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i 
Petroleum Exploration in the National I 1 

Petroleum Reserve in Alaska I I 
by George Cryc 

INTRODUCTION 

The completion of Awuna Test Well No. 1 on 
April 20, 1981, brought to  a close the Federal 
Government's second exploration program 
(1974-81) in the National Petroleum Reserverin 
Alaska, formerly Naval Petroleum Reserve No. 4. 
Twenty-eight test wells-a total of 283,877 feet of 
borehole-were drilled on 26 "structures." ' The 
tests were widely spaced over most of the 
Reserve and located in several different geologic 
settings to provide a basis for evaluating the 
resource of the entire Reserve. In addition, 13,455 
line-miles of common-depth-point seismic surveys 
were completed and interpreted for most of the 
Reserve. New engineering, operational, and 
logistics techniques were devised to expedite the 
work and t o  minimize its impact on the environ- 
ment. Each activity site was cleaned and 
rehabilitated after drilling was completed, and 
long-abandoned drilling and building sites in and 
adjacent to  the Reserve were cleaned up and 
revegetated. 

Nearly al l  of the test wells had at least traces, 
or shows, of oil, gas or both. A new small gasfield 
(12 bill ion cubic feet of producible reserve) was 
discovered 7 miles east of t h a o u t h  Barrow 
gasfield, and a new, potentially large gasfield was 
discovered at Walakpa, 14 miles southwest of 
Barrow. Determining the fu l l  extent of this gas ac- 
zumulation and its potential for commercial 
development wil l  require further drilling an 
analysis. Additional propects for gas accumula- 
tions in the Barrow area have been defined. 

Except for the ,East Barrow gasfield, which is 
important to  the local economy, no commercial 
deposits of oi l  or gas were discovered by this 
latest exploration program. What, then, has this 
program contributed to our national energy needs 
or to the advancement of the knowledge base on 
which future energy policy and planning decisions 
can be based? 

HISTORICAL PERSPECTIVE 

Any assessment of the Federal programs con- 
ducted in the National Petroleum Reserve in 
Alaska, including the one just completed, must be 

' For specific data on well locations, depths. and dlscovew results, see 

chapter beginning on page 120 

made in the context of the directives, the 
political setting, and the technology available 
when the program began. Nearly 60 years have 
passed since President Warren G. Harding signed 
an Executive Order on February 27, 1923, setting 
aslde about 37,000 square miles of Northern 
Alaska as Naval Petroleum Reserve No. 4 The 
Order reads, in part, "Whereas there are large 
seepages of petroleum along the Arctic Coast of 
Alaska, and condit~ons favorable to the occur- 
rence of valuable petroleum fields on the Arctic 
Coast and . . . Whereas the future supply of oi l  for 
the Navy is at all times a matter of national con- 
cern . . . [this order does] hereby set apart [the 
designated area] as a Naval Petroleum 
Reserve. . . " Thus, by 1923, the possibility that 
there were significant hydrocarbon deposits in 
northern Alaska was already recognized. 

The first recorded description of oil seepages 
was sent to  the U.S. Geological Survey by E. de 
K. Leffingwell in 1906 and published by A. H. 
Brooks (1909). Probably long before recorded 
history, the Eskimos harvested tar mats from the 
seepages and combustible oi l  shales found along 
major streams for fuel. What was undoubtedly oil 
shale was reported and described by W. L. 
Howard of the Stoney Expedition on his 1886 trip 
down the Etivluk River (within the area that was 
to  become the National Petroleum Reserve in 
Alaska) (Stoney, 1900). 

Several expedition traversed the Arctic Coast 
and the Brooks Range before 1900, but their ob- 
jectives were primarily geographic and con- 
tributed little to the geologic knowledge of the 
region. The flrst recorded geologic traverse across 
the Brooks Range and the North Slope was made 
by W. j .  Peters and F. C. Schrader in 1901, and 
the results were published in 1904 by the U.5 
Geological Survey (Schrader, 1904). Schrader 
named and described the Lisburne limestone for- 
mation of Mississippian age and described in con- 
siderable detail the Cretaceous rocks and the 
broad anticlinal structures in the foothills of the 
North Slope. Both of these rock units and this 
type of structure have proved to be commercially 
productive in the Prudhoe Bay district. 

