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INTRODUCTION 

The National Petroleum Reserve in Alaska (NPRA), a federal 
petrolellll reserve on the Alaskan North Slope, covers over 
36,000 sq IIi (93,240 sq km), extending fram the Colvi11e 
River westward to the 1620 para11el and northward to the 
Chukchi and Beaufort Seas (fig. I). Petroleum exploration 
activity in this area from 1944 through 1981 focused on 
acquiring seismic reflection, gravity, and aeromagnetic data, 
and dri11ing test and development we11s. This activity is 
suomariled in table 1. The wells dri11ed are identified in 
Appendix A. 

The U. S. Navy conducted the first fu11-scale exploration 
program on the Reserve. Work on this program, called 
"Pet-4,' began in 1944, 21 years after an Executive Order 
established the Reserve and called it Naval Petroleum Reserve 
No. 4 (NPR-4). The program, which ended In 1953, resulted In 
the drilling of 45 shallow core-test wells and 36 test wells, 
including four in the Barrow area. Additiona11y, the Navy 
acquired nearly 3,400 line miles of seismic reflection data, 
nearly 400 seismic refraction profiles, gravity data from 
more than 6,000 stations, and 12,600 flight line miles of 
aeromagnetic data. These data provided a data base for 
subsequent exploration on the North Slope. Discoveries 
reported included three 011 fields (Umiat, Fish Creek, and 
Simpson) and two gas fields (South Barrow and Gubik). 

The Navy started its second NPR-4 exploration program in 
1972 and, from 1974 to June 1977, campleted seven test wells 
outside the Barrow area, nearly 7.700 line miles of seismic 
surveys, and gravity surveys at more than 30,000 stations. 
In April 1976, jurisdiction of the Reserve was transferred 
fram the Secretary of the Navy to the Secretary of the 
Interior, as mandated by Public Law 94-258; the name of the 
Reserve was changed to National Petroleum Reserve in Alaska. 
The exploration program was assigned to the U. S. Geological 
Survey on 1 June 1977. 

The Survey continued to explore and evaluate NPRA petroleum 
resources, develop the South Barrow gas field and produce 
gas, and rehabilitate areas disturbed by previous exploration 
efforts. As a basis for decisions on future management, the 
Survey defined ten exploration plays, based on geologic and 
geophysical characteristics, and established a program to 
test each with at least two wells. Assessment was the prime 
objective, but the Survey deSignated an indicated structure 



TABLE 1.--NPRA exploration summary 

Year Event 

1917 Discovery of 1arge oil seepages near Cape Simpson. 

1921 First ·011 claill" staked on the North Slope. 

1923 Executive Order established Naval Petroleum Reserve 

1926 

1944-
1953 

1953-
1974 

1974-
1977 

1976 

1977-
1981 

No. 4 (NPR-4) north of the Brooks Range. 

U. S. Geological Survey completed a studY that 
showed the potential for petroleum accumulation in 
numerous anticlines in the NPR-4. 

U. S. Navy conducted a full-scale exploration 
program compr1sing extensive geological and geo­
physical surveys and the drillin9 of 45 shallow 
core-test wells and 36 test wells, including four 
wells in the Barrow area. 

u. S. Navy drilled seven development wells in the 
Barrow area. 

U. S. Navy, in an extensive data gatherin9 and 
evaluation program that began in 1972, drilled 
four additional wells in the Barrow area and seven 
deep test wells in the northeast NPR-4, acquired 
nearly 7,700 line miles of seismic reflection 
data, and gathered gravity data at more than 
30,000 stations. 

Public law 94-258 transferred jurisdiction of NPR-4 
to the U. S. Department of the Interior and 
changed Its name to National Petroleum Reserve in 
Alaska (NPRA). 

The U. S. Geological Survey, continuing the Navy's 
1981 exploration program, drilled five development 
wells, an extens10n well, and 21 test wells; 
acqui red about 5,700 1 i ne mil es of sel s .. i c 
reflection data; gathered gravity data at more 
than 27,000 stations; conducted 1 imited aeromag­
netic surveys; and collected rock, gas, or fluid 
from all wells for geochemical analysis. 
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for each test well location because discovery was a secondary 
objective. As new data accumulated, subdivision of the ten 
original plays into 17 formed the basis for a resource 
assessment published by the Secretary of the Interior in 
1979. 

The Survey completed 21 test wells widely scattered outside 
the Barrow area (for a total of 28 in the program), about 
5,700 line miles of seismic surveys, gravity surveys at more 
than 27,000 stations, and limited aeromagnetic surveys. The 
test wells drilled frOlll 1975 through 1981 are identified in 
table 2 and fi9ure 2. Of these wells, Walakpa 1 discovered 
gas, and Walakpa 2 confirmed that the gas field extends at 
least 4 mi (6 km) from the discovery well. Good gas and oil 
shows were observed at several of the test wells. 

TABLE 2.--NPR-4 and NPRA test wells, 1975-1981 

[The Navy's exploration program included the test wells 
drilled from 1975 through 1977; the U. S. Geological 

Survey drilled the rest of the test wells. All 
wells are outside the Barrow area.] 

Year 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

Test wells drilled 

Cape Halkett 1 

South Harrison Bay I, East Teshekpuk 1 

Atigaru Point I, West Fish Creek I, W. T. 
Foran I, South Simpson 1 

Drew Point I, Ikpikpuk I, Inigok I, North 
Kalikpik I, Kugrua I, South Meade I, 
Tunal1k 1 

J. W. Dalton I, Lisburne I, Peard I, Seabee 
I, East Simpson I, Walakpa 1 

Awuna 1, West Dease 1, East Simpson 2 

North Inigok I, Koluktak I, Kuyanak I, 
Tulageak I, Walakpa 2 
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Government contractors and subcontractors accomplished the 
tasks in this reconnaissance exploration program. Through 
FY 1974, Tetra Tech, Inc., provided exploration and interpre­
tation services for the program as a contractor to the U. S. 
Navy. In FY 1975, Husky Oil NPR Operations, Inc., became the 
prime contractor for operations on the Reserve and Tetra Tech 
became the principal subcontractor responsible for inter­
preting geologic and geophysical NPRA data. Additionally, in 
FY 1981 Tetra Tech was under contract to the Survey to 
monitor NPRA environmental, construction, geophysical, and 
drilling activities; provide geologic support; and interpret 
the geophysical data acquired in FY 19S1. 

This report summarizes the results of Tetra Tech's work on 
the reconnaissance exploration program conducted from FY 1974 
through FY 1980 to evaluate the hydrocarbon potential of the 
NPRA. Table 3 provides a sumary of the seismic program, 
including surveys conducted In the Barrow area in FY 1972 and 
FY 1973 to delineate the Barrow gas field. In the northern 
coastal plain, the seismic grid average was 7 mi by 9 m; 
(S-ml loop average, 63 sq mi per loop), and In the southern 
folded belts, 10 mi by 15 mi (12-mi loop average, 150 sq mi 
per loop), as indicated in figure 3. More detailed informa­
tion on the seismic program is provided in Appendix B, which 
also includes an alphanumeric listing of all seismic lines 
recorded that are pertinent to this report. 

In the overall NPRA program, Tetra Tech'S support included, 
but was not limited to: 

• Design and layout of the geophysical program and 
maintenance of data quality control, both In the 
field and during processing. 

• Interpretation of nearly 13,000 line miles of seismic 
prof1les. 

• Regional studies of the rock units on the North Slope 
to provide a geologic evaluation of the seismic data. 

• Acquisition and interpretation of gravity and 
aeromagnetic data. 

• Recommendation of prospects for drilling, incl uding 
wildcat and development wells in the Barrow area. 
(Some recommendations were accepted, but Tetra Tech 
did not select the well locations.) 

This report is Tetra Tech's final geophysical and geological 
report on the NPRA exploration program. The report contains 
structure (time and depth) and isopach maps constructed from 
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, TABLE 3.--Seismic program summary, FY 1972-FY 1980 
'. 

~ 

I Number 
l Number of Total 

Fiscal Area Operating of seismic line r- year surveyed dates crews lines miles 

r- 1972 Barrow 04/26/72- 1 10 62 
05/15/72 

1973 Barrow 11/30/72- 1 5 32 
1 12/20/72 
L 

1974 Barrow and 03/01/74- 3 52 1,062 ,_.-
zone Al 05/15/74 , , 

I 1 ___ 

1975 Iko Bay, Barrow, 11/19/74- 4 61 2,440 
r- Coastal, Teshek- OS/23/75 
I puk lake,northern 

foothill s 

I 1976 Simpson, western 01/23/76- 2 30 1,440 
I. sector 05/05/76 

, 1917 Northern foothills 01/20/77- 5 64 2,639 , 
thrust belt of OS/23/77 , -
the Brooks Range 

i.. i 
197B Barrow, southern 01/13/78- 4 65 1,916 

foothills, Umiat. 05/31/78 
Driftwood 

, ~ 1979 Barrow, southern 01/08/79- 3 76 1.901 
foothills. umiat, 05/03/79 
Driftwood 

1980 Fortress Mountain. 01/06/80- 2 52 1.096 
L 1 sbu rne, Meat 04/30/80 
Mountain.Tunallk 

IZone A extends southeastward along the Arctic Coast from 
Dease Inlet to the Colville River. 

5 



data acqui red through FY 1980. An overall su ..... ry of the 
tectonics and stratigraphy of the NPRA is provided, including 
geologic Isopach and llthofacies maps constructed for all 
formations. The ·report also presents sand thickness and 
average porosity maps of potential reservoir units, results 
of geochemical and pal eoenvi ronmental studies, and detail ed 
studies of several seismic horizons. Interpretations of data 
acquired in the FY 1981 seismic program are provided in a 
separate report (Patterson and others, 1982). 

Information acquired from exploratory wells was used to 
prepare the report. Many of these wells were drilled pri or 
to 1972; six wore completed in FY 1981 (Awuna I, Koluktak I, 
Kuyanak I, North Inigok I, Tulageak I, and Walakpa 2), and 
ei ght were dri 11 ed in the Sarrow area and three at Urni at 
(excluding development and step-out wells). See previous 
Tetra Tech reports, the most pertinent of which are listed In 
the bibliography, for additional information on geophysical 
and geologic interpretations of NPRA data. 
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INTERPRETATION PROGRAM 

The exploration and Interpretation program described in this 
report Is the result of services provided by Tetra Tech to 
the federal NPRA exploration program from FY 1972 through FY 
1980. This work included geophysical and geologic studies, 
development of a computerized geophysical data base, and 
related activities. 

GEOPHYSICAL STUDIES 

The various geophysical studies of the NPRA completed by 
Tetra Tech dealt mainly with design of geophysical surveys; 
seismic structure, velocity. and stratigraphic analyses; 
potential field Investigations; and seismic-geologic 
correlations. Reconnaissance surveys covered all of the NPRA 
with a regional seismic grid. Design specifications for the 
surveys focused on grid placement, basic seismic field 
parameters, and specifications for acquisition of potential 
field data. Tetra Tech supervised much of the acquisition 
and processing of data. The energy sources used were 
dynamite, "mud gun," and Vibroseis; some data acquired 1n the 
Barrow area were high-resolution data. 

Many set smi c refl ectors were correl ated reg1 ana 11y and 
locally. Originally, only the more obvious reflectors were 
mapped, but as additional well control led to identification 
and study of potential reservoirs, the number of reflectors 
mapped was Increased. The list of mapped reflections 
presently comprises a group of 13 "Pebble Shale" and pre­
Cretaceous horizons. 11 post ... "Pebble Shale" horizons, and 
three form-line horizons in the overthrust area In the south. 
A correlation chart of current names for mapped seismic 
horizons is provided in "Parastratigraphic Units H in "NPRA 
Strati graphy •• 

Structure maps (time and depth) were prepared for all seismic 
hor; zons except for the form-l1 ne hor; zons, whi ch are 
illustrated in time only. Additionally, 20 isopach maps were 
generated between vari ous sei smi c hori zons. The depth and 
isopach maps. based on set smi c i nterpretat ions, were 
contoured by computer, primarily for regional studies. 
Manually contoured time maps show the structural detail. 
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Discrepancies that exist between the geophysical and 
geological maps are indicated on the maps and discussed in 
the report. Geophysical depths and isopachs were based on 
seismic reflectors that mayor may not represent geologic 
units; the data shown at well locations on maps is geologic 
well data ~ whi ch may di ffer from seT smi c contours. Where a 
unit is shown to be thin or absent at well locations, the 
seismic contours may reflect an underlying unit. Umits of 
seis"ic resolution may result in improper location of 
truncations and 1apouts. 

The velocity studies completed for the report generally dealt 
with accurate detennination of depth and isopach values. or 
identification and analysis of velocity anomalies. Regional 
velocity fields were developed to calculate depth and isopach 
data as well as identify velocity anomalies of potential 
exploration significance. Detailed velocity studies 
conducted near several proposed wells focused on predicting 
geopressure and identifying potentially gas-prone regions. 
Analysis and correction of short-wave surface and subsurface 
velocity anomalies in the time domain was a required 
procedure in regions where velocity anomalies create apparent 
structures of the same or greater magnitude than actual 
structure (see 'Velocity Studies" and 'Tuna1ik Study"). 

Stratigraphic analyses of many seismic reflectors were done, 
most notably the 'Simpson sandstone," Sag River Sandstone, 
and Neocornian sandstones at Tuna 1 i k 1. Reprocessi ng 
frequently was required for making stratigraphic 
interpretations. 

Gravity and magnetic data were compiled, edited, reduced, and 
interpreted. These data were especially useful for basement 
studies (both depth to basement and rock type), location of 
carbonate rocks, and delineation of faulting. Infannation 
derived from potential field studies was integrated into the 
seismic interpretation. (A summary of this work is in 
preparation as a separate final report.) 

To identify the acoustic interfaces that cause the various 
mappable seismic reflections, phase and polarity characteri­
stics of the seismic data were studied in detail. The 
results were verified using synthetic seismograms. As 
necessary, cheek-shot survey data were examined and re­
interpreted to compile a consistent data set. Results of the 
correlation studies are summarized in a se1sm1c­
parastratigraphic correlation chart, and time to seismic 
events in wells is shown. 

Because of the large volume of data. particularly from 
sei smi c surveys. Tetra Tech developed an interpret i ve 
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geophysical data base from 1979 through 1981 to computerize 
as much of the NPRA data as possible. The data base, and 
accompanying computer software, provide a centralized 
facility for storing the multitude of numbers (presently 
about 250,000 records) resulting from geophysical investiga­
tions. Performance of a large volume of calculations, such 
as depth and isopach values, was accomplished, including 
determination of velocity values from stacking velocity data. 
In 1981, display techniques were used at various stages of 
interpretation, culminating in the production by cOlllputer Of 
all final depth and isopach maps for this report; the maps 
required only limited hand editing. Among the maps generated 
with display techniques were shotpoint base maps; posted maps 
displaying time, velocity. depth, or isopach values; posted 
and contoured maps; final contoured maps; three-dimens; onal 
perspectives and interpreted section plots in both time and 
depth. 

Many short-term speCial geophysical studies also were 
performed at client request. These studies included studies 
of the Barrow gas fields and analysis of "first.break" 
velocities. 

GEOLOGICAl STUDIES 

Geological studies of the NPRA completed by Tetra Tech 
focused on information compilation, structural.tectonic 
investigations, stratigraphic-paleoenvironmental analyses 
(see "Tectonic Framework." and IIGeologic History"), and 
determi nat i on of hydroca rbon potent i a 1 (see "Geochemi ca 1 
Study"). Detailed information on the stratigraphy and 
depOSitional history of the NPRA and surrounding northern 
Alaskan area was compiled from published information and 
reports. All of the reports prepared contain some 
correlation sections for the interval studied; the sections 
were made from correlated well logs, published literature, or 
both. Foraminiferal and palynologic data were compiled to 
facilitate correlation. 

Because of nomenclature difficulties associated with facies 
changes, Tetra Tech deve loped a parastrat i graphi c 
nomenclature and later updated it for this report (see 
·Parastratigraphlc Units"). This classification is a 
practical time-rack-stratigraphic system derived from the 
original well log correlations that were guIded by 
micropaleontology. The well correlations were compared to 
the seismic horizons, and the regional stratigraphy of the 
NPRA was analyzed usIng seismic-stratigraphic concepts 
(Payton, 1977). To accompany the regional correlation 
sections, compressed seismic sections were used to better 
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show the relationship between parastratigraphic units and 
seismic horizons. 

Subsurface geologic maps were made of all sign1ficant, 
mappable geologic horizons that were recognized in work 
conducted from 1974 to 1981. Isopach, net sand, potential 
reservoir thickness, and average porosity maps were prepared. 
Additionally, sand-shale ratio and clastic ratio (litho­
facies) maps were generated in 1980 and 1981. 

A chart prepared in 1979 redefined correlations of all litho­
stratigraphic units below the Torok Formation (Gowen and 
others, 1979). This chart was updated in 1980 to add Torok 

. and higher tops, and in 1981 to prepare this report. 
Additionally, a chart of all parastratigraphic tops was 
compiled by Guldenzopf and others (1980) and updated in 1981. 
Micropaleontologic zone tops determined by Anderson, Warren, 
and Associates (AWA) and 8iostratigraphics, Inc., were 
charted for foraminifera, dinoflagellates. and spores and 
pollen. 

Stratigraphic-paleoenvironmental studies, which were based on 
well logs, published and unpublished geological reports, and 
well cuttings defined potential reservoir trendS and possible 
prospects in the northern half of the NPRA; these studies 
were reported separately or in annual geological summary 
reports. In studies of the depositional environments of the 
Sadlerochit Group and the Torok "Fortress Mountain" in the 
Texaco Kurupa wells, well cuttings and cores were examined. 
Other studies dealt with depositional environments and 
regional correlation of the "Upper Kingak" (Guldenzopf and 
others, 1980), and in 1981, the "Upper Kingak," "Lower 
Kingak," and Torok-Nanushuk. Seismic stratigraphy of the 
Lisburne and Endicott Groups was compiled in 1980. 

10 
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NPRA STRATIGRAPHY 

Identification and distribution of stratigraphic units was a 
major part of the geologic and geophysical effort to evaluate 
hydrocarbon potential in the NPRA. Tetra Tech used a dual 
stratigraphic classification for regional geologic studies 
(fig. 4). One of these systems is an informal parastrati­
graphic classification that subdivides major depositional 
sequences. The parastratigraphic nomenclature, introduced by 
Guldenzopf and others (1980), allows interpreters to make 
maps of units that change facies. 

The second system is the conventional lithostratigraphic 
classification that consists of recognized formal and 
informal rock units. This familiar nomenclature was 
developed over several decades, primarily by Survey 
geologists. Tetra Tech used this classification in previous 
reports and its use is continued here. In this report, the 
lithostratigraphic names are applied as strictly as pOSSible 
in accordance with the "Code of Stratigraphic Nomenclature" 
(American Commission on Stratigraphic Nomenclature, 1961) and 
International Stratigraphic Guide (1976). 

PARASTRATIGRAPHIC UNITS 

The parastratigraphic system is based on seismic strati­
graphy, with interpretations showing that primary seismic 
reflections are parallel to stratal surfaces and unconform­
ities. Thus, using this system, seismic sections are 
interpreted as a record of chronostratigraphic (time­
stratigraphic) depositional and structural patterns rather 
than as a record of time-transgressive lithostratigraphic 
(rock-stratigraphic) patterns (Payton, 1977, pp. 51 and 53). 
For example. the Sag River Sandstone and its time equivalents 
were mapped and identified as a unit. even where it is 
siltstone or shale. The parastratigraphic system facilitates 
the construction of lithofacies and potential reservoir maps. 

Eleven major parastratigraphic units were devised to identify 
stratigraphic units uniformly regardless of facies changes 
within units in the NPRA. These major units are subdivided 
further, as appropriate, to conform as closely as possible to 
depositional sequence boundaries (figs. 4-6). In ascending 
order, the major parastratigraph1c units are 0-5, 0, H, p. 
PRJ TR, J, Ka, Kb, T t and Q. The uppercase letters 
identifying the units represent geologic periods; lowercase 
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letters and numbers are used to denote subdivisions of the 
time units. 

The system consists of time-rock stratigraphic units 
established by conventional well-log correlation techniques 
and verified. within resolution limits. by seismic strati­
graphy and biostratigraphy (fig. 6). Some later modifica­
tions of the system were based mainly on seismic or bio­
stratigraphic data. Parastratigraphic correlations beyond 
well control are governed by seismic stratigraphy only. This 
section of the report describes the parastratigraphic units 
and their major subdivisions. 

Unit 0-5 (Ordovician-Silurian) 

The "Argillite" basement rocks in the Prudhoe 8ay Field and 
Barrow area of Alaska were specified as Ordovician-Silurian 
by tarter and Laufeld (1975). These rocks comprise the 0-5 
parastratigraphlc unit described in this report. This unit. 
along with the 0 unit and some younger rocks. is below 
seismic horizon 1500 (seismic maps 1. 2; fig. 4). Horizon 
1500 is the "Acoustic basement" throughout the NPRA. A 
computer-generated illustration of horizon 1500 is provided 
In figure 7. 

The 0-5 unit is not yet separable seismically from younger 
rocks that also are present In places below the "Acoustic 
basement" away from the Barrow ArCh. (See figure B. which 
Identifies Paleozoic tectonic elements in the NPRA. and 
figures 9 through 28.) Near the Arctic Coast. horizon 1500 
correlates closely. within 100 ft (30 m). with the top of 
unit 0-5 (figs. 29-32). Exceptions are at East Simpson 1 and 
East Simpson 2 where no acoustic interface 1s present near 
the 0-5 unit. The East Teshekpuk 1. Inigok 1. and Tunalik 1 
wells did not reach unit 0-5. but the event that is 
correlated regionally as horizon 1500 was penetrated in these 
wells (figs. 9-12). 

As originally conceived, horizon 1500 was the -Economic 
basement." In early wells drilled in the Arctic COastal 
Plain and the Barrow area. horizon 1500 was thought to be 
about at the contact between overlying layered sedimentary 
rocks and metasedimentary rocks that were dated as 
Ordovician-Silurian by Carter and Laufeld (1975) in the 
Barrow area. Tracing this horizon to the south and to other 
areas of the NPRA led to an assumption that horizon 1500 was 
the top of the "Argillite'l ; however, this original assumption 
now is known to be incorrect. 

Southward from the Barrow area. hori zon 1500 probably 
overlfes different rock types at different locations. Some 
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of these rocks may be sl1 ghtly altered sedimentary rocks to 
low-grade metasedimentary rocks. The rocks may be as old as 
Ordovician-Silurian (the true 'Argillite" sequence) or 
Early(?)-Middle Oevonian, as seen at Topagoruk 1 and South 
Meade 1, or as young as Mississippian. The rocks belong to 
llthostratigraphic units that are unnamed, to a part of the 
Neruokpuk Group, or to the Devonian or Mississippian part of 
the Endicott Group. The rocks overlain by horizon 1500 also 
may be Mississippian carbonates equivalent to the Wachsmuth 
or Alapah Limestone of the Lisburne Group. 

The layered character of some of the rocks below horizon 1500 
cannot be seen, probably because of steep dip. In many 
places. structural complications may terminate coherent 
reflectors that are below the horizon. Such reflectors 
appear on one seismic line but not on others. So they are not 
regionally mappable. As the 1500 horizon is the deepest 
coherent reflector that can be traced regionally from one 
line to another, it is the effective "Acoustic basement" 
(figs. 1Z, 17-Z0, 3Z). 

Unit D (Devonian) 

Unit D, which is Devonian, consists of steeply dipping base­
ment rocks identified at Topagoruk 1 and South Meade 1. The 
unit includes interbedded clastics and carbonaceous seams. 

Unit D, like unit 0-5, underlies horizon 1500 and is part of 
the "Acoustic basement. 11 As stated earlier, unit 0 cannot be 
separated seismically from unit 0-5 using present data. 

Unit M (Late Mississippian) 

The M unit, which is Late Mississippian, has two sub­
divisions, units M-l and M-2 (seismic maps 3-8; figs. 33-36). 
Unit M-l, the lower subdivision. is early-middle Meramecian, 
and unit M-Z, the upper subdivision, is middle-late 
Meramecian to Chesterian. Unit M-Z is subdivided further 
into units M-Za and M-2b. Unit M-2a contains relatively more 
Interbedded shales than the overlying M-Zb. At Inigok 1, the 
top of unit M-l coincides with the contact between the 
Endicott and L1sburne Groups, and unit M-2 correlates with 
the Alapah Formation. Inigok 1 was selected as the "type" 
well for the M-l, M-2, and P parastratigraphic units (figs. 
33, 34) because it contains the most complete section of 
these rocks penetrated to date on the NPRA. However, as the 
Endicott is a time-transgressive lithostratigraphic unit, the 
Endicott-Lisburne contact in the well is somewhat arbitrary. 

In other wells north of Inigok 1, the Endicott-Lisburne 
contact is within the overlying M-2 unit, and basal clastic 
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rocks assigned to the Endicott Group are included in M-2. 
Farther south, the Endicott-Lisburne contact occurs In older 
rocks (Nllsen and others, 1980, p. 12-13). In outcrops in 
the central Brooks Range, the uppennost fonnatlon of the 
Endicott (Kayak Shale) Is Early Mississippian, and the M-1 
unit top, as defined, is within the overlying lisburne Group. 

Minor revisions in the parastratigraphlc tenninology will be 
necessary in the future if the units are used for a wider 
area. The most logical approach would be to define M-1 as 
Early Mississippian and M-2 as late Mississippian; all of the 
rocks described here then would be defined as sub-divisions 
of M-2 unit. However, revision would require more time and 
study. In this report, the Endicott at Inigok 1, as well as 
all laterally equivalent rocks, is In unit M-1. 

The top of the M-1 unit is near seismic horizon 1400 (seismic 
maps 3, 4; figs. 17-19), which was reached only at Ikpikpuk 1 
and Inigok 1. At these locations, horizon 1400 is within 
unit M-2, about 175 ft (53 m) above the log top of unit M-1. 
Hori zon 1500 (sei smi c maps 1, 2) was penetrated at about 
19,580 ft (5,968 m) at Inlgok 1; the strata below horizon 
1500 are Mississippian and are part of unit M-1. 

The top of the M-2 unit is seismic horizon 1300 (seismic maps 
6, 7), which is at 15,718 ft (4,791 m) at Inigok 1 and 
correlates within 50 ft (15 m) of the top of the unit. 
Elsewhere, the horizon correlates with the top of unit M-2 
only in the broadest sense, because a significant acoustic 
interface Is not present at or near the top of the unit. At 
East Teshekpuk 1, horizon 1300 Is about 100 ft (30 m) above 
unit M-2; at Atigaru Point 1, Ikpikpuk 1, and Cape Halkett 1, 
horizon 1300 is about 100 ft (30 m), 275 ft (84 m), and 400 
ft (122 m), respectively, below the top of unit M-2 (figs. 9-
11, 29-32). The unit may be present at West Fish Creek 1, 
but horizon 1300 was not reached at this location. 

Units M-1 and "-2 were Identified only in the northeastern 
part of the NPRA. However, rocks of unknown age 1 n the 
deepest part of the Meade Basin may include an M-2 erosional 
remnant that is overlain by younger rocks. To detennlne the 
limits of units M-1 and M-2, the Inlgok 1 synthetic 
seismogram was matched to the line 7X-7S seismogram at the 
well location. Seismic horizons 1300 and 1400 were traced in 
all directions from Inigok 1. 

The M-1 unit laps out against the Meade Arch west of Inlgok 1 
and the Umiat Platfonn south of Inigok 1 (fig. 35). Horizon 
1400 onlaps the Fish Creek Platfonn to the north, and unit 
M-1 is probably absent or only discontinuously distributed 
over the platfonn (figs. 37-40). North of Inigok 1, unit M-1 
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is truncated and overlain by the M-2 unit. Unit M-2 is 
truncated and regionally overlain by the P unit (figs. 19, 
20), and may underlie horizon 1500 on the Oumalik High. 

Rocks that are equivalent to the M-l unit ~re Identified at 
East Simpson 2 from 7,152 to 7,428 ft (2,180 to 2,264 m). 
Palynologic data indicate that these rocks are early 
Meramecian. The M-l strata dip more steeply and strike in a 
different direction than the overlying Shublik Formation. 
Seismogram sections indicate discontinuous seismic reflectors 
or ·podS" at the level of the M-l strata at East Simpson 2 
and elsewhere on the Simpson Peninsula. 

At W. T. Foran 1 and cape Halkett 1, steeply dipping clastics 
and redbeds below the Lisburne carbonates also are associated 
with seismic ·pods. 1I The age of these rocks is not known, 
because no fossils were recovered from the clastics. The 
rocks at W. T. Foran 1 and Cape Halkett 1 are considered to 
be part of unit M-l, but alternatively, they could be 
designated as part of unit M-2. 

Distribution of the M-l, M-2, and P parastratigraphic units 
Is shown in figures 35, 36, 41, and 42. Both M-l and M-2 
were folded and block-faulted on a broad scale. North of the 
Fish Creek Platform, the discontinuous distribution of M-l, 
and possibly M-2, may be related to tectonic activity during 
late Meramecian time (see "Geologic History'). The Fish 
Creek Platform perhaps was uplifted, block-faulted, and 
eroded during the same time that M-l and M-2 were being 
deformed In the Umiat Basin. Gentle uplift and block­
faulting of the M-l and M-2 units probably continued through 
latest Mississippian time; the uppermost M-2 unit (Mamet 
zones 18 and 19) Is thinner over the Fish Creek Platform than 
at Inigok 1. The thinning of these rocks across tectonic 
highs may result from post-Meramecian erosion, slow 
depOSition, or both. Between Inlgok 1 and Seabee 1, cross 
sections E-E' and F-F' (figs. 17-20, 21-24) show that the 
upper part of the M-2 unit is thicker below seismic horizon 
1300; evidence of folding and faulting also is shown. 

Several seismic reflectors were not reached by the Inigo" 1 
well. It is inferred that the reflectors are within the M-l 
unit because they appear to be related to the same seismiC 
sequence. Unit M-l thickens rapidly south of Inigok 1 (figs. 
23, 24). The contact between M-l and the basement probably 
is more than 35,000 ft (10,668 m) deep in the Umiat Basin. 

The M-l unit and the overlying M-2 unit may be present in the 
center of the Duma 1 1 k HI gh, where a seri es of refl ectors of 
unknown affinities underlies horizon 1500. These reflectors 
are folded and block-faulted, as are units M-1 and M-2 in the 
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Inigok 1 area. However, It seems more likely that the lower 
reflectors in the OumaHk High originate from metasediments 
In the 0 or O-S parastratigraphic units, because M-l and M-2 
seismic reflectors cannot be traced confidently from the 
!biat Basin to the Oumal1k High. Horizon 1400 onlaps the 
Fish Creek Platform to the north, Meade Arch to the west, and 
Umiat Platform to the south. Unit M-2 may underlie horizon 
1500 on the Oumalik High. 

Unit P (Pennsylvanian-Permian) 

The P unit is Pennsylvanian to Early Permian (seismic maps 
9-13; figs. 43. 44). This unit is subdivided into two units: 
pol. the lower unit. and P-2. the upper unit. Unit P-l is 
dominantly Pennsylvanian and mainly coincides with the Wahoo 
Limestone of the Lisburne Group. In the NPRA subsurface. the 
age range of the Wahoo is Early Pennsylvanian to Early 
Permian. The overlying P-2 unit (fig. 4) generally coincides 
with an argillaceous limestone informally called the 
I'Transition Zone ll

; this rock unit probably is part of the 
Lisburne Group, but it also resembles the overlying Joe Creek 
Member of the Echooka Formation. The age of the P-2 unit is 
Early Permi an. 

At Inigok 1. the top of the P unit is seismic horizon 1200 
(interpreted but not mapped) at 14,026 ft (4,275 m). as shown 
in fi gures 19 and 20. El sewhere, thi shari zan is di ffi cuI t 
to separate from the top of the relatively thin PR unit. 
which is PeMllian. 

The P unit extends across the NPRA, and is thinner in the 
eastern half of the Reserve (figs. 11. 19. 31, 39. 41. 42). 
Along the Arctic Coast near the Fish Creek Platform, the PR 
unit rests directly on the Pennsylvanian P-1 unit. The P 
unit thickens southward toward Inigok. 1. At Inigok 1, the 
uppermost part of unit P contains rocks of earl iest Permian 
age. These Permian rocks underl ie a regional unconformity 
that separates unit P from the overlying PR unit (fig. 44). 
Well data and seismic stratigraphy indicate that the P unit 
thickens westward from the Meade Arch-Oumal i k Hi gh trend. 
West of the Meade Arch. unit P-2 unconformably overlies unit 
P-1 and thickens greatly toward Tunalik 1. In the Tunalik 
Basin. unit P-2 probably tnickens even more. 

East of the Meade Arch. seismic stratigraphy suggests that 
the PR and TR units immediately overlie the P unit (figs. 11. 
12). At Inigok 1. unit PR directly overlies the P-2 unit; to 
the north of Inigok I, unit PR progressively overlies older 
parts of unit pol. Detailed correlation shows that unit P-l 
thins over the Fish Creek Platform because of truncation, and 
is progressively overlain by unit PR, and then by unit TR. 
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Unit PR (Permian) 

The PR unit, which has two subdh;sions, coincides with the 
Echooka Formation (seismic maps 9, 10; figs. 45, 46). Unit 
PR-l, the lower subdivision. represents the Joe Creek Member 
of the formation, and unit PR-2, the upper subdivision, 
corresponds to the Ikiakpaurak Member (fig. 4). These 
subdivisions are not shown on most cross sections because the 
PR unit is relathely thin. 

Seismic horizon 1100, which seems to approximate the top of 
the Paleozoic section, represents unit PR, except where the 
unit is absent or less than 100 ft (30 m) thick (1 imlt of 
seismic resolution). Where unit PR 15 absent or thin, 
horizon 1100 Is near the top of unit P, as shown along the 
northeastern coast of the NPRA from J. W. Dalton 1 through 
South Harrison Bay 1 in figures 41 through 46. 

