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DESCRIPTION OF MAP UNITS

Beach deposits (Holocene)—Modern sand and gravel deposits along 
coastline, forming barrier islands seaward from major lagoons

Surficial deposits, undivided (Holocene and Pleistocene)—Tundra-covered, 
fine-grained, organic-rich silt, loess, and local colluvium and fine-grained 
alluvial sand and silt in areas adjacent to upland slopes. In northern part of 
quadrangle includes unstratified marine sand, silt, and local gravel of Gubik 
Formation (Black, 1964), which coincides with area of abundant shallow lakes 
in Arctic coastal plain (Brosgé and Whittington, 1966) and the topographi-
cally lower reaches of stream valleys in the northern part of the foothills belt

Alluvial deposits, undivided (Holocene and Pleistocene)—Alluvial sand, 
gravel, and silt in active braided and meandering stream floodplains, and 
on adjacent low, lightly vegetated abandoned low terraces and flood plains

Nanushuk Formation undivided (Gryc and others, 1951; Detterman, 
1956; revised by Mull and others, 2003) (Upper Cretaceous, Ceno-
manian, to Lower Cretaceous, Albian)—Only upper and lower parts 
are exposed in this quadrangle

Upper part—Dominantly nonmarine to marginal-marine, gray to light-gray 
sandstone and quartz- and chert-pebble conglomerate interbedded with poorly 
exposed siltstone; dark-gray silty carbonaceous shale; and abundant coal; 
interbedded with marine rocks in upper and lower part of unit. Contains an 
abundant assemblage of plant fossils (Spicer and Herman, 2001; Spicer, 2003). 
Includes rocks formerly mapped as Corwin Formation (Chapman and Sable, 
1960). Contact with lower part of Nanushuk is approximate and was 
determined using aerial photography; traces of resistant sandstone beds with less 
lateral continuity are assigned to the upper part of the Nanushuk; resistant beds 
with greater lateral continuity are assigned to the lower part of the Nanushuk.  
Sandstone beds are generally tight; analyses of a number of samples yielded 
porosity measurements between 10 and 19 percent, but permeability generally 
ranged from <3 millidarcies (mD) to 30 mD. A few unfossiliferous sandstone 
beds in the lower reaches of the Kukpowruk and Epizetka Rivers are poorly 
indurated and may reflect an area of uplift and shallower burial or may represent 
a younger rock unit with higher porosity and permeability

Lower part—Dominantly gray to greenish-gray, very fine to fine-grained marine 
sandstone and minor conglomerate. Contains resistant beds that form rubble 
traces that display extensive lateral continuity on aerial photographs. In 
southern part of quadrangle, basal part of unit intertongues conspicuously 
with upper part of underlying Torok Formation where some resistant intervals 
prograde and pinchout eastward into nonresistant shales. Includes rocks 
formerly mapped as Kukpowruk Formation by Chapman and Sable (1960)

Torok Formation (Gryc and others, 1951; Patton, 1956) (Lower Creta-
ceous, Albian)—Dark-gray mudstone and silty mudstone with lesser amounts of 
greenish-gray, thin-bedded siltstone; generally poorly exposed in axes of 
anticlines in southern part of quadrangle, grades upward into and in places 
interfingers with base of lower part of Nanushuk Formation. Thickness unknown, 
but estimated at greater than 5000 ft. Base of unit not exposed in quadrangle
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Figure 1.—Chronostratigraphic column for the Colville basin, northern Alaska.  
Red box shows stratigraphic section in the Point Lay quadrangle.  Abbreviations 
or symbols are as follows: <?>, uncertain relationship, CS, Cobblestone 
Sandstone Member of Fortress Mountain Formation (Mull and others, in  
press); ms, manganiferous shale unit (informal unit), Kemik, Kemik Sandstone 
(formation) as revised by Molenaar and others (1987); LCU, Lower Cretaceous 
unconformity.  Geologic time scale from Gradstein and Ogg (1996).
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Contact—Approximately located

Fault—Dashed where approximately located; U, upthrown side; D, 
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Thrust fault—Dashed where approximately located; queried where 
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Figure 2.—Coal bed in upper part of Nanushuk Formation along Kukpowruk River, 
T. 1 S., R. 44 W.