From 1906 to 1914, Leffingwell mapped the 
Arctic Coast east of Barrow and traversed inland 
in the Canning River region. His class~c report 
(Leffingwell, 1919) i s  strll an important and useful 
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Location map showing the National Petroleum Reserve in Alaska. 

reference, especially on the subject of per- 
mafrost. Leffingwell described and named the 
now-famous oil-bearing Sadlerochit sandstone in 
the Prudhoe Bay field. In 1917, "Sandy" Smith ex- 
amined the oil seepages along the Arctic Coast 
and stimulated the interest of the oil industry. In 
1921, several applications for prospecting permits 
were initiated under the old mining laws on 
claims near Cape Simpson and Peard Bay and 
along the Meade, Kukpowruk, and Kokolik Rivers. 
An excellent summary of these early expeditions 
and geologic studies was presented by Smith and 
Mert~e (1 930). 

Thus, by 1923, the three main requirements for 
hydrocarbon accumulations-source rocks (oil 
shale and other organic sedimentary rocks), reser- 
voir rocks (limestones and sandstones), and traps 
(anticlinal structures)-were known to be present 
in the area that was to become the National 
Petroleum Reserve in Alaska. After the establish- 
ment of Naval Petroleum Reserve No. 4, the U.S. 
Navy recognized that, more complete geologic 
and geographic information was necessary for 
wise management and further assessment of the 
petroleum resources. From 1923 through 1926, the 
U.S. Ceoiogical Survey traversed most of the 



larger rivers crossing the Reserve and mapped the 
geology and geography at reconnaissance scales. 

The results of these surveys were published by 
Smith and Mertie (19301, who recorded and d e  
scribed (1) the oil seepages, especially those on 
the Simpson Penninsula; (2)  the widespread occur- 
rence of oil shales as a possible source rock; and 
(3) the many anticlinal structures in rocks of 
Cretaceous age, including sandstones that could 
provide traps and reservoirs for petroleum ac- 
cumulations. Smith and Mertie studied the 
Lisburne limestone and discussed the possibility 
that these rocks were a source or a reservoir or 
both. They concluded, however, that the Lisburne 
was complexly broken and faulted in the area of 
exposure and too deeply buried along the coast 
to be important as a petroleum source or a reser- 
voir, "unless there are great structural discor- 
dances." 

We now know that, despite the reservations ex- 
pressed by Smith and Mertie, there are, indeed, 
such discordances and that they are perhaps the 
most significant factors in the complex geologic 
history of the Prudhoe Bay deposit, the largest 
oilfield in North America. Smith and Mertie also 
cautioned would-be prospectors about the area's 
adverse geographic conditions and the resultant 
high costs of exploration. The geologic insight 
and long-range perspective documented by the 
Smith and Mertie (1930) paper i s  truly remarkable, 
considering the limited knowledge available at 
that time. 

Nothing more was done to explore the 
petroleum potential of the Reserve until 1944, 
when the Pet-4 program was undertaken by the 
Navy as a wartime effort. The history of this p r s  
gram and much of the technical data collected 
were published in a series of U.S. Geological 
Survey Professional Papers (Robinson and Berg- 
quist, 1956, 1958a, b, c; Patton, 1957; Bowsher 
and Dutro, 1957; Collins and others, 1958; Collins 
and Bergquist, 19$8a, b, 1959; Reed, 1958; Patton 
and Matrko, 1959; Spetzman, 1959; Robinson and 
Collins, 1959; Robinson and Yustet, 1959; Chap- 
man and Sable, 1960; Keller, Morris, and Detter- 
man, 1961; Brewer, 1961; Woolson and others, 
1962; Detterman, Bickel and Cryc. 1963; Black, 
1964; Bergquist, 1966; Chapman, Detterman and 
Mangus, 1964; Patton and Tailleur, 1964; Robin- 
son and Brewer, 1964; Brosge, Whittington, and 
Morris, 1966). A short summary of the exploration 
stategy of that program was published by Gyrc 
(1970). From 1945 through 1952, 45 shallow core 
tests and 36 relatively shallow test wells were 
drilled, for a total of 169,250 feet of borehole, 
and about 3,357 line-rniles of reflection seismic 
surveys and 391 line-miles of refraction seismic 

surveys were completed within and immediately 
adjacent to the Reserve. 