Unit TR (Triassic) 

Unit TR inclUdes the "Ivishak sandstone" within the 
Sadlerochit GrouPi the "Ivishak" is the main hydrocarbon 
reservoir in the PrUdhoe Bay Field. This Triassic unit 
(seismic maps 14-24; figs. 47-50) is subdivided into three 
units: TR-l, TR-2, and TR-3. TR-3 is subdivided further into 
the TR-la and TR-3b units. In most wells, unit TR-l 
coincides with the Kay;k Shale. and unit TR-2 corr-esponds to 
the "Ivishak sandstone II of the Prudhoe Bay area. or its 
equi val ents. Unit TR-3a coi nci des with the Shublik 
Formation, and unit TR-3b with the Sag River Sandstone and 
equivalent rocks. 

Seismic horizon 1040 ("basal Shublik") is near the top of 
unit TR-2, as shown in seismic maps 14 and 15. This seismic 
event probably is generated by the high-velocity limestones 
near the bottom of the ShUblik Formation in unit TR-3a. 
Horizon 1040 generally is about 110 ft (34 m) above unit 
TR-Z. The range of values is from 26 ft (8 m) above TR-2 at 
Peard 1 to 209 ft (64 m) above TR-2 at Atigaru Point 1. The 
standard difference is 60 ft (18 m). 

South of lat 70 0 N a higher amplitude event is mapped instead 
of horizon 1040. This event is horizon 1020 (seismic maps 
17, 18). Around Inigok 1. these two horizons are 
inseparable. but the horizons diverge westward. Horizon 1020 
was not penetrated by any other well so its exact para­
stratigraphic correlation is unknown. 

Seismic horizon 1000 (seismic maps 20, 21) normally 
correlates with an acoustic interface at or yery near {within 
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25 ft, or 8 m) the top of unit TR-3b in the northern half of 
the NPRA. However, at West Dease I, East Teshekpuk I, and 
Atigaru Point I, horizon 1000 lies near the middle of the 
overlying J-la unit. At seven wells, mostly in the north­
central part of the Reserve, the horizon correlates with the 
top of unit J-la; these wells are Drew Point I, Ikpikpuk I, 
Kugrua I, Kuyanak I, East Simpson I, East Simpson 2, and 
South Simpson 1. Figure 51 is a computer-generated illustra­
tion of horizon 1000. 

South of Ini gok I, hori zon 0900 converges downward toward 
horizon 1000 until horizon 1000 appears to be truncated. 
Farther south from Inigok I, unit TR-3b (seismic maps 23, 24) 
and the overlying J-l unit are either absent or very thin; if 
these units are present at all, they are too thin to be 
resolved seismically. Horizons 0900 and 1000 and horizon 1020 
form a reflector couplet that is traceable all across the 
northern part of the Reserve, except for the Barrow High­
Barrow Arch trend. Triassic rocks were deposited across the 
width of the Reserve, and unit TR is absent only on the 
Barrow High and along the coastline of the 8eaufort Sea. 

Unit TR-l onlaps the 8arrow High-Meade Arch beneath unit TR-2 
along a line just north of Peard I, South Meade I, South 
Simpson I, and J. W. Dalton I, as shown in figure 47. Unit 
TR-2 (fig. 48) is overlapped by TR-3 along a line from the 
Skull Cliffs area of the Chukchi Sea coast to near Kuyanak I, 
South Simpson I, and East Simpson 2. Unit TR-3 (figs. 49, 
50) laps out on the Barrow High, and progressively younger 
subdivisions of the unit disappear by onlap onto the 
pre-existing high. Unit TR-3a laps out just north of South 
Barrow 3 and Iko Bay 1; unit TR-3b extends to just north of 
South Barrow 13 and is not present in the rest of the South 
Barrow field west of the "Disturbed Zone" (figs. 52, 53). 
The basal "Pebble Shale" unconformity truncates units TR-l~ 
TR-2, and TR-3 northward beneath the Beaufort Sea and east of 
J. W. Dalton 1. 

East of Drew Point I, the TR unit was uplifted with the 
Barrow Arch and truncated and overla1n by the Neocomian Ka-lb 
unit (figs. 29-32), as described later in this report. In 
this area It unit Ka-lb consists of the "Pebble Shale" unit 
with its associated basal sandstones. Progressively older 
subdivisions of the TR unit are truncated northward. Unit 
TR-3b is truncated between Cape Halkett 1 and W. T. Foran I, 
and is abSent at J. W. Dalton 1. Units TR-l and TR-2 are 
truncated farther to the north, offshore from the NPRA. 
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Unit J (Jurassic and Early Cretaceous) 

Unit J is mainly Jurassic (seismic maps 25-33). The unit has 
two main subdivisions: unit J-L, which is subdivided into 
J-la, J-lb, and J-lc, and unit J-3, which is subdivided into 
J-Ja (comprising units J-3aI and J-3aII), J-3b, and J-3c (see 
"Jurassic Study"). Unit J-l, the oldest Of these subdivi­
sions, coincides with the uLower Kingak/I and includes all 
rocks between unit TR-3b and the mid-Jurassic unconformity 
(fig. 54). Unit J-3 and the Ka-la parastratlgraphic unit 
(described later) comprise the "Upper Kingak" (figs. 55-60). 
Presently, biostratigraphic evidence is insufficient to 
create a J-2 unit. Rocks that would represent unit J-2 are 
assumed to be absent because of nondeposition or erosion 
during the time of the mid-Jurassic unconformity. 

Seismic horizon 0900 (seismic maps 25-27) corresponds most 
closely with the top of unit J-l. The horizon is one-half 
cycle above the contact, and is generated by a negative 
acoustic interface at or very near the mid-Jurassic 
unconformity. Exceptions are at Atigaru Point 1 and South 
Meade I, which are 222 ft (68 m) and 146 ft (45 m), 
respectively, above the unconformity; South Simpson I, which 
is one-half cycle above an acoustic interface 184 ft (56 m) 
below the unconformity; Tunalik I, which is one-half cycle 
above an interface 152 ft (46 m) above the unconformity; and 
Ikpikpuk 1 where horizon 0900 correlates with unit J-JaI 224 
ft (68 II) above the unconformity. In the eastern NPRA, 
horizon 0900 downlaps to the level of horizon 1000 (tap of 
.he Triassic). South of Inigok I, unit J-l is too thin to be 
resolved seismically, or is absent (figs. 17, 19, 20). 

Formerly. at the base of unit J-lc. the I'lower Jurassic 
shoulder" on well logs was correlated near seismic horizon 
0950. (Horizon 0950 was picked on seismic sections, but not 
mapped.) However, where unit J-lc is thin, as at Ikpikpuk I, 
separation of horizon 0950 fram horizon 0900 is difficult. 
Likewise, unit J-3aI is generally thinner than the limits of 
seismic resolution. Thus, creating a J-2 unit that could be 
correlated seismically would be difficult without using 
different seismic acquisition and/or processing techniques. 

Seismic horizon 0850 subdivides unit J-3 (seismic maps 28, 
29). West of the Meade Arch, this horizon is near the top of 
unit J-3a; east of the Meade Arch, it is within unit J-3b. 
At Peard I, Kugrua I, and South Meade I, horizon 0850 
correlates very closely with unit J-3aII; correlation is also 
good at Walakpa 2, Kuyanak I, and South Harrison Bay 1 where 
the acoustic interface that generates horizon 0850 lies 38 ft 
(12 m) below, 76 ft (23 m) above, and 30 ft (9 m) above unit 
J-3aIl, respectively. At Inigok I, North Inigok I, and 
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Tunalik 1. horizon 0850 correlates closely with unit J-3b. 
At West Fish Creek 1. the horizon is about 220 ft (67 m) 
above unit J-3aIl. and at Ikpi kpuk 1 it is 395 ft (120 m) 
above the unit. 

This discrepancy is caused by the difficulty in correlating 
logs and seismic horizons from one side of the Meade Arch to 
the other. Markers are relathely clear west of the Meade 
Arch, because the Jurassic section there contains interbedded 
fine sandstones, siltstones, and shales. East of the Arch, 
this section consists mostly of caving shales and siltstones 
that are relatively featureless on logs and seismic sections. 
and biostratigraphic zoning is complicated by cavings. 
Correlation cross section B-B' (fig. 9) shows this contrast. 

In the northwestern NPRA. the top of unit J-3c is near 
horizon 0800 (seismic maps 31. 32; fig. 4); elsewhere. the 
top of unit J-3c is near horizon 0720. Horizon 0800 was 
drilled only at Tunal1k 1 and Kugrua 1. At Tunalik 1. 
horizon 0800 results from an acoustic interface about 105 ft 
(33 m) above the mid-Noocomian unconformity. Horizon 0800 
was truncated by horizon 0720 (seismic maps 34. 35) just 
northeast of Kugrua 1. At Kugrua 1. the event is generated by 
the top of unit J-3 just below the basal "Pebble Shale" 
unconformity. The mid-Haocomian unconformity was not 
identified at Kugrua 1. 

The Ka unit has three main subdivisions: units Ka-l (seismic 
maps 34-45). Ka-2 (seismic maps 46-52) and Ka-3 (seismic maps 
50-52). Unit Ka-1. the oldest of these subdivisions is 
divided further into units Ka-1a and Ka-1b. Ka-1a is the 
uppermost part of the Kingak Formation, including the 
NeocClDi an sandstones in Tuna 11 k 1, and Ka-lb co; nc1 des wi th 
the HPebble Shale" unit and "Pebble Shale" sandstone (seismic 
map 45; figs. 55. 60-62). 

Unit Ka-lb is absent over part of the Fish Creek Platform, as 
at West Fish Creek 1 (figs. 37-40). and may be absent over 
part of the Wa i nwri ght Arch (fi gs. 9-12). The unit 
unconformably overlies progressively older rocks northward 
over the Barrow High and Barrow Arch. Unit Ka-1b Is the main 
cap rock and may be the main source rock for the hydrocarbons 
at Prudhoe Bay. Because this unit may be in contact with any 
of the parastratigraphic units previously discussed, the 
subcrop limits of all underlying units were mapped carefully. 

Unit Ka-2, defined mostly on the baSis of seismic character, 
corresponds to an early stage of the Torok-Nanushuk sequence, 
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including rocks deposited in basin, slope, marine shelf. and 
continental environments. In compressed seismic sections, 
unit Ka-2 contains lower angled, less well defined clinoform 
beds than the overlying Ka-3 unit, which may indicate a more 
rapid and uniform deposition rate for unit Ka-2 (figs. 11, 
12). Unit Ka-3, the uppermost subdivision, correspOnds to 
the r .... ining part of the time-transgressive Torok-Nanushuk 
sequence; this may indicate a more sporadic depositional 
history for the K.-3 unit, as its cllnoform beds are 
rel.tively steeper and more variable than those in the 
underlying Ka-2 unit. 

The base of unit Ka-la is near horizon 0800 (mid-Heocomian 
unconformity), as shown in sei smi c maps 31 and 32. Thi s 
horizon is truncated to the northeast of Tunalik 1 by horizon 
0720 (seismic maps 34, 35; figs. 11, 12). 

The reflector couplet that is formed by horizons 0700 and 
0720 (seismic map 45; figs. 9-12) very nearly represents unit 
Ka-lb, and is traceable all across the northern two-thirds of 
the NPRA. Horizon 0720 is near the base of unit Ka-lb, and 
horizon 0700, the primary seismic marker over most of the 
NPRA, correlates very closely wit~ the top of unit Ka-lb in 
most areas. Figure 63 is a three-dimensional perspective of 
hori zon 0700. 

Horizon 0720 (seismic maps 34, 35), normally mapped on a 
peak on seismic sections. is difficult to map because of 
variations in the thickness and presence of basal "Pebble 
Shale" sandstones, as well as velocity variations of basal 
underlying eroded sediments~ These variations result in 
numerous phase reversals and zones that are void of primary 
events~ 

Figure 64 illustrates the basal "Pebble Shale" unconformity, 
showi ng that hori zon 0720 truncates hori zon 1000. Close 
correlation of horizon 0720 with the basal "Pebble Shale" 
unconformity is apparent in all Barrow wells, Iko Bay 1, 
Peard 1, Kugrua 1, South Meade 1, Ikpikpuk 1, and North 
Kal1kpuk 1. The horizon is one-half cycle above the event 
generated by the acoustic interface at the basal "Pebble 
Shale" unconformity (or the top of the "Pebble Shale" 
sandstone overlying the unconformity) at West Dease 1. Drew 
Point 1, J. W. Dalton 1, W. T. Foran 1, Cape Halkett 1, East 
Teshekpuk I, East Simpson 1, East Simpson 2, South Simpson 1, 
Walakpa I, and Walakpa 2. Horizon 0720 is one-half cycle 
below the unconformity at West Fish Creek 1 and Tunal1k 1, 
and is within unit Ka-l at South Harrison Bay 1 and Tulageak 
1, about 100 ft (30 m) and 150 ft (46 m) above the unconfor­
mity, respectively~ No acoustic interface is present near 
tne basal "Pebble Snale" unconformity in Nortn lnigok 1, 
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Kuyanak 1. and Atigaru Point 1. In these three wells. the 
phantom event mapped as horizon 0720 is within 200 ft (61 m) 
of the unconformity. 

The top of unit Ka-lb normally is characterized by a 10w­
velocity zone that results in a peak on the NPRA seismic 
data; the trough precedi ng thi 5 peak is mapped as horizon 
0700. The negative acoustic interface controlling horizon 
0700 is within 20 ft (6 m). plus or minus. of the top of unit 
Ka-lb with few exceptions. At Ikpikpuk 1. West Dease 1. 
South Simpson 1. North Kalikpik 1. and Cape Ha1kett 1. the 
difference between the acoustic interface and unit Ka-lb is 
36 ft (11 m). 50 ft (15 m). 60 ft (18 m). 68 ft (21 m). and 
69 ft (21 m) ft. respectively. 

Hori zan 0700 is not mapped across part of the Fi sh Creek 
Platform. prObably because of subaqueous erosion (figs. n. 
12). However, some remnants of unit Ka-lb are locally 
present across this area. and North Kalikpik 1 penetrated 
such a remnant. In well log sections. unit Ka-lb is 
correlated into Atigaru Point 1. but it is difficult to trace 
horizon 0700 into this well from seismic data. 

To the east of the Barrow area. the low-velocity shale that 
is characteristic of the top of unit Ka-lb is very thin. 
Thus, no prominent acoustic interface exists near the top of 
the unit. The horizon 0700 reflection found at Iko Bay 1 and 
Tulageak 1 originates in the basal part of unit Ka-2. 

Younger Neocomian-earliest Aptian rocks may occur above Ka-lb 
in the southern one-third of the Reserve. Two observations 
suggest this possibility. One observation is that the 
0700-0720 couplet (seismic maps 34. 35. 39. 40. 45) becomes 
less distinct in the southern foothills area where several 
strong reflectors with1n probable Torok-Fortress Mountain 
rocks downlap from the south onto horizon 0700. Secondly, 
the Ka-lb unit at lisburne 1. identified on logs, is several 
thousand feet below the top of AWA foraminiferal zones 
F-12/13; the Ka-lb top is at 6.070 ft (1.850 m). whereas the 
zone F-12/13 top is at 2.220 ft (677 m) (figs. 5. 65). 

Several seismic events of 1 imited areal extent in the Ka-2 
and Ka .. 3 parastratigraphic units were mapped, but could not 
be used to define these units over the entire Reserve. These 
horizons include horizon 0650 (seismic maps 46. 47). the 
clinoforms. and the top of the Torok. Horizon 0650. which 
was penetrated only at Awu~a 1, is within unit Ka-2. 

The clinoforms (seismic maps 48. 49). as well as Shallow 
Cretaceous reflectors, are within units Ka-2 and Ka-3. The 
c1 i nofonns mapped were selected on the bas is of refl ect 1 on 
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strength and areal extent to illustrate the orientation and 
change 1 n di p across the NPRA. No attempt was made to 
correlate these reflectors with well data. 

The top of the Torok is not a true seismic horizon, but is a 
boundary based on stacking velocity data. (See "Velocity 
Studies" for a complete discussion of the top of the Torok 
clinotilem horizon.) For seismic-stratigraphic correlation, 
horizon 0500 was continued down the slope and into the basin 
(fondothem) until it merged with horizon 0700 ("basal Torok" 
unconformity). Horizon 0500 (seismic maps 50, 51) 
distinguishes differences in bedding characteristics within 
the formation. For example, below horizon 0500 in unit Ka-2, 
clinoform beds dip at a relatively lower angle and include 
fewer high-amplitude, high-continuity reflectors than the 
beds in the Ka-3 unit that overlies the horizon. This 
difference is shown in figures 11, 12, and 66. 

The base of unit Ka-3 is near horizon 0500 and its top is 
near hori zan 0400 (mi d-Cenomani an unconformity). Hori zan 
0400 nearly corresponds to the lithologic contact between the 
NanUShuk and Colville Groups. The seismic character of unit 
Ka-3 is different from that of the underlying Ka-2 unit. In 
unit Ka-3 (figs. 10-12), clinoforms dip more steeply; a 
greater number of high-amplitude, high-continuity reflectors 
are included; several upward shifts in the shelf-slope break 
are evident; and several areas of hummocky bedding are 
associated with the Shelf-slope upward shifts. Steeply 
dipping clinoforms become obvious between Topagoruk 1 and 
Ikpikpuk 1 (fig. 12). This steepening may be related to the 
breaChing of a major barrier (the Meade ArCh) or to a change 
in sediment supply. In general, unit Ka-3 prObably 
represents a slower rate of sedimentation than does unit 
Ka-2. 

Unit Kb (Late Cretaceous) 

Unit Kb, which is restricted to the northeastern part of the 
Reserve, includes nearly all of the Late Cretaceous rocks in 
the NPRA (fig. 67). The base of unit Kb is near horizon 0400 
(seismic maps 50, 51); the upper boundary of the unit cannot 
be identified on seismic records because of muting of the 
Shallow data. Horizon 0400 correlates closely with the 
mid-Cenomian unconformity, although the correlation is not 
exact. 

Hori zon 0400 is present in 11 of the 13 NPRA we 11 s that 
penetrated the mid-Cenomanian unconformity. The 11 wells are 
Atigaru Point 1. Cape Halkett 1, J. W. D.lton 1, Drew Point 
1, West Fish Creek 1, W. T. Foran 1, South Harrison Bay 1, 
Inigok 1, North Inigok 1. North K.likpik 1, and East 
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Teshekpuk 1. The unconformity is too shallow at East Simpson 
1 and East Simpson 2 to map seismically. At Cape Ha1kett I, 
horizon 0400 is about 300 ft (91 m) below the unconformity. 
A major discrepancy exists at seabee 1 where horizon 0400 is 
present at about 1,200 ft (365 m), yet unit Ka-3 is on the 
surface. 

Units T and Q (Tertiary and Quaternary) 

Units T and Q were not studied extensively. The T unit 
coincides with the Sagavani rktok Formation or other Tertiary 
rocks and 1s restricted to the coastal area of the north­
eastern NPRA. The Q unit consists of the marine Gubik 
Fannatian, rot-ks questionably assigned to the Gubik, or any 
glaCial, alluvial, or colluvial deposits of Pleistocene age. 

Units T and Q, which are shallow, generally cannot be 
identified on logs or on seismic sections. The T unit 
coincides approximately to A!AA foraminiferal zones F-2, F-3, 
and F-4; dinoflagellate zonu1es P-Mll and P-MI2; and 
spore-pollen zonule, P-TlO. The Q unit corresponds to AWA 
foraminiferal zone F-l. (See parastratigraphic, foramini­
feral, and palynologiC correlation charts in figures 5, 65. 
and 68). 

LITHOSTRATIGRAPHIC UNITS 

This section of the report describes lithostratigraphic units 
that occur in the NPRA. The oldest unit identified in this 
study is the "Argillite- unit. The younger units studied, 
listed from oldest to youngest, were the 10wer(?)-Midd1e 
Devonian unit; Endicott, Lisburne. and Sadlerochit Groups; 
Shublik Formation; Sag River Sandstone; Kingak Formation; 
"Pebble Shale" unit; Torok Formation and Nanushuk. Group; 
Colville Group; and Sagavanirktok and Gubik Formations. 

"Argillite" Unit 

The "Argillite" unit derives its name from the dark meta­
sedimentary basement rock in the Barrow High and Prudhoe Bay 
area. At the South Barrow and Prudhoe Bay fields, the 
"Argillite" is composed of steeply dipping phyllite and 
quartzite layers. Other lithologies previously assigned to 
the "Argillite" include. granite at East Teshekpuk 1 (Bird and 
others, 1978), siltstone at W. T. Foran I, and coal at 
Atigaru Point 1 (seismic maps I, 2). 

Tne term "Argillite'" although commonly used, is not 
particularly SUitable, but is the best of several alterna­
tives.. Other names for this unit include Neruokpuk 
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Formation, pre-Devonian, pre-Mississippian, Franklinian 
sequence. "Economic basement.- and HAcoustic basement.-

The term "Neruokpuk' is no longer used by the U. S. 
Geological Survey in defining rocks of the Barrow Arch, 
because of uncertainties existing in the correlation of these 
rocks with the type Neruokpuk Formation of the northeastern 
Brooks Range (Brosge and Reiser, 1972). Pre-Devonian is not 
an accurate name for this unit because SOlIe Devonian rocks 
are included in the basement (for example, th .. Early(1)­
Middle Devonian rocks at Topagoruk 1). Likewise, the term 
·pre-Mississippian" 1s not appropriate because the horizon 
includes Mississippian rocks at Inigok I, as shown in figure 
19. (S .... also figure 15, parastratigraphic cross section 
0-0', between Duma 11 k 1 and Li sburne 1.) Use of the term 
"Acoustic basement' in place of 'Argillite' suggests that the 
two are the same, but the only locations where the 'Acoustic 
basement' can be proved to coincide with the top of the 
'Argillite' is on the Barrow High and in Prudhoe Bay Field. 

Lower(1)-Middle Devonian Unit 

An unnamed rock unit of presumed EarlY(1) to Middle Devonian 
age was drilll>d at Topagoruk I, between 10,031 ft (3,058 m) 
and total depth at 10,503 ft (3,201 m), as shown in figure 9. 
The Devonian rocks, wh1ch are separated from the overlying 
beds by an angular unconformity, dip 35° to 60° and are 
composed of Chert conglomerate and shale that contains some 
carbonaceous partings with plant fragments (Collins, 1958, p. 
271, 313). Sil111ar rocks were found above the "Argillite" at 
South Meade 1 between 9,537 and 9,892 ft (2,906 and 3,015 m). 
The carbonaceous partings are thicker at South Meade I, but 
no age has been established yet for these rocks. 

Endicott Group 

The Endicott Group is a time-transgressive basal clastic unit 
that overlies the basement in the northeastern NPRA (seismic 
maps 3, 4; figs. 29-32). In northern Alaska, rocks of the 
Endi cott Group range from low-grade Late Devoni an 
metasedimentary rocks to slightly altered clastics of Late 
Mississippian (middle-Meramecian to Chesterian) and 
Pennsylvanian age. The older quartzites, slates. and 
pebble conglomerates (chert and quartz) are Devonian and 
Mi ssi ssi ppi an. 

Traditionally, all clastic rocks below the Lisburn. 
carbonates are placed in the Endicott Group. However, 1n 
tnis report, clastic rocks of Late Mississippian (post-middle 
Meramecian) and Pennsylvanian age are considered equivalents 
of the Lisburne and not included in the Endicott Group. Late 
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Mississippian clastics are probably facies of the Alapah 
Limestone, and Pennsylvanian clastics are probably equivalent 
to parts of the Wahoo Limestone. 80th of these I1mestones 
are in the Lisburne Group. Guldenzopf and others (1980) 
called all post-middle Meramecian clastic strata below the 
Lisburne carbonates "Endicott· to distinguish the younger 
clastics from the older clastics, but this nomenclature is 
discontinued, because it is confusing. 

In thi s report, the Endi cott Group is not subdi vi ded. 
Generally, the Endicott Group in the NPRA is subdivided into 
two formations: the Kekiktuk Conglomerate and the Kayak(?) 
Shale. However, these subdivisions are not used here because 
of difficulty in identification and correlation with the type 
sections of these formations. Originally, the Endicott Group 
was proposed as a lithologically distinctive lithostrati­
graphic unit for surface field mapping (Tailleur and others, 
1967, p. 1350). The type area is in the Endicott Mountains 
of the central 8rooks Range. Several lithologically related 
clastic formations that range from Late Devonian to Early 
Mississippian were combined to make up the Endicott Group. 

In previous Tetra Tech reports that describe the subsurface 
of the NPRA, the basement rocks initially were called the 
Neruokpuk Formation and later the "Argillite"; coarse clastic 
rocks overlying the basement rocks were referred to as the 
Kekiktuk Conglomerate, and finer clastics overlying the 
Kekiktuk and underlying the Lisburne carbonates were called 
the Kayak or Kayak(?) Shale. These subdivisions of the 
Endicott Group are not used in this report because of 
uncertain stratigraphic relationships between the widely 
separated exposures of the Endicott. At Inigok I, for 
example, nearly 2,000 ft (610 m) of coarse clastics 
identified earlier as Kekiktuk contain no beds of quartz and 
chert conglomerate. although conglomerate beds originally 
were considered to be typical of the unit (8rosge and others, 
1962, p. 2195). The Kekiktuk at Inigok 1 is five times 
thicker than the described surface sections in the type area 
or elseWhere; however, these strata fit the extended 
description •••• depOSited in a paralic environment N given by 
Tailleur and others (1967, p. 1355). The Endicott Group at 
Inigok 1 is Late Mississippian (early to middle Meramecian). 

The lithostratigraphic top of the Endicott Group, and of 
younger clastic rocks, occurs in successively younger strata 
to the north of Inigok 1. At Inigok I, the top of the 
Endicott Group is the top of the M-l parastratigraphic unit 
(figs. 18, 19. 33). At Ikpikpuk 1, the top of the clastiCS 
is within unit M-2a, whereas at East Teshekpuk 1 and West 
Fish Creek 1. the top is questionably within unit M-2b (figs. 
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10, II, 38, 39). At J. W. Oalton I, the top of the clastics 
is withih unit P-l (figs. 30, 31). 

The inferred distribution of the Endicott Group is shown in 
cross sections F-F' and H-H' (figs. 21, 22, 25, 26). In 
cross section F-F', the Endicott Group onlaps the Umiat 
Platform to the south-southeast. To the north-northeast, the 
Endicott is unconformably overlain by the Alapah limestone. 
Near its base, the Alapah may have a basal clastic member 
(for exallple, at Ikpikpuk 1). Cross section H-H' indicates 
that the Endicott Group is truncated and overlain by the 
Alapah Limestone. The Endicott is not known to occur west of 
the Meade Arch, although bedded refl ectors from the Oumali k 
High (near Oumalik 1) and from the deepest part of the Meade 
Basin may be from rocks of the Endicott Group. 

Lisburne Group 

The Lisburne Group is a time-transgressive rock unit 
consisting mainly of carbonates (seismic maps 6, 7; fig. 4). 
The group includes Early to Late Mississippian rocks in the 
DeLong Mountains of the western Brooks Range (Sable and 
Dutro, 1961), Endicott Mountains of the central Brooks Range 
(Bowsher and Dutro, 1957), and the Lisburne type locality 
around Cape LIsburne (Campbell, 1965; 1967; Armstrong and 
others, 1971). In the northeastern Brooks Range and Prudhoe 
Bay Field, LiSburne carbonates are Late Mississippian to 
Middle Pennsylvanlan (Armstrong and others, 1970; Armstrong 
and Mamet, 1974). Alaskan terminology was extended to 
carbonates in the British Mountains of the northern Yukon 
Territory (Mamet and Mason, 1970); these carbonates, as well 
as equivalent carbonates in the Richardson and Ogilvie 
Mountains farther south, are Late Mississippian to Early 
Permian (Bamber and Waterhouse, 1971). In the NPRA, the 
Lisburne is Late Mississippian to Early Permian. 

The lisburne Group is SUbdivided into three main fonnations 
in the central and eastern Brooks Range. In ascend1ng order, 
these formations are Wachsmuth Limestone, Alapah Limestone 
(Bowsher and Dutro, 1957, p. 6), and Wahoo Limestone (Brosge 
and others, 1962, p. 2190-2192). To date, the Wachsmuth 
Limestone has not been ident1fied in the NPRA subsurface 
(fig. 4). 

The Lisburne is underlain by transgressive basal clastic 
rocks correlated with the Endicott Group in the NPRA, Prudhoe 
Bay Field, and northeastern Brooks Range (Armstrong, 1974; 
Armstrong and Bird, 1976). In these areas, some of the basal 
clastics are time-equivalents of the Lisburne carbonates. 
The uppermost several tens of feet of the Endi catt Group 
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cons1st of 1nterbedded shales and thin carbonates (Bowsher 
and Dutro, 1957, p. 6, 15; Brosge and others, 1962, p. 2186). 

Lisburne Clastics 

The Lisburne clastics comprise the Itkilyariak rocks that 
unconformably overlie the Endicott Group (figs. 9, 10). The 
Itkilyariak Formation, named by Mull and Mangus (1972), is a 
transitional clastic unit at the base of the Alapah Limestone 
in the far eastern Brooks Range. The Itkilyariak consists of 
red and maroon sandstone, conglomerate, and limestone inter­
bedded with shales. Rocks tnat have sim11ar litholog1es and 
occupy a similar stratigraphiC position were penetrated in 
the Prudhoe Bay Field and 1n the NPRA. At Prudhoe Bay State 
I, the Late Mississippian Itkilyariak that overlies the 
Kekiktuk Conglomerate (Armstrong and Hamet, 1974) is 1,620 ft 
(493 m) th1ck. At Ikpikpuk I, more than 1,279 ft (390 m) of 
Late MissisSippian interbedded reddish sandstones, shales, 
and limestone lie above rocks correlated with the Endicott 
Group. 

Clastics of the same type underlie the Wahoo limestone at J. 
W. Dalton 1 and W. T. Foran 1 (figs. 29, 30). Micropaleonto­
logic analyses of these clastics indicate that the redbeds, 
sanastones, shales t and interbedded 1 imestones are lateral 
equivalents of the lower part of the Pennsylvanian Wahoo 
carbonates at J. W. Dalton 1 (Anderson, Warren and 
Associates, 1979) and, by inference, at W. T. Foran 1. These 
Pennsylvanian basal clastics also were called IIltkl1yarlak," 
which would be an appropriate name if the Itkilyariak 
Formation were redefined formally as a basic lateral redbed 
equivalent of portions of the lisburne Group. Such a 
redefinition would circumvent the diffkulty created by the 
disparity in age between the formation at the type locality 
and in J. W. Dalton 1. 

Alapah limestone 

The Alapah limestone contai ns most of the li sburne hydro­
carbons discovered in the Prudhoe Bay Field. CommerCial 
quantities of oil occur in the "Dolomite unit" of the Alapah 
at Prudhoe Bay State 1 and Mikkelsen Bay State 1. Efforts to 
trace the limits of the "Dolomite unit" in the NPRA were 
made, and preliminary results indicate that the "Dolomite 
unit' lies below 10,000 ft (3,048 m) in areas where it may be 
prospective. 

The Alapah is late Mississippian in all locations where it is 
recogni zed (fi g. 36). It unconformably overl i es the 
Wachsmuth Limestone in the central BrOOKS Range, and is 
either unconformably overlain by the Permian Siksikpuk 
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Fonnation, or was truncated by Holocene(?) erosion. In the 
central Brooks Range, the fonnation is 970 ft (296 m) thick 
and includes four units; in descending order, these units are 
shaly limestone, limestone, cherty l1mestone, and shale 
(Bowsher and Dutro, 1957, p. 6-7). 

Northeastward from the Shainin Lake area, additional Alapah 
section was recognized and classified infonnally as an upper 
dolomitic member (Brosge and others, 1962, p. 2189-2190). In 
the western Romanzof Mountains, the Alapah is subdivided 
informally into a lower sandy limestone unit and an upper 
dark carbonate unit that is dolomitic throughout (Sable, 
1977, p. 13-17). The stratigraphic relationship between the 
Alapah and the overlying Wahoo Limestone is questionable. 
Sable (1977, p. 17) considers the contact to be confonnable, 
whereas Brosge and others (1962, p. 2190) reported the 
contact probably is disconformable. The Alapah contrasted to 
the overlying Wahoo shows: 

• The Alapah is Late Mississippian; consists mainly of 
dark-gray, shaly limestone (mudstone, wackstone, and 
some paCkstone); and is dolomitic • 

• The Wahoo 1s Pennsylvanian; consists mainly of 
light-gray, massive limestone (mainly grainstone and 
packstone); and is only slightly dolomitic (Annstrong 
and Hamet, 1974; Armstrong and Bird, 1976). . 

Therefore, the Alapah-Wahoo contact probably is disconform­
able. For example, the "Dolomite unit" inrnediately underlies 
the Pennsylvani an Wahoo Limestone over the Fi sh Creek 
platform. However, the "Dolomite unit" is overlain by 
additional dark Mississippian rocks farther south at Ikpikpuk 
1 and Inigok 1. 

A similar relationship probably exists in the Prudhoe Bay 
Field and surrounding areas. For example, along the crest of 
the Colville High (Armstrong and Bird, 1976, fig. I), the 
"Dolomite unit" directly underlies the Wahoo (figs. 25-28); 
this is well-shown at Union Kookpuk I, Sinclair Colville I, 
and Union Kalubik Creek 1. However, slightly down the flank 
of the Colville High, several hundreds of feet of additional 
Mississippian racks overlie the "Dolomite unit" and underlie 
the Wahoo; this is shown best at Areo Itkillik River 1 and 
Prudhoe Bay State 1. 

