been dissipated into oblique slip aloqg the Jurassic or Early 

Cretaceous Cordilleran front via an ancestral Donna River right-slip fault, 

much as the present Donna River fault zone of northweasternmost Canada 

(Fig. 2 )  appears to have transferred its right-slip to right-oblique slip , 

faults in the northwestern MacKenzie Mountains (see, for example, Geol. Survey 

Canada, 1970a, b). ,The present curvilinear trace of the postulated Beaufort- 

ancestral Donna River alinement resulted from oroclinal bending of the eastern 

I Brooks Range by relative northeastward displacement of northern ~laska along 

the Kaltag-Porcupine and Tintina faults. 

The Brooks Range is bordered along its northern foothills by earliest 

Cretaceous to Tertiary thrust faults on which Brooks Range rocks overrode 



and depressed $he southern margin of the Arctic platform to form a foredeep, 

the Cretaceous Colville geosyncline. The foredeep deposits thin and buttress 

northward against the Arctic platform and coarsen southward toward the 

thrust belt and Brooks Range. The Brooks Range and foothills rocks and- 

structures correspond in time and style to thdse of the Rocky Mountains 

province of Canada and have been tentatively traced into northeastern 

U.S.S.R. and Wrangel Island via the Seward Peninsula (Churkin, 1973, p. 47ff). 

The Brookf Range is bounded on the south by the Kobuk fault zone 

(Patton, 1973) much as in most places the Mac~enzie-Rocky Mountains system is 

bounded on the southwest by the ~intina and Rocky Mountain fault zones. In 

both areas, Up~er Cretaceous nonmarine clastic sediments were deposited in 

and along the topographic trenches that are associated with these faults 

(Brabb, 1969; Patton, 1973). ~ccordingly, ve postulate that the Kobuk may 

be a deformed and offset extension of a pre-~ertia-q Tintina fault zone. 

Interior Province 

The Interior province lies between the ~obuk-Tintina fault system on the 

north and the Denali fault system, southern Alaska Range and Aleutian arc on, 

the south. Its commonly metamorphozed Paleozoic rocks and infolded, complexly 

deformed Mesozoic g2osynclinal clastic rocks extend southeastward into 

Canada and westward beneath patchy Tertiary basins on the Bering shelf. 

The Interior province contains a mainly Late Cretaceous to middle 

Tertiary en echelon fracture system consisting of the Kaltag, Iditarod, 

Farewell, Mulchatna, and perhaps other right-slip faults. These.faults may 

have formed in response to rotational stresses about vertical axes in the 



a c t i v e  western limb of  t h e  Alaska o r o c l i n e  (Grantz, 1966). Pre-exist ing 

s t r u c t u r a l  f e a t u r e s  such as t h e  Kobuk and T i n t i n a  f a u l t  zones (Roddick, 

1967) and t h e  s t r a n d s  of  t h e  Denali f a u l t  i n  t h e  c e n t r a l  Alaska Range a r e  

o l d e r  structures, wi th  a long h i s t o r y  of  movement, t h a t  were o f f s e t  o r  

bent  by deformation i n  t h e  west limb of  t h e  orocl ine .  The northeast-  

t rending Kaltag and Farewell f a u l t s  appear i n  p a r t  t o  o f f s e t  and i n  p a r t  - - 

t o  sp lay  o r  t r a i l  i n t o  t h e  o lde r ,  northwest-trending T in t ina  and Denali 

f a u l t s .  They do no t  appear t o  be folded segments of  these  o l d e r  f a u l t s ,  

although the Farewell and Denali f a u l t s  have been regarded a s  p a r t s  o f  t h e  

Denali f a u l t  syste-n (Grantz, 1966) . 
Southern Province 

The Southern or P a c i f i c  province is a complex of a rcua te  mountain 

ranges,  l i n e a r  lowlands, and a narrow con t inen ta l  she l f  whose s t r u c t u r a l  

t r ends  r e f l e c t  t h e  inf luence  of t h e  Alaska o roc l ioe  and subduction along 

t h e  Cenozoic Aleut ian  arc. Most outcropping rocks i n  t h e  province were 

formed i n  a system o f  J u r a s s i c  and Cretaceous arcs, trenches,  arc-trench 

gap bas ins  and back-arc basins i n  t h e  sense of Dickinson (1974). The province is  

separa ted  from t h e  P a c i f i c  bas in  by t h e  Aleut ian  Trench and t h e  gene t i ca l ly  

r e l a t e d  Queen Char lo t t e  transform f a u l t  system. 