The results of the Pet-4 program include the 
discovery of one large oilfield at Umiat (70 
million barrels of producible high-grade crude oil); 
one small gas deposit at Barrow (25 million cubic 
feet of producible gas); one potentially larger gas 
deposit at Cubik; three prospective gasfields at 
Meade, Square Lake, and Wolf Creek; and two 
minor oil accumulations near the seepages at 
Cape Simpson and Fish Creek. Perhaps the Pet-4 - 
program's greatest contribution was to establish 
firmly, for the first time, the feasibility and prac- 
ticality of operating a large-scale oil-exploration 
program, including geologic and geophysical 
surveys and studies and test drilling, in the Arctic. 

In 1958, Public Land Order 82, which had 
withdrawn public lands in Alaska from entry in 
1943, was cancelled, and these lands became 
available for lease. Private drilling begun in 1963 
outside of the Reserve at first followed up on 
trends and leads provided by the Pet-4 program 
but event ually began looking at new prospects to 
the north and east. In 1968, the discovery of 
Prudhoe Bay was announced. This field, about 60 
miles east of the Reserve initially was estimated 
to contain a producible reserve of 9.6 billion bar- 
rels of crude oil and 26 trillion cubic feet of gas. 
Additional reserves of oil are now being 
developed in the Kuparuk field just west of the 
Prudhoe Bay deposit, and new fields to the east 
and just offshore also have been discovered, 
although no reserve figures have been published. 

EXPLORATION OF THE NATIONAL 
PETROLEUM RESERVE I N  ALASKA, 
1974-81 

Stimulated by the discovery at Prudhoe Bay 
and seizing the opportunity by the Arab oil em- 
bargo of 1974, the Navy proposed and was 
authorized by Congress to begin another explora- 
tion program in Naval Petroleum Reserve No. 4. 
The plan, entitled "Engineering Plan for Assess- 
ment and Evaluation of NPR-4," called for explor- 
ing the Reserve systematically, from the north- 
eastern corner to the southwestern corner, com- 
pleting geophysical surveys, and establishing 
logistics bases in advance of drilling. Twenty-six 
test wells and 10,235 linemiles of geophysical 
surveys were to be completed over a 7-year 
period, later reduced to 5 years. At an earlier 
stage in planning, it was suggested also that the 
Umiat oilfield be produced and a small topping 
plant be installed to provide fuel for the rest of 
the program. This proposal was dropped from the 
final plan. 
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strategy through 1980, the Survey made a "play" beyond the scope of this essay, a few general 
analysis. (A "play" 1s defined as a group or cluster comments will illustrate what the program has 
of prospects having similar geological and contributed to the knowledge base and to the 
geophysical characteristics.) Characteristics con- understanding of the hydrocarbon potential of the ! 
sidered included the oresence or absence of National Petroleum Reserve in Alaska. 
source rocks, reservoir beds, and traps; thermal Basement rocks (that is, rocks with little or no 
history; the timing of oil generation and migra- hydrocarbon potential) rise from a depth of about 
tion; and the history of trap formation. Originally, 10,000 feet at Prudhoe Bay to their shallowest 
10 plays were defined, 9 largely on the basis of 
specific stratigraphic units or of closely related 
units. The remaining play was a geologic and 
geographic "belt" that included several forma- 
tions in a complex structural setting. Potential 
source rocks are,present throughout the Reserve, 
and traps in the form of closed structures are 
abundant in the foothills and in the disturbed belt 
north of the Brooks Range. Closed structures, 
however, are scarce in the northern part of the 
Reserve, and trapping mechanisms, if they are 
present, are controlled by stratigraphy, uncon- 
formities, pinch-outs, and the like. These factors 
were all considered in the play analysis. It was 
proposed finally that the exploration strategy 
should call for at least two exploration test wells 
in each play to provide specific subsurface infor- 
mation and to discover any deposits that might 
exist within the area of the play; some followup 
test wells also were included in the strategy, I t  
was concluded that about 20 to 40 test wells 
would have to be drilled to further refine the play 
approach, to assess which part of the Reserve had 
the greatest potential, and to make a more 
reliable assessment of resources in the entire 
Reserve. At no time, however, was i t  believed that 
20 or even 40 wells would provide a definitive 
assessment of the hydrocarbon potential of the 
National Petroleum Reserve in Alaska. 