The Alapah probably is restricted to the east side of the 
Meade Arch-Ouma11k High trend. No Mississippian carbonates 
were penetrated in the northwestern part of the Reserve. 
Seismic strati9raphy indicates that the overlying Wahoo 
Umestone oversteps the Alapah northward toward the Barrow 
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Arch. southward toward the Umiat Platform. and westward 
toward the Meade Arch and Oumalik High. Some M;ss;ssippian 
carbonates may be present ; n the deeper parts of the Meade 
Basin. The Alapah may be overlapped south of the Oumalik 
High, but the seismic-stratigraphic indications for overlap 
are ambi guous. 

The inferred distribution of the Alapah Limestone is shown in 
cross sect10ns E-E', F-F', and H-H' and the unit M-2 isopach 
and lithofacies map (figs. 18. 22. 26. 36). In cross 
sections E-E' and F-F', the Wahoo unconformably overlies the 
Alapah to the northwest and north-northwest. Additionally. 
in cross section E-E'. the Alapah thins by onlap and 
truncation toward the Barrow High. A similar pattern is 
shown in cross section F-F' on the south flank of the Fish 
Creek Platform near East Teshekpuk 1. From the Fish Creek 
Platform. the Alapah thickens markedly into the Umiat Basin 
and thins because of onlap and truncation by the Wahoo onto 
the northwest flank of the Umiat High. On the east flank of 
the Oumalik High. the Wahoo unconformably overlies both the 
Alapah and the End1cott Group as shown on cross section H-H' 
(figs. 25. 26). 

Wahoo Limestone 

The Wahoo Limestone, named for exposures in the northeastern 
Brooks Range. extends throughout the eastern half of the 
Brooks Range where it is up to 1.367 ft (417 m) thick. The 
Wahoo is composed of light-gray limestones with relatively 
few shale partings. In the type area. it includes a coarse­
to fine-grained gray limestone upper member. In outcrop, the 
light-colored Wahoo contrasts with the dark-gray Alapah below 
(8rosge and others. 1962. p. 2190-2192. 2196-2198). On 
electric logs, the Wahoo presents a Ublotkier ll appearance 
than the Alapah. because the Wahoo contains fewer interbedded 
shales than the Alapah (fig. 43). Where present. the Wahoo 
overlies the Alapah Limestone in the Brooks Range. Prudhoe 
Bay Field. and eastern NPRA south of the Barrow Arch. 

In the northeastern Brooks Range. the top of the Wahoo is 
truncated and overlain by the Sadlerochit Group. There. the 
Wahoo is mostly Pennsylvanian. but the upper part of the 
formation is probably Early Permian (Brosge and others. 1962. 
p. 2192). 

The Wahoo extends westward into Prudhoe Bay Field, but its 
upper part Is absent over the Fish Creek Platform and along 
the Arctic Coast (figs. 37-41). There. the Wahoo is uncon­
formably overlain by the Sadlerochit Group and the "Pebble 
Shale. " 
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The Wahoo Limestone is 369 ft (112 m) thick at J. W. Dalton 
I, and together with the basal lisburne clastics totals 879 
ft (268 m) thick (figs. 29-32). At W. T. Foran I, the Wahoo 
carbonates are 377 ft (115 m) thick, and the carbonates and 
clastics together are 565 ft (172 m) thick. The Wahoo 
thickens south of the Fhh Creek Platform; the formation h 
1,507 ft (459 m) thick at Inigok 1 and 1,667 ft (508 m) thick 
at Ikpikpuk 1. At Inigok I, section is added at both the top 
and bottom of the formation. At the top, the added section 
consists of Late Pennsylvanian to Early Permian carbonates 
that are missing to the north. indicating truncation in that 
direction; at the base, the added section is considered to be 
a clastic equivalent of the Wahoo Limestone. 

The Wahoo extends westward over the northwestern NPRA (figs. 
9-12). Kugrua 1 bottomed at 12,588 ft (3,837 m) in Pennsyl­
vanian Lisburne carbonates that are equivalent to the Wahoo. 
The massive carbonates are 1,053 ft (321 m) thick at Kugrua 
1, and seismic information indicates that the lisburne over­
lies the "Acoustic basement" at about 12,800 to 13,000 ft 
(3,900 to 3,962 m); the total Wahoo section probably is about 
1,265 to 1,465 ft (386 to 447 m) thick. At Tuna11k I, before 
the well bottomed at 20,335 ft (6,198 m) in the Wahoo, 1,240 
ft (378 m) of Wahoo-equivalent carbonates were penetrated. 
Total thickness of the Lisburne at Tuna1ik 1 was not estima­
ted, but at least an additional 500 ft (152 m) of Pennsyl­
vanian carbonates are expected to be below the total depth. 

The Wahoo corresponds closely to the P parastratigraphic unit 
east of the Meade Arch-Ouma1lk High trend (t;gs. 13-16). 
West of this trend, the lithostratigraphy of unit P Is not as 
well understood, alt_hough the Wahoo and unit P are assumed to 
be identical. 

Lithostratigraphic cross sections 8-8 1
, D-O', F-F', and H-H' 

and the unit P-l isopach and lithofacies map (figs. 10, 22, 
26, 41) shaw the inferred distribution of the Wahoo 
Limestone. The Wahoo extends across the Fish Creek Platform 
in cross sections 8-B', F-F', and H-H'. In cross section 
F-F', the Wahoo Is truncated and probably subcrops below the 
IIPebble Shale" unit north of the Barrow Arch; near Seabee 1, 
the Wahoo extends across the Umiat Platform. 

In CfOSS section 0-0 1
, the Wahoo laps out onto the Meade Arch 

and is unconfonnably overlapped by the "Transition Zone. 1I 

Cross sections B-8 1
, D-DI, and H-HI show that the Wahoo also 

laps out on the Ouma1ik High where It Is unconformably 
overlapped by the "Transition Zone." West of the Meade Arch­
Ouma11k High, the Wahoo Limestone or laterally equivalent 
rocKs lie directly on the basement. The Wahoo is either thin 
or absent on the Wainwright Arch and the Utukok High. 
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IITransition Zone· 

The "Transition Zone,.1 which overlies the massive Wahoo 
Limestone and underlies the Echooka Formation in the 
northwestern part of the NPRA (figs. 9-12. 42. 44). may be an 
important seal for hydrocarbons in the underlying Lisburne 
formations. The informal term "Transition Zane ll is used for 
the unit because it is considered to be part of the Lisburne 
Group. yet is 11thologically similar to the overlying Joe 
Creek Member of the Echooka Formation. 

The "Transit10n Zone~"1 known only in the subsurface of 
northern Alaska. is Qistinguished from the underlying Wahoo 
by the greater number of interbedded shales and thinner 
carbonates beds contained in the zone. At Tunalik 1, 
lkpikpuk 1, and Inigok 1. the "Transition Zone" is overlain 
by the Joe Creek Member of the Echooka Formation. and at 
Kugrua 1. it is overlain by the Ikiakpaurak Member of the 
Echooka (figs. 10. 22). The Joe Creek consists of inter­
bedded shales and carbonates, but the "Transition Zone l

• 

contains much mare limestone and less shale. On electric 
logs, the top of the ·Transition Zone,ll which is also the top 
of the Lisburne. is distinguished by marked deflections of 
the gamma-ray, spontaneous potential, resistivity, and sonic 
curves (fig. 44). The "Transition Zone" is Early Permian. 

-Transition Zone" rocks are best developed west of the Meade 
Arch-Oumalik High trend (figs. 9-12). At Kugrua 1. the unit 
is 537 ft (109 m) thick; at Tunalik 1. it is 1.575 ft (480 m) 
thiCk. and contains 745 ft (227 m) of basalt. Seismic 
stratigraphy Indicates that the "Transition Zone" becomes 
very thick in the Meade and Tunalik Basins. 

Seismic stratigraphy also indicates that the IITransition 
Zone ll di sconformably overli es the Wahoo Limestone and 
overlaps it between the Wainwright and Meade Arches (figs. 
10, 11). The Echaaka Fonnation overlaps the IITransition 
Zane" in 'this area. 

On the north and east sides of the Wainwright and Meade 
Arches, the IITransition Zone II unconfonnably overlaps the 
Wahoo. The Wahoo is either thin or absent on the Utukok High 
near the western boundary of the Reserve, against the 
Wainwright and Meade Arches, and across the Oumalik High. 
Rocks of the "Transition Zone'l are probably the only Lisburne 
carbonates present in these areas. 

IITransition Zone ll rocks are thinner east of the Meade Arch­
Oumalik High trend. At Inigok 1. the unit is 185 ft (56 m) 
thick and. at Ikpikpuk 1. it is 1.212 ft (370 m) thick (fig. 
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17-20). The "Transition Zone" does not overlap the Wahoo in 
the eastern part of the NPRA, but wedges out under the 
Echooka Fonoation. In turn, the overlapping "Kav1k shale" 
unconformably overlies the Echooka. 

The distribution of the "Transition Zonel! south of the 
Oumalik High-Key River Arch trend is not known. An 
equivalent to the "Transition Zone ll is known on the surface 
in the British Mountains of the northern Yukon. There, Early 
Permian interbedded carbonates and shales overlie the massive 
Pennsylvanian Wahoo Limestone (Bamber and Waterhouse, 1971). 

Sadlerochit Group 

In northern Al aska, two fannat i Dns compri se the Sadl erach; t 
Group: the Echooka Formation and the Ivishak Formation. The 
"lvishak sandstone!' member of the Sadlerochit Group is the 
main hydrocarbon reservoir in Prudhoe Bay Field (fig. 70). 

EChooka Formation 

In the NPRA, the Echooka Formation is subdivided into the 
lower Joe Creek Member and the upper Ikiakpaurak Member 
(seismic maps 9, 10; figs. 45, 46). The Joe Creek is a 
calcareous shale and argillaceous limestone unit consisting 
of interbedded shales and limestones near the base and shales 
in the upper part. The Joe Creek (figs. 9-12. 17-20) occurs 
in wells that penetrated deeper basinal sediments: Tunalik 1, 
Inigok 1. Ikpikpuk 1. and Topagoruk 1. The Ikiakpaurak 
Member that overlies the Joe Creek is mostly a clastic unit. 
The lkiakpaurak consists of glauconitic sandstone, quartz and 
chert pebble conglomerate, and siltstone. 

West of the Meade Arch, the Ikiakpaurak overlaps the Joe 
Creek and p;nches out below the "Kavik shale." The Joe 
Creek, Ikiakpaurak, and Kavlk lap out toward the north. East 
of the Meade Arch, the II KavH. Shale'" unconformably overl ies 
the Ikiakpaurak. The Kavik lies directly on the Lisburne 
north of the Ikiakpaurak wedge-out. 

The Echooka Formation is a relat1vely thin stratigraphic unit 
that does not exceed a thi ckness of 400 ft (122 m) in the 
NPRA. but the formation was depOSited over a period of about 
40 m1llion years. Its average deposition rate is by far one 
of the slowest of all formations in the NPRA. Major 
unconformities occur at the top and bottom of the Echooka 
(fig. 44). and several unconformities may exist within the 
unit. 

The Echooka was fi rst proposed as the lower member of the 
Sadlerochit Formation by Keller and others (1961, p. 178). 
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Detterman and others (1975, p. 5-11) raised the Sadlerochit 
to group status and the Echooka to format i on status, and 
subdivided the Echooka into the lower Joe Creek Member and 
upper Ikiakpaurak Member (fig. 4). 

Ivishak Formation 

In this report, the informal names "Kay;k shale" and "Ivishak 
sandstone l' are used to descri be the subsurface Iv1 shak 
Formation in the NPRA (seismic maps 14-19; figs. 47, 48, 70). 
The Kavik Shale was first proposed as a lower shale member of 
the Ivishak Formation by Detterman and others (1975, p. 
11-12), but Jones and Speers (1976, p. 32) later proposed 
that the Kavik be raised to formation rank in the Prudhoe Bay 
Field. 

In surface outcrops in the northeastern Brooks Range, the 
Ivishak Fonnation is subdivided into three members which are, 
in ascending order, the Kavik Shale, Ledge Sandstone, and 
Fire Creek Siltstone (Detterman and others, 1975). The 
Kavik Shale and Ivishak Sandstone described by Jones and 
Speers (1976) correspond to the Kavik Shale and Ledge 
Sandstone, respectively, of the surface outcrops in the 
northeastern Brooks Range. Jones and Speers did not 
recognize the Fire Creek Siltstone in the subsurface at 
Prudhoe Bay; furthennore, rocks similar to the Fire Creek 
Siltstone were not identified in the northeastern NPRA 
subsurface. 

The "Kav;k shale" is a distinctive unit composed of shale and 
siltstone, and may be an important hydrocarbon source (fig. 
47). No important reservoirs occur within this unit. 
Separating the Kavlk unit from the overlying Ivishak unit 
facilitates mapping and correlating. In all Tetra Tech 
reports issued prior to 1979, the Kavik was included as a 
member of tne ivishak Formation, which distorted signif­
icantly all sand-shale ratios calculated for the Ivishak 
Formation. This distortion was particularly evident south of 
the Arctic Coast where the Kavik thickens. To calculate 
realistic ratios in later work, the "Ivishak sandstone" alone 
was used (fig. 70). 

The uIvishak sandstone" 1s the most important hydrocarbon 
reservoir in the Prudhoe Bay Field where it is composed of 
interbedded conglomerate, sandstone, and siltstone. At 
Prudhoe, the unit has up to 30 percent porosity; at W. T. 
Foran 1 and J. W. Dalton 1 (figs. 29-32), oil shows and 
porosities of 15 percent were encountered. Hydrocarbon 
accumulation in the "Ivishak. sandstone" reservoir at Prudhoe 
mainly is due to truncation by the overlying impermeable 
"Pebble Shale" unit. The sand is interpreted to be a braided 
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stream-delta canplex (Morgridge and Smith, 1972; Jones and 
Speers, 1976). In the northwestern NPRA, Tetra Tech in 1978 
interpreted the "Ivishak sandstone" to be a strandplain 
offshore bar complex. The unit becomes siltier to the west; 
west of the Meade Arch, the sandstone content of the unit 
steadily decreases unt11, at Tuna11k I, the unit is almost 
all siltstone (fig. 48). 

Shubl1k Format1on 

The Shublik Formation is one of the more widespread and 
eas1ly identifiable units in northern Alaska (fig. 49). In 
the Arctic Coastal Plain, the Shublik is composed mainly of 
dark-gray, organic, calcareous siltstones and Shales. On the 
Barrow High and in the area of the Meade and Wainwright 
Arches, the Shublik contains much glaucon1tic silty 
sandstone and shell hash. In the northwestern coastal area 
of the NPRA, the contact between the Shubl1 k and the 
overly1ng Sag River Sandstone is gradational. In the extreme 
southern part of the NPRA and off the Reserve in the central 
Brooks Range, the Shubli k is an organi c bl ack shale 
containing chert layers and nodules in outcrops (Tailleur, 
personal comunication, 1979). The Shublik was originally 
named and described by Leffingwell (1919, p. 115). 

Sag River Sandstone 

The sag River sandstone overlies the Shublik Formation and 
underlies the Kingak Formation (seismic maps 20, 21; figs. 
50, 71). The sag River is traceable into Prudhoe Bay Field, 
and probably is equivalent to the Karen Creek Sandstone of 
the northeastern Brooks Range (Detterman and others, 1975, p. 
16-18). In this report, definition of the Sag River 
Sandstone is restricted to the light-greenish-gray 
glauconitic orthoquartzite that was described originally by 
Fackler (1970). 

At Inigok 1 and Tunalik I, the Sag River Sandstone laterally 
grades into partly calcareous Siltstones, shales, and silty 
sandstones; on the Barrow High, these rocks also are 
glauconitic. The Sag River Sandstone grades into shale 
toward the Barrow Arch (figs. 14, 18, 30) and south of lat 
70°20' N (figs. 10, 22, 71). The limit of the sandstone is 
drawn at the I-to-8 sand-shale ratio contour line (fig. 50). 

For practical mapping, the top of the Sag River Sandstone was 
used in computing Sag River interval (unit TR-3b) thicknesses 
and sand-shale ratios shown in figure 50. The IISag River 
s1ltstone" of Jones and Speers (1976) was not included in 
calculations (although it was in previous years), because the 
irregular thickness and d1stribution would have introduced 
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statistical distortions. The calculated sand-shale ratios 
and ; sopach val UeS ; ndl cate that the Sag River Sandstone 
consists of several Isolated barlike accumulations (fig. 71). 

Kingak Formation 

In this report, all strata overlying the Sag River Sandstone 
or the Shub11k Formation, and underlying the "Pebble Shale" 
and its included sandstones and siltstones, are considered to 
be part of the Kingak Formation (figs. 54, 55, 72). Defined 
In this manner, the age of the Kingak ranges from Early 
Jurassic (Sinemurian) to Early Cretaceous (Hauterivian). 

The Kingak, described most recently by Oetterman and others 
(1975. p. 18-20). was named by Leffingwell (1919. p. 119) for 
Kingak Cliff in the northeastern Brooks Range. The thickest 
completely exposed surface section of the formation is about 
1.2DD ft (366 m) thick. but the thickness of composite 
sections is estimated to total about 3,000 ft (914 m). 
Fossils ranging from Early to L.te Jurassic (Tithonian) were 
recovered from outcrops in the type area, but fossils ranging 
through most of the Middle Jurassic (Callovian) are prObably 
absent. Imlay and Oetterman (1973. p. 16-19) suggested that 
this fossil gap. dated as l.test B.thonlan or 'late Bajocian 
to possible early Bathoni.n •••• " may be the L.te Callovian 
unconformity or an older one. These workers and Oetterman 
.nd others (1975. p. 19) indicated that numerous unconfor­
mities may occur within the Kingak. 

Seismic str.ti9raphy and paleontology also suggest that 
numerous regional and local unconformities occur within the 
Kingak (see "Jurassic Study"). The pattern of seismic 
reflectors suggests low-angle foreset beds that downlap onto 
the unconformity surfaces. The age of the foreset beds 
becomes progress ively younger to the south-southeast, 
indicating progradation. The source of the sediments 
probably was northwest of the Reserve. 

In the NPRA subsurface, the widespread mid-Jurassic 
unconfonnity is recognizable on electric logs and seismic 
sections. and may represent the fossil gap described by Imlay 
and Oetterman (1973). Because of this unconformity. Tetra 
Tech subdivided the Kingak infonnally into the IILower Kingak" 
and 'Upper Kingak" in 1979. The "Lower Kingak" (fig. 54) 
conSists of Early-Middle(?) Jurassic shales, siltstones. and 
sandstones that underlie the mid-Jurassic unconformity. The 
'Upper Kingak" (fig. 55) includes Late Jurassic shales, 
Siltstones, and sandstones that overlie the mid-Jurassic 
unconfonnity.. The "Upper Kingak H probably includes some 
Neocomian rocks. especially in the western NPRA. 
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In the northern Yukon, the Kingak Formation is subdivided 
into several lithostratigraphic units. Poulton (In press), 
proposi ng that the Ki ngak be rai sed to group status, 
recognizes four formations: the Early Jurassic Manuel Creek 
and Almstrom Creek Formations, and the Middle Jurassic 
Richardson Mountains and Aklavik River Formations. This 
group Is unconformably overlain by the late Jurassic Husky 
Formation or Porcupine River Formation. These units corre­
spond to the "Lower Kingak" described in this report. 

In the Mackenzie Delta subsurface, Dixon (1981) recognized 
six IIdepositional ... cOI1plexes" bound by major hiatal surfaces 
1 n the Upper Jurassi c-Lower Cretaceous rocks. The fi rst 
three of these "depositional-complexes" include all of the 
Husky Formation and the newly described "Parsons Group," 
Whic:.h comprises the IIBluff Sandstone," "Blue_Gray Shale, II and 
Kamik Formation. These units probably are equivalent to the 
·Upper Kingak" described here. 

In the NPRA, the Ki ngak contai ns a number of prospective 
sandstone bodies. Existence of the sandstone is not Obvious 
from outcrop studies in the northeastern Brooks Range where 
the Kingak consists "primarily of shale" (Detterman, and 
others, 1975. p. 19). 

"Lower Kingak" Unit 

In the "lower K1 ngak. .. the best known sandstone is the 
-Barrow sandstone, II which includes the "l ower Barrow gas 
sandM and lIupper Barrow gas sand," and 1s the producing gas 
zone in the South Barrow gas field. At South Meade I, a thin 
silty sandstone occurs at the same horizon. No other 
prospective sandstone bodies are yet identified in the "Lower 
Kingak" (seismic maps 25-27). 

The MBarrow sandstone II is an argill aceous sandstone 1 n the 
Barrow area (figs. 73, 74). This unit is not a sheet 
sandstone, but a series of isolated sandstone bodies that are 
barlike in map view (see "Jurassic Study"). These sandstones 
climb toward the north, indicating that the "Lower Kingak" 
was deposited during a transgressive cycle. 

·Upper Kingak" Unit 

In the western NPRA, the "Upper Kingak" contains several 
sandstone bodies associated with the crest or the flank of 
the Meade and Wai nwri ght Arches. Speci fi cally, these 
sandstones include tne: 

• "Simpson sandstone. which is at the base of the 
·Upper Kingak" in the northwestern NPRA (seismic maps 
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28-30; figs. 75. 76). Tnis unit was referred to as 
the UKugrua" sandstone in Tetra Tech reports prepared 
prior to 1980. and was one of tne objectives at 
Kugrua 1. South Meade 1. Peard I, Walakpa I, and 
Kuyanak 1. The unit is a barlike sandstone body 
restricted to tne Meade Arch-Wainwright Arch area in 
the northwestern NPRA. The "Simpson sandstone" trends 
east-northeast and is about 100 mi (161 km) long and 
30 mi (48 km) wide with a maximum thickness of about 
200 ft (61 mI. 

• ·Peard sandstone:' which is a thin silty sandstone 
less than 100 ft (30 m) thick (fig. 77). The 
informally named "Peard sandstone U 1s present with; n 
the "Upper Kingak" at both Pe.rd 1 and Kugrua 1. The 
unit may thicken toward the "Pebble Shale" truncation 
to the north. below the Chukchi Sea. 

• Two unnamed silty and argillaceous sandstones in 
Tunal ik 1 that had shows of gas. The deeper 
sandstone at 12,510 to 12,605 ft (3,814 to 3.842 m) 
contai ns high-pressure gas that caused dri 11 i ng 
problems; attempts to test this sandstone were 
unsuccessful. The shallower sandstone at 10.900 to 
11,650 ft (3,323 to 3.552 m) had a gas show on the 
mud log (fig. 60). Seismic-stratigraphic studies 
suggest that these sandstones and several nearby 
sillllar anomalies are submarine fans. The deeper 
sanastone appears to be an elliptical body about 10 
mi (16 km) long. and the upper sandstone is truncated 
northeast of Tunalik 1 near the village of Wainwright 
where it possibly forms a hydrocarbon trap (see 
"Tunalik Study"). 

• ·Walakpa sandstone," which is a gas-bearing sandstone 
that occurs at the top of the ·Upper Kingak" (fig. 
78). The "Walakpa sandstone" may be tne basal part 
of the "Pebble Shale" unit rather than the Kingak 
Formation, and prObably correlates with a sandstone 
body about 150 ft (46 m) thick at Kuyanak 1. If the 
sandstone body in Kuyanak correl ates wi th the 
gaS-bear; n9 "Wa 1 akpa sandstone t" the extent of the 
Walakpa reservoir may be very large. 

In tne northeastern NPRA. a 11 of the wells drll1 ed i ndi cate 
that the ·Upper Kingak" is composed mainly of shale and 
siltstone. A large seismic anomalYt the "Kealok anomalYt" is 
identified on the south flank of the Fish Creek Platform. 
This anomaly seems to be an offshore bar-type deposit or 
longshore island (figs. 79, 80). Seismic profiles of the 
anomaly show a flat base and convex top. and the map view of 

38 



, , 

, -. 

the entire anomalous complex resembles the present-day sand 
islands off the Texas Gulf Coast. with relatively straight 
basinward (seaward) "strand lines" facing toward the south 
and northward (lagoonward) projecting lobes. Interrupted by 
"passes." The main part of the anomaly is about 40 ml (60 
km) long. 15 mi (24 km) wide at its maximum width (on the 
largest shoreward lobe). and an estimated 240 ft (13 m) thick 
at its maximum. An isolated, smaller ·islandR 1s shoreward 
to the southwest and near West Fish Creek 1. 

The "Kealok anomaly" was first tested at North Inigok 1 In 
1981. with a good gas kick and slight flow of gas in a drill­
stem test of the "Keal ok" zone. North Ini gOk 1 was dri 11 ed 
on the up-dip part of a northern lobe and may have penetrated 
a back-Dar facies. It is possible that sandstones occur in 
the main part of the bar. baslnward to the south. At North 
Inigok 1. the anomaly is siltstone to very fine-grained 
sandstone. West Fish Creek 1. to the northeast of the 
anomaly. tested a small amount of gas from a sandy siltstone 
in the same seismic-stratigraphic Interval. but the seismic 
anomaly does not extend to West Fish Creek 1. 

"PeDble Shale" Unit 

The ·Pebble ShaleR unit consists of fissile and carbonaceous 
shale. and several thin sand bodies that may have reservoir 
potential. The unit Is the cap rock in the Prudhoe Bay Field 
and is considered to be the principle source for hydrocarbons 
In the "Ivishak sandstone" (Morgridge and Smith. 1972). 

The "Pebble Shale" unit Is recognized over most of the North 
Slope in wells and by seismic data (seismic maps 39. 40. 45; 
figs. 80-84). although the unit loses Its identity to the 
south toward the Brooks Range (figs. 13-16) and is absent 
over the Fish Creek Platform (figs. 38. 39. 61). The "Gamma 
Ray Shale" zone near the top of the "Pebble Shale" is one of 
the most distinctive log markers on the North Slope (fig. 
60). In the NPRA. the top of the "Gamma Ray Shale" Is used 
as the top of the "Pebble Shale" unit. In the northeast 
Brooks Range, the IIPebble Shale ll unit is present On the 
surface as an infonmal member of the Kongakut Formation 
(Detterman and others. 1975, p. 21-25); the Kongakut includes 
the "Clay Shale,· Kem1k Sandstone, "Pebble Shale,lI and 
·Siltstone" members. In the NPRA, the "Pebble Shale" 
sandstone in the basal part of the uPebble Shale" unit may be 
equivalent. though not continuous~ with the Kemik Sandstone. 
The "Clay Shale" formerly was identified in the NPRA 
SUbsurface as part of the "Pebble Shale" unit; however, the 
rocks Identified as "Clay Shale" now are believed to be part 
of the underlying Kingak Fonnation. The USiltstone U member 
is not recognized in the subsurface 1n the NPRA. 
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Workers disagree on the stratigraphic positions and 
nomenclature of sandstones below the IIGalfl118 Ray Shale" zone. 
Accardi ng to most workers I the Kuparuk Ri ver Formation is 
conformable with the underlying Kingak Formation (which is 
Jurassic at Prudhoe Bay), underlies the Lower Cretaceous 
unconformity, and is not part of the 'Pebble Shale" unit. 
Thl nner sandstones that perhaps fi 11 channel sin the 
unconformity surface are named the Put Rher Sandstone 
(Jamison and others, 1980), which is probably equivalent to 
the surface Kemik Sandstone. Other workers believe that the 
hydrocarbon-bearing Kuparuk River Formation in the Prudhoe 
Bay area 1s part of the "Pebble Shale" unit, which lies 
unconformably on Permo-Triassic and Jurassic rocks. 

In this report. the term basal "Pebble Shale" unconformity 
(seismic maps 34, 35) is used instead of Lower Cretaceous 
unconformity. because Cretaceous rocks were encountered below 
the "Pebble Shale" unconformity In the western NPRA at 
Tunallk 1. These Cretaceous racks are included in the Kingak 
Formation. as they l1e below the unconformity. 

Several sandstone bodies are aSSOCiated with the lower 
'Pebble Shale" in the northern NPRA, especially an the flanks 
of the Barrow High. These sandstones are collectively 
referred to as the MPebble Shale" sandstone in this report, 
even though the individual sandstone bodies are not 
continuous (fig. 62). As at Prudhoe Bay, those sandstones 
that are below the basal "Pebble Shale" unconformity are 
classified here as part of the Kingak Formation; only those 
sandstones above the unconformity are part of the basal 
"Pebble Shale' unit. In earlier Tetra Tech reports, the 
'Pebble Shale" sandstone In the NPRA was referred to as 
Kuparuk River Sandstone; thh nomenclature was discontinued 
after 1979, because the basal "Pebble Shale" sandstone is 
above. not below, the basal MPebble Shale" unconformity. In 
th1s report. only the ·Walakpa gas sandstone II is named for a 
well (Walakpa 1), as its stratigraphic position is still 
questionable. 

The "Walakpa gas sandstone" (fig. 78) probably correlates 
with the basal ·Pebb1e Sha1e" sandstone. A factor supporting 
such a correlation 1s that new section is added below, rather 
than above, the sandstone at Walakpa 2, which is a down-dip, 
step-out well; additionally, biostratigraphic analysis 
indicates that Neocomian instead of Oxford1an rocks lie 
immediately above the sandstone. According to Guldenzopf and 
others (1980), thi s gas-producing sandstone (unnamed) was 
incorrectly correlated with the "Kealok anomaly' within the 
"Upper Kingak. 1I This prev10usly unnamed sandstone is called 
the "Walakpa sandstone-- in th1s report and is described above 
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In "Kingak Formation.· The ·Walakpa gas sandstone" probably 
correlates with the "Walakpa sandstone" In Kuyanak I, but the 
correlation is only tentative. 

Torok Formation and Nanushuk Group 

The Torok Formation and overlying Nanushuk Group (seismic 
maps 46, 47, 52; figs. 85, 86) are prograding, time­
transgressive lithostratigraphic units, as shown on 
lithostratigraphic and compressed seismic sections. The 
SUbdivisions of each group are lithofacies units that are 
also time-transgressive. Within the Torok, well log 
correlations were tied into seismic horizons by Andrews and 
Pratt (1978); these correlations were expanded by Molenaar 
(written communication, 1979). For this report, all Torok­
Nanushuk 11tnologlc boundaries are taken from Molenaar 
(written communication, 1979), except for a boundary at 
Ikpikpuk 1 that was selected higher in the section. 

The Torok Formation is mainly shale with Interbedded 
argillaceous 5il tstones and sandstones (fl gs. 86, 87). 
Originally, the Torok included all rocks lying between the 
underlying Okplkruak Formation and overlying Nanushuk Group 
(Gryc and others, 1951, p. 160); the formation later was 
restricted to the upper shaly part of the unit. The lower 
interbedded sequence of conglomerate, sandstone, Siltstone, 

. and Shale was placed In the Fortress Mountain Formation by 
Patton (1956, P. 222). According to Molenaar, the Fortress 
Mountain Formation is probably a clastic facies of the Torok; 
consequently, the tenn "Fortress Mountain" is not used in 
this report. Rocks that were grouped in the Fortress 
Mountain Fonnation in earlier Tetra Tech reports now are 
considered to be part of the "basal Torok." 

The age of tne Torok ranges from Neocomian(?) or Aptian to 
Early Cenomanian, and Torok and Nanushuk rocks prograde from 
tne west toward the east. South of the Carbon trend in the 
south-central part of the NPRA, the "basal Torok" may be as 
old as Neocomian (for example, at lisburne 1). Toward the 
northeast, the Torok is progressively younger until it 
becomes practically "all Albian at Cape Halkett 1 and Arco 
Itkillik River 1" (Mickey, person.l communication, 1979). 

The Torok clinoform beds dip at a relatively low angle west 
of tne Meade Arch-Ouma 11 k Hi gn trend, but di ps are steeper 
east of the trend. Numerous high-amplitude, continuous 
reflectors are in the Torok-Nanushuk (figs. 10, 12). Some 
IIhulIII10ckyu reflectors from the IIbasal Torok" fondofonn beds 
and "sigmoid-oblique" seismic patterns at the undaform­
clinoform juncture are associated with several of the strong 
refl ectors. The difference in depos i t i onal pattern may be 
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related to several variables, including basin configuration, 
rate of sedimentation, rate of subsidence, and wave energy. 

For subsurface mapping purposes, Molenaar (written 
communication, 1979) described two major facies units for the 
Nanushuk; one of these units was dominantly marine and the 
other dominantly nonmarine. These terms are used in this 
report because the stratigraphy and formal lithostratigraphic 
nomencluure of the Nanushuk Group is complex (Andrews and 
Pratt, 1976). 

Nanushuk marine beds prograde from west to east, and, in 
turn, Nanushuk nonmarine beds prograde from west to east over 
tne marine beds (seismic maps 50-52). The two major source 
areas for tne Nanushuk nonmari ne beds were the Corwi n Delta 
in tne western NPRA and the lini at Delta in the southeastern 
corner of the NPRA, as far east as the Sagavanirktok River 
(Huffman and Ahlbrandt, 1979). 

Nanushuk nonmarine rocks, recognized in the subsurface from 
lithologic, gama-ray, sonic, and density logs, are 
characterized by the presence of numerous coal beds. 
Intertonguing of facies is common between the Torok undathem 
facies and Nanushuk marine facies" and between the Nanushuk 
marine and nonmarine facies, especially east of the Meade 
Arch. The tongues indicate rapid lateral shifts in the 
position of tne Shoreline during deposition of the Torok­
NanUShuk sequence. 

Relatively more sandstone is found in the Nanushuk east of 
the Meade Arch. Percent sand contours by Bi rd and Andrews 
(1979) indicate that tne best Nanushuk reservoir conditions 
are in the 'Umiat-Simpson Fairway,' a zone about 20 mi (32 
km) or more w1de trending through the Umiat and Simpson areas 
(Payne, written communication, 1978). 

Colville Group. Sagavanirktok Formation, 
and Gubik Formation 

The Late Cretaceous Co Ivi 11 e Group, together wi th the 
overlying Tertiary Sagavanirktok Formation and the Quaternary 
Gubik Fonmation were not studied in detail. These units are 
restri cted to the northeastern NPRA and 1 i e at or near the 
surface. Oil and gas occur in the Colville Group at Umiat 
and shows have been reported in Tertiary rocks, but these 
rocks are not considered prime hydrocarbon targets in the 
Reserve. 