The Aleut ian  volcanic  a r c  e n t e r s  t h e  cont inent  a t  Unirnak Is land and 

fol lows t h e  Alaska Peninsula t o  t h e  c e n t r a l  Alaska Range. There, T e r t i a r y  

igneous a c t i v i t y  and h i s t o r i c  earthquakes r e l a t e d  t o  t h e  associa ted  Benioff 

zone terminate  near  t h e  a x i s  of t h e  Alaska orocl ine .  Subpara l le l  t o  t h e  

volcanic  a r c  i s  an ou te r ,  nonvolcanic o r  t e c t o n i c  a r c  t h a t  i s  defined by 



Kodiak Island and the Kenai-Chugach Mountainq;. 

swnmary 

The Kaltag-Porcupine fault appears as an important break north and - 

south of which deformation of the Alaskan intercontinental "isthmus" 

followed somewhat different geometries. To the north a box-fold of 

syntaxes and oroclines related to right-slip along the Kaltag-Porcupine - 

fault dominates the megastructure of the Ncra.hern province; to the south 

an S-fold pattern of complementary oroclines dominates the structure of 

the Interior and Southern provinces and thei'c offshore extensions. On 

both sides of the fault, however, the c.ausative stress was east-west 

shortening in response to relative westward drift of North America. The 

oroclinal deformations may have been localized in western and northern 

Alaska because here the isthmus between Eur;.sia and North America was 

narrowest. 



Stratigraphy 

Introduction 

The stratigraphic record in Alaska is similar in many respects to 

that of the Canadian platform and the Pacific Cordillera. In general, 

Paleozoic to Early Cretaceous sedimentation was miogeosynclinal to the 

north and eugeosynclinal to the south. However, early Paleozoic eugeo- 
- 

synclinal rocks underlie much of northernmost Alaska. Large areas in 

western Interior and Southern Alaska remained oceanic until late Mesozoic 

time, when they were finally continentalized and accreted to North Americi.. 

Paleozoic and Triassic rocks 

The Paleozoic rocks of Alaska have been summarized recently by 
: 

Brosge and Dutro (1973) and by Churkin (1973) and some data on these and 

the Triassic rocks can be found in King (1969). The late Paleozoic and 

Triassic rocks of northern Alaska are shelf deposits of northerly provenance 

that rest unconformably on both eugeosynclinal and miogeosynclinal rocks of 

early Paleozoic age (see Figs. 3 and 4 ) .  The unconformity marks a major 

Late'Devonian orogenic event that consolidated the early Paleozoic geo- 

synclinal rdcks into a stable shelf, the -Arctic platform, upon which the 

late Paleozoic and Triassic rocks were deposited. 

The late Paleozoic and Triassic rocks of northern Alaska are cut off 

on the north by earliest Cretaceous and older erosion and by the Beaufort Scarp, 

Figures 3 and 4 near here. 

which we speculate was a late Mesozoic transform fault. If this interpretation is 



correct, the shelf deposits were derived from part of the Canadian platform, 

now displaced relatively southeastward alorlj the Beaufort transform. Becailse 

the area of the stable shelf, the Arctic platform, was reduced sharply 
- 

after the mid-Jurassic and because Cretaceous clastic rocks prograded 

across the Arctic platform and Barrow arch to thicken northward on the 

Beaufort shelf, dislocation along the transform was probably Late Jurassic 
- . . - - - - 

and/or earliest Cretaceous. 

Most of early Paleozoic to ~riassic sou",hern Alaska was oceanic and 

contained volcanic arcs, but the boundary bktween these rocks and the shelf 

deposits to the north was apparently mobile. Note that the western two- 

thirds of the Carboniferous to Triassic mioo~osynclinal-eugeosynclinal 

boundary in Alaslca (Fig. 4) must lie north cf the present ~osition of the early 

Paleozoic miogcosynclinal-eugeosynclinal boundary (Fig. 3 ) .  The specific 

position of the former boundary in Figure 4 is, however, an interpretation. , 
These relations suggest that the southern margin of the early Paleozoic 

continental terrace was fragmented and rifted south, perhaps during the 

Late Devonian orogeny which strongly affected northern Alaska, or during 

the Carboniferous. We postulate that a late ~aleozoic marginal ocean basin, 

with ensimatic sedimentation, then formed in the gap thus created in the 

earlier shelf. The distribution of ophiolitic rocks led Patton to postulate 

earlier (1970, p. E20, and personal commun., 1974) that the Yukon-Koyukuk 

province of Cretaceous volcanic and sedimentary rocks (Fig. 6) filled a 

Permian, Triassic, or Jurassic rift in this same gap. Rifting and marginal 

ocean basin expansion may thus have occurred from the Late ~evonian or 



Carboniferous .ro the Jurassic or Cretaceous in west-central Alaska. The . 