of the USGS. Their epic 1901 field season in northern Alaska began with a wintertime 
traverse on foot and by dog team through the central Brooks Range to Anaktuvuk 
Pass, and then by canoes down the Anaktuvuk and Colville Rivers and along the coast 
to Barrow (Schrader, 1904). Upon arriving in Barrow finally in early September, they 
found that they had missed the last whaler of the year so sailed, rowed, and towed an 
open whaleboat over 275 mi from Barrow to Corwin Bluff, east of Cape Lisburne, in 
less than two weeks. After losing five days to storms, they finally caught up with a 
steamship and booked passage out to Seattle. Even though they were in a race against 
time and the oncoming winter season, they still were able to study the coal-bearing 
Cretaceous rocks near Wainwright and at Cape Beaufort in the Point Lay quadrangle. 
Overall, they were able to map the topography and the occurrence of major 
coal-bearing rocks in the Point Lay quadrangle and correctly surmised that these rocks 
must be part of a continuous belt that extended westward from the Anaktuvuk River, 
where they had first encountered coal-bearing rocks early in the summer. Their 
mapping was included in the first geologic map of Alaska compiled by Brooks (1904), 
and also was incorporated in the expanded geologic map of northern Alaska by Smith 
and Mertie (1930). In a study of the coal resources of the area of Corwin Bluff and 
Cape Lisburne southwest of Cape Beaufort, Collier (1906) also mapped coal beds in 
the area of the Point Lay quadrangle.

No further geological studies were carried out in this part of northern Alaska until the 
establishment of Naval Petroleum Reserve #4 (NPR-4), in early 1923. Almost 
immediately following its establishment, the Department of Navy made a request to the 
Department of Interior for the USGS to begin topographic and geological investigations 
to determine the petroleum potential of the area. As a result, the next geological 
reconnaissance in the northwestern part of NPR-4, was carried out by W.T. Foran and 
Gerald Fitzgerald in the summer of 1923 (Paige and others, 1925). They surveyed the 
rocks along the coastline of the northwestern Arctic Slope from near Cape Beaufort to 
Wainwright and then traversed inland up the Kokolik and Utukok Rivers, both of which 
have their headwaters in the Brooks Range east of the Point Lay quadrangle.

During the following summers of 1924, 1925, and 1926, intensive exploration was 
carried out by scientists in NPR-4, in the northern Brooks Range foothills east of the 
Point Lay quadrangle (Smith and others, 1926, Smith and Mertie, 1930). However, 
because the foothills in the Point Lay quadrangle are not within NPR-4’s boundaries, 
no more studies were carried out in the quadrangle. (See “History of Exploration” 
(Mull and others, 2006b).

After 1926, no further geologic investigations were carried out in the area of the 
Point Lay quadrangle until the late 1940’s when they were undertaken as part of a 
renewed USGS program of exploration of NPR-4,  for the U.S. Navy. In the ensuing 20 
years since the first field studies in NPR-4, fixed-wing aircraft, motorized all-terrain 
vehicles, and aerial photography had revolutionized the field of geologic mapping. These 
tools greatly facilitated the more detailed geologic mapping as well as stratigraphic and 
structural studies that were carried out by a large number of USGS geologists. The most 
detailed mapping in the western Brooks Range foothills was carried out by Chapman 
and Sable (1960), from whose mapping most of the detail on this map were derived. 
Their project included measuring numerous stratigraphic sections and compiling a 
regional map that showed all the remarkable linear anticlines and synclines that 
characterize the foothills belt extending eastward from the Point Lay quadrangle.

As part of the U.S. Navy exploration program in NPR-4, seismic reflection and 
gravimetric surveys were carried out, and one exploratory well (Kaolak #1) was drilled 
in 1951 just east of the Point Lay quadrangle. A narrative, chronological discussion of 
all the aspects of the history of this phase of exploration of NPR-4, is presented by 
Reed (1958). Subsequently, Lathram (1965) prepared a regional map of the geology 
of the North Slope and Brooks Range that incorporated the results of the NPR-4,  
exploration and named a number of the regional anticlines in the foothills belt.

A second period of exploration from 1974 to 1982 in NPR-4, which was renamed the 
National Petroleum Reserve in Alaska (NPRA) during this time, was administered by the 
USGS and resulted in additional geological field work, geophysical surveys, and 
exploratory drilling in areas adjacent to the Point Lay quadrangle. A revised regional 
geologic map of NPRA by Mayfield, Tailleur, and Kirchner (1988) incorporated the results 
of the additional field work in the area. A new synthesis of the structure and tectonic 
evolution of the western Brooks Range is found in Mayfield, Tailleur, and Ellersieck (1988).