The Colville Group consists of tne marine Seabee Formation 
and Scnrader Bluff Formation in the northeastern NPRA; the 
nonmarine Prince Creek Formation occurs farther south. 

42 



r", __ 

, . 

Seismic-stratigraphic studies (Molenaar, written com­
munication, 1979) indicate that the Seabee downlaps on the 
Nanushuk. The Colville and Nanushuk contact is at the 
mid-Cenomanian unconformity, which is distinct on logs and 
seismic sections and well-defined by fossils • 

• 
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TECTONIC FRAMEWORK 

The NPRA is subdivided tectonlcally into three major east­
trendlng elements that make up the Alaskan North Slope. 
These elements are the Barrow Arch, Colville Trough. and 
Brooks Range Orogen, and correspond generally to the Coastal 
Plain. Foothills, and Brooks Range phys1 agraphic provinces. 
respectively (Carter and others, p. 22, 1977). Somewhat ln 
this manner, physlographlc terms are used ln part in this 
report: the Arctic Coastal Plaln, Foothills Fold Belt, and 
Brooks Range Orogen. 

ARCTIC COASTAL PLAIN 

Cretaceous rocks in the Arctlc Coastal Plain are relatively 
flat-lying and essentlally without structure. The config­
uration of Paleozoic rocks at depth either controls or 
modifies the expression of the post-Paleozoic sediments in 
this region. A combination of seismic interpretation and 
seismic stratigraphy define the Paleozoic tectonic elements. 
as shown 1n figure 8. Convergence of se; smic hor; zans 1100 
(selsmlc maps 9, 10), 1300 (seismic maps 6, 7), and 1400 
(seismic maps 3, 4) with horizon 1500. the "Acoustic 
basement" (seismic maps 5, 8, 11-13), defines the margins of 
the Paleozoic basins (figs. 9-20). 

The rna; n Pa 1 eozo; c tectoni eel ements reeagn; zed beneath the 
Arctic Coastal Plain and much of the Foothills Fold Belt are 
ident1f1ed in figure 8. These elements are the Barrow, 
Meade, and Wainwright Arches; Colville, Ikpikpuk, Kokalik, 
Meade, Tunalik., Um1at, and Utukok. Basins; Barrow, Oumalik, 

, and Utukok Highs; and Fish Creek and Umiat Platforms. 

Minor flexures between basins include the lvisauruk Saddle 
between the Tunallk and Meade BaSins, and the Inigok Saddle 
between the lkpik.puk and Umiat Basins. Several m1nor 
anticlines bounded by high-angle faults are present in the 
Paleozolc rocks in the Ikpikpuk River and Umiat Quadrangles 
(figs. 25-28; seismic map 1); the most prominent structure of 
this type is the Key River Arch. Additionally, a high-angle 
fault system that may be displaced for a total of several 
thousand feet exists on the eastern margin of the Meade 
Basin. South of the Carbon trend, the complex structure of 
the Cretaceous rocks obscures the Paleozoic tectonics. 

45 



FOOTHILLS FOLD BELT 

In the Foothills Fold Belt, Cretaceous rocks are progressive­
ly more deformed toward the south. Severa 1 sha 11 ow t 

detached, shale-filled folds occur 1n the northern foothills, 
as shown in figures 26 and 28. The prominent anticlines from 
west to east are the Kaolak. Meade, Shaningarok, Oumalik, 
Koluktak, Titaluk, Wolf Creek, and umiat anticlines. These 
folds originate above the "Pebble Shale" unit. It is 
probab I e that the structure of the older rocks 1 s different 
from that of the Cretaceous rocks (figs. 13-16). 

In the southern foothills, several detached, shale-filled 
folds are associated with thrust faults that originate from 
below the "Pebble Shale" level. The southern Foothills Fold 
Belt is bisected by the Carbon trend, a zone of deep-seated 
anticlines along thrust faults. The Carbon and Awuna 
anticl ines are the two largest structures along the Carbon 
trend. Six large surface anticlines occur south of the 
Carbon trend: Norseman, Snowbank, Archimedes, Blizzard, 
Driftwood. and Brady. It is not known if these anticlines 
have closure at depth. 

BROOKS RANGE OROGEN 

The Brooks Range Orogen is a region where older rocks are 
thrust over the Cretaceous. Near the northern boundary of 
the 8rooks Range Orogen, Penma-Triassic and Mississippian 
rocks are at or near the surface (Tailleur and others, 1966). 
M1ss1ssippian carbonates are near or on the surface in the 
middle part of the region, and Devonian rocks are at the 
surface at the southern boundary. 

The Brooks Range Orogen is so complexly faulted that few 
seismic horizons can be traced w1th certainty more than a few 
miles (figs. 88-92). Consequently, interpretation of the 
structure of the region was based on shallow, intermediate, 
and deep form-line maps (figs. 93-95). Seismic events traced 
at these three levels from one side of a fault to another 
were fair to poor; it is not possible to detennine if the 
seismiC events are from the same stratigraphic level. 

The most commonly cited age for the major thrusting of the 
BrOOkS Range is Early Cretaceous. However, it is likely that 
scxne of the identifiable thrust sheets in the Brooks Range 
are the result of compreSSion that occurred in post­
Cretaceous time. The main evidence for post-Cretaceous 
thrusting is the deformat10n of the Late Cretaceous Colville 
Group near Umiat (figs. 19, 20, 23, 24). 
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The great tMckness of the Torok-Nanushuk sequence to the 
south indicates that uplift occurred in the vicinity of the 
Brooks Range during Early Cretaceous time.. Paleotransport 
and facies analysis of the Nanushuk Group indicates two 
source areas: the Delong Mountains, or submarine Herald 
Arch, and the Endicott Mountains (Huffman and Ahlbrandt, 
1979) • 
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GEOLOGIC HISTORY 

The geologic history of the NPRA is shown in historical cross 
sections B-B'. E-E'. and G-G' (figs. 96-98) that parallel 
three of the correlation cross sections (figs. 9. 17. 37) in 
this report. The historical cross sections Show development 
of the main tectonic and stratigraphic elements of the Arctic 
Coastal Plain in the NPRA. Eight datums. corresponding to 
the tops of parastratigraphic units M-l. M-2b. P-2 or PR-2. 
TR-3b, J-l, Ka-lb, and Ka-3, and sea level, show the 
depositional history. These parastratigraphic units, 
identified in figure 4. are practical time-rack-stratigraphic 
units that are ideal for showing geologic history. Some of 
the more important potential reservoir sandstones (for 
example, the uBarraw sandstone U and Sag R1ver Sandstone) are 
shown in a stippled pattern in figures 96 through 98. 

Each successive historical section shows the development of 
positive tectonic areas and basins in geologic ti~e. Periods 
of relative stability, uplift, or subsidence are inferred 
from the sections. The vertical scale was exaggerated 74 
times in figures 96 and 97. and about 20 times in figure 98. 

DATUM M-l 

Datum M-l corresponds to the top of unit M-l. Deposition of 
M-l took place during Early Mississippian (late Kinder­
hookian) time in a northwest-trending trough in the 
northeastern part of the NPRA. Deposition was restricted to 
the northeast ~ the Barrow Arch. to the west by the Oumalik 
High. and to the south by the umiat Platform (figs. 8. 35). 
The historical sections indicate that the Fish Creek Platform 
area was uplifted during Late Mississippian (middle to late 
Meramecian) time, late in the deposition of unit M-l or early 
in the deposition of unit M-2. Initial growth of the 
Ikpikpuk Basin probably occurred in Early Mississippian (late 
Osagian to early Meramecian) time. 

DATUM M-2 

Datum M-2 corresponos to the top of unit M-2. Unit M-2 was 
depOSited on the eastern side of the NPRA during Late 
Mississippian (late Meramecian) time (fig. 36). Tectonic 
highs existed to the northwest (Sarrow Arch). west (Meade 
Arch and Oumalik High). and south (Umiat Platform). 
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Upllft of the Fish Creek Platfono resulted in truncation 
of unit M-l and overlapping by unit M-2 at East Teshekpuk 1. 
North Kalikpik 1. South Harrison Bay I. and West Fish Creek 
1. Although unit M-2 overlapped the Fish Creek Platform. the 
type of sediments deposited still were influenced by the Fish 
Creek Platfono. Uplift of the Barrow Arch took place late in 
the deposition of unit M-l or early in the deposition of unit 
M-2. Additionally, seismic stratigraphy indicates that the 
Meade Basin may have begun to develop west of the Dum.lik 
High during late Mississippian time. 

DATUM P-2 

Historical reconstruction of datum P-2 shows lowering of 
tectonic highs (Meade Arch and Dumalik High), which resulted 
in deposition of Pennsylvanian and Early Permian rocks (unit 
P-l) across the NPRA into the northwest. Deposition was 
limited by the Barrow High and Meade Arch in the north (figs. 
41:. 42). Datum P-2 is used as the "Latest Paleozoic" event 
in figures 97 and 98. 

During Late Mississippian (late Chesterian) or Early 
Pennsylvanian (Morrowan) time, tectonic emergence of the 
Wainwri9ht and Meade Arches controlled the limits of P-l and 
P-2 deposition (fig. 96); further lowering of the Barrow Arch 
resulted in deposition of unit P-l north of the Fish Creek 
Platfono. At the same time. the trough-llke trend of the 
Ikpikpuk Basin was extended in the direction of the Umiat 
Basin. Overlap of the Umiat Platfono by unit P-I may have 
occurred in Late Mississippian time (fig. 97). 

Additionally, growth of the Tunalik Basin probably began 
while the Meade Basin continued to grow. Deposition of unit 
P-2 was influenced basically by the same tectonic features 
that influenced unit P-I deposition during Early Permian 
(late Wolfcampian) time. 

The absence of unit P-2 in the northeastern NPRA is probably 
due to a combination of nondeposition caused by tectonic 
uplift of the Barrow Arch and truncation caused by uplift of 
the Fish Creek Platform in Early Permian (middle Leonardian) 
time. 

DATUM PR-2 

Datum PR-2 corresponds to the top of unit PR-2, which was 
deposited in Late Permian time. Unit PR-l, deposited in the 
north-central part of the NPRA during Early Permian (middle 
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Leonardian) time, lapped onto the Meade Arch to the north and 
Wainwright Arch to the west, and was limited to the northeast 
by the Fish Creek Platform. In all parts of the NPRA, unit 
PR~l thickened to the south, with the thickest known section 
occurring in the Meade and Umiat Basins. 

Unit PR-2 was depOSited higher on the flanks of tectonic 
positive areas such as the Barrow, Meade, and Wainwr1ght 
Arches in Early Permian (late Leonardian) time. These 
tectonic highs influenced the type of PR-2 sediments that 
were deposited (fig. 46). Unit PR-2 lapped onto the Meade 
Arth to the north, Wainwright Arch to the west, and Barrow 
Arch to the northeast. Sands were deposited on the flanks of 
all the tectonic highs; the thickest accumulations encoun­
tered to date are at Peard 1 and Kugrua 1. To the south, 
unit PR-2 possibly w.s limited by the Oum.lik High. The 
thickest section of unit PR-2 in this region was found 1n 
Ikpikpuk 1. Datum PR-2 is used in place of datum P-2 as the 
"Latest PaleozoicM event 1n figure 96. 

DATUM TR-3b 

Widespread depOSition of units over the tectonic highs took 
place in Early to Late Triassic time (fig. 96). However, 
these highs continued to influence the type of sedimentation 
around their edges, as shown by marked thinning of Triassic 
depOSits where they lap over the tectonic highs. Datum TR-3b 
corresponds to the top of unit TR-3b, the youngest Triassic 
unit. 

Unit TR-l, the oldest Triassic unit, was deposited throughout 
the NPRA in Early Triassic (Scythian) time, lapping onto the 
Meade Arch in the north and possibly the Barrow Arch to the 
northeast (fig. 47). The unit thickened to the south, with 
the greatest thickening in the Tunalik Basin. 

Unit TR-2 was depOSited over the Meade Arch toward the Barrow 
High during Middle Triassic (Anisian-Landinian) time (fig. 
48). The unit was restricted to the northeast by the Barrow 
ArCh, thickened toward the south in the Umiat and Tunalik 
Basi ns (fig. g7), and thi nned toward the north. The 
tectonically positive areas were areas of sand deposition on 
the periphery of the Meade Arch in an east-west trend. 

Unit TR-3a, whiCh is Middle to Late Triassic. varies in 
thickness from more than 500 ft (152 m) to less than 200 ft 
(61 m) (fig. 49). The "thicks" and "thins" generally are 
related to the previously existing tectonic elements. 
However, some of the "th1ck.s·· do not correspond directly with 
the basins. For example. in the central part of the Reserve, 
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unit TR-3a thickens in a northern basin-like feature between 
the east flank of the Meade Arch and the Ikpikpuk Basin, and 
possibly extends north to the Barrow Arch (fig. 97). In the 
western half of the Reserve, the unit is thickest in the 
Tunalik Basin and thins northward toward the Barrow High. 
Un1t Tr-3a th1ns and onlaps the Barrow High northwest of 
Dease Inlet and also th1ns on the flanks of the Meade Arch. 
Uplift or tectonic oscillat10n of the Fish Creek Platform at 
the end of early Triassic (Spathian) time influenced 
deposition of unit TR-3a. 

Unit TR-3b was deposited in the northern half of the NPRA 
during Late Triassic time (figs. 50, 98). The tectonic highs 
that influenced deposition of un1t TR-3b were the Barrow High 
on the north and Barrow Arch on the northeast. The Sag River 
Sandstone deposited on the south flank of these highs grades 
into siltstone toward the south. 

Three distinct areas of good sand development are present in 
unit TR-3b: an area southeast of the Barrow High, on the 
northeastern flank of the Meade Arch between South Meade 1, 
North Simpson 1, and Drew Point 1; an area on the north­
eastern flank of the Wainwright Arch in the vicinity of Peard 
1 and Kugrua 1; and an area on the south flank of the Barrow 
Arch from Cape Halkett 1 through the Prudhoe Bay area. An 
especially good sand area is associated with the Fish Creek 
Platform around West Fish Creek 1. A separation between the 
Barrow High and Barrow Arch is indicated by the thickening of 
unit TR-3b to the northeast in the vicinity of Dease Inlet 
near Tulageak 1 and West Dease 1. 

DATUM J-l 

Datum J-l corresponds to the top of unit J-l. Unit J-l, 
whiCh is Early to Middle Jurassic (Sinemurian to Callovian) 
in age, is thiCkest in the northern half of the Reserve 
(seismic maps 25-27; fig. 54). During this interval of 
geologic time, sea level was relatively higher over all of 
the NPRA, and all of the tectonic highs in the northern part 
of the NPRA were blanketed by marine shale, siltstone, and 
some sandstones. The J-l unit transgressed from east to west 
in a series of pulsations over the Fish Creek Platfonn, 
caUSed by the lowering of the Fish Creek Platform in Early 
Jurassic time and/or the relative rise in sea level (see 
"Jurassic StudY"). Transgression is indicated by a series of 
sand bodies ("Barrow sandstone") that were deposited on the 
shelf on a post-Triassic erosional surface (seismic maps 
25-27; fig. 54). The sands are stacked above one another and 
were shi fted from the southeast to the northwest duri og the 
depOSition of unit J-l (figs. 99, 100). 
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Unit J-l onlaps the Barrow High to the north, Barrow Arch to 
the northeast, and Wainwright Arch to the northwest. The 
exact deposition limit of unit J-l cannot be determined, 
because the unit ;s truncated by the basal "Pebble Shale" 
unconformity and overlain by unit Ka-lb over the tectonic 
highs. Areas of sand development during the deposition of 
unit J-l are on the east flank of the Meade Arch, and on the 
Barrow High, Dease Inlet area, and Fish Creek Platform (figs. 
54, 73). The greatest sand thi cknesses seem to be on the 
Fish Creek Platform and the east flank of the Meade Arch. 

Unit J-l thins because of downlap toward the south, as shown 
at lnlgok 1 in figure 97. The lkpikpuk and Umiat Basins 
received little sediment during Early to Middle Jurassic 
time. 

DATUM Ka-lb 

Datum Ka-lb corresponds to the top of unit Ka-lb, deposited 
after units J an.d Ka-la. At the end of the unit J-l 
depositional cycle, a long period of nondeposition or erosion 
prevailed throughout the northern NPRA. Widespread 
transgress10n resulted in renewed sedimentation in late 
Jurassic (Oxfordian) time (seismic maps 28-30; fig. 57). The 
mid-Jurassic unconformity (seismic maps 25-27), which is at 
the top of unit J-l, is the most prominent of several 
unconformities that occur near J-l. 

Unit J-Ja was deposited throughout the northern half of the 
Reserve, and extended to the southern edges of the present 
Oumalik and Utukok Highs (fig. 56). The unit is thickest on 
the eastern side of the NPRA from the Colville Trough to the 
umiat Basin, and thins uniformly to the south and west. 

Unit J-3al, containing the "Simpson sandstone H deposited 
early in Oxfordian time, was l1mited on the northwest by the 
Wainwright Arch. the north by the Barrow High, and the 
northeast by the Barrow Arch. The uni t on 1 aps the Barrow 
High to the north, and th1ckens toward the northeastern side 
of the NPRA, between the Ikpikpuk and Umiat Basins on the 
south and Fish Creek Platform on the northe Unit J-3al is 
thickest near North Inigok 1 where 320 ft (98 m) of the unit 
was arilled. On the western side of the Reserve, unit J-3aI 
thickens to the north from the flanks of the Meade and 
Wainwright Arches (fig. 57). The unit thins toward the 
southern edges of the Oumalik and Utukok Highs. Within unit 
J-3al, the IISimpson sandstone" is a clastic facies conSisting 
of sands and si lts that were depOSited in an east-northeast 
trend south of the Barrow High. The sandstone extends from 
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the Wainwright Arch to the vicinity of South Simpson 1 and is 
best developed near Kugrua 1 (fig. 57). 

The depositional trend of unit J-3b is similar to that of 
unit J-3a (fig. 58). Unit J-3b, deposited throughout the 
northern half of the NPRA during Late Jurassic (Oxfordlan­
Kimmeridgian) time, thins over the Wainwright and Meade 
Arches, Ouma11k High, and Fish Creek and Umiat Platforms. 
The unit thickens in the Ikpikpuk and Umiat Basins and 
probably also thickens In the Tunalik BaSin. The unit is 
thiCkest at Ikpikpuk 1 where it is 850 ft (259 m) thick. The 
depositional cycle of unit J-3b was ended by a possible 
short_term hiatus during early Noocomian time. 

Unit J-3c (fig. 59), deposited during early Neocomian 
(Berriasian-Valanginian) time, possibly onlaps the Barrow 
High to the north and Barrow Arch to the northeast. If so, 
the sediments were removed by the basal "Pebble Shale" 
unconformity and overlain by unit Ka-lb ("Pebble Shale"). To 
the west, unit J-3c onlaps the Meade and Wainwright Arches, 
and probably downlaps onto older rocks to the south. The 
unit thickens toward the southeast in the Ikpikpuk and umiat 
Basins. At Seabee 1, its thickness of 2,271 ft (692 m) 15 
questionable because log correlation 1s difficult and there 
is insufficient paleontologic data. As shown In figure 97, 
the J-3c unit, may include rocks belonging to unit J-3b or 
unit Ka-la. Near the end of the J-3c depositional cycle, 
sedimentation was interrupted or slowed by a major uplift to 
the north and northeast. Rocks of Jurassic and Triassic age 
were eroded In Valanginian time (figs, 96, 97); at the same 
time, the Tunalik Basin subsided. 

Unit Ka-la was deposited south of the Wainwright and Meade 
Arches in Neocomian time (figs. 55, 60). Tunalik 1 was the 
only well in which the unit was recognized, and the thickest 
known section of the unit is at Tunalik 1 (fig. 8, 60). Unit 
Ka-la also may be present at Seabee 1 and Inigok 1~ and thin 
erosional remnants of the unit may occur at West Fish Creek 
1, South Harrison Bay I, South Meade 1, South Simpson 1, 
Walakpa 1, Walakpa 2, and Kuyanak 1. 

Following the Ka-la depositional cycle~ the Barrow High­
Barrow Arch trend continued to rise and the basal IIPebble 
Shale u unconformity truncated unit Ka-la in late Neocomian 
time. A rapid rise in relative sea level and anoxic bottom 
conditions occurred. Unit Ka-lb, composed mainly of the 
"Pebble Shale~ II was deposited when the sea transgressed 
completely over the tectonic highs in the northern NPRA (fig. 
61); basal "Pebble Shale" sandstones are aSSOCiated with 
these tectoni C hi ghs. On the west f1 ank of the Meade Arch, 
the basal sandstones were deposited in a northeast trend, 
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inaicating influence by the Barrow Arch farther to the north. 
To the south. the sandstones were associated with the 
northern flank of the Umiat Platform. Several thin sandstone 
beds were deposited around the Barrow High; one of these beds 
produced oil in South Barrow 20. 

The upper part of unit Ka-1b consists of the "Gama Ray 
Shale" zone of the "Pebble Shale" unit (seismic maps 39, 40, 
45; fig. 60). Prominent positive gamma-ray lag deflections 
suggest that tne unit may contain a series of unconformities. 
The largest deflection at the tap of Ka-1b is the "basal 
Torok" unconfonnlty; the tentative age of this unconfonnity 
is latest Neocamian. 

DATUM Ka-3 

Rapid subsidence began over mast of the NPRA in early Aptian 
time and continued until middle Cenomanian time .• which 
corresponds with datum Ka-3. The maximum subsidence was to 
the south in the COlvll1e Geosyncline (figs. 96-98). and 
probably was associated with uplift far to the south (nat the 
present thrust structures of the Brooks Range). The source 
of the sediment probably was to the south and west. A series 
of time-transgressive deposits prograded toward the 
northeast. 

Unit Ka-2 was deposited from the west-southwest to east­
northeast of the NPRA in early Aptian time; its base is the 
'Ibasal Torok. I' unconformity. The lower angled and less well 
defined clinofonms of unit Ka-2. as compared to those of unit 
Ka-3. occur mostly west of the Meaae Arch-Oumalik High trend. 
This pattern may indicate a more rapid rate of sedimentation, 
or a greater rate of subsidence and lower wave energy. 
Sediment accumulation was thiCkest to the southwest (fig. 
96). 

Unit Ka-3. which comprises the rest of the time-transgressive 
Torok-r~anushuk sequence, was deposited in late Aptian to 
early Cenomanian time. East of the Meade Arch-Oumalik High 
trena, the Torok c1 inofonn beds of unit Ka-3, as seen on 
seismic sections, are relatively steeper and more variable 
than those 1n the underlying Ka-2 unit (figs. 31. 32). 

The early Aptian depositional patterns of the Torok-Nanushuk 
sequence (seismic map 52) are thought to be controlled by 
subsidence of the Colville Traugh and the s111ing effect of 
the Barrow H1gh and Barrow Arch (Molenaar. written 
communication. 1979). The s111ing effect of these tectonic 
highs to the north would account for the relatively lower 
marine energy indicated by the lower angled Ka-2 clinoforms 
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in the western part of the Reserve. Although units Ka-2 and 
Ka-3 overl apped the tectoni c hi ghs, the hi ghs were 
responsible for local variations in sedimentary transport 
directions. This was shown on the Fish Creel< Platform and 
the flanks of the Wainwright and Meade Arches by Andrews and 
Pratt (plates IV, V, and VI, 1978). 

In late Aptian to early Albian time, the Colville Geosyncline 
was filled with sediments that overlapped the tectonic highs 
to the north (Barrow High and Barrow Arch) and northeast 
(Fish Creek Platform), as shown in figure 96. During this 
time, more open marine conditions may have prevailed, with an 
increase in wave energy,. resulting in the shoreface sands 
being deposited along the Umiat-Inigok-Simpson trend. 

Initially, a baSinal flysch-like facies deposited in deep 
water filled the Colville Geosyncline; these deposits are 
ea 11 ed the Torok fondothem or the "basa 1 Torok., II and were 
overlain by the slope deposits of the Torok clinothem. Flat­
lying shelf shales of the Torol< undathem facies or flat-lying 
sandstones and shales of the Nanushuk marine facies were 
deposited on top of the Torol< c1inotnem when the Colville 
Geosyncl i ne was nearly fi 11 ed. The Nanushul< mari ne beds 
prograde from west to east, and NanUshuk nonmarine bedS 
prograde frClll west to east over the Nanushuk. marine beds. 
Source areas for the Nanushuk nonmarine were the Corwin Delta 
(early to middle Albian) in the western NPRA, and the Umiat 
Delta (probably middle Albian to Cenomanian) in the 
southeastern corner of the Reserve, as far east as the 
Sagavani rl<tol< Ri ver. The Umi at Delta is younger than the 
Corwin Delta (Huffman and Ahlbrandt, 1979), and its 
sandstones are richer in quartz (Molenaar, written 
communication, 1979). As the basin filled, the ancient shore 
line advanced to the northeast. 

Because the TorOk-Nanushuk sequence is time-transgressive, 
the rocks in the sequence are younger toward the east. 
Intertonguing of facies is common between the Torok undathem 
and Nanushuk marine facies, and between the Nanushuk marine 
and nonmarine facies; the intertonguing is espeCially common 
east of the Meade Arch. 

DATUM SEA LEVEL 

The youngest datum used to show geologic history in the NPRA 
corresponds to sea level. A brief hiatus, represented by the 
mid-Cenomanian unconformity, ended the depOSitional cycle of 
unit Ka-3. The Colville Trougn and Umiat Basin subsided in 
Late Cretaceous time, causing westward transgression in the 
eastern NPRA. Unit Kb was depOSited 1n this area in early 
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Cenomanian time (figs. 67, 97). Late Cretaceous rocks are 
also known from outcrops in the Utukok River Quadrangle in 
the southwestern part of the Reserve. A worldwide rise in 
sea level may have contributed to the transgression. 

During middle CenOOlanian time following the transgression. 
unit Kb deposits prograded toward the east. similar to those 
of the Torok-Nanushuk sequence (Andrews and Bird, 1978). 
Deposition of unit Kb was restricted to the northeastern part 
of the NPRA. possibly because the source area at that time 
was the Umiat Delta (fig. 98). The depositional cycle of 
unit Kb was completed by late Senonian time. 
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VELOCITY STUDIES 

The velocity studies focused on delineating velocity 
anomal1es, explaining the possible exploration significance 
of these anomalies, and constructing the regional velocity 
fieldS needed for accurate calculation of isopach and depth 
values from seismic data. All of the available NPRA velocity 
data, including seismically derived and well velocity survey 
data, were used in the velocity studies. 

On the basis of interval velocity characteristics, the 
sediments of the Arctic Coastal Plain and northern Foothills 
Fold Belt are d1Yided into five groups (terminology from 
MitchU. and others, 1977): 

• Group 1 conSists of interbedded sandstones, 
siltstones, and shales in the Colville and Nanushuk 
Groups and Torok undathem. Interval velocity and 
average vel oci ty usually increase wi th depth withi n 
group 1. On stacking velocity analyses, group 1 
often displays a nearly linear increase in stacking 
velocity versus time. 

• Group 2 is the predominantly shale TorOk clinothem 
and "basal Torok .. II Group 2 increases in average 
velocity and interval velocity with depth, however, 
the rate of increase usually is less than that found 
within the overlying group 1. Group 2 frequently has 
an apparently hyberbolic increase in stacking 
velocity with time, asymptotically approaching a 
max1mum value; occas10nally, rapid increases in 
interval velocity or nearly constant interval 
velocity occur within this group. 

• Group 3 consists of the "Pebble Shale" unit and 
Kingak Formation. The Shales in group 3 have a much 
lower interval velocity than the overlying "basal 
Torok" sediments; sandstones and siltstones within 
the IIPebble Shale" and Kingak have mUCh faster 
interval velocities than the encasing shales. 
Regionally. however, the high-velocity sandstones and 
siltstones comprise probably less than 15 percent of 
these formations. Average velocity and stacking 
veloc1ty through group 3 generally remain constant or 
decrease witn time or depth. 
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o Group 4 is Triassic section composed mostly of clas­
tics and some dirty limestones. Interval velocity of 
these sediments is much higher than in the overlying 
Kingak shales. Average velocity and stacking 
velocity increase with depth throughout this unit. 

o Group 5 Is Paleozoic section that generally consists 
of a thi ck, very hi gh-ve 1 oclty carbonate sequence. 
Interval velocity appears to be relatively constant 
through the massive carbonates in most places. 
Average and stack. i ng vel aci ty increase downwa rd 
through the section. 

Considering the large area of the NPRA, the overall interval 
velocity characteristics are remarkably consistent across the 
Arctic Coastal Plain and northern Foothills Fold Belt, as 
illustrated by velocity displays from Tunalik 1 and Inigok 1 
(figs. 101, 102; from seismic velocity survey and log 
calibration reports produced by Birdwell Division for each 
well). These two wells, both deeper than 20,000 ft (6,100 
m), are the deepest wells on the North Slope and are located 
about 200 mi (322 km) apart near the western and eastern 
boundaries of the NPRA, respectively. Figures 101 and 102 
display the calibrated sonic log for Tunalik 1 and Inigok 1, 
respectively, in addition to the time-depth, interval 
velocity, and average velocity functions derived from 
check-shot survey data. The five major velocity groups 
correlate between the two wells using any of the four curves, 
especially the interval velocity function. 

Lower velocity Paleozoic clastiCS, penetrated only at Inigok 
1, seem to be restricted to the deep basins (Umiat, Meade, 
and Utukok Basins). The lower Interval velocity of this zone 
is sometimes evident on stacking velocity analyses, but it is 
not feasible to study interval velocities of these sediments 
using stacking velocity data, because of the large 
depth-to-spread length and depth-to-thickness ratios. 
Therefore, these restricted clastic Paleozoic sediments are 
lumped with the overlying Paleozoic carbonate rocks into 
group 5 for this velocity study. 

Primary seismic reflectors, generated at the base of groups 2 
through 5, were correlated regionally as horizons 0700, 1000, 
1100, and 1500 (fig. 4). These seismic events correlate 
closely with the tops of the 'Pebble Shale" unit, Sag River 
Sandstone, Lisburne Group, and "Argillite," respectively. 
The top of the Torok clinothem is a time-transgressive, 
gradational boundary which does not generate a seismic 
reflection that can be correlated regionally. Therefore, the 
velocity studies of the post "Pebble Shale" section (groups 1 
and 2) are less precise than those of groups 3) 4, and 5. 
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VELOCITY INTERPRETATIONS 

A regional interval velocity map was made for each of the 
five major velocity groups. The map of average velocity to 
the Torok clinothem (seismic map 53) represents interval 
velocity between the surface and the Torok clinothem. 
Additionally, because of the imprecise identification of the 
Torok clinothem and the need for accurate calculation of 
depth for the top of the ·Pebble Shale" geologic marker, 
seismic map 54 was prepared to show regional average velocity 
to horizon 0700. 

Regional Average Velocity 
to Torok Clinothem 

Seismic rep 53 was constructed to identify areas of hydro­
carbon accumulations within the Colville and Nanushuk Groups 
(group 1) by correlating structural highs with definite 
low-velocity anomalies. Unfortunately, seismic map 53 is 
relatively featureless, with broad low-gradient anomalies 
that are merely the result of the normal increase of velocity 
with depth. No definite correlations with structure can be 
made. This approach could be more successful if the shallow 
Cretaceous was a primary objective 1n seismic data 
acquisition. 

The velocity gradient in seismic map 53 generally increases 
to the south with values ranging from 7,500 ft/s along the 
northeast coast of the NPRA to 11,000 ftls in the south. Two 
low-velocity anomaHes interrupt this general trend. One, 
with velocity values less than 8,000 ftls, is in the north­
east and includes North Inigok I, West Fish Creek I, South 
Harrison Bay I, North Kalikpik I, East Teshekpuk I, and most 
of Teshekpuk Lake. The other low-velocity anomaly has 
velocity values of less than 8,500 ftls, centers around 
Kugrua 1, and incorporates Peard 1 in the northwestern NPRA. 

The Cretaceous in the northern NPRA has no major regional 
struc~ural features, but there are four local structural 
anomalies in the area of the low-velocity anomaly in the 
northeastern NPRA. One of these is a structurally low 
anomaly around Ikpikpuk 1 and three are structurally high 
anomalies in a large southeastward trend from just south of 
Drew Point 1 to southeast of North Inigok 1. The deepest 
structural area, around Ikpikpuk I, has a time of 0.900 s. 
The three hi gh anoma 1 i es are centered at: Tl6N-R8W to 
Tl4N-R5W, with a time of 0.500 s; Tl2N-R7W, with a time of 
less than 0.600 s; and TlON-R2W extendi ng southeastward to 
T9N-RIW, with a time of less than 0.700 s. To the east of 
these anomalies, the time of the Torok c11nothem increases to 
about 1.000 s at the eastern boundary of the NPRA. 
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Two major regional structural features occur just south of 
lat 70·N. One of these features is a structural low 
extending to the east across the entl re NPRA. Immediately 
south of this low trend is a high structural trend, which 
also extends eastward across the NPRA. The shallowest parts 
of thh high trend are defined by five separate anomalies 
centered near T4N-R4OW, near T4N-R36W, between T3N-R34W and 
T4N-R3IW, between T4N-R27W and T4N-R19W, and near TlN-R1OW. 
To the south of this high structural trend, time values 
Increase to a maximum value of 1.100 s. 

The average velocity to horizon 0700 (top of the "Pebble 
Shale') increases to the south from less than 8,000 ftls at 
Barrow to 13,500 ftls at the southern limit of mapping 
(seismic map 54; see also seismic maps 39, 40). A low­
velocity anomaly is centered around the "Disturbed Zone" at 
Barrow. Average velocity also decreases to less than 8,000 
ftls northeast of this anomaly, toward the Beaufort Sea: this 
decrease is thought to be associ ated with a 1 ow-velocity 
trend along the Barrow Arch. 