episodes of expansion may have alternated with one or more periods of basin 

collapse, as suggested by Churkin (1974) for the Cordilleran foldbelt to 

the southeast, but the chronology of such events in the two areas may 

have differed. 

Broad bands of pelitic schists, marble, serpentine, and greenstone lie 

along much of the boundary between the miogeosynclinal and eugeosynclinal 

rocks in centrzl Alaska (Fig. 5). We speculate that where these schists 

Figure 5 near here. 

lie near the late Paleozoic facies boundary or along the raft of early 

Paleozoic miog~osynclinal rocks, they include metamorphosed continental 

rise deposits. The local presence of serpentines and blueschists (Forbes 

and others, 1971; Patton, 1973) suggests that in $laces these schists also 

mark ancient, but now disrupted and obducted, subduction zones along the 

Paleozoic boundaries. 

Jurassic and Cretaceous rocks 

The Jurassic Period brought changes to Alaskan depositional patterns 

and tectonics that were comparable in scope to those created by the Late 

Devonian orogeny. These changes heralded a period of crustal mobility and 

compression that, by Tertiary time, created a continent out of the back-arc 

terrains of western Interior and the arc-trench gap terrains of Southern 

Alaska. The Jurassic and Cretaceous sedimentary basins of Alaska are shown 

in Figure 6. Data for this figure and the text were drawn from Berg and 



v 
others (1972), Brabb (1969), Brosge and Tailleur (1971), J. M. Hoare, 

Figure 6 near here. 

personal commun. (1974) , King (1969) , Lerand (1973) , Marlow and others 

(in press), Morgridge and Smith (1972), Patton (1973), Scholl and others 
v 

(in press), Tailleur and Brosge (1970)r and our own studies. - 
- - 

In northern Alaska clastic rocks of northern provenance and platfona 

facies were deposited through the Jurassic. Uplift and northward-directei 

thrust faultin3 in the Brooks Range began in the latest Jurassic and was 

yoked to creation of a.foredeep, the Colville geosyncline, to the north. 

The rising thrust belt shed voluminous orogenic and postorogenic detrikr; 

northward that overfilled the foredeep during the Cretaceous and prograded 

northwest and northeast, across the Barrow srch, to form the North Chukci.l 

and Umiat delta systems and basins. The Upper ~r&taceous Umiat basin of the 

Colville geosyncline underlies the eastern part of the Arctic coastal plain 

and adjacent continental shelf. 

Jurassic mafic rocks in the southern Brooks Range appear to mark the 

southern edge of the continent at that time and place, and a zone of 

northward-directed obduction as well. Late Paleozoic and early Mesozoic 

ophiolites in the southern Brooks Range, and at many localities in the 

Interior and Southern provinces, are presumed to represent deep seafloor 

igneous and bedded rocks formed in marginal ocean basins. Remanent arcs 

(~arig, 1972) of Paleozoic (particularly late Paleozoic) and Triassic age 

and at least one large ridge of rifted Precambrian and Paleozoic continental 



s h e l f  were s c a t t e r e d  ac ross  t h i s  marginal ocean bas in  t e r rane ,  which must 

have looked much l i k e  p a r t s  of t h e  modern southwest Pac i f i c .  Upon t h i s  

complex foundation between t h e  southern Brooks Range and a f r o n t a l  arc-  

t rench system i n  and immediately nor th  of t h e  present  Kodiak-Chugach- 

St.  E l i a s  Mountains (see Fig. 6), t h e r e  developed an assemblage of J u r a s s i c  
- .  - - 

and Cretaceous volcanic  a r c s  and back-arc basins.  These bas ins ,  some 

apparently r e s t i n g  on oceanic c r u s t ,  some on cont inenta l ized c r u s t ,  f i l l e d  

with J u r a s s i c  and Cretaceous volcanic  and c l a s t i c  rocks of d ive r se  f a c i e s ,  

The e a r l i e s t  d e p o s i t s  w e r e  t y p i c a l l y  marine volcanic  rocks and t u r b i d i t e s  

of l o c a l  volcanic  provenance, succeeded by shallow marine, then d e l t a i c  A 

and l a s t l y  coal-bearing sequences of inc reas ing ly  con t inen ta l  provenance. 