Coal along the western Arctic Slope coastline has been the subject of considerable 
interest since the time of the whalers in the late 19th century. In addition to the 
studies by Chapman and Sable in the 1960s, other workers examined the numerous 
and thick coal beds in the area in considerable detail (Sanders, 1981; Callahan and 
Sloan, 1978; and Flores and others, 2004b). In the 1990s the Arctic Slope Regional 
Corporation established a base camp and opened the exploratory Kuchiak Research 
Mine at Deadfall syncline northeast of Cape Beaufort in order to determine the quality 
and mining characteristics of some of the coals in the Point Lay quadrangle. 

The Kukpowruk River in the Point Lay quadrangle has been the site of significant 
detailed paleobotanical studies in the coal-bearing upper part of the Cretaceous 
Nanushuk Formation (Smiley, 1969; Spicer and Herman, 2001, and Spicer, 2003). 
The detailed measured sections, paleobotanical and facies studies, and illustrations of 
the flora in those publications constitute the best documented and illustrated study of 
the extensive plant remains in the Nanushuk Formation and play a significant role in 
floral correlations with the Russian Far East.

Exploration for oil and gas resources has been limited in the Point Lay quadrangle. 
In the 1970s, a number of reconnaissance seismic lines were shot in the area by the oil 
industry, and geophysical surveys also were carried out for the Department of Interior 
in adjacent areas of NPRA. One unsuccessful exploratory well, Union Oil Tungak #1, 
was drilled in the northern part of the quadrangle and a second unsuccessful well, 
Union Oil Co. Akulik #1, was drilled at the southern edge of the quadrangle. In 
addition, extensive seismic exploration has been carried out offshore in the Chukchi 
Sea northwest of the Point Lay quadrangle, and several exploratory wells were drilled 
there by the oil industry in the 1980s. The results of this work are discussed in detail by 
Thurston and Theiss (1987) and Sherwood and others (1998, 2002).

REGIONAL SETTING

The northern part of Point Lay quadrangle is located in part of the Arctic Coastal plain 
and is characterized by extensive areas of tundra cover, shallow tundra lakes, and a few 
meandering streams with few bedrock exposures. The southern half of the quadrangle 
consists of upland areas that are underlain dominantly by the relatively resistant rocks of 
the Nanushuk Formation. The southern half also is incised by the Kukpowruk River and 
its tributaries, and thus contains excellent exposures of the Nanushuk that can be traced 
long distances along the flanks of regional anticlines and synclines.

The Point Lay quadrangle spans the transition from the deformed rocks of the 
foothills of the northern Brooks Range northward into the undeformed rocks of the 
Arctic coastal plain. Rocks exposed in the quadrangle are part of the gently 
south-dipping northern flank of the Colville basin, which is a deep asymmetrical 
foreland basin of Cretaceous age that lies north of the Brooks Range orogenic belt. 
The Colville basin is underlain by a Devonian and older, deformed and weakly 
metamorphosed basement complex (Dumoulin, 2001) assigned to the Franklinian 
sequence (Bird and Molenaar, 1992). Resting on basement is a relatively thin section of 
Carboniferous to lowest Cretaceous (lower Neocomian) strata consisting of platform 
deposits of the Ellesmerian and Beaufortian sequences (Bird and Molenaar, 1992). 

The rocks of the Colville basin consist of the Brookian sequence, which is a thick 
section of mid-Cretaceous (Aptian to Cenomanian) foreland basin deposits. The Torok 
and Nanushuk Formations are the primary units that fill the Colville basin and constitute 
most of the surface exposures in the southern part of the Brooks Range foothills fold belt 
(Mull and others, 2004, 2005, 2006a, 2006b). The Torok and Nanushuk also underlie 
the northern foothills belt and coastal plain of northern Alaska (see regional map in Mull 
and others, 1987; or Moore and others, 1994). Brookian sediments were shed northward 
from orogenic belts in the Brooks Range and eastward from the Chukchi platform, west 
of the present coastline to fill the basin (Mull, 1985). The basin fill consists of a thick (more 
than 12,000 feet (ft)), eastward-prograding clastic wedge consisting of deep marine basin 
and slope deposits (Torok Formation) and overlying shallow-marine-shelf, deltaic, and 
non-marine deposits (Nanushuk Formation) (Molenaar, 1985). 