Several small anomalies that occur in the overall regional 
gradient are more apparent in the north, mainly because of 
better data quality. The most si9nificant of these anomalies 
is the low average velocity on the Fish Creek Platform in the 
northeasternmost part of the NPRA. The contours in the Fish 
Creek area trend southeastward as opposed to the more normal 
east-west orientation apparent across most of the NPRA. 
Another signHicant anomaly is in the vicinity of the Meade 
Arch; the regional average velocity that occurs across the 
Arch is higher than first order. A third major anomaly is 
near Kugrua 1 where the regional average velocity Is lower 
than first order; this anomaly extends from Peard Bay south 
to about lat 70· N. 

Regional Interval Velocity between 
TorOk Cl1nothem and Horizon 0700 

Interval velocity increases generally to the south, from less 
than 9,500 ftls at Barrow to more than 14,500 ftls at the 
southern limit of mappin9 (seismic map 55). The gradient is 
interrupted by fi ve promi nent ve loci ty anoma Ii es: two 
low-velocity anomalies in the northern NPRA. one high_ 
velocity anomaly in the west-central NPRA, and two high­
velocity anomalies in the southwest. The high-velocity 
anomalies suggest the presence of greater sand development in 
those areas. 
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One of the two low-velocity anomalies in 
centered just south of Cape Ha1kett, near 
interval velocities less than 10,000 ft/s. 
velocity anomaly occurs from Peard Bay to 
interval velocities of about 10,750 ft/s. 

the north is 
Tl5N-R3W, wi th 
The other 10w­
Kugrua 1 wi th 

The high-velocity anomaly in the west-central part of the 
Reserve is centered near TlON-R20W along 1at 70010'N. This 
anomaly has ve10cltles greater than 13,500 ft/s. 

The two high-velocity anomalies in the southwestern part of 
the Reserve trend east-west along lat 69°40 'N, and extend 
from about T3N-R2OW on the western boundary of the NPRA to 
about T3N-R40W near the center of the Reserve. The centers 
of these anoma11es are at T3N-R35W and T3N-R24W where 

'lnterva1 velocities reaCh a maximum of over 14,500 ft/s. 

Regional Interval Velocity between 
Horizons 1000 and 0100 

The velocity study of the interval between horizons 1000 and 
0700, which includes the "Pebble Shale' and Kingak Formation 
of grQup 3, produced one of the most significant results of 
the geophysical studies (seismic map 61). In this interval, 
a high-velocity anomaly exists in an area where the "Simpson 
sandstone" and "Walakpa sandstone" occur. The anomaly 
provides additional evidence of the presence and configura­
tion of sands in the Kingak Formation (compare selsmic map 56 
with figure 75). Wa1akpa 1 and Wa1akpa 2 had flows of gas 
from tests in the "Walakpa sandstone" and South Simpson 1 had 
mud-log shows of gas in the "Simpson sandstone. II The main 
part of the anomaly ls between Peard 1, Kugrua 1. South Meade 
1, Topogaruk 1, South Simpson 1, Kuyanak 1, Wa1akpa 1, and 
Wa1akpa 2, and has a maximum value of more than 13,000 ft/s. 
The axis of the anomaly trends across most of the NPRA, from 
the Chukchl Sea near the mouth of the Sinaburuk River (TI6N­
R23W). through the area of Ikpikpuk I, East Teshekpuk 1, West 
Fish Creek 1, and North Inigok 1. 

North and south of this major hi gh-vel oeity trend are two 
lesser low-velocity trends. The northern low-velocity trend 
seems to nearly parallel the southern flank of the Barrow 
Arch, and extends from about T21N-RI9W near the Chukchl Sea 
southwest of Barrow to about T21N-R14W where it turns east­
southeastward to T14N-RIE on Harrison Bay. The minimum value 
along this northern low-velocity trend is less than 10,000 
ft/s. Two major anomalies are located along the axis; one is 
centered south of the "Disturbed Zone" at Barrow, between 
South Barrow 3 and Iko Bay 1, and the other is centered 
offshore from Smith Bay, northwest of Drew Point 1. The 
northern low-veloc1ty trend seems to be related to the 
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presence of the Kingak Formation. Farther to the north, the 
mapped interval consisting solely of the Cretaceous "Pebble 
Shale" unit, seems to have a higher interval velocity than 
the Jurassic shales. 

The axis of the southern low-velocity trend meanders across 
~he NPRA from the Chukchi Sea coast near Kasegaluk Lagoon in 
~he Tunal ik 1 area. east-southwestward through the Inigok 1 
area to the eastern boundary of the Reserve. This southern 
trend nearly merges with the high-velocity trend to the north 
in the extreme eastern part of the NPRA. resulting in a broad 
area of almost constant interval velocity. The low-velocity 
anomaly apparent at the western end of the southern low­
velocity trend probably is related to the presence of the 
geopressured and gas-charged Neocomian sands and Jurassic 
Shales at Tunalik 1. Any interpretation of the second 
low-velocity anomaly observed on the southern trend, centered 
north of Oumalik 1. would be speculative. 

To the south of the southern low-velocity trend. interval 
velocity increases at a nearly uniform rate to a maximum 
value of 16,000 ftls at about lat 60 0 20'N. Data south of 
tMs parallel are erratic because of the great depth and 
poor data quality. 

Regional Interval Velocity between 
Horizons 1100 and 1000 

The rocks between hori zons 1100 and 1000 are in the Ivi shak 
Formation, Shublik Formation, and Sag River Sandstone of 
velocity group 4. Interval velocity for the predominantly 
clastic lithology increases from north to south, from a 
minimum value of 11,000 ftls in the Barrow area and adjacent 
offShore regions. to 19.000 ftls at the southern limit of 
usable data (seismic map 57). This gross regional trend is 
interrupted by four promi nent anomal i es trendi ng 
east-southeastward across most of the NPRA. 

The largest of these prominent anomalies is the northernmost 
high-velocity trend, with an axiS extending from near Skull 
Cliff on the ChUkChi Sea. through Ikpikpuk 1 and between 
Inigok 1 and North Inigok I, to T6N-R2E at tne eastern 
boundary of the Reserve. Maximum interval velocity along 
this trend is greater than 16,000 ftls near the Chukchi Sea. 

South of this high-veloci~y anomaly and approximately 
parallel to it is the most prominent low-velocity anomaly in 
this interval, extending from about TI4N-R30W near Wainwright 
Inlet to T4N-R2E near the eastern boundary of the NPRA. A 
minor extenSion of this anomaly trends southwestward from the 
Wainwright Inlet area to the Tunalik 1 area. Two minima 
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along the axis of this anomaly are centered at T14N-R3OW and 
TION-R15W, with minimum velocities of less than 12,000 ft/s. 

The second high-velocity trend, farther south, is much 
narrower than the more prominent high-velocity anomaly to the 
north. This trend extends from about TlIN-R32W east of the 
Tuna 1 i k 1 area through the Ouma 11 k l-Ko 1 uktak 1 area to 
T3N-R2E at the eastern edge of the NPRA. The maximum value 
of this high-velocity anomaly is more than 15,000 ft/s. ThiS 
trend has three .. axima, centered near TlON-R28W, T7N-RI6W, 
and T5N-R7W. 

The southernmost anomaly in this interval is a low-velocity 
trend that has about the same orientation as the other three 
trends. However, thi s anomaly trends east-west and extends 
from about TI0N-R36W·near Tunalik 1 to T2N-R2E just north of 
\)Blat at the eastern edge of the NPRA. The lowest interval 
velocity along this trend is less than 13,000 ft/s. One 
large minimum is present along the trend, extending from 
T6N-R3OW to T4N-RI6W about 90 mi (145 km). South of this 
anomaly, the interval velocity is Interpreted to be 
increasing. Mapping was discontinued at the 19,000 ftls 
contour because the data were erratic and of poor quality. 

No reservoirs are known 1n this interval except in the 
vicinity of the Barrow Arch. Wells drilled in both the high­
and low-velocity anomalies failed to show the presence of 
significant reservoirs, so it 1s not possible to relate the 
anomalies on seismic map 57 to potential exploration targets. 

Regional Interval Velocity between 
ROrizons 1500 and 1100 

The interval velocity of the group 5 Paleozoic rocks between 
seismic horizons 1500 (the top of the "Argillite") and 1100 
(the top of the Usburne) generally increases from north to 
south frOll a minimum value of about 14,000 ftls to over 
24,000 ftls (seismic map 58). This regional gradient is 
interrupted by several hlgh- and low-velocity anomalies. In 
the Fish Creek area in the northeastern NPRA, there is a 
high-velocity anomaly with Interval velocities greater than 
20,000 ft/s. South of this high-velocity anomaly, a very 
large and broad low-interval velocity anomaly exists. which 
largely coinCides with the lkpikpuk and Umiat Basins. Inter­
val velocities of less than 16,000 ftls are present in the 
minima centered near T6N-ROW between Inigok 1 and Koluktak 1 
and near T9N-RI5W between Topagoruk 1 and Oumalik 1. 

A second major low-velocity anomaly is present in the 
southwest quadrant of the NPRA, roughly coinciding with the 
Utukok Basin between Kaolok 1 and Oumalik 1. This latter 
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low-velocity anomaly, which is not as sharply defined and has 
minimum values of less than IS,OOO ftls, extends to the north 
in the vicinity of 'the Meade Basin south of Kugrua I, near 
T9N-RZ6W where interval velocities are as low as 16,000 ft/s. 

An isolated low-velocity anomaly occurs in the Wainwright 
Quadrangle near TIZN-R31W, about midway between Tunallk 1 and 
Kugrua 1. Several relatively small high-velocity anomalies 
are present across the northwestern part of the NPRA 
east-southeast Of Tunalik 1 near TSN-R33W, midway between 
Kugrua 1 and Oumalik 1 near TSN-RZIW, and near Tl3N-R31W in 
the Walnwright-Kuk River area. Still smaller anomalies are 
near T14N-RZ6W, T11N-RZ4W, and T10N-R17W. 

From an exploration standpoint. the most promising anomalies 
are those low-velocity regions to the north near the onlap 
termination of horizon 1100. lower Interval velocities 
within this portion of the geologic section were found at 
W. T. Foran 1 and J. W. Dalton 1 where a somewhat porous 
Lisburne sect10n was pene~rated. Untested areas of low 
interval velocity adjacent. to this termination line occur 
near Tl7N-R9W in the southernmost part of Smith Bay, at 
T14N-RZ3W through T15N-R14W (from east of Kugrua 1 to 
east-northeast of Topagoruk 1), and in an area extending from 
Tl5N-R31W through Tl6N-RZ6W (from Wainwright Inlet to just 
north of Kugrua 1). The low-velocity trends that extend 
southwestward from Tl5N-RZBW to Tl1N-R31W (from near Peard 
1 and Kugrua 1 toward Tunalik 1) and from Tl4N-RZ3W toward 
the Meade Basin (T9N-RZ6W) southeast of Kugrua 1 also may 
have exploratory interest. 

The low-velocity anomalies to the south probably are related 
to thick noncarbonate Paleozoic sediments such as those 
penetrated at Ini gok 1 and Ikpi kpuk 1. Alternati vely, the 
low-velocities may be caused by porous carbonate rocks. 
S1 gn; ficant clast; c and/or carbonate reservo; rs may be 
present within the Paleozoic section south of lat 70° H., but 
the great depths of these rocks limit their potential. The 
high-veloc1ty anomalies are most likely caused by thick, non­
porous, very high-velocity carbonates such as those pene­
trated at West Fish Creek 1, East Teshekpuk I, and Kugrua 1. 
The high-velocity anama11es, therefore, are not considered to 
have potent1al economic value. 

WEll AND SEISMIC DATA 

Two basic types of velocity information are available for the 
NPRA: check-shot well survey data and seismic stacking 
velocity data. Check-shot surveys of wells provided the data 
used to prepare calibrated sonic logs for all NPRA wells 
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drilled since 1974, except for certain development wells in 
the Barrow area .. 

In all recent NPRA check-snot surveys of wells I "f1 rst ... break" 
tilDes were used to calculate average velocity, with three 
exceptions. At South Simpson I, West Fish Creek I, and W. T. 
Foran I, average velocity was calculated using maximum 
amplitude tilDe, as the records for these wells were filtered 
because of noise. Subsequent studies indicated that the 
ti"",s used for average velocity calculations in these three 
wells lag 'first-break' tilDes by about 15 ms, 15 ms, and 20 
ms, respectively; the average velocity data were adjusted 
accordingly. 

Additionally, Check-shot surveys are available for seven 
wells drilled as part of the Navy Pet-4 program to test 
pre-Cretaceous sediments; no sonic logs were run 1n these old 
wells, and no field records exist. The method used to 
calculate average velocity Is unknown. Study of the 
Check-shot data reI at ive to the regi onal sei smi c gri d 
suggests that IIIOSt of the surveys used 'fl rst-break' time. 
However, Simpson 1 data are believed to lag "first-breaks· by 
10 to 15 ms. These Navy wells were used only as secondary 
control. and Simpson 1 data were adjusted for the apparent 
lag. 

Stackln9 velOCity analyses were generated from seismic 
stacking velocity data after final statics at approximately 
3-mi (5-km) Interval s. About 13,000 line miles (21,000 km) 
of multi-fold seislDic data were acquired for the U. S. Navy 
and the Survey on and adjacent to the NPRA between FY 1972 
and FY 1980 (fig. 3). More than 3,100 of the seismic 
stacking velocity analyses were used in this study. 

About half of the analyses are state-of-the-art Vel scan 
analyses; most of the rest are the less precise Velpak type. 
The FY 1974 survey used a forerunner of the Vel scan package, 
but displays from the forerunner are more difficult to 
interpret and yl e 1 ded 1 ess re 1 i abl e resul ts than other 
paCkages. Additionally. some continuous velocity analyses 
were generated In the Cape Halkett area where many permafrost 
anomal1es occur. 

INTERPRETATION TECHNIQUES 

Several interpretation teChniques were used. These 
teChniques, described below, included editing and 
Interpreting stacking velocity analyses, reducing stacking 
velocity to average and interval velocity, and constructing 
baSic and regional veloc1ty maps. 
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For depth calculations, seismic data were correlated to sea 
level datum north of lat 69°25'N (seismic map 59). South of 
lat 69°Z5 IN, a sloping datum was used from sea level to an 
elevation of 2,000 ft (610 m) at the southern boundary of the 
NPRA. 

Editing of Stacking Velocity Analyses 

The fi rst step in i nterpretati on was to analyze the 
suitability of each stacking velocity analysis for estimating 
root mean square (RMS) velocity. Following a review of 
seismic sections, analyses in areas of discordant dip, across 
short-wave shallow anomalies (permafrost anomalies), or 
across faults were disregarded. Data quality and consistency 
with adjacent analyses were the final editing parameters. 

Interpretation of Analyses 

Time, velocity, normal moveout (HMO), and di P were recorded 
for valid data pOints within one cycle of the selected mapped 
seismic horizons. The mapped horizons (top of the Torok 
clinothem; horizon 0700; horizon 1000, or horizon 1020 south 
of the termination of horizon 1000; horizon 1100; and horizon 
1500) correspond closely with the major regional velocity 
interfaces at the top of the Torok clinothem, top of the 
IIPebble Shale,· top of the Triassic, top of the Paleozoic, 
and the IIAcoust1c basement," respectively. 

The top of the Torok clinothem is a time-transgressive, 
gradational boundary that does not generate a seismic 
response that can be mapped regionally. Therefore, the 
interpretation of the Torok velocity data was not based on a 
single seismic horizon. To define the Torok clinothem, other 
seismic characteristics were used: specifically, changes in 
interval velocity, amplitude, and dip. At many places, at 
least two of the three Characteristics, or changes, were 
present, increasing the confidence in the Torok c1 i nothern 
identification. 

Changes in velocity, amplitude, and dip were Observed between 
the Colville and Nanushuk Groups and the deeper Torok 
sediments in many places. The stacking velocity in the 
Colville and Nanushuk Groups displays a nearly linear 
increase of velocity with time in many locations. The top of 
the Torok clinothem is often a velocity "knee" where the 
stacking velocity continues to increase with time, but does 
so at a slower rate. A change in amplitude usually is 
observed between the high_amplitude Colville and Nanushuk 
Groups and the normally opaque Torok sediments. A change in 
dip occurs in Some places, especially on east-west lines, 
between the undathem sediments of the Colville and Nanushuk 
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Groups and the clinothem sediments of the Torok. These 
criteria were used to identify the time and RMS velocity of 
the top of the Torok clinothem on stacking velocity analyses. 

Reduction to Average and 
Interval Velocity 

Because there is a bias (source undetermined) in the velocity 
data,the Oix equation is insufficient to reduce stacking 
velocity to average velocity. As an empirically derhed 
correction is required to correct the data, it was deemed 
unnecessarily laborious to select all of the intermediate 
data points required to reduce the data using the Oix 
equation. Dip correction was unnecessary because the dip is 
generally small; dip correction normally alters NPRA data 
values by only a fraction of 1 percent. 

Numerous attempts were made to derive an empidcal factor. 
including analysis of bias versus time, depth, and velocity. 
Finally, a reduction factor of 0.94 was selected. 8y 
reducing stacking velocity by 6 percent, the seismically 
derived data cOrrected were within 2 percent of the average 
velocity that was derived from well survey data for virtually 
all NPRA wells. This maximum error of ±2 percent is within 
the estimated limit of accuracy of the seismic data. 

Interval velocity values were calculated from the Oix 
equation. When the expected error of interval velocity 
measurements was conSidered, no other correction was 
necessary to tie the well information. 

Construction of 8asic and 
Regional Velocity Haps· 

The first maps made were basic velocity maps for both average 
velocity and interval velocity. Raw stacking velocity data 
were used to prepare the average velocity maps; interval 
velocity data were derived from the Oix equation. 8asic maps 
prepared withOut regard for well data were used to identify 
and analyze anomalies. A minimum of two data pOints was 
required to define a velOCity anomaly. 

Regional velocity maps were based primarily on well data and 
secondarily on seismically derived data between wells and in 
areas void of well control. Seismically derived data were 
corrected as needed. The regional maps tie the well data 
very closely and exhibit the most Significant seismically 
defined anomalies. These maps were used to calculate depth 
and isopach values. Well velocity data for the Torok 
clinothem were derived using time values from the Torok 
clinothem time map. 
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ACCURACY OF STACKING VELOCITY DATA 

Stacking velocity can be determined rather prechely wHh a 
state-of-the-art package such as Vel scan, which uses 
information from up to 23 adjacent common depth pOints. 
Unfortunately, stacking velocity is merely the velocity which 
best stacks the data; it does not necessarily relate to 
average yelocity~ RMS veloc1ty, or any other measurable 
property of the sediments. Where the earth is composed of 
horizontally layered strata across the zone of investigation, 
and the interval velocity of each layer is greater than that 
of the overlying layer, stacking velocity closely 
approximates RMS velocity. The more the area of interest 
varies fram the ideal model, the poorer is the approximation 
of RMS velocity from stacking velocity. 

The less disturbed regions of the NPRA resemble the ideal 
model. The sediments, although not horizontal, are 
reasonably concordant. The stacking velocity for parallel 
di ppi ng beds exceeds the stacki ng velocity for hori zonta 1 
beds by the factor l/cos ~, where ~ is the angle of dip. 
Therefore, 

VRMS = Vstack (cos 0). 

This relationship usually is valid for subparallel layers, 
but is invalid for discordant beds. The relationship between 
stacking velocity and RMS velocity in areas of discordant dip 
cannot be predicted except by modeling. Dip over most of the 
NPRA where concordant beddi ng is preva 1 ent is usually 1 ess 
than 5°; thus, the cosine correction is insignificant~ 

Velocity generally increases with depth on the NPRA with two 
major exceptions, the low-velocity "Pebble Shale ll and K1ngak 
group, and the shallow high-velocity permafrost layer. The 
precise effect of these velocity inversions on the stacking 
velocity-RMS velocity relationship is unknown. AnalYSis of 
these effects was beyond the scope of this study. 

Rapid lateral velocity variations (Short-wave anomalies) also 
are present on the NPRA, espeCially in the area of permafrost 
anomalies. As with discordant beds, modeling is required to 
predict the effect of rapid lateral velocity variation on the 
stacking velocitY-RMS velocity relationship. 

Assuming that the stacking velocity approximates RMS velocity 
(or a theoretical or empirical relationship can be demonstra­
ted), the accuracy of the approximation must be assessed. 
Because staCking velocity is calculated from NMO and the 
preCision with which ,.,0 is measured is generally constant, 
the accuracy varies with the amount of HMO. Thus, accuracy 

70 



aecreases wHh depth. A rule of thumb is that accurate 
velocity data can only be derived to a depth of 1.5 spread 
lengthS. Most Of the NPRA seismic data were acquired with a 
spread length of 8,000 to 10,000 ft (2,440 to 3,050 m). 
Therefore, accurate velocity information is available only to 
depths of 12,000 to 15,000 ft (3,660 to 4,575 m). 

If the geology resembles the ideal model, and the spread 
length is appropriate for the depth, stacking velocity still 
will differ from RMS velocity. The differences can be 
divided into two components: systematiC error (bias) and 
random error. Bias can be empirically corrected; random 
error determines the usefulness of tne seismically derived 
velocity data. Random error, mainly a function of the 
signa1-to-noise ratio, is estimated at about 2 percent for 
NPRA seismic velOCity data. 

Interval velocity is calculated from the estimate of RMS 
velocity using the Dix equation: 

v. =[(V~tz- V~tl)J lnt 
(tz - ttl 

where V is the RMS velocHy. t 1s the two-way travel time, 
and the subscripts 1 and 2 refer to the top and bottom of the 
interval of interest, respectively. The factors determining 
the error of interval velocity measurements are the error in 
RMS velocity estimation and the ratio of depth to interval 
thickness. The accuracy of each seismically derived interval 
velocity estimate must be assessed individually. 

From FY 1972 through FY 1980, stacking velocity analyses 
using different processing packages and parameters on NPRA 
data were acquired using different field parameters. OVer 15 
different data sets can be identified. Stacking velocity is 
calculated from HMO, and the zero-offset time (t 0) is a 
parameter in the equation. As different deconvolution 
operators were used on the data sets, different to values 
resulted. Yet, in spite of the numerous data sets, an 
unexpected result was that only one instance was observed 
where a noticeable difference in the calculated stacking 
velocity exists between data sets. The exception involved 
certain FY 1979 data acquired by crew 1182; velocity analyses 
were generated from the data prior to appl icatian of the 
deconvolution operator. This set was corrected by recalcula­
ting stacking velocity from HMO using adjusted to times. 
[xp1 anati on of thi s unexpected cons istency in stacki ng 
velocity is beyond the scope of this study. 
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For NPRA data. an analysis of the relationship between 
average velocity. as calculated from well check-shot surveys 
using "first ... break" times. and stacking velocity reveals that 
stacking velocity exceeds average velocity by an average of 6 
percent. Use of the Dix equation reduced stacking velocity 
by less than 2 percent in most cases. Therefore. a positive 
bias exists in the data. resulting in a consistent 
overestimation of average velocity from seismic data. 
Determi ni ng the source of this bi as is beyond the scope of 
this study. Al-Chababi (1974. pp. 458-475) suggests that a 
positive bias should be expected in an area with a shallow 
high-velocity layer such as permafrost. Velocity mapping was 
term; nated wherever the data was consi dered unre li ab 1 e 
because of great depth. complex structure. or erratic values 
of adjacent analyses. 

CORRECTION FOR SHORT-WAVE ANOMALIES 

Accurate depth and isopach values cannot be calculated using 
regional velocity fields in the vicinity of short-wave 
velocity anomalies (fig. 103). Because of the divergence of 
stacking velocity from RMS velocity in the vicinity of 
short-wave anomalies. detailed stacking velocity analysis 
will not correct the time distortions induced by such 
velocity anomalies. The anomalies are best handled in the 
time domain prior to depth and isopach calculation. The 
procedure consists of adjusting reflection time values so 
that the anomalies appear to be similar to the normal 
regional values. Use of regional velocity fields then results 
in correct depth and isopach data, even in the vicinity of 
the anomalies. 

Two types of short ... wave velocity anomalies are present on the 
NPRA. The more common anomalies are the Shallow-layer, 
"weatheri ng-type ll anoma 1 i es (genera 11y permafrost rel ated) 
affecting all reflectors (see "Short-Wave Permafrost 
Corrections ll ). Less common are the subsurface anomalies, 
resulting fram rapid variations in the thickness of the 
HPebble ShaleH unit and velocity variations in the !lbasal 
Torok. II The unique seismic characteristics of both types of 
anomalies allow the anomalies to be identified easily; 
therefore, they were corrected with confidence. 

The shallow velocity anomalies often are associated with 
lakes and streams. Under bodies of water, the high-velocity 
pennafrost is abnormally thin, resulting in a "sag" or 
Ilpull_down" throughout the seismic section. The amount of 
"pull-down'l was estimated at each shotpoint, and this amount 
of time was subtracted from all horizons prior to calculation 
of depthS. 
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Subsurface anomalies are restricted to the Fish Creek area in 
the northeastern NPRA. Local absence of the low-velocity 
IlGama Ray Shale" and other IIPebble Shale" and IIbasal Torok u 

sediments results in the "pull-up" of the underlying 
pre-Cretaceous seismic reflectors (fig. 104). The amount of 
IIpull_up" was estimated. and this amount of time was added to 
the travel time for each pre-Cretaceous reflector prior to 
calculation of isopach and depth values. 

To avoid over-correction of depth values. the average 
velocity measured in a well drilled within a permafrost 
ananaly must be adjusted. The adjusted average velocity was 
used to generate regional average velocity maps. 

SURFACE VELOCITY MAPPING 

In mapping surface velocity across the NPRA, numerous methods 
were tried. A surface velocity map (seismic map 60) was 
necessary for shallow control so that average velocity values 
could be interpolated for the shallow Cretaceous reflectors 
withi n the Colville and Nanushuk Groups. The interpol ated 
average velocities subsequently were used for deptn 
calculations. Attempts to map surface velocity using uphole 
time and shothole depth from both seismic data and well 
velocity surveys were unsuccessful. These studies 
demonstrated the rapidly fluctuating velocity of the first 
100 ft of section in a permafrost area. Although a map of 
the erratic surface velocity may be interesting for some 
stUdies. it is not useful for interpolating velocities for 
depth calculations; therefore, these studies were suspended. 
The most useful method was to map the interval velocity of 
the first 500 ft (152 m) of the section, as determined from 
the well check-shot surveys. These data were contoured to 
make a regional surface velocity map. 

Regionally, the surface velocity increases from north to 
south. ThiS overall regional trend is interrupted by three 
prominent anomalies. A high-velocity trend extends southward 
from the Barrow area through South Meade 1 to Oumalik I, the 
southernmost control point in the central NPRA. Another 
high-velocity region is in the area between Cape Halkett and 
Drew Point centered just south of J. W. Dalton 1 where a 
surface velocity of more than 9.000 ft/s was observed. South 
of the latter high-velocity region is a low-velocity zone 
extending from North Kalikpik 1 southwestward to Koluktak 1. 
These three anomalies interrupt the otherwise east­
southeastward trend of the regional contours. A constant 
surface vel oci ty of 11,000 ftls was used south of a 11 ne 
extending from Seabee 1 to Oumalik 1 and Tunallk 1. 
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DEPTH AND ISOPACH CALCULATIONS 

A main objective of the velocity study was to calculate 
accurate depth and isopach values for all of the interpreted 
seismic horizons in the NPRA north of the Brooks Range 
Orogen. These values were calculated by computer. The 
regional velocity fields previously described were input into 
the computer by building polynomial surfaces. Time values 
were input as raw section t1me, and necessary corrections 
were applled through computer programming. A "layer cake" 
method using interval velocities was used to calculate depth 
and isopach values for the pre-Cretaceous section. and an 
average velocity function was used for the shallower 
sediments. 

After manual construction of the regional velocity fields, 
the fields were approximated with polynomial surfaces. To 
build these surfaces .. a distribution of points was picked. 
and location coordinates (X, Y) and velocity values (Z) for 
the points were input into the computer. As well coverage is 
not evenly distributed throughout the NPRA, well velocity 
data was supplemented with seismically defined velocity data 
to facilitate adequate definition of all significant velocity 
trends and anomalies. The polynomial surfaces calculated by 
the computer approximate a mapped surface by creating a 
polynomial equation based on powers and cross-products of the 
X-V coordinates and solving for the coefficients of that 
equation. The coeffiCients enable the computer to calculate 
velocity values for any given set of the X-V coordinates. 

These polynomial surfaces tied all well data and incorporated 
all major seismically defined anomalies on the regional 
velocity maps within allowable error. Allowable error was 
establiShed as ±IO percent for surface velocity. At wells, 
the allowable error was reduced to ± 5 percent for average 
velocity to the Torok c1inothem and for all interval velocity 
fields. but remained ± 10 percent at seismically defined 
interval velocity anomalies. Tolerance for the average 
velocity to horizon 0700, the critical seismic marker, was 
restricted to ± 2 percent at wells and ± 5 percent at 
seismically defined anomalies. A marg1n of ±100 ms was used 
for the Torok clinothem time map (seismic maps 48. 49). 

The complexity of a surface is reflected in the complexity of 
the polynomial equation used to define it. The more complex 
the polynomial, the more coefficients are needed to describe 
it. The highest order polynomial surface used was an 8th 
order surface. A surface of this complexity is defined by a 
set of 45 coefficients. Generally, only one surface was 
built for the entire NPRA for each regional map. However, 
because of the complex1ty and required accuracy of certain 
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fieldS, it was not always possible to produce a satisfactory 
fit using only one surface. In such cases, the NPRA was 
partitioned, multiple surfaces were created, and adjoining 
surfaces were tied properly. Coefficients used for each area 
are tabulated in the seismic data base. 

Before calculating depth and isopach values, raw reflection 
times required correction for a number of reasons. Some 
corrections applied only to certain horizons. For example, 
to facilitate seismic interpretation, horizon 0700 was mapped 
as the trough above a strong peak generated by the top of the 
"Pebble Shale"; therefore, a time value of 15 ms (about one­
half cycle) was added to horizon 0700 to make a better tie 
with well data. Other corrections were applied to all hori­
zons at a given shotpoint and thus affected only depth 
values. A third type of correction was applied to entire 
seismic lines. 

The static correction for permafrost anomalies was a correc­
tion made for abnormally thin or low-velocity permafrost. 
Areas covered with only a thin layer of permafrost show a sag 
on the seismic section (fig. 105). This sag was estimated at 
appropriate shotpoints and a time value (negative) was added 
to raw section time to compensate for these short-wave 
velocity anomalies. 

Anotner velocity-related correction, the horizon static 
correction, was applied only in a small area of the 
northeastern NPRA where I'Pebble Shale" and "basal Torok ll 

erosional remnants are present. Between these remnants, the 
"Pebble Shale'" and IIbasal Torok" were replaced by higher 
velocity material, causing "pull-up" of the pre-Cretaceous 
seis.,ic horizons (fig. 104). To compensate for this 
short-wave anomaly, horizon statics were estimated at 
pertinent shotpoints and added to horizon times for the 
pre-Cretaceous horizons. 

Bulk static correction was applied to entire seismic lines, 
rather than individual Shotpoints. This correction 
compensated for the difference between section time and 
two-way check-shot survey time. It also compensated for the 
effects caused by annual changes in acquisition instrument­
ation and processing parameters. 

Two procedures were necessary to calculate depth values 
because of the di ffer; ng nature of the Cretaceous and 
pre-Cretaceous sediments. Horizon 0700, a prominent seism1c 
marker across the entire NPRA, was incorporated into both 
procedures and therefore marks the di vi 5 i on. The depth to 
horizon 0700 was calculated using an average velocity ana 
adjusted time. This method was used across all of the NPRA. 
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except for the Fish Creek area in the northeast where horizon 
0700 is truncated and it was necessary to substitute horizon 
0720 values. 

Oeptn and isopach values for the pre-Cretaceous part of the 
geologic section were calculated using the ·'ayer cake" 
met.hod. Isopach va 1 ues were cal cul ated at shot poi nt 
locations using isochrons, derived from adjusted time values, 
and the appropriate interval velocity value was calculated 
fran the polynanlol surfaces. Depth values for the deeper 
horizons were determined by the sUnlRation of isopach values 
and the norizon 0700 deptn value. 

An interpolation process was used to calculate deptn values 
in tne part of tne geologic section that is younger tnan 
horizon 0700. Seismic horizons in this shallow section tend 
to be regionally discontinuous; therefore, the layering 
method used for the deeper nor; zons is not sui table. and a 
procedure based On average velocity was used. A time-average 
velocity function was made at each shotpoint incorporating 
data from the surface velocity, Torok cl inothem time and 
average velocity, and horizon 0700 time and average velocity. 
Deptn calculations for norizons between the surface and 
horizon 0700 used average velocity values interpolated from 
this time-average velocity function. 

All flnal deptn and isopach maps for this report were 
contoured by canputer, using data picked by geophysicists and 
transferred from seismic sections to the computerized seismic 
data base. A depth or isopach surface was constructed in a 
number of steps. Fi rst, the depth of i sopacn va 1 ues was 
calculated for a specific horizon or interval. second, the 
average distance (d gl between data pOints was calculated 
using the formula: av 

d = [(Xmax - Xmin)(Ymax - Yminl]" 
avg 

n 

where X and Y values are the maximum and minimum X and Y 
values for the area being mapped, and n is the number of data 
points in the area. Third, a grid was constructed with a 
spaCing of one-half the average distance between data points. 
Fourth. an eight-sector search routine was used to sample 
data paints, and a weighted least-squares fit defined the 
value of tne grid paint. Finally, the patn of the contours 
was determined by interpolating across the individual grid 
squares. The contoured maps were ed1ted manually. but only a 
small number of Changes were required. 
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SHORT-WAVE PERMAFROST CORRECTIONS 

Permafrost anomalies can cause distortions in seismic inter­
pretations, especially in areas where the subsurface relief 
and regional gradient are Slight. Therefore. a study was 
conducted to determine the net effect and correction for 
permafrost on seismic time sections (seismic map 61). The 
study .. as conf! ned to that part of the NPRA north of lat 
700N. South of lat 700N. only a few permafrost anomalies 
seem to exist. and none of these are of sufficient magnitude 
to distort structural interpretation. 