HIGHLIGHTS OF DRILLING RESULTS 

In all, 28 exploration wells were drilled during 
the 1974-81 program. All of the technical data 
gathered from these test wells have been released 
and can be obtained from the National 
Geophysical and Solar Terrestrial Data Center, 
National Oceanic and Atmospheric Administra- 
tion, 325 Broadway, Boulder, Colorado 80303. All 
geophysical surveys and data are also available; 
all technical reports submitted by the prime con- 
tractor and by subcontractors either have been or 
will be released through that office, as well. An- 
nual program summaries for 1977 through 1981 
have been published by the U.S. Geological 
Survey in the Yearbooks. 

A review of drilling results i s  most meaningful 
if the reviewer has an in-depth knowledge of the 
regional geology. Although such a discussion is 

point at Barrow, where basement i s  at a depth of 
only 2,300 feet. These basement rocks dip south 
under the Reserve to a depth of a least 25,000 
feet at about the latitude of the Colville River 
and then are exposed at the surface in the Brooks 
Range, where they form a trough of sedimentary 
rocks generally referred to as the Colville trough 
or geosyncline. All of the area underlain by this 
thick section of sedimentary rocks is considered a 
potential province for hydrocarbon accumulation. 
The Reserve covers about half of the province. 

The seven wells drilled by the Navy between 
1974 and 1977 explored the extension of the 
Prudhoe-Barrow trend into the Reserve. Perhaps 
the W. T. Foran Test Well came the closest to 
duplicating the geologic setting of Prudhoe Bay. 
A similar sequence of rocks was penetrated, and 
good porosity and permeability were present in 
the Sadlerochit formation, the main producing 
horizon at  Prudhoe Bay. Although the test well 
produced only water, good oil and gas shows 
were present at several horizons. The Geological 
Survey's prime contractor, Husky, drilled nine 
more tests along the Prudhoe Bay trend, which in- 
cludes several of what are believed to be the 
more favorable plays. Furthermore, because the 
sedimentary section above basement i s  no more 
than 10,000 feet thick and near the coast, 
development of a deposit there would be less ex- 
pensive than i t  would be in the deeper and more 
remote parts of the Reserve. The J .  W. Dalton 
Test Well, on the Arctic coast, also penetrated 
nearly 800 feet of sandstone and limestone hav- 
ing good porosity and permeability in the 
Sadlerochit and Lisburne formations, but only 
heavy residual oil was produced on test. There 
are good indications that the Dalton and Foran 
test wells represent older accumulations of oil 
that have moved basinward as the Arctic Ocean 
subsided. A Prudhoe Bay-type deposit may be 
present just offshore of the Reserve. 

Several test wells were drilled on the southern 
flank of the Prudhoe-Barrow trend to test the 
onlap edges of potential reservoirs of Early 
Cretaceous and Jurassic age. The Survey test well 
at Walakpa No. 1, 14 miles southeast of Barrow, 
penetrated a 20-foot gas sand at a depth of about 
2,075 feet. A followup well 5 miles to the south 
of Walakpa No 1 penetrated 40 feet of the same 
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gas sand. Tests show that each well could pt* 
duce up to 3 million cubic feet of gas per day. At 
that rate, however, gas hydrates form and shut 
off the flow. If this problem can be solved, i t  may 
be possible to obtain higher flow rates, Ascertain- 
ing the full extent of this deposit will require ad- 
ditional drilling, but a reserve of several hundred 
brllion cubic feet of gas may be present in the 
Barrow area. 

Test wells farther south on the downslope of 
the PrudhoeBarrow trend were drilled to test the 
wedge edge of the Lisburne group of Mississip- 
pian and Permian age. Although limestones of 
this age were penetrated, none had the porosity 
and permeability required to provide a good 
reservoir in which oil could have accumulated. 

Two wells, lnigok and Tunalik, were drilled in 
the center of the sedimentary trough to test deep 
structures and older formations just above base- 
ment. The lnigok Test Well encountered hydrogen 
sulfide gas at 17,570 feet and bottomed at 20,102 
feet in rocks of Mississippian age, but only minor 
shows of gas in Cretaceous rocks were noted. The 
Tunalik Test Well, in the extreme northwestern 
corner of the Reserve, encountered h~gh-pressure 
gas at 12,550 and 14,725 feet in sandstone reser- 
voirs of Early Cretaceous age. The test well bot- 
tomed in the Lisburne group at 20,335 feet, a new 
depth record for Alaska. 