Following the eastward progradation of the Torok-Nanushuk clastic wedge to an 
ultimate shelf margin in the Umiat quadrangle east of the Colville River, the top of the 
Nanushuk was flooded by a regional marine transgression. This transgression and a 
subsequent regression led to deposition of the Upper Cretaceous (Cenomanian to 
Turonian) Seabee Formation and younger prograding shallow marine through 
non-marine strata of the Upper Cretaceous (Turonian through Maastrichtian) Tuluvak, 
Schrader Bluff, and Prince Creek formations and the early Tertiary Sagavanirktok 
Formation on the eastern Arctic Slope (Whittington, 1956). Deposition of these 
shallow-marine to nonmarine sediments appear to have completed the filling of the 
Colville basin far to the east of the Point Lay quadrangle however, along the Utukok 
River in the northwestern part of the Utukok River quadrangle just east of the Point 
Lay quadrangle, a few bedrock exposures of poorly consolidated sandstone are 
tentatively considered to be Tuluvak Formation, and extremely bentonitic soils found 
there are characteristic of the Seabee Formation (Mull and others, 2006b). These 
occurrences suggest that the original extent of Upper Cretaceous sedimentation was far 
west of its present distribution on the central Arctic Slope. The Tuluvak and Seabee 
Formations, if present in the Utukok River quadrangle, may extend westward beneath 
tundra and Quaternary cover into the northern Point Lay quadrangle.

REGIONAL STRUCTURE

The relatively resistant clastic rocks of the Nanushuk Formation in the Point Lay 
quadrangle and areas to the east are regionally deformed into a series of broad, open, doubly 
plunging synclinal basins and generally tighter, and commonly faulted anticlines that can be 
traced in an east-west trend across the southern part of the quadrangle (Chapman and Sable, 
1960). These structures are well defined by resistant sandstone horizons in the Nanushuk 
Formation, many of which can be traced for long distances on aerial photographs. The fold 
amplitudes generally decrease to the north so that the northern- most structures have 
markedly lower amplitudes than those to the south. The folds are developed in a passive roof 
complex of the Nanushuk Formation above a décollement in relatively incompetent shales 
and mudstones of the Torok Formation (Aptian to Albian), which is exposed in the axes of 
the anticlines in the southern part of the quadrangle. The conspicuous doubly plunging 
basins in the Nanushuk Formation are probably the result of the interference of north-south- 
to northwest-southeast-trending folding and faulting associated with the Herald arch 
southwest of the Point Lay quadrangle with the predominantly east-west-trending folding 
associated with western Brooks Range deformation.

Although both north-verging and south-verging thrust faults are present in the axial 
areas of many of the anticlines in the foothills belt east of the Point Lay quadrangle, (Mull 
and others, 2004, 2995, 2006a, 2006b) such faults are not as evident within the Point 
Lay quadrangle; however, on aerial photographs, one apparent southeast-verging thrust 
fault may be traced at the base of the Nanushuk Formation at the southwestern end of the 
Amatasuk anticline, north of the Beaufort syncline. An adjacent north-south-trending, 
east-verging thrust fault in the southwestern part of the quadrangle is an extension of 
east-verging structures in the DeLong Mountains quadrangle to the southwest.

Regional structural and stratigraphic analyses and apatite fission-track data suggest that 
the deformation of the western and central parts of the Brooks Range foothills fold belt 
probably occurred during early Tertiary time, and occurred in response to a late stage of 
uplift of the Brooks Range orogenic belt to the south (Mull and others, 1997; O’Sullivan 
and others, 1997). In addition, the structural geology and tectonic evolution of the western 
Brooks Range and Arctic Slope east of the Point Lay quadrangle are summarized by 
Mayfield, Tailleur, and Ellersieck (1988).

ENERGY RESOURCES

Exploration for oil and gas has been extensive both to the east of the Point Lay quadrangle 
in NPRA and to the west in the offshore waters of the Chukchi Sea. Oil industry exploration 
within the quadrangle has been limited to only a few regional seismic lines and two 
unsuccessful exploratory wells. No public assessment of the hydrocarbon potential of the 
Point Lay quadrangle has been performed; however, assessments of the hydrocarbon 
potential of the NPRA to the east and offshore Chukchi Sea to the west are available. The 
geologic framework and petroleum potential of NPRA east of the Point Lay quadrangle was 
discussed by Kirschner and Rycerski (1988), whose report gives insight into aspects of the 
petroleum potential of the Point Lay quadrangle. For the offshore Chukchi Sea, lengthy 
discussions of the geologic framework and petroleum potential are presented by Grantz and 
others (1988) and Sherwood and others (1998, 2002). The Point Lay quadrangle lies 
between these two areas, which appear to have somewhat differing tectonic and stratigraphic 
regimes in the pre-Albian rocks. Thus the oil and gas resource potential of the Point Lay 
quadrangle may be based upon a mixture of play types related to two discrete basin settings. 