Tine back-arc bas ins  formed behind (north o f )  a Middle J u r a s s i c  t o  Lare 

Cretaceous eugeosyncline t h a t  f ronted t h e  P a c i f i c  bas in  i n  t h e  present  Kodiak- 

Chugach Mountains and an arc-trench gap bas in  and a magmatic (volcanic) arc 

t h a t  were contiguous on t h e  nor th  and g e n e t i c a l l y  r e l a t e d  t o  t h e  eugeosyncline. 

The eugeosyncline conta ins  con t inen ta l  rise and trench t u r b i d i t e s  and sub- 

marine b a s a l t s  t h a t  have been t e c t o n i c a l l y  disordered and collapsed t o  a 

f r a c t i o n  of t h e i r  former e x t e n t  by underflow of t h e  P a c i f i c  basin.  The arc- 

t rench gap b a s i n  ( the Matanuska geosyncline) c o n s i s t s  of she l f  and s lope  

c l a s t i c  rocks much l i k e  those of s i m i l a r  age i n  t h e  Sacramento Valley of 

Cal i fornia .  

T e r t i a r y  rocks 

T e r t i a r y  deposi t ion  i n  i n t e r i o r  Alaska was r e s t r i c t e d  t o  nonmarine, 

intermontane bas ins ,  a legacy of Cretaceous "cont inenta l iza t ion"  of the  

~ n t e r i o r s a n d  Southern provinces. Thick marine and nonmarine c l a s t i c  wedges, 



however, occur semicontinuously around Alaska's continental margins and 

constitute some of the State's most prospectkve ground for petroleum 

exploration. The Tertiary basins,are shown in Figure 7 .  Sources for this 

Figure 7 near here. 

figure and the _text were Barnes (1969 and 1971), Grantz and others (1970)-, 

IIatten (1971), King (1969), Kirschner and f.ycn (1973), Marlow and others 

(in press), Plafker (1971) and von Huene an3 others (1971), M. S. Marlow 

and D. W. Scholl, personal commun. (1974), a ~ d  our own studies. 

The Interior basins are filled with clrstic sediments that generally 

contain coal. The section in most of the bcsins is of moderate thickness, 

and deformation is generally slight to moderate. Intermontane, half-graben 

+ r i p s .  
basins form tha principal sediment %tps. 

The Tertiary coastal basins are larger and deeper than the Interior 

basins and in many places more strongly deformed. In addition to coal- 

bearing rocks they contain paralic, shallow marine shelf, and deltaic rocks, 

deep marine turbidites, and organic shale. All ~ertiary epochs are represented. 

Deformation ranges from gentle to intense, even metamorphic. 

The Aleutian volcanic arc and trench system, which formed in latest 

Cretaceous or earliest Tertiary time, and the tectonically linked Queen 

Charlotte transform system controlled or strongly influenced Cenozoic 

sedimentation in the St. Elias, Kodiak, Cook Inlet and Bristol Bay coastal 

basins. 

The Cook Inlet and Kodiak basins are parts of a compound Tertiary arc- 



! - 
t rench gap b a r i n  l y i n g  between t h e  Aleutian volcanic  a r c  and t rench 

(Fig. 8). The Cook I n l e t  bas in  and its extens ions  i n t o  Sus i tna  lowland 

Figure 8 near  here.  

and Shelikof S t r a i t  occupy a t e c t o n i c  trough between t h e  Aleut ian  volcanic 

arc and t h e  Kodiak-Chugach t e c t o n i c  arc .  This trough conta ins  nonmarine 

c l a s t i c  rocks and some f i r s t - c y c l e  volcanic  mater ia ls .  Deformation is 

progress ively  ; t ronger i n  o l d e r  sediments and may r e s u l t  i n  p a r t  from t h e  

impressed r o t t t i o n a l  s t r a i n s  developed i n  t h e  Alaska orocl ine .  The Kodiak 

bas in  l ies  betdeen t h e  t e c t o n i c  arc and t h e  Aleutian t r ench  and conta ins  

both marine mi nonmarine rocks. Its e a s t e r n  extension,  t h e  S t .  E l i a s  basin,  

l ies  between t h e  Chugach-St. E l i a s  t e c t o n i c  a r c  and a poorly developed t rench 

i n  t h e  Gulf o f  Alaska and i s  bounded by sp lzys  of t h e  Queen Char lo t t e  trarlsform 

f a u l t  system. 