The shallow detached structures in rock of 
Cretaceous age in the central part of the Reserve 
were not tested in the early stages of this pro- 
gram because they had been drilled extensively in 
the 1945-53 program. Oil had been discovered 
at Um~at, and gas had been found at Cubik; thus, 
some assessment of this play was available. Other 
potential gas deposits also were encountered, but 
possible flow rates were not tested because gas in 
northern Alaska was of little or no economic in- 
terest at that time. However, in the latter stages 
of the 1974-81 program, it was deemed impor- 
tant to test and establish the potential gas 
reserves of these shallow structures and espe- 
c~ally to test the entire Cretaceous sequence. 
Thus, the deeper horizons on the Umiat structure 
were tested, a high-pressure gas zone in the 
Cretaceous was penetrated at 5,340 feet. Tests in- 
dicated a depleting reservoir, however, and, after 
initial tests of up to 6 million cub~c feet per day, 
production dropped sharply. At Awuna Test Well 
No. 1, highly fractured sandstone beds were 
drilled at about 8,400 feet in the Fortress Moun- 
tain formation of Early Cretaceous age. Tests p r e  
duced strong blows of gas and a water flow of 
more than 2,000 barrels per day. From that point 
to the well's total depth of 11,200 feet, the rocks 
penetrated were predominantly fractured sand- 

stones having several zones of high-water flow. 
The Koluktak test well was designed to test the 
potential of gas sandstone reservoirs equivalent 
to those at Gubik and Umiat. However, the test 
was a dry hole, and no further information was 
acquired on potential flow rates or reserves in 
this play. 

The tenth play i s  defined as the Disturbed Belt, 
an area of complexly folded and broken thrust 
faults along the northern front of the Brooks 
Range. The structure of these rocks is  very dif- 
ficult to map and interpret. A test drilled at 
Lisburne on what appeared to be a closed struc- 
ture encountered only minor hydrocarbon shows. 
The well penetrated at least five stacked plates 
and possibly seven plates of the Lisburne forma- 
tion, further documenting the complex geologic 
history of this play. 

During Congressional hearings for the fiscal 
year 1981 program, a number of members asked 
that discovery of commercial deposits be made 
the prime objective; accordingly, the focus of the 
program was returned to the shallower prospects 
along the PrudhoeBarrow trend. This redirection 
resulted in the discovery at Walakpa Test Well 
No. 2 which may prove to be a large gas deposit 
of considerable interest as an energy source, at 
least locally. The exploration and development of 
local sources of energy fuels, here and elsewhere 
in the United States, are of considerable 
significance to national fuel requirements. 

The Congressional mandate to continue supply- 
ing gas to the Barrow community also required 
drllling additional test and production wells in 
that area. Six wells were dr~lled, and four were 
completed for production. 

A LOOK AHEAD 
Although the exploration program just con- 

cluded did not find any commercial hydrocarbon 
deposits, i t  did provide a new and more 
sophisticated knowledge base for further assess- 
ment and exploration of the Reserve. All 
geological, geophysical, and geochemical data 
collected and analyzed systematically over the 
entire Reserve have been or are being made 
available to the general public. This set of data 
may be unique for so large an area in a single 
petroleum province because it was collected 
systematically in a relatively short time and was 
made readily available to the public. 

As the exploration progressed, several ap- 
praisals of the potential hydrocarbon resources of 
the Reserve were made. The latest appraisal was 
made available by the Department of Interior in a 
press release dated July 17, 1980. The release 
reads, "The new estimates suggest a 95 percent 



chance of 0.55 billion barrels of oil in place, a 5 
percent chance of 15.8 bill ion barrels, and a 50 
percent probability that 5.2 billions barrels of oil 
are contained in the Reserve. Revised figures for 
gas in  place show a 95 percent chance of 2.5 
tril l ion cubic feet (tcf), a 5 percent chance of 27.4 
tcf, and a 50 percent chance of 9.4 tcf." All these 
figures were generated by a somewhat com- 
plicated, computer-based probability analysis that 
used as its geologic base the play concept. The 
10 original plays were subdivided into 17 separate 
plays; several factors for each were evaluated 
quantitatively by a knowledgeable geologic team. 
Positive information on these factors is limited, 
however, and wide ranges of values had to  be 
assigned on the basis of geologic judgements. The 
probability analyses sampled these values 
statistically.-Obviously, as new data are collected, 
these values wil l  change; thus, the range of 
values having assigned probability i s  the most 
significant and useful information t o  result from 
such assessments. 