 Numerous studies of the Nanushuk Formation in the Point Lay quadrangle indicate 
the presence of significant thick bituminous to sub-bituminous coal beds in the area that 
may someday become economically worthwhile to develop. Sanders (1981) described a 
coal bed as much as 20 ft thick along the Kukpowruk River, and Flores and others 
(2004) reported coal beds up to 17 ft thick in the Cape Beaufort area. In the 1970s 
numerous outcrop studies and some core drilling of the coal deposits in the western 
foothills were carried out by the U.S. Bureau of Mines; the results of some of this work 
are summarized by Callahan and Sloan (1978). Barnes (1967) reported as many as 60 
coal beds within a 4,600-ft-thick sequence of the Nanushuk in the Koalak area north of 
the Point Lay quadrangle. Flores and others (2004) reported a net coal thickness of 
greater than 350 ft in the Nanushuk Formation in this area and surrounding western 
part of the NPRA. The results of the experimental mining by the Arctic Slope Regional 
Corporation at the Kuchiak research mine in Deadfall syncline were not available as of 
the time of this report.
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GEOLOGIC MAPS OF NORTHERN ALASKA
Edited by

David W. Houseknecht

Arctic Alaska hosts a spectrum of geology and a wealth of natural resources 
matched by few areas on Earth. Prior to the 1940s, geologic investigations in the 
region mostly were limited to coastal surveys and inland reconnaissance studies. 
Nevertheless, the potential for petroleum accumulations beneath Alaska’s North Slope 
and for mineral deposits in the Brooks Range was recognized through the observations 
of the early expeditions. World War II demonstrated an urgent need for domestic 
energy and mineral resources and stimulated the initial systematic geologic mapping in 
northern Alaska as a basis for energy and mineral exploration. The geologic maps 
generated by those initial efforts also served as the foundation for additional petroleum 
exploration in the wake of the oil embargo of the 1970s. A few years into the 21st 
century, the natural resources of northern Alaska again are a focus of national 
attention. The need for detailed geologic maps is greater than ever, not only as a basis 
for petroleum and mineral exploration, but also for land–use planning and mitigating 
the environmental impacts of developing those resources.

The U.S. Geological Survey (USGS) performed the initial systematic mapping of 
the geology of Alaska’s North Slope, including the northern front and foothills of the 
Brooks Range, between 1944 and 1953. Maps resulting from that work were 
published between 1960 and 1966 as USGS Professional Paper 303. Since that 
time, numerous geologic maps of individual quadrangles, or parts of quadrangles, have 
been published by the USGS and by the Alaska Division of Geological and 
Geophysical Surveys (ADGGS). Until now, no attempt was made to produce an 
integrated set of geologic maps using a uniform scale and cartographic standards, and 
consistently applied stratigraphic nomenclature. SIM–2817 is a set of digital geologic 
maps comprising individual 1:250,000 quadrangles, each assigned a unique letter (for 
example, this map of the Point Lay quadrangle is SIM–2817–E). The objective of 
these reports is to provide a new unified set of geologic maps of the northern flank 
and foothills of the Brooks Range using a uniform scale and cartographic style, as well 
as consistent stratigraphic nomenclature.

Although this collection of geologic maps incorporates significant contributions by 
many geologists who have mapped in northern Alaska during the past six decades, it 
would not be possible except for one geologist. This compilation is a testament to the 
career contributions of Charles G. (Gil) Mull, who has spent nearly forty years 
mapping the geology of the region for the petroleum industry, the USGS, the 
ADGGS, and the Alaska Division of Oil and Gas.

GEOLOGIC MAP OF THE POINT LAY QUADRANGLE
By

Charles G. Mull, David W. Houseknecht, G. H. Pessel, and
Christopher P. Garrity 

INTRODUCTION

The Point Lay quadrangle (1:250,000) is located on the western Arctic North 
Slope of Alaska.  This geologic map of the quadrangle is a compilation of geologic 
mapping by Chapman and Sable (1960) and unpublished mapping by  Richfield Oil 
Corporation (Pessel and Mull, 1964). In the course of preparing this map, previous 
stratigraphic and structural interpretations were revised with the aid of modern 
high-resolution color-infrared aerial photographs. Regional maps by Payne and others 
(1951) and Lathram (1965) as well as unpublished mapping by British Petroleum 
Company (Martin, 1968) were consulted for control on the location of structural axes 
in areas of poor exposures. The mapping from these primary sources was then 
modified to incorporate recent revisions in stratigraphic nomenclature by Mull and 
others (2003), to which the reader is referred for more detailed discussions of the age, 
thickness, regional distribution, and generalized interpretations of depositional 
environments of the stratigraphic units.