The NPRA regions affected the most by permafrost variations 
are the northeast half of the Teshekpuk and Harrison aay 
Quadrangles, and the East aarrow and West Sarrow Quadrangles. 
Shoreline areas, both nearshore and short distances offshore, 
are especially affected. 

Velocity anomalies caused by variations of the frozen zone as 
related to seismic data can be divided into three categories: 
long-wave, high_frequency, and short-wave anomalies. The 
long-wave anomaly is a gradient velocity and is handled as 
such with a regional velocity field. High-frequency 
anomalies are weathering problems and quite limited in areal 
extent. H1 gh-frequency anoma1; es extend; n9 a shorter 
distance than a seismic cable length normally are compensated 
for by automatic static programs. which generally are applied 
during processing to seismiC data obtained 1n areas of 
erratic weathering. Some high-frequency anomalies are of 
such a magnitude that an automatic static program is not 
effective in their attenuation. If this is the case, the 
anomaly is termed a short-wave anomaly. 

Various approaches based on stack.ing velocity analysis have 
been suggested for correcting short-wave permafrost 
anomal1es. This type of approach is not feasible. however. 
because of the anomalous nature of stacking velocity 
information in an area where short-wave permafrost variations 
persist (for example, the northeastern coastal plain of the 
NPRA). 

Stacking velocity data are useless for accurate determination 
of structure in an area with high-frequency permafrost 
variations. as shown in figure 106. Stacking velocity can 
fl uctuate rapi dly over areas of geo 1 09i c change, whereas RMS 
velocity varies smoothly w1th geologie change; this 
phenomenon is best illustrated by a Simplified model of a 
permafrost variation similar to the type present in the NPRA. 
Figure 106 shows the effect of permafrost variation on the 
reflection time and stacking velocity for horizontal marker 
beds at depths of 5,000 ft (1,563 m) and 12,000 ft (3.658 m). 
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Two techniques are used to compensate for Short-wave 
anomalles. One of these techniques Involves manual editing 
of field data to make the necessary adjustments prior to 
final processing; however, this specialized processing 
technique was not used on the NPRA data. With the second 
technique, compensation is made during i nt.erpretati on. The 
latter technique, although not absolutely correct, probably 
;5 within the normal limits of error for most of the 
permafrost anomalies in the NPRA. 

Making adjustments during interpretation entailed a detailed 
inspection and study of seismic lines, and the application of 
correction times to the seismic sections wherever permafrost 
anomalies appeared. The correction times, determined at each 
shotpoint location. were subtracted from all horizon times 
prior to calculating depths. In this study. all seismic 
sections were reviewed for reflection continuity. No local 
upull_ups" were observed. which suggests that isolated, high­
velocity conditions did not exist in the NPRA. 

Where sags or depressions appeared in the upper sediments, 
and the time differential remained constant downward through 
~he section, it was assumed that lower velocity material, or 
thinner high-velocity material 1n the upper surface, caused 
an excessive delay time in the returned seismic signal. Such 
time sags frequently are associated with open lakes or active 
ri ver systems. Often, however, such sags appear on sei smi c 
sections that have no apparent abnormal surface conditions. 
Old buried river channels. buried lakes, active underground 
water systems, Or areas near pingos are examples of local 
zones with thinner permafrost or lower velocity material. 
Permafrost time sags are conSistent throughout the vertical 
section (fig. 105). Real structure rarely appears constant 
with time. Where there is recent folding, the normal 
increase In velocity with depth results in a decrease in the 
apparent size of a syncl1ne with increasing time. Where 
subSidence is contemporaneous with deposition. the syncline 
usually increases in apparent magnitude with time. Thus. it 
is unlikely that careful application of this compensation 
technique would eliminate real structure. 

Wherever local sags appear on the seismic section for 
relatively short distances laterally, and the horizons 
display normal regional dip on either side, the correction 
time factor applied to restore lateral continuity across the 
sag probably is valid. Determination of realistic correction 
values 1s more conjectural where the seismic lines cross 
large bodies of water. extend outward from a shorel ine. or 
run parallel to a shore line. Extend1ng the interpretation 
to three dimenSions reduces the uncertainty. 
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In the region around Admiralty Bay and Dease Inlet, 
application of the procedure described above for nearsurface 
correction is practically impossible. A submarine canyon 
cuts into flat-lying, shallow sediments in this region, 
replacing the .. w1th fill (fig. 81). Thus, no criteria exist 
for making corrections 1n SUCh an area. 

Where the lines on land extend seaward and the nearsurface 
reflections retain their continuity, a sudden increase in 
vertical time generally appears on the section. Farther 
offShore. the permafrost correction must be reduced from 
maximum effect to zero. The exact point where this 
transition occurs is very difficult, if not impossible, to 
determine. This problem was dealt with by establishing a 
velocity field between the onshore and offshore data and 
prorating the permafrost effect from maximum effect nearshore 
to zero time delay on marine data. The absence of structure 
on the depth maps trending along the shoreline suggests that 
this approach was reasonably successful. 
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PHASE AND POLARITY CHARACTERISTICS 
DF NPRA SEISMIC DATA 

An understanding of phase and polarity characteristics of 
NPRA seismic data is necessary for proper identification of 
mapped reflections and detailed stratigraphie interpretation. 
An attempt was made to deduce these characteristics for the 
13,000 mi (21,000 km) of NPRA seismic data. Most of the NPRA 
seismic data approximate zero phase. A posHive reflection 
coefficient generates a trough on time-variant deconvolution 
(TVD) data displayed "normal" and wavelet deconvolution, or 
designature deconvolution (DESIG), data displayed "reverse." 
TVD final stack sections lag check-shot survey "first-break" 
times by about 0.050 s; bulk static for the data is about 
0.020 s. 

DATA ACQUISITION 

Field data acqui red in the FY 1974, FY 1975, and FY 1976 
seismic programs have similar phase and polarity 
characteristics. as the field parameters and recording 
equipment were essentially the same for all three surveys. 
The DFS-III recording instruments (with 8/36-124 filter 
settings) used in these programs were designed for minimum 
phase response (fig. 107). Proper recording polarity for the 
DFS-III is SEG standard. 

The FY 1977 detail and reconnaissance programs were conducted 
using DFS-IV and DFS-V recording instruments, respectively; 
all other field parameters were essentially similar to those 
used in the FY 1976 survey. DFS-IV and DFS-V recording 
instruments (with 8/36-124 and 8/18-128 filter settings, 
respectively) have minimum phase responses simllar to the 
DFS-III (fig. 107) and proper recording polarity is SEG 
standard. Therefore, the FY 1977 field data have very nearly 
the same phase and polarity as data acquired from FY 1974 
through FY 1976. 

In FY 1978 and subsequent years, all crews used DFS-V 
recording instruments, generally with the 8/18-128 filter. 
The FY 1978 data, excluding data acquired by crew 1182, were 
recorded in the same manner as the FY 1977 reconnaissance 
data and share the same field phase and polarity character­
istics. The FY 1978 field data shot by crew 1182 were 
recorded with non-SEG standard polarity, and therefore have 
opposite polarity relative to most NPRA seismic data. The 

81 



data acqui red usi ng a "mud gun" as an energy source are of 
lower quality and frequency than the data acquired using 
dynamite, but visual inspection of line intersections 
indicate the ph.se and polarity characteristics of these data 
are similar .. 

FY 1979 data acquired by crew 1182 prior to 15 February 1980 
also were recorded with nOIl-SEG standard polarity. Early in 
FY 1979, crew 1182 used an out-128 filter setting instead of 
the usual 8/18-128 setting, but figure 107 indicates that use 
of the out-128 filter resulted in no significant change in 
phase. Aside from polarity differences in the early 
shooting, FY 1979 field data acquired by crew 1182 are 
simllar in phase and polarity to FY 1974 through fY 1977 
data. In the foothills, FY 1979 data was acquired using both 
~namite and Vibroseis as energy sources; filter sett1ngs for 
Vibroseis data were 8/18-90. 

Shooting parameters in FY 1980 were similar to those used in 
previous years.. All crews used dynam1te, and recorded with 
SEG standard polarity. Thus, these field data also have 
phase and polarity characteristics similar to data acquired 
from FY 1974 through FY 1977. 

DATA PROCESSING 

Data processing parameters used for most of the FY 1974 
through FY 1980 data were similar. The most significant 
di fference was the use of two d1 fferent deconvol uti on 
operators: TVD and DESIG. The FY 1974 through FY 1978 data, 
excluding FY 1978 data acquired by crew 1182, were processed 
with TVD; subsequent data acquired, as well as FY 1978 data 
acquired by crew 1182, were processed with DESIG. 

Figure 108 illustrates the effects of various deconvolution 
operators on a wavelet reSUlting from minimum phase correla­
tion of Vibroseis data obtained from a test impulse. As 
previously illustrated in figure 107, the DFS-III and DFS-IV 
recording instruments with an 8/36-124 filter and the DFS-V 
instrument with an 8/18-128 notch-out fllter produce nearly 
minimum phase responses, as does the Vibroseis minimum phase 
correlation ("A" in fig. 108). Therefore, the information 
presented in figure 108 is directly applicable to the data 
acquired using dYnamite as the energy source. 

A nearly minimum phase wavelet Similar to the one displayed 
under MAli in figure 108 would result from a positive 
reflection coefficient if SEG standard recording polarity is 
used. The NPRA sei smi c data processed with TVD had 5 to 10 
percent white noise added, thus II E" in the figure is the 
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appropriate display of the output after TVD. The resulting 
complex wavelet most closely approximates zero phase, and a 
positive reflection coefficient produces a trough. The 
output after DESIG ("B' in the figure) is Virtually zero 
phase, with a positive reflection coefficient producing a 
peak; the maximum amplitude of DESIG output occurs at an 
earlier time than TVD output. The relative phase angle 
between DESIG and TVD output is about 180·, nearly equivalent 
to reversing the polarity. 

The above observations are consistent with the analysis of 
line ties between data processed with DESIG versus TVD, which 
indicates that DESIG data are about 0.030 s shallower, sim­
Ilar in phase, and opposite In polarity. Thus, DESIG data 
must be displayed 11reversell in order to match TVD data, and a 
0.030 s correction is required. Because early FY 1979 and 
all FY 1978 data shot by crew 1182 were recorded with non-SEG 
standard polarity, the "normal" display matches TVO data. 

Numerous synthetic seismograms were prepared by Tetra Tech, 
Petroleum Information Corporation, Schlumberger Well 
Servi ces, and GeoQuest Expl orat i on, Inc. Genera lly, a 
reasonable match to the seismic data was achieved. Study of 
these synthetics confirmed final stack sections that were 
processed with 1VD approximate zero phase, with a positive 
reflection coefficient producing a trough. Assuming these 
phase and polarity characteristics, the final stack section 
maximum amplitude time is delayed relative to two-way 
check-shot survey "first_break" times by about 0.050 s. 
OESIG-processed final stack sections seem to lag "flrst­
break" check-shot times by about 0.020 s. 

A vel oci ty fil ter was appl i ed to certai n data duri ng 
processing. This procedure could result in different phase 
and polarity characteristics, but visual inspection of line 
intersections suggests that the processing step did not 
induce appreciable changes. FY 1979 foothills data, acquired 
using either dynamite (with 8/18-128 filter) or Vibrosels 
(with 8/18-90 filter), were processed in a variety of ways. 
DESIG was applied to certain data; on other lines, no de­
convolution operator was used. As a result, a variety of 
phase. polarity, and lag characteristics is expected, and 
much additional study is required before stratigraphic 
1nterpret-ation can be attempted in this structurally complex 
region. 

All FY 1979 and FY 1980 foothills data are displayed on final 
stack sections with "normalll polarity. Because DESIG 
processing of lines results in polarity opposite to that of 
most of the NPRA seismic data, these data were interpreted as 
though they were processed with TVD. That Is, a bulk static 
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of 0.050 s was required to tie two-way, check-shot, 
IIfirst-break" data to provide an acceptable tie to the other 
foothills data for structural interpretation. Consideration 
of the opposite polarity and 0.020 s bulk static is necessary 
if detailed stratigraphic interpretation of these DESIG data 
is attempted. 

OTHER SURVEYS 

In 1917, marine data were recorded with DFS-IV instruments 
using 8-62 filter settings. Air guns were the energy source 
and the data were processed using a DESIG operator; final 
stack display polarity is "normal." No synthetic seismograms 
or check-shot information directly tie these seismiC 
sections. A rigorous study of the phase and polarity 
characteristics of these data was not done, but study of line 
intersections with FY 1978 data indicates that these sections 
approximate zero phase. For structural and stratigraphic 
interpretation, it is assumed that an increase in acoustic 
impedence will result in a trough on these data, and a bulk 
static of 0.070 s is required to tie two-way, check-Shot, 
·'f; rst-break II data. 

Acquisition and process1ng parameters differed significantly 
for the FY 1972 through FY 1975 Barrow surveys and the FY 
1978 and FY 1979 "high resolution" surveys, both relative to 
the reconnaissance surveys and to each other. Additionally, 
all data except the FY 1979 data were reprocessed using 
OESIG. Further study is requi red before defi nHive 
statements can be made regarding the phase and polarity 
characteristics of these numerous data sets. 

A few FY 1972 through FY 1975 Barrow Ii nes were used to 
infill the reconnaissance grid. For this purpose, the re­
processed lines (displayed "reversel!) were used. These lines 
appear similar to FY 1978 and FY 1979 regional lines in 
phase, polarity, and bulk static. 

For the Barrow detail interpretation (scale 1:36,000) all 
data were assumed to be zero phase (seismic maps 62-71). FY 
197B and FY 1979 "high-resolution" lines, and DESIG 
reprocessed lines, were assumed to require no bulk static. 
FY 1972 through FY 1975 Barrow lines (not reprocessed) were 
assumed to require a 0.020 s bulk statiC. 
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JURASSIC STUDY 

A study of Jurassic rocks in the NPRA focused on determining 
the stratigraphy, distribution, and depositional environment 
of sandstones, and locating unconformities In the Jurassic­
Neocomlan Kingak Formation. Detailed correlations are 
presented to describe Kingak Formation subdivisions. The 
work was based on well logs, lithologic logs, core descrip­
tions, and micropaleontology. A geophysical study of the 
Jurassic: ·Simpson sandstone II is included. 

GEOLOGIC SUBDIVISION AND CORRELATION 

The main parastratlgraphlc div;sions of the Kingak Formation 
are shown in regional correlation cross sections (figs. 109, 
110). These divisions are units J-1 which is subdivided into 
units J-la, J-1b, and J-1c; J-3 which Is subdivided into 
units J-3a, J-3b, and J-3c; and Ka-la. Further subdivision 
of these units for more detailed study is discussed below. 

Unit J-1 Is the "Lower Kingak"; units J-3 and Ka-1a comprise 
the 'Upper Kingak." A Triassic-Jurassic unconformity sepa­
rates the Kingak from the underlying TR-3b unit that consists 
of the Sag Rher Sandstone and Its equivalents. The mid­
Jurassic unconformity separates the "Lower Kingak' from the 
"Upper Kingak." Where unit Ka-1b overlies the Kingak (for 
example, at Kugrua 1 and Peard I), the basal "Pebble Shale" 
unconformity separates the two Kingak units. Where unit Ka-2 
or Ka-3 overlies the Kingak (for example, at Sinclair 
Colville 1 and Arco Itkillik River I), the "basal Torok" 
unconformity separates the units. Unit Ka-1b coincides with 
the "Pebble Shale' unit, which locally Includes basal 
sandstones; units Ka .. 2 and Ka .. 3 above the -basal Torok" 
unconformity make up the lower part of the Torok Formation. 

Five detailed correlation cross sections were prepared for 
the Jurassic part of the Kingak: figures 111 and 112 show 
unit J-l, or the PLower Kingak," and figures 113 through 115 
show unit J-3a. Units J-3b and J-3c were not correlated in 
detail; unit Ka-1a ;s discussed in "Tunalik Study." Figure 
54 is an isopach and lithofacies map of unit J-1. 

'Lower Kingak" Unit 

The IILower Kingak" unit is underlain by Tr1assic rocks and 
overlain by Upper Jurassic rocks. Unit J-la, which is above 
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the Tri ass; c ... Jurassi c unconformi ty, extends up to the 
Jurass1c "spike" shown on resist1vity and sonic logs. Unit 
J-la, composed mainly of siltstone and shale, consists of 
four smaller units, described below in ascending order: 

• The oldest unit, J-1a(1), is composed of sntstone 
and shale, and apparently occupies depressions on the 
eroded Triassic surface. For example, the unit is 
present at South Meade 1, Ikpikpuk 1, and Wolakpa 1, 
but Is absent on highs at Kugrua 1, East Teshekpuk 1, 
and South Simpson 1. At Peard 1, the entire J-la 
unit is absent because of onlap on the Wainwright 
Arch. 

• The second unit, J-1a(2), is composed of siltstone, 
sha 1e, and bar1 ike sandstone bodi es. These 
lenticular sandstones collectively make up the 
"Barrow sandstone." This unit directly overlies the 
Triassic section at South Simpson 1, Kugrua I, East 
Teshekpuk 1, and Atigaru Point 1, but is absent at 
Tunalik 1. 

• The third unit, J-la(3), Is composed of siltstone, 
shale, and interbedded barl ike sandstones. At 
Tunallk 1, this unit lies directly on the Triassic 
section. 

• The uppermost unit, J-1a(4), also is composed of 
siltstone and shale and contains Interbedded barlike 
sandstones. 

The "Barrow sandstone II bodies in unit J ... la probably were 
deposited on slopes of irregular relief during a marine 
transgression, as indicated by the distribution of the 
individual sandstone lenses. The first occurrence of the 
isolated barl1ke sandstone bodies that comprise the "Barrow 
sandstone" is in unit J-1a(2) south and east of the Barrow 
High. To the north on the Barrow High, the sandstone bOdies 
are found at higher stratigraphic levels In the higher J-1a 
subunits. The pattern is especially evident in figure 112 
between South Simpson 1 and Walakpa 1. 

The J-1b parastratigraphic unit is located between the 
Jurassic "spikeR and the Lower Jurassic "shou1der,11 a 
distinctive log marker coincid1ng with deflections on nearly 
all log curves from northwestern NPRA wells. This marker was 
used in regional correlations in this and earlier Tetra Tech 
reports. Unit J-1b, which is conformable with the underlying 
J .. la unit, is subdivided further into two units that mainly 
conSist of shale: J-lb(l) and J-1b(2). At South Barrow 17, 
unit J-1b is truncated by the J-1b/J-1c unconformity, as 
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shown at the top of the unit in figure 112. At Tunalik 1 and 
Inigok I, unit J-1b is absent because of truncation by the 
mid-Jurassic unconformity (figs. Ill, 112). 

Uni t J-lc is characteri zed on logs by low resi stivity and 
hign sonic interval transit time. The base and top of the 
unit are picked at sharp breaks In these curves; the base is 
at tne Lower Jurassic ·shoulder" and the top is at the mld­
Jurassic unconformity. J-lc is subdivided further Into two 
units: a lower unit, J-lc(l), composed of shale and an upper 
unit, J-lc(2), composed of shale with interbedded silty shale 
and siltstone. The mid-Jurassic unconformity truncates unit 
J-lc, as demonstrated by tne thinning or absence of J-lc In 
several wells. For example, unit J-lc(2) is thin at Walakpa 
1 and South Harrison Bay 1 (fig. 114) and absent at Peard 1 
(fig. l1l); additionally, unit J-lc is absent at Tunalik 1 
(fig. Ill), West Fish Creek I, and Inigok 1 (fig. 114). 

·Upper Kingak" Unit 

Parastratigraphic units J-l and Ka-1a (fig. 55) comprise the 
·Upper Kingat." Only the J-3a (fig. 56) subunit of unit J-l 
was correlated in detail for this study; no detailed study 
was made of units J-lb and J-3c (figs. 58, 59), but a general 
subdivision of these units is shown in figures 109 and 110. 
Foss1ls indicate that unit J-lc is Neocomian (earliest 
Cretaceous)" and the unconfonaity between the Jurassic and 
Neocomian sections was traced and named the lower Neocom1an 
unconformity. 

Unit J-la, which lies immediately above the mid-Jurassic 
unconformity, has two distinct parastratigraphic 
subdivisions: units J-3aI and J-laII. The lower unit, J-3aI, 
conta1ns the "Simpson sandstone- or equivalents (figs .. 57, 
75); the bottom and top of this unit were picked at sharp 
breaks on resistivity and sonic log curves. 

J-3aI is divided further Into five subunits: J-3aI(I), 
J-3aI(2), J-3aI(3), J-3aI(4), and J-3aI(5). The oldest of 
tnese subunits, J-3aI(1), is composed of sandstone, 
siltstone, and shale. At Kugrua I, subunits J-laI(2) and 
J-3aI(3) consist mainly of sandstone (fig. 113). SUbunits 
J-3aI(4) and J-3.I(5) are the sandiest parts of J-3aI, as 
shown in figure 113 between Kugrua 1 and Ikplkpuk 1. 

A local unconformity was Identified in unit J-3aI at SOuth 
Harrison Bay 1 where tne upper part of J-3aI(5) lies directly 
on J-3aI(3) (fig. 114). At South Simpson I, the upper part 
of J-3aI Is truncated by the basal ·Pebble Shale" unconfor­
mity, as shown in 114. Unit J-3aI and part of the underlying 
J-l unit are truncated farther north at East Simpson 1, J. W. 
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Dalton 1. Cape Halkett 1. and W. T. Foran 1. although thfs fs 
not shown in ffgures 109 through 115. An unconformity 
probably occurs at the top of unit J-3al. as indicated by the 
detailed correlation of the overlying J-3all unit. which 
probably onlaps J-3al from the south to north. 

The bottom of unit J-3all was picked at the break on 
resistivity and sonic. log curves above the unconformity at 
the top of the "Simpson sandstoneH or its equivalent. The 
upper boundary was picked on a prominent 10 to 25 ft (3 to 8 
m) ·spike" that is recognized as a marker bed west of the 
Meade Arch. At Inigok 1 and West Fish Creek 1 east Of the 
Meade Arch. this marker was truncated. and the top of J-3all 
is defined conditionally. 

As shown in figure 113. J-3all is divided into six subunfts. 
which are labeled sequentially from J-3all(1). the oldest 
subunft. through J-3aII(6). the youngest subunit. The 
lowermost and uppermost parts of unit J-3a11 consist of shale 
and sandstone, whereas the middle subunits are predominantly 
Shale. 

Unit J-3all(1) fs recognized only in Tunalik 1 and Kugrua 1. 
In all other wells. J-3a1l(2) overlaps the older rocks of 
J-3al. except at South Harrison Bay 1 where J-3alI(3) 
overlaps J-3al (fig. 114). 

The uppermost subunit. J-3all(6). is an easily recognizable 
log interyal characterized by high resistivity and low sonic 
transit time. This subunit is traced eastward from Tunalik 1 
to South Meade 1. At Ikpikpuk 1. the unit is not well 
defined. but is very likely represented. In the northeastern 
part of the Reserve at Inigok 1 and West Fish Creek 1. unit 
J-3all(6) is truncated by an unconformity. as shown in 
figures 109 and 110 from Inigok 1 to South Harrfson Bay 1. 
The unconformity is about 150 ft (48 m) above unit J-3a at 
Ikpikpuk 1. and is traced along the boundary between J-3a and 
J-3b west of the Meade Arch at South Meade 1 and Tunalik 1. 

DEPOSITIONAL ENVIRONMENT 

The Kingak. Shale, whiCh was deposited in several environ­
ments, is exceedingly complex. The Kingak members and 
mark.ers are bound by depositional events such as transgres­
sive, regresshe, or stable stages of a depositional cycle. 
Depositional patterns based on lithologic subdiv1s1on­
probably represent the first pulse in a widespread part of 
the sedimentary cycle. The sedimentary cycle seems to begin 
with a transgressive stage and finish with a hiatus. 
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In the northern NPRA, shelf deposHs prevailed during 
Jurassic time, and several depositional cycles are known. 
After a short Triassic-Jurassic hiatus, which did not flatten 
relief, Early Jurassic sedimentation began with rapid 
subsidence and transgression. The lows were submerged 
quickly and deposition of muds and silts took place in the 
basins with an irregular relief. (See J-1a(1) in figures 99 
and 100.) 

The Early Jurassic sandstone bodies are characterized as 
linear and strand bars. Configuration of the bars is shown 
in a facies map of the early Jurassic basin (fig. 116); the 
dominant sediment types also are shown. The association of 
bars and clay sediments creates possible hydrocarbon 
enVironments because of the natural combination of traps and 
source mater; a 1 • 

Unit J-1b contains two depositional patterns; the lower 
pattern indicates a stable sedimentation stage (dominance of 
clay) and the upper shows a regressive stage (silt-clay 
sed1mentation). At the end of J-1b t1me, a short time break 
in sedimentation occurred. After this break, sed1mentation 
resumed and, in J-lc time, clays and silts accumu'lated; the 
time break is expressed as a local unconformity between units 
J-1b and J-1c. 

At the end of J-1c time, a h1atus that occurred throughout 
the region completed the Early Jurassic depositional cycle. 
During the h1atus, which parallels the mid-Jurassic 
unconfonmity, the Lower Jurassic rocks were exposed and 
eroded. 

Sedimentation in the region resumed only in the Late Jurassic 
epoch. Erosion flattened the relief and the first 1mpu1ses 
of Late Jurass i c transgress i on submerged the reg; on; 
sand-silt deposition prevailed on the inner shelf of the 
baSin. The outer shelf, located in the South Meade-Ikpikpuk 
area, was characterized by the dominance of clay. 

This reconstruction is based on an analysis of the deposit­
ional pattern at the base of unit J-3aI; depositional 
patterns could not be identified in the rest of the unit 
because of Hs complexity. In J-3aI time (after the 
transgression), sedimentat10n probably did not have distinct 
depos1tlona1 centers. In the central part of the basi~ (the 
Kugrua-South Meade area), shallow-water shelf sand and si1t­
sand deposits prevailed. Along the flanks of the basIn, 
clastics and clays were deposited in deeper water. Based on 
the greater sand content and the1 r i nterbeddi ng wi th and 
replacement by finer clastics and clayst it was concluded 
that the complex represented by the "S1mpson sandstone-- is a 
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subaqueous delta with the lower part deposaed as offshore 
bars. 

At the end of J-3aI time, a short-term break in sedimentation 
took place, which is expressed as a local unconformity 
between units J-3aI and J-3aU. Study of the depositional 
environment of the latest occurrences of Jurassic geologic 
history was not completed. 

RESOLUTION OF THE SEISMIC DATA 

Stratigraphic interpretation of Jurassic rocks in the NPRA 
was based largely on analysis of the amplitude and polarity 
of reflections, and the lateral variation of these 
characteristics. Variations in amp11tude often are 
attributable to a change in the physical properties of 
sediments, manifested as a change in the interval velocity 
and/or density. 

Any other phenomena affecting ampl itude must al so be 
considered. for example, data quality. acquisition and 
processing parameters, tuning, and interference from other 
beds. Differences in data quality affect the entire section 
and generally can be identified; the interpretation is not 
affected unless resolution ;s seriously impaired. In the 
study area, acquisition parameters were relatively constant 
and did not present a major problem. Two processing 
procedures that can affect ampl itude are time-variant 
flltering and time-variant scaling; time-variant filtering 
was restricted to bandpass filtering over the normal range of 
signal, and time-variant scaling used relatively long gates. 
These procedures did not affect relative amplitude adversely; 
however. the final stack sections are not true amplitude 
sections. .Tuning and interference. which are geometric 
phenomena that affect amplitude Significantly, were difficult 
to distinguish from amplitude variations resulting mainly 
from velocity and/or density variation. 

Tuning is the constructive interference from the upper and 
lower boundaries of a bed having opposite reflection co­
efficients at the respective boundaries. Tuning thickness 
(the thickness at which maximum constructive 1nterference 
occurs) is 1/4 wavelength and depends on the predominant 
frequency of the seismic data and velocity of the bed. 
Tuning effects decrease with additional thickness up to about 
1/2 wavelength; tuning is not a factor of amplitude at 
greater thicknesses. Amplitude decreases with thickness 
below 1/4 wavelength until the limit of resolution of the 
seismic data is reached. The observed isochron does. not 
decrease Delow 1/4 wavelength. Amplitude was used to 
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estimate bed thi,kness where it was less than tuning 
thkkness. 

The limit of resolution ranges from a theoretical 1/12 
wavelength up to a practical limit of 1/2 wavelength for 
noisy data. The practical limit of resolution for the FY 
1972 through FY 1980 seismi, data on the northern part of the 
coastal plain is estimated to be 1/8 wavelength. The pre­
dominant freque"y of this coastal plain seismic data is 
about 30 Hz for the Jurassic section; the frequency increases 
to the north where the Jurassic is present at shallower 
depths. For example, the "Simpson sandstone II has an interval 
velocity of about 13,000 ft/s; therefore, its tuning 
thickness is about 110 ft (34 m). Tuning effects are present 
for thicknesses less than 200 ft (61 m); the minimum 
detectable bed thi,kness is about 55 ft (17 m). 

Interference results from the presence of nearby acoustic 
interfaces. Interference can be either constructive or 
destructive, and 1s subject to the same resolution 
limitations as tuning. 

SEISMIC-STRATIGRAPHIC INTERPRETATION 
OF THE "SIMPSON SANOSTONE" 

Stratigraphic interpretation of the seismic data, together 
with isopach mapping and velocity analysis, can be integrated 
into a geologic model, consistent with well data for the 
·Simpson sandstone. 11 A postulated permeability barrier 
(based on changes in seismi, character) lies along the 
northern flank of a high interval velocity trend in an area 
regionally high at the time of deposition. The ,oi"ide"e 
of the velocity trend and the thickest part of the ·Simpson 
sandstone" suggests the geologic model described below. 
Additionally, the "Kealok anomaly" may contain a sand body 
within the Late Jurassic "Upper Kingak.. 11 

The "Simpson sandstone- seems to be an elongated sand body 
(possibly a barrier island or delta bar complex) trending 
east-northeast (seismic map 56; fig. 75). The westward limit 
of the sand body is not yet defined; eastward, it is 
truncated by the basal ·Pebble Shale H unconformity. The axis 
of the sand body probably is very near line 56-75 and 56-76. 
Kugrua 1 penetrated the ·Simpson sandstone II near its axis; 
the northern flank was penetrated at Peard I, and the 
southern flank at South Meade I, Topagoruk I, and South 
Simpson 1. A different depositional environment (possibly a 
lagoonal facies) was penetrated at Kuyanak I, Walakpa I, 
Walakpa 2, and South Barrow 3. All other wells that 
encountered un1t J.3aI prObably penetrated fine-grained 
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offshore sediments. A structural-stratigraphic trapping 
mechanism possibly exists, because of a permeability barrier 
to the northwest, truncation to the northeast. and south 
regional dip. Seismic-stratigraphic interpretation suggests 
that character change Ilfll (identified later in IIReprocess1ng 
and Color Displays") may represent the permeab1lity barrier; 
however. a failure to find "Simpson sandstone II at Kuyanak 1 
demonstrates the difficulty in extrapolating from a well or 
interpolating between widely spaced wells. 

The Jurassic sandstone, first penetrated at Topagoruk I, was 
tentatively named "Simpson sandstone" by Bird (written 
communi cati on, 1979). The uni t was encountered at South 
Simpson I, Kugrua I, South Meade I, and Peard 1 where it 15 
in unit J-3al. Unit J-3al also was penetrated at South 
Barrow 3, East Teshekpuk I, South Harrison Bay I, West Fish 
Creek I, Inigok I, Ikpikpuk I, Tunalik I, Walakpa I, Walakpa 
2, and Kuyanak 1 where it consists of Siltstone and/or shale. 
The velocity in unit J-3aI generally is significantly faster 
than 1n overlying sediments, and the unit is much more than 
1/8 wavelength tnick. Tnus, the approximate top of J-JaI 
generates a seismic reflection that 1s mappable over a large 
part of the Arctic Coastal Plain. 

Correlation of Well and Seismic Data 

Most of tne NPRA wells that penetrated unit J-3aI are tied by 
pre-FY 1978 seismic data. As stated previously in "Short­
Wave Permafrost Corrections," these data approximate zero 
phase and lag check-shot survey "first ... break" time by about 
0.050 s. The polarity of the data is deduced from processing 
and display parameters. The polarity of the pre-FY 1978 
final stack sections ("normal" d15play polarity) is such that 
a positive reflection coefficient produces a trough. 

Well and seismic data correlations of unit J-3al are 
described below for nine NPRA wells: 

• Kugrua 1. A sharp increase in interval velocity very 
nearly COincides with top of the IISimpson sandstone II 
at 8,680 ft (2,646 m). Velocity throughout unit 
J-JaI 15 fai rly uniform. The gamma-ray log for the 
interval from 8,722 to 8,867 ft (2,659 to 2,703 m) 
indicates that 145 ft (44 m) of the 218-ft (66-m) 
thick unit is mostly sandstone (fig. 75). Reflec­
tions are generated by both the top (trough) and 
bottom (peak) of the unit; these events occur on line 
121-76, shotpoint 164.5, at 1.739 sand 1.770 s, 
respectively. Tuning effects are negligible. 
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• SOuth Meade 1. Interval velocity of the "Simpson 
sandstone" unit at South Meade 1 from 7.852 to 8,056 
ft (2.394 to 2.456 m) is not as uniform as at Kugrua 
1. Velocity at the top of the unit is essentially 
the same as that of overlyi ng sediments; from 7.870 
to 7.885 ft (2.399 to 2.404 m). the unit has a low 
velocity. which may indicate porous rocks. This low­
velocity interval is too thin to detect with the 
frequency of the present data. The high interval 
velocity generally characteristic of the "Simpson 
sandstone" begi ns at 7.970 ft (2.430 m); thi 5 
interface generates the trough found on line 52-75. 
shotpoint 100.5. at 1.528 s. Below this interface. 
the rock velocities slowly grade back to values more 
characteristic of the Kingak Shale. However. a small 
decrease in velocity near the base of the unit con­
tri butes to the fi rst peak of a doublet at 1.545 s. 
Some tuning effects probably are present. Accurate 
thickness detenninat10ns are not possible at South 
Meade 1 because of the gradational velocity below the 
·Simpson sandstone. II 

• Peard 1. Interval velocity of the ·Simpson sandstone ll 

unit at Peard 1 from 7.817 to 7.991 ft (2.383 to 
2.436 m) is only slightly higher than that Of the 
overlying siltstone. Porous sandstone near the top 
of the unit is 35 ft (11 m) thick and has low 
interval velocity. The acoustic interface at the 
base of this porous zone near 7.870 ft (2.399 m) 
generates the trough on line 122-76, shotpoint 344. 
at 1.570 s. A sharp decrease in interval velocity at 
the base of the "Simpson sandstone" unit, combined 
with Some tuning effects from the underlying J-1b 
unit. generates the peak at 1.582 s. 