The T e r t i a r y  bas ins  along the  o u t e r  Bering she l f  are half-grabens formed 

as a r e s u l t  o f  slumping and co l l apse  of  a l a t e  Mesozoic con t inen ta l  margin. 

Their  s t r u c t u r a l  p o s i t i o n  and depth, .as  w e l l  a s  l imi ted  sampling, suggest *at 

they include both  marine and nonmarine f a c i e s .  The T e r t i a r y  b a s i n s  of t h e  

inner  Bering s h e l f  and t h e  southern Chukchi Sea a r e  th inner  than those of the  

o u t e r  Bering s h e l f  and may be predominantly nonmarine. 

T e r t i a r y  beds i n  t h e  North Chukchi and Camden bas ins  and t h e  Beaufort 

she l f  i n  t h e  Northern province probably c o n s i s t  c h i e f l y  o f  d e l t a i c  and 

progradat ional  c o n t i n e n t a l  s h e l f  sequences. They presumably confain marine 

as w e l l  a s  nonmarine beds offshore ,  as they do onshore i n  nor theas tern  Alaska. 



Clastic sediments that were swept across the Alaska continental 

shelves have formed thick Cretaceous and Cenozoic continental rise sedi- 

mentary prisms in the Beaufort and Bering Seas and contributed to thick 

sedimentary prisms overlying oceanic crust in the Canada and Aleutian 

basins. They have also partly filled the Cenozoic Aleutian trench. 

Each of these extensive deep ocean sedimentary prisms may eventually be - - - - - -- 

prospective for oil and gas. 

Petroleum Prospects 

The sedimentary basins in Alaska and its continental terraces that, 

on the basis of published data, appear to have significant potential for 

oil and gas are shown and classified in Figure 9. The remainder of this 

paper relates the occurrence of oil and gas in these basins to Alaska's 

Figure 9 near here. 

stratigraphic and tectonic history. 

In the extensive ~orthern province (Fig. I@), petroliferous late 

Paleozoic and early Mesozoic marine shelf sediments on the Arctic platform 

Figure 10 near here. 

contain broad structures that, near the crest of the Barrow arch at Prudhoe 

Bay, have stratigraphically and structurally trapped giant oil and gas 

reserves (Morgridge and Smith, 1972). Significant, but much smaller reserves 

have also been found in the overlying Cretaceous sediments of the colville 

geosyncline. We anticipate that additional substantial accumulations will 



be found i n  both s u i t e s  of rocks, which a r e  v i r t u a l l y  untested. 

S i g n i f i c a n t  prospects  may a l s o  occur i n  t h e  Cretaceous and T e r t i a r y  

rocks of t h e  c o a s t a l  and offshore  Umiat-Camden and North Chukchi bas ins  

and t h e  Beaufort  s h e l f ,  but  o l d e r  prospect ive  rocks may be t h i n  o r  absent  
-- 

nor th  o f  the Barrow arch. Beds i n  t h e  c o a s t a l  Camden bas in  and Beaufort 

s h e l f  a r e  thrown-into  l a r g e  f o l d s  from Camden Bay (146O W. long.) east . -  - 

I n  t h e  North Chukchi bas in  an extens ive  o f f shore  wedge of Cretaceous and 

T e r t i a r y  d e l t a i c  and progradational  she l f  e l a s t i c  rocks contains many d i s p t r s ,  

perhaps o f  Cretaceous shale.  

The F o o t h i l l s  b e l t  of  t h e  Northern province c o n s i s t s  o f  over th rus t s  

i n  Paleozoic s h e l f  sediments on t h e  south and detachment f o l d s  i n  t h i c k  l,.te 

Mesozoic orogenic c l a s t i c  wedges on t h e  north.  Many of  t h e  sedimentary w r i t s  

are p e t r o l i f e z o u s ,  b u t  t h e  s t r u c t u r a l  d e f i n i t i o n  of v iab le  prospects  w i l l  he 

d i f f i c u l t .  