In  the Department of Interior Appropriation Act 
for fiscal year 1982, Congress agreed to  terminate 
Federal exploration and authorized a leasing p r e  
gram in the Reserve to  begin in 1982. The leasing 
of up to 2 million acres without a new en- 
vironmental impact statement was authorized. A 
call for lease nominations went out  to  al l  in- 
terested parties, and nearly all of the 23 million 
plus acres were nominated. The Geological 
Survey and the Bureau of Land Management 
selected 5.8 million of those acres for further 
study; 1.5 million acres have now been earmarked 
for lease in December 1981, and another 0.5 
million acres will be available for lease in May 
1982, Further lease sales wil l  follow, but no 
schedule has been announced, 

The 1974-81 exploration program has shown 
that vast quantities of oi l  and gas must have been 
generated in the Reserve portion of the Colville 
sedimentary trough. The existence of the Prudhoe 
Bay field has proved that at least one giant 
deposit and several other large deposits did ac- 
cumulate in the eastern part of the trough. 
Substantial deposits of oi l  and probably of gas 
have been discovered by government exploration 
programs within the Reserve. The existence of 
deposits large enough to warrant economic 
development in the Reserve has not been proven 
or disproven, The government exploration pro- 
gram of 1944-53 led the way for modern oil ex- 
ploration in the Arctic. The 1974-81 program 
has gathered a treasure trove of data from which 
new interpretations of Alaskan geology can be 
derived. 

Al l  of this information is readily available in 
public files and provides a sound base for making 
further land-use decisions ancLresource assess- 
ments and for the next stage of exploration by 
private industry. 

As Chief of the Office of the National ~etroleum' 
Reserve in Alaska, George Gryc directed all U.S. 
Ceological Survey programs and activities described in 
this essay from luly 1977 until his departure in October 
1981 to become Assistant Director for the Western 
Region. He has specialized in Alaskan geology and 
mineralogy since 1943 and is author or coauthor of more 
than 50 papers in his field. 

REFERENCES 

Bergquist, H. R., 1966, Micropaleontology of the 
Mesozoic rocks of northern Alaska, in Exploration 
of Naval Petroleum Reserve No. 4 and adjacent 
areas, northern Alaska, 1944-53, pt. 2 Regional 
geology: U.S. Ceological Survey Professional Paper 
302-A, 17 p. 

Black, R. F,, 1964, Cubik formation of Quaternary 
age in northern Alaska, in Exploration of Naval 
Petroleum Reserve No. 4 and adjacent areas, nor- 
thern Alaska, 1944-53, pt, 2,  Regional geology: U.S. 
Geological Survey Professional Paper 302-C, 91 p. 

Bowsher, A. L., and Dutro, J .  T., Jr., 1957, The Pale* 
zoic section in the Shanin Lake area, central 
Brooks Range, Alaska, in Exploration in Naval 
Petroleum Reserve No. 4 and adjacent areas, north- 
ern Alaska, 1944-53, pt. 3, Areal geology: U.S. 
Geological Survey Professional Paper 303-A, 37 p. 

Brewer, M. C., 1961, Core tests and test well, Barrow 
area, Alaska in Exploration of Naval Petroleum 
Reserve No. 4 and adjacent areas, northern Alaska, 
1944-53, pt. 5, Subsurface geology and engineering 
data: U.S. Geological Survey Professional Paper 
305-K, 74 p. 

Britton, M. E., 1978, Petroleum exploration and en- 
vironmental protection in the Alaskan Arctic: U.S. - - 

Ceological Survey Yearbook, Fiscal Year 1978, p. 
27-38. 

Brooks. A. H., 1909, Petroleum, in The mining indus- 
try in 1908: U.S. Ceological Survey Bulletin 379, p. 
61-62. 

Brosge, W. P., Whittington, C. L., and Morris, R. H., 
1966. Geology of the Umiak-Maybe Creek region, 
Alaska, in Exploration in Naval Petroleum Reserve 
No. 4 and adjacent areas, northern Alaska, 
1944-53, pt. 3. Areal geology: U.S. Geological 
Survey Professional Paper 303-H, 137 p. 

Chapman, R. M., and Sable, E. C., 1960, Geology of 
the Utukok-Corwin region, northwestern Alaska, in 
Exploration in Naval Petroleum Reserve No. 4 and 
adjacent areas, northern Alaska, 1944-53, pt. 3, 
Areal geology: U.S. Geological Survey Professional 
Paper 303-C, 167 p. 