• South Simpson 1. At South Simpson 1. the upper 
portion of the "Simpson sandstone" perhaps was 
truncated at the basal 'Pebble Shale" unconformity. 
The interval velocity of the I'Simpson sandstone II from 
6,520 to 6,703 ft (1,988 to 2.044 m) is Significantly 
faster than that of most of the overlying uPebble 
Shale.' An acoustic interface just above the top of 
the "S1mpson sandstone" generates a trough on 1 i ne 
053-76. shotpoint 27.5, at 1.400 s. The velocity 
below unit J-3aI grades gradually to shale veloc­
ities. Several thin porous lones had gas ShOWS. The 
porous Zones near the base of the unit, combined with 
tuning effects. produce the peak at 1.420 s. 

• Topagoruk 1. 
Inspection 

No sonic log was run 
of the spontaneous 
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resistivity logs suggests that reflections are 
present from near the top and bottom of unit J-3aI at 
7,748 ft (2,362 m) and 7,918 ft (2,414 m), 
respectively. Cheek-shot survey data indicate that 
the base of J-3aI on line 40X-75, shotpoint 70, is 
the peak at 1.565 s, and the top is the trough at 
1.540 s. 

• Walakpa 1. At Walakpa 1, unit J-3aI consists mainly 
of siltstone and has little or no permeability. The 
velocity in the siltstone is much faster than In the 
shales, so reflections are generated from the top of 
the unit at 2,313 ft (705 m) and the bottom at 2,543 
ft (775 m); these reflections are Identified as the 
trough at 0.510 s and the peak at 0.570 s, respec­
tively, by projecting well data to line 618N-79, 
shotpoint 23. (Note: Line 618N-79 was recorded with 
non-SEG standard polarity and processed using the 
DESIG deconvolution operator; therefore~ the "normal" 
polarity display is the same as for pre-FY 1978 data, 
and section time lags check-shot survey "first_break" 
time by about 0.020 s.) 

• Walakpa 2. The J-3aI section penetrated at Walakpa 2 
extended from 2,962 to 3,230 ft (903 to 985 m) and is 
Similar to that encountered in Nalakpa 1. The unit 
Is mainly siltstone and has little porosity. 
Interval velocity is uniform (about 12,000 ft/s), and 
is faster than the overlying and underlying 
sediments. Reflections are generated by both the top 
and bottom of the unit at 0.670 sand 0.720 s, 
respectively, on line 85-78 at snotpoint 308. Minor 
interference probably is present at the upper 
interface. The interference at the lower boundary is 
caused by the proximity of unit J-1b. At Walakpa 2, 
the interference 1s constructive, resulting in a much 
higher amplitude event from the base of the unit, 
eyen though the magnitude of the reflection 
coefficient is similar at both the top and bottom of 
the unit. 

• Kuyanak 1. Unit J-3aI from 5,376 to 5,656 ft (1,639 
to 1,724 m) at Kuyanak 1 is mostly Siltstone, and has 
little porosity. The unit has a unifonn interval 
velocity of about 12,500 ftls, which is faster than 
tne velocity of the Kingak snales, but is similar to 
otner Kingak siltstones. Siltstones immediately 
overlying unit J-3aI at about 5,265 ft (1,605 m) nave 
s1mllar velocity and generate a trough on line 
601-79, snotpoint 299, at 1.110 s. The top of unit 
J-3al d1d not generate a primary reflection at 
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Kuyanak 1, and a decrease in velocity occurs near the 
base. Constructive interference from unit J-lb is 
equally responsible for the peak on line 601-79. 
shotpoint 299. at 1.170 s • 

• At South Barrow 3. East Teshekpuk 1. South Harrison 
Bay 1. West Fish Creek 1. Inigok 1. and Tuna1lk 1. 
unit J-3aI consists mainly of shale and/or siltstone 
with an interval velocity not much different from 
that of the overlying Kingak sediments. Only weak. 
if any. reflections are generated by the top of J-3aI 
at these wells; the base of unit J-3aI (top of unit 
J-l) generally is a major acoustic interface 
producing a peak on the NPRA seismic data. Tn; 5 
trough 15 mapped as horizon 0900. 

The structure of the 'Simpson sandstone" is mapped easily 
where high interval velocity occurs at or near the top of the 
unit. In areas where unit J-3aI contains siltstone or shale 
mapping is increasingly difficult. A reasonable representa­
tion of structure at the top of J-3aI 15 shown by horizon 
0900 (seismic map 25). Regionally, south dip is evident, 
Showing gem:le expression of the Meade Arch. A few minor 
structural closures were mapped; the largest Of these is at 
South Simpson 1 where a ShOW of gas was tested in the 
'Slmpson sandstone.' At South Simpson 1 and to the north­
east, unit J-3al is truncated by the basal "Pebble Shale" 
unconformity (see 'Jurassic Study'). 

In the vicinity of Peard Bay. the "Simpson sandstone!! appears 
to onlap unit J-l. Lapout occurs along a line trending 
east-northeast into the Chukchi Sea. No potential traps were 
delineated along this lapout. 

Standard Seismic Data Interpretation 

Within unit J-JaI, several changes in seismic character (such 
as amplitude, event shape. and frequency) were noted and 
correlated between seismic lines. The Single most prominent 
character change, which trends east-northeast subparallel to 
line 601-79, consists of the apparent tennination of the 
trougn ident1fled as the top of J-3aI at Topagoruk 1. South 
S1mpson 1, Kugrua 1, South Meade I, and Peard 1. This 
character Change is very obv10us on 11 ne 612-79 near 
shotpoint 25 (fig. 84), line 136-76 near shotpoint 123. line 
614-79 near shotpoint 71, line 616-79 near shotpoint 82, and 
line 618-79 near shotpoint 139. The change also can be 
located on line 55-76 near shotpoint 150 (westward. the trend 
projects offshore). line 65-76 near shotpoint 280. and line 
52-75 near shotpo1nt 27. This seismic character change is 
difficult to identify on other lines in the area (lines 
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54-75, 51-75, and 622-79) Decause of poor data quality, and 
on line 823-78 Decause of the proximity of the basal "Pebble 
Shale" unconfonnity. The change is not present on lines east 
of line 823-78, because unit J-3aI is truncated south of this 
trend. Possible implications of this character change are 
discussed later. 

Fartner south, another potentially significant seismic 
Charac~er change, which occurs at the reflector near the base 
of unit J-3aI, suggests thickening of the sand body and/or 
the presence of an acoustic interface (with a positive 
reflection coefficient) within the unit. The change can be 
detected on most of tne north-south sel sm1 c 11 nes between 
lines 610-79 and 49-75 and is approximated by the 1.450 s 
contour on the horizon 0900 maps (seismic maps 25, 26). West 
of line 610-79, this character change cannot De ident1fied 
with confidence; however, complex changes 1n the character of 
unit J-3aI occur to the west along this trend. Poorer data 
quality and a large seismic grid prevent identification of 
this change east of line 49-75. 

A third character change occurs on north-south lines in the 
vicinity of lines 30-76 and 30X-75. On lines 602-79 to 
47-75, this character change consists of a gradual decrease 
in amplitude to tne level of background nOise, and probably 
indicates a change in facies frID sandstone to mainly shale 
lithology. 

Many minor character changes also are identified just above 
or within the "Simpson sandstone II unit, probably caused by 
interference and/or tuning effects. Some can only be 
correlated over short dhtances, and their significance is 
unknown. 

Several different interpretations of the significance of the 
primary character change (about parallel to line 601-79) are 
possible, including tuning and/or interference, lithologic 
change, or gas-water contact. the presence of a facies 
boundary or tuning/interference are more plausible explana­
tions for the character change, because the change does not 
parallel structure contours. A lithologic change occurs 
between Soutn Meade 1 and Walakpa 1. Tuning and/or inter­
ference is prom1nent at Kuyanak 1, Which is in the v1c1n1ty. 

Reprocessing and Color Oisplays 

Numerous seismic lines relevant to seismic-stratigraphic 
interpretation of the "Simpson sandstone" were reprocessed: 
lines 85-78, 822-78, 823-78, 52-76, 601-79, 614-79, 616-79, 
618-79, 618N-79, and 622-79. A set of "pulse compression" 
seismiC sections that approximate zero pnase were made; these 
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sections were confirmed with the synthetic seismogram for 
South Meade 1 and also by comparison with normally processed 
data that were demonstrated to approximate zero phase. The 
polarity of most of the "pulse compression" sections results 
in a positive reflection coefficient that produces a trough; 
lines 822-78 and 823-78 are displayed in an opposite manner. 

In addition to the Mpulse compression ll sect1ons, color 
di sp 1 ays were generated wi th wi ggl e trace backgrounds for 
four seismic attributes: reflection strength,. instantaneous 
frequency,. instantaneous phase, and instantaneous velocity. 
The refl ecti on strength, instantaneous frequency, and 
instantaneous phase attributes were derived by complex trace 
analysis. 

The instantaneous velocity display is a form of trace 
inversion. low.frequency variations were calculated from 
stacking velocity analyses; high-frequency velocity 
variations were calculated from reflection coefficients 
estimated from amplitude data. Density variations were 
ignored, as they cannot be separated from velocity 
variations,. but are generally of less magnitude. Tuning and 
interference, as previously discussed,. affect instantaneous 
velocity calculations because of their effect on amplitude. 

Of the four color displays, instantaneous velocity is the 
most useful for interpreting the IISimpson sandstone II because 
of the high interval velocity that generally is associated 
with the unit. Instantaneous phase is a useful display; the 
major character changes are hi ghl i ghted by the color 
presentation. However,. the changes also can be observed 
readily on the black and wh1te "pulse compression" sections 
or on the wiggle trace background of the color displays. 
Reflection strength and instantaneous frequency are primarily 
hydrocarbon indicator (Hel) displays, and, in this case, were 
inconclusive. 

Many of the same or similar character Changes seen on the 
norma 11y processed data are i dent i fi ed on reprocessed 
sections. It is easier to correlate these character Changes 
between lines, because fewer lines are involved and the 
processing 1s more consistent. Eight character Changes 
associated with unit J.3aI were identified and labeled -all 
through Yhll. An additional character change, wh1ch is 
seismically related to the overlying sed1ments and probably 
is tne result of 1nterference and tuning, is labeled a'. The 
approximate shotpoint locations of these character Changes 
are as follows: 
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Character change 

Une number a a' b c d e f g h 

614-79 8 27 33 36 57 70 73 ? 110 
616-79 208 186 167 149 139 128 115 961 47 
52-75 107 961 77 69 57 1 31 

618-79 11 21 50 76 89 1 132 179 209 
622-79 217 167 153 147 109 
601-79 1681 -
B24_78 681 60 
B23-78 100 

Some of these Character changes, especially a', d, and f, 
subparallel time contours. The rest do not appear to relate 
to structure. 

Possible Geologic Significance 
of Character Changes 

A facies change within unit J-3.1 between South Meade 1 and 
the Walakpa 2-Kuyanak 1 area results in a penneability 
barrier (fig. 57). Depending on the orientation of this 
barrier, various potential traps may exist. One of the more 
optimistic Interpretations ;s to assume that the character 
change seen on the seismic data 1n the vicinity of line 601-
79 represents the penneabl1lty barrier and that the character 
change near the 1.450 s contour represents a hydrocarbon­
water contact (seismic maps 28, 29). Other dimensions of 
closure may be truncation by the basal "Pebble Shale" 
unconfonnity to the northeast and regional dip to the south. 
In the west, p1 nchout of the " Simpson sandstone" may 
contribute to the trapping mechanism; such a trap would cover 
about 850 sq mi (2,200 sq km). 

The multiple character Changes on the reprocessed data allow 
formulation of more complex interpretations. Character type 
"a" probably indicates a "Simpson sandstone" section similar 
to that encountered at South Meade 1. Character types lib" 
and ·c· ~ indicate some thickening of the sandstone and/or 
a greater velocity contrast at the base of unit J-3aI. Type 
lid" suggests that a substantial thickness of porous sandstone 
may be present. whereas lie" may be related to a gas-water or 
gas-oil contact. Type "f" may represent the penneability 
barrier. 

98 



Many alternative interpretations are possible, each suggest­
ing d1fferent prospects.. Character change "gil originally was 
interpreted to be a penneabil ity barrier, resulting in a 
postulated trap covering up to ISO sq mi (466 sq km). This 
possibility was tested at Kuyanak 1 where siltstone was 
penetrated. 

Isopach Mapping 

Informati on about the depos i ti ona 1 envi ronment of the 
"S1mpson sandstone" can be inferred frcm the isopach map 
between horizons 0900 and 0850 (seismic map 30). The 
interval thickens south-southeasterly into the Ikpikpuk and 
Heade basins, centered at TSN-RIOW and TSN-R27W, 
respectively. The two basins are separated by the 
north-trending Heade Arch. 

The interpreted position of the "Simpson sandstone" is across 
the north end of the Meade Arch south of Walakpa 2 and 
Kuyanak I and north of South Meade I (fig. 75). The sand 
body appears to be oriented east-northeasterly, parallel to 
the strike of the isopach map. Thus, the sandstone seems to 
be located in a favorable area, based on paleogeographic 
analysis. The "Simpson sandstone" was deposited on a 
paleohigh in a shallow marine env1ronment, suggesting 
possible development of porous sand. 

Velocity Mapping 

As part of an overall review of stacking velocity data, a map 
of the interval velocity between horizons 1000 and 0700 
(seismic map 56) was prepared over the area of known uSimpson 
sandstone H occurrence. The parastratigraphic units (J-l. 
J-3, and Ka-I) included in the isopach interval on the map 
are mainly shale with relatively low velocity. Also present 
with1n this section are several high-velocity members. 
notably sands within the IIPebble Shale," "Simpson sandstone," 
and J-3aI and J-Ib siltstones. Because of the general 
increase in velocity with grain size observed throughout the 
section, high interval velocity anomalies probably indicate 
h1gh sand-shale ratios. For a discussion of these anomalies, 
see "Regional Interval Velocity between Horizons 1000 and 
0700· in IIVelocity StUdies." 

HKealok Anomaly" 

The "Kealok anomaly,· postulated as a possible sand body 
within the Late Jurassic "Upper Kingak" (see IIUpper Kingak" 
in "NPRA Stratigraphy"), 1s decribed as a thickening on a 
seismic unit within the upper part of parastratigraphic unit 
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J-3b (figs. 79, 80). More specific.lly, this anomaly is 
recognized where a single reflector divides or splits into 
two separate events attaining a maximum separation of 40+ mSj 
the sep.rate events later return to a single event (fig. 80). 
The "Kealok anomaly" first was Observed at the south end of 
line 21-74 In the Harrison Bay Quadrangle and subsequently 
was Identified on several adjoining lines, with line 30-74 
generally the southern limit of the feature. This elongated 
anomaly 1s oriented northwesterly with the eastern limit near 
the southeast corner of the Harrison Bay Quadrangle and the 
western limit terminating about 12 to 15 mi (19 to 24 km) 
southeast of Ikpi kpuk 1. Subsea depths to the top of the 
feature are estimated to vary from 8,200 ft (2,500 m) at the 
northwest end to below 9,000 ft (2,744 m) in the extreme 
southeast. The hori zan 0850 depth map (sei smi c map 29) of 
the Harrison Bay and Teshekpuk Quadrangles gives the computed 
depth estimates of this feature. 

The limits of the anomaly were not outlined accurately 
because of the wide spacing of the seismic lines. A smaller, 
thinner isolated anomaly was outlined with its center located 
about 10 mi (16 km) west of fiSh Creek 1. Subsea depth to 
the smaller anomaly at shQtpoint 72 on line 11-74 is 
estimated to be 7,500 ft (2,287 m). 
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TUNALIK STUDY 

At Tunal1k I, a methane gas show was noted in a Neocomian 
sandstone between 12,510 and 12,605 ft (3,813 and 3,842 m). 
The maximum gas show was encountered between 12,459 and 
12,557 ft (3,798 and 3,827 m). An integrated geophysical! 
geological study was undertaken to identify the extent of the 
Neocomian sandstone that contains gas in Tunalik 1 and to 
identify similar potential reservoirs near Tunalik 1. The 
sandstone is very f1ne-grained, slightly argillaceous and 
well-cemented, and interbedded with thin shale layers; 
porosities in the sandstone are about 12 percent. 

The sandstone is interpreted as lying immediately above 
seismic horizon 0800 (seismic maps 31, 32; fig. 117). A weak 
reflection corresponding to the interval containing the 
sandstone can be traced over an area of about 150 sq mi (384 
sq km). This lens of gas sandstone has a maximum thickness 
of about 86 ft (26 m). 

Regional dip is to the southwest. Hydrocarbons may have 
migrated through the Kingak Formation from a large part of 
the southwestern Arctic Coastal Plain (figs. 118, 119) and be 
trapped in stratigraphically controlled sandstone reservoirs. 
The northwestern trapp1 n9 mechani sm of the sandstone is not 
defined seismically because of the lack of seismic data. 
Data from Tunalik 1 indicate that the sandstone is sealed by 
the overlying shale, either because of pinchout of the 
sandstone below a local unconformity, or because of a lateral 
facies change from sandstone to shale. 

Preliminary studY of interval velocity data derived from 
stacking velocity analysis suggests that a low-velocity 
anomaly coincides somewhat with the interpreted limits of the 
Neocomlan sandstone. Interval velocity values of 9,000 to 
10,000 ft!sec versus a normal value of about 11,000 ft!sec 
suggest that a gas accumulation may be present. 

101 



j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 



, --, 

PALEOENVIRONMENTAL STUDIES 

This section of the report describes two paleoenvironmental 
studies conducted in the NPRA. One of these studies compared 
regional paleoenvironmental NPRA data with global sea-level 
cycles. The second was a lithofacies study of the Torok 
Formation and NanUShuk Group. 

To improve chronostratigraphic correlation and prediction of 
the di stri but; on of deposl t i Dna 1 fae; es throughout the 
Reserve. reg10nal paleoenvironmental sequences of NPRA wells 
were coopared with the global sea-level cycles outlined by 
Van and others (1977 p. 83-97). Thi s compari son matches 
regional Chronostratigraphic sequences to parastrati9raphi c 
units and seismiC horizons inferred from seismic profiles. 
Subsequent matChing of these elements with the regional 
geology provided better interpretations of the distribution 
of depositional facies. 

Micropaleontol09iC records from NPRA wells reveal several 
hiatuses of regional extent that correspond to times of 
worldwide sea-level lowstands. Use of these hiatuses and 
major regressive sequences found in NPRA wells pennits more 
accurate determination of time-stratigraphic positions of the 
regional unconformities. 

A compari son Chart of pal eoenvl ronmental sequences of 
selected NPRA wells and 910bal cycles durin9 Devonian to 
Tertiary time is shown in figure 120. The geologic time 
scale 1s 9iven in millions of years. The chart shows first­
order as well as second- and third-order global cycles 
outli ned Dy Vail and others (1977. p. 83-97). The fi rst­
order cycle and the Devonian through late Jurassic parts of 
the second- and third-order cycles are expanded horizontally 
to show more clearly the paleoenvironmental sequences of the 
NPRA and 'the global sea-level curves. Additionally, the 
chart ShOWS the standard geologic eras, periods, and epOChS; 
AWA formainiferal zones; and NPRA parastratigraphy. Paleo­
environmental sequences for six selected NPRA wells are 
presented. and the average sedimentation rates for the main 
parastratigraphic units are Shown. 

The depositional environments represented 1n tne selected 
NPRA wells range from nonmarine to open marine equivalent to 
modern continental slope and basin. Most of the Middle 
TriaSSiC tnrough Early Cretaceous rocks were depOSited in 
marine Shelf and slope environmentsj rocks of Mississippian 
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througn Early Triassic age. as well as rocks of Late 
Cretaceous age, are mainly nonmarine to marginal marine 
deposits. The interpretation of paleoenvironmental sequences 
is based mainly on micropaleontologic analysis by Anderson. 
Warren and Associates. Inc •• (1974-1979). 

The paleoenvironmental sequences represented in the selected 
NPRA wells were correlated with the second-order cycle of the 
global sea-level chart. Several major falling cycles shown. 
on tne chart (Vail and others. 1977. p. 85) coincide with the 
breaks found in paleoenvironmental sequences in NPRA wells. 
Tnese breaks probably represent major regressions of the sea. 
After correlating the major falling cycles. each marked 
sequence was tied with units and seismic horizons. The 
comparison showed that: 

• The NPRA paleoenv; ronmental curves and fi rst-order 
global curve are very similar. although some 
differences are obvious between the paleoenviron­
mental curves and second- and third-order cycles. In 
the Reserve. the maximum transgression occurred 
during Late Cretaceous time, and maximum regression 
took place in Early Permian througn Middle Triassic 
time. 

• Generally. the five major depositional cycles in the 
NPRA match the Vail curves (fig. 120). 

- In the NPRA well s. pal eoenvi ronmental curves 
generally begin with inner-shelf and middle-shelf 
deposition in Pennsylvanian time followed by 
nonmarine conditions during Early Permian (middle 
Leonardian) time. This cycle correlates with the 
supercycle of Vail and others (1977a). Supercycle 
P is not recognized in the paleoenvironmental 
curves because the AWA foraminiferal . zones are not 
sufficiently detailed to subdivide the interval. 

- The paleoenvironmental curves indicate a h1atus 
(nondeposition or erosion) during Middle Triassic 
(Anisian(?» time. Rocks of Middle to Late 
Triassic age probably were depOSited on the outer 
to inner Shelf. This cycle correlates with 
supercycle TR of the global sea-level chart. 

- Most of the rocks of Jurassic (5inemurian­
Oxfordian) age were deposited on the outer to 
middle shelf. Open marine (upper to lower slope) 
depOSition prevailed during Late Jurassic and 
Early Cretaceous (Kimmeridgian(?) to Valanginian) 
time. This cycle correlates with supercycle J of 
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the glob.l sea-level chart. 

- Upper-slope to middle-shelf deposition occurred in 
Early Cretaceous (Hauterivian to Barremian) time 
fall owed by nonmari ne to margi na 1 mari ne 
conditions in Late Cretaceous (Middle Cenomanian) 
time. This cycle correlates with supercycle Ka of 
the glob.l chart. 

• Most regional u",onformities and abrupt changes of 
depositional regimes found in NPRA wells coincide 
with the major global lowstands. The major 
regressive sequences and unconformities that 
correspond to periods of major global sea-level 
falling cycles shown in figure 120 are Middle 
Leonardi an I Hettang; an to S1 nemuri an, earl i est 
Neocomian, Valanginian, and Middle Cenomanian. These 
sea-l evel drops and hi atuses, reeogn; zabl e and 
traceable throughout the Reserve, correlate with 
seismic horizons and parastratigraphic unit tops 
(horizon 11oo(?) and unit PR-l(?}, horizon 1000 and 
unit TR-3b, unit J-3b, horizon 0800 and unit J-3c, 
and horizon 0400 and unit Ka-3}. The mid-Jurassic, 
"basal Torok,'1 and mid-Aptian unconfonnities are not 
recognized on the chart • 

• The main discrepancies between the global and NPRA 
data occur in the Triassic interval.. In the 
Triassic, the global curve indicates a relative 
stillstand of sea-level, but NPRA paleoenvironmental 
curves show that an overa 11 transgress; on occurred 
during Triassic time. This discrepancy may exist 
because local subsidence occurred 1n the NPRA at a 
greater rate than global sea-level fall, producing 
gradual transgression. Middle to Late Triassic 
sequences (units TR-2 and TR-3) in the NPRA show a 
dominant and widespread marine transgression Over all 
the Reserve. In parastratigraphic cross section B-8' 
(fig. 11), unit TR-2 shows onlap against the Meade 
and Wainwright Arches; this transgressive pattern of 
unit TR .. 2 continues through latest Triassic time. 
Unit TR-3 overlaps against these two paleogeographic 
highs. as shown in parastratigraphic cross section 
0-0' (fig. 15). 

Figure 120 also shows extremely wide variations in the 
sedimentation rate of parastratigraphic units in the Reserve. 
Estimates of sedimentation rate were obtained by plotting the 
thickness of parastratigraphic units against a geochronologic 
time scale for the Devonian through Quaternary periods. The 
sedimentation rate. expressed in tems of feet per millions 
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of years (ft/MY). is calculated by dividing the maximum 
present thickness in feet of a given parastratigraphic unit 
by duration of deposition (in millions of years). The 
sedimentation rate values were not adjusted for differences 
in the degree of compaction with depth. Regardless of the 
generalized nature of these values. the relative changes in 
sedimentation rate were useful in interpreting the tectonic 
and depositional history of the Reserve. 

6illuly (1949) indicated that the probability of finding the 
section showing the maximum thickness decreases with the age 
of the deposit. Therefore. estimates of the maximum 
thicknesses of younger units probably are more correct than 
those of older units. Figure 120 shows that the highest 
sedimentation rates (4.000 to 5.000 ft/MY) occurred during 
Aptian through Middle Cenomanian time. The lowest rates (100 
to 250 ft/MY) prevailed during Early to Late Permian (middle 
Wolfcampian to Ochoan). Early Triassic to Early Jurassic 
(Smithian to 5inemurian). and Middle Jurassic (Bajocian to 
Callovian) time. 

Oifferent sedimentation rates for the same parastratigraphic 
unit are recognized in units P-2. J-3all, Ka-2, and Ka-3. 
The marked differences in rates suggest local subsidence. 
Rona (1973, p. 2851) sU9gests that higher sedimentation rates 
can be correlated with marine transgression or with reversal 
between regress10n and transgression. The lower rate of 
sediment acciJmulation correlates with marine regression or 
with reversal between transgression and regression. 

Preliminary results of a facies study of parastratigraphic 
units Ka-2 and Ka-3 are shown in figure 87. The Study 
includes only the Torok Formation, wh1ch unconformably 
overlies unit Ka-l, and the marine facies of the Nanushuk 
Group, which overlies the Torok. Correlations between wells 
are of time-transgressive lithofacies, not time-rock units. 
An unconformity at the base of units Ka-2 and Ka-3, the 
"basal Torok- unconfonnity, 1s traced over the region. A 
boundary between marine and nonmarine depOSits of the 
NanuShuk is placed at 'the bottom of a series of coal beds. 

The Early Cretaceous (Torok-Nanushuk) depositional cycle 
began after a hiatus at the end of unit Ka-l deposition. 
Units Ka-2 and Ka-3 were depOSited in a series of 
depositional pulses that do not seem to be marked by major 
hiatuses. Each pulse started with a transgression, followed 
by a stage of stable sedimentation at the end of the 
depOSition of the Torok Formation. Completion of the 
depositional cycle is marked by regression and depos1t10n of 
the nonmarine Nanushuk lithofacies. 
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As shown in figure 87 the genera 1 i zed lithol ogi c sub­
divisions were correlated with their lithofacies equivalents. 
It was assumed that changes in lithofacies from predominantly 
sand and silt-sand to clay reflected sedimentation from the 
shelf to basin. The concentration of the clay (basin) facies 
was timed to the transgressive and stable stage of 
sedimentation. It is well known that the facies of basin 
clay generally contain abnormally high quantities of the 
primary dispersed hydrocarbons. To predict migration and 
accumulation of oil and gas, the ~drocarbon sources must be 
known. 
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GEOCHEMICAL STUDY 

To provide an overview of geochemical conditions in the NPRA, 
a geochemical study was conducted with emphasis an indicators 
of thenmal maturation, source rock potential, and potential 
hydrocarbon types. The study was based on geochemical data 
fram 26 key NPAA wells. Results of the investigation are 
shawn In a parastratigraphlc framework in eight cross 
sections (fig. 121-128). Only broad conclusions can be drawn 
from these results. Listed below are the geochemical indices 
used in the assessment of hydrocarbon potential In the NPRA: 

• Gross source rock potential, expressed as total 
organic carbon (TOC). Source rack potential Is 
divided into three categories: poor, with less than 1 
percent TOC; fair, with 1 to 2 percent TOC; and goad, 
with mare than 2 percent TOC. 

• Estimates of thermal maturation, such as vitrinite 
reflectance (Ro)' gas wetness, thermal alteration 
index (TAl), and thermal evolution analysis 
(TEA-FlO). 

• Visual kerogen analyses, hydrogen-to-carbon (H/C) 
ratio determinations, TEA-FlO, and PHC/OC indicators, 
used as the basis for hydrocarbon types. PHC/OC 
indicators, derived from TEA-FlO pyrolysis 
techniques, Show the percentage of pyrolytic 
hydrocarbon yield per organiC carbon content and 
facilitate determination of the oil-prone or gas­
prone nature of the sediments. 

The geochemical data suggest that NPRA stratigraphy is 
generally more gas-prone than oil-prone. Units with the best 
potential for generati ng hydrocarbons are those that combl ne 
good source rock potential wi th thermal maturi ty and 
favorable kerogen composition. The most promising 
nydrocarbon generators are unit Ka-lb and the mature sections 
of units Ka-2 and )(a-3. Source potential wahin units Ka-2 
and Ka-3 1s mainly fair, but because of their considerable 
thickness, these units may represent good hydrocarbon 
sources. Unit Ka-lb 1s thinner. but it contains the "Pebble 
Shale" unit with continuously good source rock potential. 
The top of the oil-generation zone frequently is either in 
the lower part of unit Ka-3, or in unit Ka-2. Overall, the 
units with the best hydrocarbon-generating potential in 
ascending stratigraphic order, are units M-2a, P-2, TR-3a, 

109 



J-3, Ka-lb, Ka-2, and Ka-3. 
hydroca rbon-generat i n9 potent i a 1 
units follows. 

UNIT D 

An assessment of the 
of the parastratigraphic 

Unit D, the Devonian section, has poor source rock potential 
and is thermally post-mature. 

UNIT M 

The entire Mississippian section is confined to the eastern 
part of the Reserve in the Ikpikpuk and Umiat Basins and Fish 
Creek Platform area. Unit M-l, the lower unit of this 
section, has poor source rock potential, except at Inigok 1 
where the potential ranges from fair to good. Herbaceous, 
woody, and inertinite kerogens are dominant in this unit; the 
TOC from coals Is high, but amorphous kerogen is mostly 
absent. PHC/OC indicators also are largely absent. Unit 
M-l, which is thermally post-mature, lies below the 1.2 
percent vitrinite reflectance boundary. 

Unit "-2a Is found in only three of the wells studied: 
liSburne 1 and Inigok 1 where source rock potential is poor 
and lkpikpuk 1 where source rock potential ranges from poor 
to fair. TIIis unit contains 20 to 30 percent amorphous 
kerogen, indicating an all-prone source. PHC/OC values 
indicate both oi1- and gas-prone sources within the unit. As 
in the older units, unit M-2a is thermally post-mature. 

Unit M-2b also has poor source rock potential (TOC is less 
than 1 percent), but contains significant amounts of 
amorphous kerogen at Atigaru Point I, Lisburne 1, and Inlgok 
1. These occurrences of amorphous kerogen are matched by 
PHC/OC indicators of oil-prone sources, although PHC/OC 
val ues also show the presence of gas-prone sources. Uni t 
M-2b is thermally post-mature. 

UNIT P 

Source rock potential for unit P-l is poor. At lkplkpuk 1 
and lnigok I, the unit is thermally post-mature; elsewhere, 
unit P-l is within the mature, or oil-generation lone, as 
delineated by vitrinite reflectance and gas wetness values 
(figs. 121, 122, 124). At all of the key wells except 
Ikpikpuk I, the kerogen in unit P-l is mainly amorphous; 
however, the unit also contains s1gnificant Quantities of 
herbaceous and woody kerogens. PHC/OC values 1 ndi cate a 
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canpletely oil-prone source at Atigaru Point 1, but mainly 
gas-prone sources elsewhere. 

Unit P-2 is present only at Tunalik 1, Kugrua I, Ikpikpuk I, 
and Ini gok 1 where its source rock potential is poor. The 
unit is post-mature in all of these wells. At Kugrua 1, 
unit P-2 cantal ns as much as 50 percent amorphous kerogen ~ 
and PHC/OC values Indicate an oil-prone source. In the other 
wells, woody and inertinite kerogens are predaninant, and 
PHC/OC values indicate largely gas-prone sources. 

UNIT PR 

Unit PR-1 is present at Inigok I, Ikpikpuk I, and Topagoruk 1 
where its source rock potential is poor. The unit also 
occurs at Tunalik 1 where it has fair source rock potential 
(TOC of 1 to 2 percent). Visual kerogen analyses and PHC/OC 
source data are sporadic and unreliable for this interval. 
The unit is post-mature in these wells, except at Topagoruk 1 
where it rises Into the lower section of the mature oil­
generation zone. 

Source rock potential for unit PR-2 is good at Lisburne 1 and 
fair at Atigaru POint 1. Otherwise, the unit has poor source 
rOCk potential. South Simpson 1 is the only well that 
contains a significant amount of oil-prone amorphous kerogen; 
elsewhere, woody and inertinite kerogens are dominant. Unit 
PR-2 reaches post-maturity at Ikpikpuk I, Kugrua 1, Tunalik 
I, and Inigok I, but elsewhere lies within the mature zone. 