I n  the I n t e r i o r  province, excluding B r i s t o l  Bay, only t h r e e  exploratory 

tests have been d r i l l e d ,  a l l  barren. Two of  these ,  near t h e  Yukon River i n  

western Alaska (Fig. 6) , penetra ted  d i a g e n e t i c a l l y  compacted and s t rongly  

deformed c l a s t i c  rocks t y p i c a l  of  t h e  J u r a s s i c  and Cretaceous back-arc bas ins  

o f  t h e  I n t e r i o r  province. W e  conclude, the re fo re ,  t h a t  these  bas ins  have 

l i t t l e  p o t e n t i a l .  

The t h i r d  w e l l ,  i n  t h e  Nenana bas in  (Fig. 7 ) ,  penet ra ted  Neogene non- 

marine conglomerate, sand, sha le  and coa l  and bottomed i n  Paleozoic s c h i s t .  

The sequence is probably t y p i c a l  of t h e  small  and r e l a t i v e l y  shallow T e r t i a r y  

b a s i n s  o f  t h e  I n t e r i o r  province. Viable prospects  i n  t h i s  s e t t i n g ,  which 



would be for dry gas, may require greater thicknesses and volumes of 

sediment than are commonly present. 

The Bristol Bay basin (Fig. 11) is a large back-arc, half-graben 

basin that rests on continental crust and contains a thick Tertiary section 

of moderately to gently folded marine and nonmarine clastic and volcanic 

rock; Shows of oil and gas, but no production, were logged in-several - - 

onshore test wells. The basin becomes more marine and deeper toward the - \ 

\ 

southwest. Broad structures on the northwest shelf may provide attractive . 

exploratory pz~spects. Its southeastern margin overlies locally petro1if:rous 

late Mesozoic shelf and slope elastic rocks of the Matanuska geosyncline. 

Figure 11 near here. 

In the Southern province, thick Middle Jurassic to Late Cretaceous 3crine 

arc-trench gap shelf and slope clastic rocks, the-Matanuska geosyncline, trend 

more than 1,600 km from Canada to the outer ~ering shelf (Figs. 6 and 9 ) .  

These rocks are generally moderately folded, but in places they are intensely 

deformed or intruded by dikes and small plutons, The Matanuska rocks contain 

large oil seepages, but exploratory tests, although commonly encountering oil 

or gas shows, have been discouraging owing to diagenetically diminished 

porosity. These rocks offer the only significant, albeit modest, prospects 

for Mesozoic oil and gas in Alaska south of the Colville geosyncline. 

The best prospects for large oil or gas accumulations in the Southern 

province lie in the coastal Tertiary basins. 

The Cook Inlet basin (Kirschner and Lyon, 1973) is an intermontane 



half-grabkn co~taining a thick section of Oligocene to Pliocene deltaic, . - 

estuarine, and continental clastic deposits, the Kenai Group of Calderwood 

and Fackler (1972) (see Fig. 12). These rocks overlie Paleocene sand, 

Figure 12 near here. 

shale and coal and Jurassic and Cretaceous marine sediment with oil shows. 

Estimated prov-:d in-place reserves in the basin exceed 2.6 billion barrels 

of oil and 5 *-illion cubic feet of gas (after Crick, 1971). The oil and 

gas fields are in the Kenai Group and cluste~ in the north-central area of 

the basin, ap~arently in an optimum stratigraphic position. Exploratory 

tests elsewher$, however, have been noncommercial, and the potential of tho  

basin for additional large reserves is speculative. 

The Kodick and St. Elias basins (Figs. 13 and 14) lie largely beneath the 

Figures 13 and 14 near here. 

continental terrace outboard of the tectonic arc represented by the Kodiak- 

Chugach-St. Elias Mountains. The boundary between these stratigraphically ' 

w d  structurally related basins is the easternmost- of the northeast-striking 

faults and folds related to subduction at the Aleutian trench. 

The Kodiak basin overlies the Aleutian trench Benioff zone and is an 

arc-trench gap shelf basin. It contains a linear, gently continentward- 

dipping half-graben wedge of upper Tertiary clastics bounded by large faults 

along the outer coast of Kodiak Island and a semicontinuous arch at the 

continental shelf-break. Tertiary and Quaternary sediments in the arch and 



beneath the continental slope are being tectmically churned by slumping, 

folding, and imbricate thrusting due to underflow of the Pacific plate. 