Chapman, R. M., Detterman, R. L., and Mangus, 
M. D., 1964, Geology of the Killik-Etivluk Rivers 
region, Alaska, in Exploration in Naval Petroleum 
Reserve No. 4 and adjacent areas, northern Alaska, 

Kel. 



lble in 
>r making 
tssess- 
ion b y  

dm 
S. 
cribed in 
I October 
stern 
and 

lor of more 

:he 
ploration 
ljacent 
gional 
~ n a l  Paper 

-nary 
Naval 

reas, nor- 
ology: U.S. 
2-C, 91 p. 
! Pale* 
itral 
Naval 
reas, north- 
/: U.S. 
3-A, 37 p. 
Barrow 

roleum 
ern Alaska, 
wgineering 
31 Paper 

nd en- 
,rctic: U.S. 
r 1978, p. 

g indus- 
etin 379, p. 

, R. H., 
ek region, 
lm Reserve 
ika. 
logical 

3logy of 
1 Alaska, in 
: No. 4 and 
53. pt. 3, 
Professional 

1gus. 
uk Rivers 
Petroleum 
hern Alaska, 

1944-53, pt. 3, Areal geology: U.S. Geological 
Survey Professional Paper 303-F, 82 p. 

Collins, F. R., and Berquist, H. R., 1958a, Test wells, 
Topagoruk area, Alaska, in Exploration in Naval 
Petroleum Reserve No. 4 and adjacent areas, nor- 
thern Alaska, 1944-53, pt. 5, Subsurface geology 
and engineering data: U.S. Ceological Survey Prc- 
fessional Paper 305-D, 51 p. 

-1958b, Test wells, Meade and Kaoluk areas, 
Alaska, in Exploration in Naval Petroleum Reserve 
No. 4 and adjacent areas, northern Alaska, 
1944-53, pt. 5, Subsurface geology and engineering 
data: U.S. Ceological Survey Professional Paper 
305-F, 35 p. 

-1959, Test wells, Square Lake and Wolf Creek 
area, Alaska, in Exploration in Naval Petroleum 
Reserve No. 4 and adjacent areas, northern Alaska, 
1944-53, pt. 5, Subsurface geology and engineering 
data: U.S. Ceological Survey Professional Paper 
305-H. 60 p. 

Collins, F. R., and others, 1958, Test wells, Umiat 
area, Alaska, in Exploration in Naval Petroleum 
Reserve No. 4 and adjacent areas, northern Alaska, 
1944-53, pt. 5, Subsurface geology and engineering 
data: U.S. Ceological Survey Professional Paper 
305-8, 135 P. 

Detterman, R. L., Bickel, R. S.. and Gryc, C., 1963. 
Geology of the Chandler River region, Alaska, in 
Exploration in Naval Petroleum Reserve No. 4 and 
adjacent areas, northern Alaska. 1944-53, pt, 3, 
Areal geology: U.S. Geological Survey Professional 
Paper 303-E, 101 p. 

Gryc, G., 1970, History of petroleum exploration in 
northern Alaska, in Proceedings of the Ceological 
Seminar on the North Slope of Alaska: Los Angeles, 
American Association of Petroleum Geologists, 
Pacific Section, p. C1-C8. 

Keller, A. S,, Morris, R. H., and Detterman, R. L., 1961, 
Geology of the Shaviovik and Sagavanirktok Rivers 
region, Alaska, in Exploration in Naval Petroleum 
Reserve No. 4 and adjacent areas, northern Alaska, 
1944-53, pt. 3, Areal geology: U.S. Geological 
Survey Professional Paper 303-D, 53 p. 

Leffingwell, E. deK., 1919, The Canning River region, 
northern Alaska: U.S. Geological Survey Profes- 
sional Paper 109, 251 p. 

Patton, W. W., Jr., 1957, A new Upper Palezoic forma- 
tion, central Brooks Range, Alaska, in Exploration 
in Naval Petroleum Reserve No. 4 and adjacent 
areas, northern Alaska, 1944-53, pt. 3, Areal 
geology: U.S. Geological Survey Professional Paper 
303-8, 6 p, 

Patton, W. W., Jr., snd Matzko, J .  1.. 1959, Phosphate 
deposits in northern Alaska, in Exploration In Naval 
Petroleum Reserve No 4 and adjacent areas, north- 
ern Alaska, 1944-53, pt. 2, Reg~onal geology: U.S. 
Geolog~cal Survey Professional Paper 302-A, 17 p. 