HISTORY OF EXPLORATION

The area of the Point Lay quadrangle is one of the more accessible areas in the 
foothills belt north of the Brooks Range. Although whalers in the late 19th century 
discovered coal along the sea cliffs just south of the Point Lay quadrangle, and 
undoubtedly prospected the high bluffs near Cape Beaufort, the first recorded 
geological study in the area was in 1901 by F.C. Schrader and W.J. Peters

geologists of the U.S. Geological Survey such as W.W. Patton, Jr., H.N. Reiser, Arthur 
Grantz, and D.L. Jones who helped establish the framework for of the stratigraphy 
and structure of northern Alaska that we have used as the basis for our regional 
studies. Over the years, discussions and field observations with a large number of 
colleagues have contributed immensely to our knowledge and understanding of the 
geology of the Alaskan Arctic Slope and northern Brooks Range. Special thanks go to 
field companions H.S. Sonneman, D.H. Roeder, and G.W. Newman of Exxon 
Company, USA; M.D. Mangus of Atlantic Richfield Company; I.L.Tailleur and T.E. 
Moore of the USGS; J.E. Decker, J.T. Dillon, E.E. Harris, R.R. Reifenstuhl, and D.L 
LePain of the Alaska Division of Geological and Geophysical Surveys, and M.D. 
Myers, formerly of the Alaska Division of Oil and Gas. University of Alaska, Fairbanks 
Department of Geology and Geophysics students D.A. Bodnar, J.P. Siok, K.E. 
Adams, R.A. Alexander, R.K. Glenn, T.A. Imm, W.R. Camber, A.V. Anderson, and 
M.K. Wartes, and faculty members R.K Crowder, K.E. Watts, and W.W. Wallace 
helped keep the senior author on his toes. Office discussions and manuscript reviews 
by K.J. Bird, J.T. Dutro, Jr., C.M. Molenaar, J.A. Dumoulin, S.M. Karl, K.D. Kelley, 
J.H. Dover, and A.G. Harris of the USGS have added additional data and 
understanding. In addition, we acknowledge the paleontological contributions of M.B. 
Mickey and Hideyo Haga of Micropaleo Consultants, and of W.P. Elder and R.G. 
Blodgett, consultants (formerly USGS). W.G. Dow and J.T. Allen of Baseline DGSI, 
Inc., provided valuable organic geochemical analyses, and P.B. O'Sullivan and J.M. 
Murphy have contributed their knowledge of fission track dating.

 Most of our field observations would not have been possible without helicopter 
pilots such as Joe Nightingale and G.L. Wunsch (Era Helicopters), Mose Car (Snake 
River Helicopters), Ken Butters (TransAlaska Helicopters), and Tom Ratledge (Yukon 
Helicopters), all of whom spent many hours flying us to remote locations under 
frequently difficult conditions. Fixed wing aircraft pilots Irv Kurtz (SeaAirmotive Inc.), 
Frank Whaley, Jr., (Interior Airways), Buck Maxson (Maxson Aviation, and Arctic Air 
Guides,) and Stan Parkerson ferried personnel and supplies to our remote field camps 
on wheels, skis, or floats and also shared our remote camp lifestyle.

We are also indebted to the management personnel of Richfield Oil Corporation, 
Atlantic Richfield Company, Exxon Company USA, the U.S. Geological Survey, 
Alaska Division of Geological and Geophysical Surveys, and Alaska Division of Oil and 
Gas, who provided both the encouragement and financial support to carry out 
wide-ranging research projects though sometimes the tangible benefits initially may 
have seemed obscure.

Finally, we appreciate the efforts of P.A. Freeman, O. Rivero, J.A. East, J.K. Tully, 
L.C. Bryant, R.D. Crangle, Jr., and M.W. Borella, all of whom contributed to the 
northern Alaska digital geologic mapping project. Detailed reviews by P.L. Decker and 
G.D. Stricker contributed significantly to the map and text.
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