No exploratory wells have been drilled in this mainly offshore basin, 

and little is known of its stratigraphy. On Kodiak and adjacent islands, 

Oligocene continental and paralic sediments and Miocene and Pliocene marine 

sand and silt overlie complexly deformed and-mildly metamorphosed turbidites 

and mafic volcanic rocks of Paleocene and Eocene age. The Kodiak basin 

offers a large area of modest potential for ,?xploration, but uncertainty 

about reservoir rocks and locally complex deformation suggest that the bastn 

may not be as attractive as its sedimentary volume might suggest. 

The St. Elias basin, which is bounded ky splays of the active Queen 

Charlotte-Failweather transform fault systar, has been structurally tele- 

scozed by slip on the bordering right-reverse faults. These faults appear 

to have taken up much of the large relative northwestward translation that 

occurred along the Queen Charlotte fault system. This telescoping has 

given the basin a complex stratigraphic and tectonic history. In the west, 

where the basin is very deep, imbricate thrusting in the St. Elias thrust 

system is succeeded southward by tight east-west striking thrust-folds near 

the coast and broad asymmetric folds offshore. Eastward the basin is - 

shallower, and the structure is dominated by a broad southeastward-striking 

syncline. 

Paleocene and Eocene turbidites and mafic volcanic rocks at the base of 

the section are intensely deformed or mildly metamorphosed and offer no 

p0tential for petroleum. They are succeeded by Eocene to lower Miocene 



deltaic sand, coastal plain shale and coal, and thick transgressive 

Oligocene and Miocene petroliferous silt an:? oil shale. These are in 

turn overlain by thousands of feet of marine sand and til'lite deposited 

under conditions much like those of the present along this heavily 

glaciated coast. The petrolif erous rocks, oil seepages, large structures, 

and thick sedimentary section spurred the drilling of 25 onshore explora- 
- - - -- - 

tory tests in the basin. These failed to develop production owing to 

complex structure and diagenetically diminidled porosity. The offshore 

offers more attractive prospects in large, sqd perhaps less complex, 

structures, but the presence there of adequate reservoir rocks will be 

critical. 

The recent discovery of several Tertiary sedimentary basins beneath 

the Bering and Chukchi shelves (Figs, 7 and 9) has greatly increased the 

areas of known prospective ground in the Alaskan offshore. 

The inner basins of the Bering and southern Chukchi shelves--Norton, 

St. Matthew and Hope--are of moderate depth and are thought to have been 

formed by crustal extension and subsidence behind the large terrane in 

northern Alaska that was displaced relatively northeastward by Laramide 

right-slip on the Kaltag fault. Broad folding and faulting have provided 

possible structural traps in these basins, but the stratigraphy is almost 

unknown. Marginal outcrops, a few seafloor samples, and regional considera- 

tions suggest that both nonmarine and marine beds of Upper Cretaceous(?) 

and both Paleogene and Neogene age are present in one or another of these 

basins. Natural gas has been found in the partly analogous Anadyr basin 



in northeastern Siberia (Meyerhoff, 1972). The deeper parts of these 

basins appear to offer good prospects for natural gas, and perhaps for 

some oil as well. 

The outer basins of the Bering shelf, which include the large and 

deep (6 and 8 km, respectively) Navarin and St. George Tertiary half- 

graben basins, formed by collapse of a continental margin that has been 

tectonically p-tssive since formation of the Aleutian arc in Laramide time. 

These basins hi~ve thus been spared the intense tectonism that underflow 

of the Pacific plate produced in the Kodiak ~ n d  St. Elias basins. Tilting, 

faulting, and subordinate folding in the outer basins may have provided 

structural trc.?s, but the adequacy of source and reservoir rocks is not 

known. Seabed sampling by Hopkins and others (1969) has shown that Oligocene 

to Pliocene sF.allow marine clastic rocks are present at least locally. Thzir 

tectonic setting, and facies relations in the adjscent Anadyr and Bristol 
\ 

Bay basins, suggest that the outer basins are dominantly marine. The great 

extent and volune of potentially favorable rocks and the stable tectonic 

environment of the outer Bering basins combine to make them attractive for 
' 

oil and gas exploration. 

Alaska comprises about 28 percent of the land and continental terrace of 

the United States. The U.S. Geological Survey (1974) has estimated that 

Alaska could contain about 25 percent of the Nation's total petroleum liquids 

and natural gas resources. While this optimistic estimate is certainly 

speculative, it is obvious that Alaska offers a wide variety of gently to 

strongly deformed sedimentary basins of diverse ages and tectonic environments 

to exploration. 
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