Patton, W. W., Jr., and Tallleur, I. L., 1964, Geology of 
the Killlk-ltkillik region, Alaska, in Exploratlon In 
Naval Petroleum Reserve No. 4 and adjacent areas. 
northern Alaska, 1944-53, pt. 3, Areal geology: U.S. 
Geological Survey Profess~onal Paper 3034, 91 p. 

Reed, J. C., 1958, Explorat~on of Naval Petroleum 

Reserve No. 4 and adjacent areas, northern Alaska, 
1944-53, pt. 1, History of the exploration: U.S. 
Ceological Survey Professional Paper 301 192 p. 

Robinson, F. M.. and Bergquist, H. R., 1956. Core 
tests and test wells in the Oumalik area, Alaska, in 
Exploration in Naval Petroleum Reserve No. 4 and 
adjacent areas, northern Alaska, 1944-53, pt. 5. 
Subsurface geolo~y and engineering data: US. 
Ceological Survey Professional Paper 305-A, 70 p. 

-1958a, Test wells, Gubik area, Alaska, in Ex- 
ploration in Naval Petroleum Reserve No. 4 and ad- 
jacent areas, northern Alaska, 1944-53, pt. 5,  Sub- 
surface geology and engineering data: U.S. 
Ceological Survey Professional Paper 305°C. 57 p. 

-1958b, Test well, Grandstand area, Alaska, in 
Exploration in Naval Petroleum Reserve No. 4 and 
adjacent areas, northern Alaska, 1944-53, pt. 5, 
Subsurface geology and engineering data: U.S. 
Ceological Survey Professional Paper 305-E, 22 p. 

1958c, Test wells, Titaluk and Knifeblade areas, 
Alaska, in Exploration In Naval Petroleum Reserve 
No. 4 and adjacent areas;northern Alaska. 
1944-53, pt. 5, Subsurface geology and engineering 
data: U.S. Ceological Survey Professional Paper 
305-G, 44 p. 

Robinson, F. M., and Brewer, M. C., 1964. Core test, 
Simpson area, Alaska, in Exploration in Naval 
Petroleum Reserve No. 4 and adjacent areas, nortk 
ern Alaska, 1944-53. pt. 5, Subsurface geology and 
engineering data: U.S. Geolog~cal Survey Profes- 
sional Paper 305-L, 84 p. 

Robinson, F M., and Collins, F. R., 1959, Core test, 
Sentinel Hil l area, and test well, Fish Creek area, 
Alaska, in Exploration in Naval Petroleum Reserve 
No. 4 and adjacent areas, northern Alaska, 
1944-53, pt. 5. Subsurface geology and engineering 
data: U.S. Geolog~cal Survey Professional Paper 
305-1, 36 p. 

Robinson, F. M., and Yuster, 5.  T., 1959, Test wells, 
Simpson area, Alaska, in Exploration in Naval 
Petroleum Reserve No. 4 and adjacent areas, nor- 
thern Alaska, 1944-53, pt. 5, Subsurface geology 
and engineering data: U.S. Geological Survey Pre 
fessional Paper 3054, 44 p. 

Schrader, F. C., 1904, A reconnaissance in northern 
Alaska: U.S. Geological Survey Professional Paper 
20, 139 p. 

Smlth, P. 5.. and Mertie, J .  8, 1930, Geology and 
mineral resources of northwestern Alaska: U.5, 
Geological Survey Bullet~n 815, 351 p. 

Spetzrnan. L. A,, 1959, Vegetation of the Arctic Slope 
of Alaska, in Exploration in Naval Petroleum R e  
serve No. 4 and adjacent areas, northern Alaska, 
1944-53, pt. 2, Regional geology: U.S. Geological 
Survey Professional Paper 302-8, 58 p. 

Stoney, C. H., 1900, Naval explorat~ons in Alaska: 
Annapolis, U.S. Naval Institute, p. 69. 

Woolson, 1. R., and others, 1962, Seism~c and gravity 
surveys of Naval Petroleum Reserve No. 4 and ad- 
joining areas, in Exploration in Naval Petroleum Re- 
serve No. 4 and adjacent areas, northern Alaska, 
1944-53, pt. 4, Geophysics: U.S. Geological Survey 
Professional Paper 304-A, 25 p. 