UNIT TR 

Unit TR-1 has good source rock potential at Lisburne 1 and 
fair potential at South Harrison Say 1; elsewhere, its source 
rock potential is poor. The unit is post-mature at Inigok 1 
and Ikpikpuk I, but in other wells is In a mature section 
near the bottom of the oil-generation zone. At J. W. Dalton 
1, unit TR-l contains 25 to 30 percent amorphous kerogen, and 
PHC/OC values also indicate oil-prone source potential. At 
W. T. Foran 1, amorphous kerogen content is slightly higher, 
but only one PHC/OC source is indicated and it 15 gas prone. 
Elsewhere, herbaceous and woody kerogens dominate the visual 
analyses with significant amounts of inertinite (non-source 
organic material) in many wells. 

Source rock potential in Unit TR-2 is poor in most places, 
but is fair at Tunalik I, J. W. Oalton 1, W. T. Foran 1, and 
South Harrison Say 1. The unit is thermally mature, and in 
most places lies in the lower section of the oil-generation 
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zone. Unit TR-2 reaches post-maturity at South Meade 1. 
Kugrua 1. Tunal1 k 1. and Ini gok 1. East of the Meade Arch. 
unit TR-2 contains a high percentage of amorphous kerogen 
(fig. 126); herbaceous kerogen h abundant throughout the 
unit. At J. W. Dalton 1 and Atigaru Point 1. PHC/OC 
indications of oil-prone SOurces coincide well with high 
amorphous kerogen content. At Kugrua 1. PHC/OC indicators of 
oil-prone sources are associated with a sharp increase in 
amorphous kerogen content. even though PHC/OC values indicate 
that the unit also contains abundant gas-prone sources. 

Source rock potential for unit TR-3a Is mainly poor (as 
refl ected by TOC percentages). but local i zed interval s of 
fair source rock potential occur at South Harrison Bay 1. 
Atigaru Point 1. J. W. Dalton 1. East Simpson 2. and Tunalik 
1. Source rock potential is good at W. T. Foran 1. Lisburne 
I, and Inlgok 1. Unit TR-3a is thermally mature In most 
wells where it is identified. The unit reaches post­
maturity in Kugrua I, Tunallk I, and Inigok 1 where it lies 
below the 1.2 percent vitrinite reflectance boundary. Unit 
TR-3a often contains more than 30 percent amorphous kerogen, 
i ndi cati ng an oi I-prone tendency. PHC/OC val ues whi ch 
indicate oil-prone .ources in unit TR-3a at Atlgaru Point I, 
East Simpson I, Drew Point I, W. T. Foran I, South Barrow 3, 
and South Simpson I, generally show that the unit has more 
gas-prone sources than oil-prone sources. 

Unit TR-3b .. ainly has poor source rock potential. The unit 
has good source potential in South Barrow 13 and South 
Harrison Say 1, and fair source potential in Tunalik I. 
Kugrua I, and Inlgok 1. Unit TR-3b lies in the lower part of 
the thermally mature zone, except at Tunalik I, Kugrua I, and 
In1gok 1 where it is in the post-mature zone. The unit 
contains at least 30 percent amorphous kerogen at South 
Barrow 17, East Simpson I, East Simpson 2, Atlgaru Point 1. 
and South Harrhon Bay 1. Where PHC/OC values are present, 
they indicate mainly gas-prone sources. 

UNIT J 

Unit J-la has poor source rock potential in most wells. but 
fair_to_good potential at Tunalik I, East Simpson 2, West 
Dease I, Atlgaru Point I, and South Harrison Bay 1. Unit 
J-la lies within the thermally mature zone. but becomes 
post-mature at Tunal ik 1 and Kugrua 1. At South Barrow 17, 
Walakpa 1, Atigaru Point 1. and South Harrison Bay 1, visual 
kerogen analyses show high amorphous kerogen content (figs. 
125, 127); in other wells, Significant quantities of 
herbaceous and woody kerogens are present. Inertinite 
content often exceeds 30 percent. PHC/OC values i ndi cate 
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gas-prone and oil-prone sources for this unit; the oil-prone 
sources coincide with the high amorphous kerogen contents. 

Source rock potential for unit J-1b Is poor to fai r. The 
unit haS poor source rock potential at Peard 1. South Barrow 
3. South Barrow 13. Simpson 1. South Simpson 1. South Meade 1 
and Topagoruk 1; elsewhere. source rock potential is fair. 
Unit J-1b is in the lower part of the thermally mature zone. 
In the Barrow area and as far south as South Simpson 1. as 
much as 30 percent amorphous kerogen was observed 1n sample 
analyses. HI gh herbaceous and woody kerogen contents 
dominate In the rest of the wells. PHC/OC indicators in the 
Barrow area wells show more gas-prone sources, although the 
high amorphous kerogen content found In this area Indicates 
the source material IS more oil prone. 

TOC percentages indicate that source rock potential in unit 
J-1c 15 mainly fair; It is poor at South Barrow 3. Peard 1. 
and Topagoruk 1. and good at Kugrua 1. Unit J-lc Is In the 
mature zone. Visual kerogen analyses show that the unit 
contai ns only very sma 11 amounts of amorphous kerogen; 
herbaceous and woody types dominate. Indicating a probable 
tendency towards gas rather than 0;] generation. PHC/OC 
indicators are rare in unit J-lc, indicating non-source or a 
lack of samples for PHC/OC determinations. 

Unit J-3a has fair source potential, except at South Harrison 
Bay 1 where the unit contains a thick section with poor 
source rock potential. and Ikpikpuk 1 where many layers have 
good potential. The unit contains amorphous kerogen. but 
herbaceous and woody types are most abundant. At Ikpikpuk 1. 
PHC/OC values indicate Oil-prone sources within unit J-3a. 

Source potential al.o Is fair for unit J-3b. The unit. which 
contains thin layers of good source rock potenthl (TOC is 
more than 2.0 percent). is thermally mature throughout its 
extent and post-mature at Tunallk 1 and Seabee 1. Herbaceous 
and woody kerogens doml nate the vi sua 1 ana lyses; amorphous 
kerogen is present in significant quantities only at Kugrua 
1. Ikpikpuk 1. and Inlgok 1. PHC/OC oil sources coincide 
with amorphous kerogen accumulations in the lower part of the 
unit at Ikplkpuk 1 and Inlgok 1. 

Unit J-3c has fair to goad source rock potential, except at 
South Meade 1 where It Is poor. The unit is mainly thermally 
mature at lisburne 1 and Seabee 1. but post-mature at Tunalik 
1, Seabee I, and Oumalik 1. Visual kerogen analyses show 
that herbaceous and woody types are most abundant, but many 
wells have an amorphous kerogen content of 20 to 30 percent 
and more. Where PHC/OC source indicators are present, 
gas-prone rather than oil-prone sources are indicated. 
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UNIT Ka 

Unit Ka-la is present only at Tunalik 1 where it has fair 
source rock potential and is thermally post-mature. It 
contains roughly equal amounts of herbaceous, woody, and 
inertinite kerogens. Amorphous kerogen content and PHC/OC 
indicators are negligible. PHC/OC values are too low to 
indicate either oil or gas sources. 

Unit Ka-lb underlies units Ka-2 and Ka-3 and has the best 
source rock potential observed; however, the potential is 
only fair at Atigaru Point I, South Barrow 13, East Simpson 
I, South Simpson I, and Seabee 1. South Barrow 13 did not 
penetrate a mature section. South Barrow 17 penetrated a 
zone several hundred feet thick in the bottom of the well 
where gas wetness exceeds 50 percent and vitrinite 
reflectance values are in the submature range.. In other 
wells, unit Ka-lb is consistently thermally mature, except at 
Tunalik I, Seabee I, and Oumalik 1 where the unit is post­
mature. The TOC content of unit Ka-lb is nearly always more 
than 2 percent. Visual kerogen analyses indicate that this 
unit is an oil-prone interval; its amorphous kerogen content 
is high, reaching 30 percent in many places. 

Units Ka-2 and Ka-3 contain many thick sections that could 
prav; de an abundance of organi c mater; a 1 • In most wells 
penetrati ng these units, the TOC content is more than 1 
percent. and oil and gas shows were encountered during 
drilling. The Nanushuk Group is contained within units Ka-2 
and Ka-3. Magoon and Claypool (1978) found that oil in the 
Nanushuk Group at Umiat 11 migrated from deeper strata, 
because it was found in a thermally immature zone. Oil shows 
in the ... ture intervals of South Simpson I, Peard I, W. T. 
Foran I, and other wells could indicate localized hydrocarbon 
generation. The top of the oil-generation zone often is in 
units Ka-2 and Ka-3, indicating a potential for hydrocarbon 
generation. 

Source potential within unit Ka-2 is largely fair, except at 
LiSburne 1 and Walakpa 1 where it is poor. Most of unit Ka-2 
1s thermally immature. except 1n the Barrow wells where it 1s 
mature; at seabee I. the unit is post-mature. Visual kerogen 
analyses are dominated by herbaceous types. In the Simpson 
wells and South Meade 1, the amorphous kerogen content 
increases to up to 40 percent. indicating an increase in 
Oil-prone source intervals. PHC/OC values strongly indicate 
gas-prone organic matter, except at South Meade 1 where 
PHC/OC values show that oil-prone sources are as abundant as 
gas-prone sources. The Oil-prone sources mainly coincide 
with intervals containing large amounts of amorphous kerogen. 
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Source rock potential in unit Ka-3 is mostly fair except at 
W. T. Foran I, cape Halkett I, and Topagoruk 1 where it is 
poor. Good source potential was noted at Tunallk I, Peard I, 
South Meade I, and Ikpi kpuk I, although hi gh TOC content is 
assoclated with coaly intervals. Unit Ka-3 reaches maturity 
in its lower parts, as shown by at least one maturity 
indicator at eight wells: South Meade I, South Simpson I, 
Simpson I, J. W. Dalton I, Atigaru Point 1, North Kalikpik I, 
South Harrison Bay I, and Inigok 1. The lower two-thirds of 
the unit is thermally mature at Seabee I. Herbaceous kerogen 
is dominant in visual analyses; however, Significant amounts 
of amorphous kerogen are present in many wells 1n the 
northern part of the Reserve, as shown on cross section A-AI 
(fig. 125). This may indicate a stronger tendency towards 
Oil-prone sources, but nearly all PHC/OC indicators show gas­
prone sources. 

UNIT Kb 

Source rock potential in unit Kb is poor at J. W. Dalton I, 
W. T. Foran I, and Cape Halkett 1; elsewhere, it ranges from 
poor to good, with large sections of fair potent1al at 
Atigaru P01nt I and Drew P01nt 1. Intervals of good source 
potent1al at At1garu Point 1, East Simpson I, and East 
S1mpson 2, are related to coaly layers. Un1t Kb 1s thermally 
immature. Herbaceous and woody kerogens dominate, indicating 
gas-prone organ1c matter. 

UNIT T 

Source rock potent1al with1n unit T is poor. TOC values 
denoting good source potential at J. W. Dalton 1 are largely 
attributed to organic layers and peat. The Tertiary section 
is thermally 1mmature. Herbaceous and woody kerogens 
dominate visual kerogen records, indicat1ng gas-prone rather 
than Oil-prone source potential. 
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INTERPRETATION SUMMARY 

In ~hls report, the three main tectonic subdivisions in the 
NPRA are the Arctic Coastal Plain, Foothill s Fold Belt, and 
Brooks Range Orogen, as shown in figures 8 and 29. The 
exploration possibilities in these regions are: stratigraphie 
~raps in the Arctic Coastal Plain, large anticl1nal trends in 
the Foothills Fold Belt, and overthrust areas in the Brooks 
Range Orogen. 

The greatest exploration possibilities probably are In the 
Arctic Coastal Plain. Along hinge l1nes on the flanks of 
regional highs and/or basins in this area, the sedimentary 
units are truncated, lap out against the basement, a"re over­
lapped in turn by younger rocks, and contain zones of facies 
changes. OffShore sand bars and reefs may occur in the 
subsurface. 

In tne Foothills Fold Belt and Brooks Range Orogen, large 
structures are the main exploratory objectives. The 
Foothills Fold Belt has a northern zone comprising shallow 
folds with complex axial Shale cores and a southern zone 
comprising similar complex folds and thrust faults. Several 
structures in the northern part of the Foothills Fold Belt 
are ~drocarbon-bearing. The large structural trends in the 
middle and southern parts of the belt are largely untested, 
but may contain accumulations of petroleum. 

The Brooks Range Orogen 1 s domi nated by thrust faults, and 
the subsurface geology in the area is not well known. 
However, the hydrocarbon potential of this thrust-faulted, 
folded, and complex belt may be somewhat similar to that in 
Rocky Mountain overthrust areas. Lack of known potential 
reservoirs in the Brooks Range Orogen is a drawback. 

Potential NPRA reservoir beds of pre-Cretaceous age (fig. 4), 
in ascending order, are the: possible Mississippian­
Pennsylvanian clastic facies of the lisburne Group, 
Mississippian "Dolomite unit" of the Alapah limestone. 
Pennsylvanian-Permian Wahoo Limestone, Permian Ikiakpaurak 
Member of the Echooka Formation, Triassic "Ivishak 
sandstone-. Triassic Sag River Sandstone, Early Jurassic 
"Barrow sandstone," and late Jurassic "Simpson sandstone." 
In the Jurass1c-Neocomian Kingak Fonnation, known sandstones 
that may be potential reservoirs inclUde the "Peard 
sandstone," Neocomian sandstones found at Tunalik 1. and the 
seismically defined "Kealok anomaly," which may contain 
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sandstone. Additionally" a number of undiscovered, unnamed 
sandstones probably occur within the Kingak. Sandstones of 
reservoir quality in Cretaceous rocks include the IIPebble 
Shale u sandstone, "Walak.pa sandstone," IIbasal Torok ,'I and 
marine and nonmarine sandstones of the Nanushuk Group. 

LISBURNE GROUP 

Potential traps in the Lisburne Group occur along the south 
fl ank of the Barrow Hi gh-Barrow Arch and the fl anks of the 
Wainwright Arch-Utukok High, Meade Arch, Fish Creek Platform, 
Oumalik High-Key River Arch, and Umiat Platform. The 
Lisburne does not seem to be very prospective in the Brooks 
Range Orogen, because of the probable lack of porosity. 
L1sburne 1 was drilled to test the Lisburne Group; minor gas 
shows and some dead 011 stains were found. but no inter­
granular porosity. Also, fractures seemed to be filled with 
calc1te and quartz, suggesting that fractured reservoirs 
may not occur near LiSburne 1. Adequate porosity for 
significant production has not been found in the Lisburne 
Group. However, stacking velocity analyses suggest the 
pOSSibility that Paleozoic sediments in the Umiat Basin 
contain clastic or porous carbonates and that lap-out edges 
on the flanks of regional highs may be clastic and porous. 

The potentially porous dolomites in the Alapah Limestone may 
lap out on the UAcoustic basement II on the east flank of the 
Meade Arch, north fl ank of the Ouma 1 i k Hi gh, south flank of 
the Fish Creek Platform, and north flank of the Umiat 
Platform where the Alapah seems to be truncated by younger, 
prObably impermeable, Mississippian rocks (figs. 10, 96). 
The "Dolomite unit" near the top of the Alapah is the main 
Lisburne reservoir rock in the Prudhoe Bay area. 

The Wahoo Limestone laps out against the Barrow High and 
Meade Arch between Peard Bay and Smith Bay (figs. 9, 41, 96), 
and may be sealed by the interbedded shale and 1 imestone of 
the overlying IITransition Zone." Heavy 011 and tar recovered 
from tests in J. W. Dalton 1 indicate that porous zones in 
the area possibly could yield lighter oil in commercial 
quantities. The onlap of the Wahoo Limestone onto the 
Wainwright Arch may form a trap in the northeastern corner of 
the Wainwright Quadrangle. There, the Wahoo is believed to 
Change laterally to clastics, as suggested by a low-velocity 
seismic anomaly in the area (seismic map 58). 

ECHOOKA FORMATION 

The Ikiakpaurak Member of the [chooka Formation onlaps the 
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basement on the Wainwright Arch, and may be sealed by the 
overlying "Kav1k shale. II In the northwestern NPRA, the 
Ikiakpaurak Is composed of conglomeratic sandstone. Gas 
shows at Peard 1 suggest that hydrocarbons may be present 
elsewhere In the area. The Ikiakpaurak may also be a 
potential sandstone reservoir on the south flank of the 
Barrow High and on the north end of the Meade Arch, if it is 
overlapped and sealed by the 'Kavik shale." 

'IVISHAK SANDSTONE" 

In the northernmost NPRA, the l'Ivishak sandstone'l is a 
potential reservoir in a narrow belt south of the Barrow High 
and along the northeastern coast through Smith Bay and 
Harrison Bay (figs. 48, 70). To the north, the "Pebble 
Shale" truncates the "Ivishak sandstone II ; to the south, 
facies of the "Ivishak" change to siltstone and shale. The 
"Ivishak sandstone II is the main reservoir at Prudhoe 8ay 
where it is penneable and porous. However, wherever it was 
penetrated In the NPRA, the unit is siltier and less 
penneable. 

SAG RIVER SANDSTONE 

The Sag Ri ver Sandstone is an exce 11 ent potent i a 1 reservo; r 
in the northernmost NPRA (figs. 50, 71) from the Peard 1 area 
through Smith Bay, and along the coast around Smith Bay. 

KINGAK FORMATION SANDSTONES 

The Kingak Formation contains several potential reservoir 
sandstones in the northeastern NPRA, including the Early 
Jurassic "Barrow sandstone. N The Kingak is mostly shale east 
of tne Meade Arch, but sands possibly occur on the south 
flank of the FiSh Creek Platform and east flank of the Meade 
Arch, although no sandstones were found in wells in these 
areas. 

Kingak sandstones in the west include the Late JUrassic 
nSimpson sandstone" and "Peard sandstone," as well as 
Neocomian sands in Tunalik 1 that had gas shows. These 
sandstones prObably are truncated northward by the basal 
"Pebble Shale" unconformity, with facies changing to shale 
basinward. 

Up-dip facies Changes from sandstone to Shale in the Kingak 
are i ndl cated on the west si de of the Meade Arch. The 
Jurassic "Simpson sandstone, II dri 11 ed at Topagoruk 1 J South 
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Simpson 1, South Meade 1, Kugrua 1, and Peard I, appears to 
sha 1 e out to the north (fi gs. 57, 70). The same hori zan is 
composed of siltstone and shale at Kuyanak I, Walakpa I, and 
Walakpa 2. A potentially large hydrocarbon accumulation may 
be trapped in the "Simpson sandstone II south of Kuyanak 1. A 
nearly east-west Jurass1c h1gh-velocity anomaly extending 
from south of Kuyanak 1 to Peard 1 and Kugrua 1 may 
approximate the axis of deposition of the "Simpson 
sandstone" (seismic map 56). Potential traps also may occur 
wherever the "Pebble Shale Q unit or the "basal Torok" 
unconformably overlies the "Upper Kingak." 

CRETACEOUS SANDSTONES 

The gas-bearing "Walakpa gas sandstone" occurs at the base of 
tne "Pebble Shale" unit on the south flank of the Barrow 
High.. The ·Walakpa gas sandstone" and "Pebble Shale" dip to 
the south where oil may occur below the gas accumulation 
(fig. 78). To date, drHling has not defined the maximum 
thickness of the sandstone, its geographic extent, or the 
amount of gas or other hydrocarbons present. 

In the NPRA,. the ·Pebble Shale" unit contains several 
isolated sandstone bodies at the base and within the unit, 
referred to collectively as the "Pebble Shale" sandstone 
(figs. 61, 62). On the west flank of the Meade Arch, a large 
sandstone body at the base of the "Pebble Shaleu is similar 
to the Put Ri ver Sandstone in Prudhoe Bay Fi e 1 d and Kemi k 
Sandstone in the northeastern Brooks Range. 

Any hydrocarbons that may be present in the basal "Pebble 
Shale" sandstone body located between Smith Bay and Harrison 
Bay probably are concentrated along the crest of the Barrow 
ArCh. The MPebble Shale" sandstone dips southward and 
northward from the crest of the Arch and good potent i a 1 
exists for hydrocarbon accumulation along the Barrow Arch 
below the "Pebble Shale." 

TOROK FORMATION AND 
NANUSHUK GROUP 

Several structures in the northern part of the Foothills Fold 
Belt (fig. 26) are hydrocarbon-bearing, shallow, complex 
folds with axial shale cores in the Torok (see also figs. 
130, 131). An example of this type of fold is the Shanin­
garok anticline shown on seismic line R7XN-79 in figure 132. 
One of the foothills structures, the Umiat structure, 
contains both oil and gas and perhaps could be developed into 
an econom1c oil field under favorable conditions. Minor oil 
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production or oil and gas shows were encountered above 2.000 
ft (610 m) in all 11 wells drnled in the Umiat structure 
from 1945 through 1952. Two sandstones in the Nanushuk Group 
were the source of all production. 

The zone of shallow folds trending westward from the Gubik 
area (just east of the Reserve in figure 130) through the 
Umiat, Wolf Creek. Square Lake. Ouma1ik, and Meade areas also 
had nydrocarbon shows. At Oumalik 1. gas shows were detected 
throughout the Torok Formation. Because of gas shows in the 
Torok and POSSible closures in the complex folding and 
faulting. the "basal Torok" is a good secondary objective for 
wells drilled into a shallow fold; however, such closures in 
the Torok are difficult to define seismically because of the 
complex structure. 

Awuna 1. the only well drilled in the southern Foothills Fold 
Belt (figs. 89. 131. 132), tested the shallow Nanushuk Group 
and IIbasal TorOk" on the crest of the Awuna structure. Tests 
at Awuna 1 produced a SUbstantial salt water flow from a 
thick Lower Cretaceous, fractured(?) sandstone. Numerous gas 
shows were encountered at 6,500 to 7,000 ft (1,981 to 2.134 
mI. and some oil shows were found from l,B50 to 2,600 ft (564 
to 792 m). The Awuna structure and similar folds are 
associated with a pronounced thrust and fold belt called the 
Carbon trend. 

On the Fish Creek Platform, the marine Nanushuk contains 
several potential reservoir sandstones that may be offshore 
bar deposits. ~drocarbon traps may exist to the west where 
the sandstone possibly changes laterally to marine shale or 
impermeable nonmar1ne Nanushuk rocks. 

The most favorable area for exploration in the marine 
Nanushuk is within the 20 percent sand limit, as shown by 
Bird and Andrews (1979) and Huffman and Ahlbrandt (1979). 
Thi s area extends we 11 beyond the area of the Fi sh Creek 
Platform and includes parts of the Meade Arch, Oumalik High, 
and Ikpikpuk and Umiat Basins. On the crest of the FiSh 
Creek Platform, the mar1ne Nanushuk contains less than 20 
percent sand, nevertheless. gas ShOWS were found at West Fish 
Creek 1; gas shows also were found in the Mbasal Torok" at 
West Fish Creek 1. Presumably. the marine Nanushuk is more 
favorable for exploration west of the Fish Creek Platform 
where a combination of high sand content and regional dip 
favor the accumulation of hydrocarbons (figs. 10-12). 

Hydrocarbon seeps are known on the margi n of the Simpson 
canyon. a Cretaceous cut-and-fill feature located on the 
nOrth and west margins of the Simpson Peninsula (figs. 
17-20). This probable submarine canyon was cut through the 
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Torok-NanUShuk sequence in Cretaceous time, and may have cut 
below the "Pebble Shale" unft in places. Microfossl1s 
i ndi cate the canyon 1 s fill ed by Late Cretaceous shales, 
siltstones, and silty sandstones. The shallow Nanushuk and 
the "Pebble Shale" un1t may be the most likely source of the 
seeps. 
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APPENDIX A 

DRILLING RESULTS, 1945-1981 





TABLE Al.--NPR-4 drilling results. 1947-195Z 

(All wells were w1ldcat wells except for Sent1nel Hill 1 
and Skull Clfff 1. whfch were core-test wells.] 

Kelly Total depth, 
well nasne olte frm bushtng ftC.). and .. " spud to elevation. deepest rock 
location cOIlpletion ft(lI) unit attained .... ". 

Fish CrlHk 1 
lat 70019'IS"N 05/17/49- 31.5(9.6} 7.020(Z.320) Abandoned of I 
long 151°58'08°W 09/04/49 Torok FOnnlltion well. 

Grandstand 1 
lat 68°S7'SS"W OS/OI/SZ- 66S(203} 3.939(I.Z01) Gas shows; plugged 
long IS1°55'OZoW 08/08/52 Torok Fo~tton and abandoned. 

Gubik 1 
lat 69°Z6'46"N OS/20/51- 156(46) 6 ,000(1,8291 Abandoned gas 
long lS1°28'06"W 08/11/51 Torok Formation well. 

Gubik 2 
lat 69°Z5 'lOON 09/10/51- 163(50) 4,620(1,408) Ot1 and gas shows; 
long lSl~7'26"W 12/14/52 Torok Formatfon plugged and 

abandoned. 
Kaolak 1 

lat 69-56'H 07/21/51- 178(54} 6,95Z(Z.119) on and gu shows; 
long 160014'51-W 11/12/51 Torok Formation plugged and 

abandoned. 
Knffeblade 1 

lat 69·09'Q4"N 10/13/51- 999(304) 1.805{550) Dry; plugged 
long 154°43'Zl"W lZ/22/51 Nanushuk Group and abandoned. 

Knffeblade 2 
lat 69°08'19~N 07/26/51- 876(Z67} 373(114} Dry; plugged 
long 154-44'12°W 08/05/51 Nanushuk Group and abandoned. 

Knffeblade 2A 
lat 6g008'19~H 08/06/51- S74(Z66} 1.805(S50} Oil shows; plugged 
long 154°44'IZ"W 10/07/51 Nanushuk Group and abandonl!!d. 

Meade 1 
lat 7000Z'30~H 05/02/50- Zll(64} 5.30511.617) Oil shows; plugged 
long 157"Z9'23·~ 08/2.1/50 Torok FOrMation and abandoned. 

Oumalik 1 
tat 69"SO'lS"N 06/11/49- 194(59) 11.872(3.614) Many gas shows; 
1 ong ISS-59 '2.4"'11 04/2.3/50 Kingak Formation plugged and 

abandonl!d. 
East Oumalik 1 

lat 69'"47'Z9"N 10/23/50- 293(89) 6.035{l,839) at 1 and 9as shows; 
long 155"3Z·39·~ 01/07/51 Torok Formation plugged and 

abandoned. 
Sl!ntfnel Hill 1 

lat 69036'57"14 01/26/47- Z09(64) 1.180{360) Dry; plugged 
long 151-2.7'II°W 03/2.3/47 Seabl!e Formation ilnd abandoned. 

Simpson 1 
lat 70057'IZ"N 06/14/47- 29(91 7.00Z(Z.134} Oi 1 and gas shows; 
long 15S"Z1 '5Z·W 06/09/48 "Argillite" plugged and 

abandoned. 
ttorth Sillpson 1 

lat n"03'23"N 05/06/50- 30(9) 3.774(1.150) Ory; plugged 
long 154"5B'06""" 06/03/50 Torok Formation and abandoned. 
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TABLE Al,--NPR-4 drfllfng results. 1947-1952 (Contfnued) 

Kelly Total depth, 
Well name Date frOlJ bushing ft{II). and .. " spud to .'eYation, deepest rock 
location completion ft{lI) unit attafned Remarks 

Skull Clfff 1 
1at 70-54'H 02/02147- 50(15) 779(237) Dry; plugged 
long 157 -36 'w 03/17/47 Torok. Fonnation and abandoned. 

Square Lake 1 
340(104) lit 69-34 '!N 01/26/52- 3,987(1,215) Gas shows; plugged 

long 153-18 'tW 04/18/52 Torok Formation and abandoned. 

Tftaluk 1 
lat 69-25'21"N 04/22/51- 840(256) 4,020(1,225) Ory; plugged ,," long 154-34'04"W 07/06/51 Torok Fonnation abandoned. 

Topagoruk 1 
1at 70-37'30"N 06/15/50- 42(13) 10.50313.201) Oil and gas shows; 
long 155-53'36"'11 09/28/51 "Argillite" plugged and 

abandoned. 
East Topagoruk 1 

lat 70-34'37.5"N 02/18/51- 67(20) 3,589(1,094) Gas shows; plu9ged 
long 155-22'39"U 04/16/51 Torok Fo~tfon and abandoned. 

Wolf Creek 1 
lat 69-23'11")1 04/29/51- 714(218) 1,500(457) Gas shows; plugged 
long 153"31 '15"~ 06/04/51 Nanushuk Group and abandoned. 

Wolf Creek 2 
'at 69-Z4'17"N 06/06/51- 443(135) 1,618{4931 Gas shows; plugged 
long 153-31 '15"'11 07/01/51 Nanushuk Group and abandoned. 

'1101 f Creek 3 
lat 69-23'n"N 08/20/52- 75012291 3.760(1,146) Gas shows; plugged 
long 153"31 '2SnW 11/03/52 Torok Formatton and abandoned. 
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TABLE AZ._.NPR-4 and NPRA drilling results. 1975-1981 

[All ~11s wera wildcat wells except for 
Wa1akpa 2. a developmental gas well.) 

Kelly Total depth. 
Well naN Date fr'CIII bushing ft(.). and 

.nd spud to eleyation, deepest rock 
location completion ft{lI) unit attained Remarks 

At1garu Point 1 
lat 70·33'22.03°H 01/IZ/77- 21{8) 11.535(3,516) Poor 011 Shows; 
long 151°43'01.85"W 03/13/77 "Argillite" plugged and 

abandoned. 
Awuna 1 

lat 69°09'11.58"N 03/01/80- 1,129(344) 11,Zoo(3.414) Many gas shows; 
long 158°01 '21.27"'01 04/Z0/81 Torok Formation salt water flow 

frca 8.2Z5 to 
8,412 ft during 
dr111stem test; 
plugged and 
abandoned. 

Cape Halkett 1 
lat 70·46'02.702"H 03/24/75- 39.5(12) 9.900(3,018) Oil and rus shows; 
long 15ZoZ7'59.284·W 06/01/75 °Argillite" dry; pugged and 

abandoned. 
J. W. Dalton 1 

lit 70055'13.79"!1 05/07/79- 37(ll} 9,367(2,855) Oil and gas shows, 
long 153°08'15.104"W OB/Ol/79 "Argillite" sOll1e heavy 011 

recovered during 
testing; plugged 
and abandoned. 

West Dease 1 
lat 71°09'32.65"N 0Z!19/80· 24(7) 4,170(l,Zl1 ) Oil and gas shows; 
long 15S037'45.19"W 03/26/80 "Argillite" plugged and 

abandoned. 
Drew Point 1 

lat 70 05Z'47.141"N 01/13/78- 35(11) 7,946(2.422) Poor oil and gas 
long 153·5J'59.931"W 03/13/78 "Argillite" shows; plugged 

and abandoned. 
West Fi sh Creek 1 

lat 70019'35.99~ 0Z!14/77- 113(34) 11,427(3.483) Poor ofl shows; 
long 15Z·03'38.03"W 04/Z7/77 Lisburne clastics plugged and 

abandoned. 
W.T.Foran1 

lat 70049'56.01-N 03/07/77- 39(12) 8,864{2,7021 Oil and gas shows; 
long 152-18'll.Z3~1oI 04/Z4/77 "Argl1lite" plugged and 

abandoned. 
South Harrison Bay 1 

lat 70 025'29.31"N 11/21/76- 4504 ) ll,290{3,4(2) Poor 011 shows; 
long 151°43'5Z.48H~ 0Z/08/77 L 1 sburne Group plugged and 

abandoned. 
Iko Bay 1 

lit 71-l0'13"N 02/01/15- 40(12) 2,731(832) Marginal gas 
long 156°10'Ol~W 03/11/75 "Argillite" discovery; 

plugged and 
abandoned. 

Ikp1kpuk 1 
lat 70027'19.679"N 11128/78- 52(16) l5.481(4.719) Oil and gas shows; 
long 154 °19' 52.780·'" 02/28/80 ~Ar9illiteg plugged and 

abandoned. 
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TABLE A2.--NPR-4 and NPRA drilling results, 1975-1981 (Continued) 

Kelly T ota 1 depth. 
Well name Date frail! bushing ft(m). and .. " spud to elevation, deepest rock 
location cOllpletfon ft(m) unft attafned Remarks 

In1gok 1 
lat 70000'17.483°M 06/07/18- 163(50) 20,102{6,lZ7) Ofl and gas, hydro-
long 153°05'S6.916·W OS/22/79 End1 cott Group gen sulffde, 

sulfur shows at 
17 .570 ft; 
plugged and 
abandoned. 

North Ini gok 1 
1at 70 0 1S'Z7.3Z-M 02/13/81- 166(51) 10,170(3,100) Gas shows; plugged 
long 15Z045'57.53°W 04/04/81 Shublik Formation and abandoned. 

North Ka1fkpfk 1 
lat 70-30'33.0z3°N 02/Z7/78- 40(12) 7,395(2,254) Poor oi 1 and gas 
long 152-22'04.169"'11 04/14/78 Kingak FOl"lllation shows; plugged 

and abandoned. 
Koluktak 1 

lat 69-45'D8.62~N 03/24/81_ Z05(62} 5,882{1.793) Gas and minor oil 
long 1548 36'40.1z·w 04/19/81 Torok Formation shows; plugged 

and abandoned. 
Kugrua 1 

lat 70-35'13.283°N 02/12/78- 8S(26) lZ,S88{3,8391 Oi 1 and gas shows; 
long ISS-39'43.258MW OS/29/18 Lisburne Group dryi plugged 

and abandoned. 
K1.I)'anak 1 

lat 70·55'53.48°N 02/13/81- 2B(9) 6,69012,039) Mf nor oil and gas 
long 156°03'53.08°'11 03/31/81 "Argillite- shows; plugged 

and abandoned. 
Lisburne 1 

lat 68°z9'05.4381°N 06/11/79- 1,862(568) 17 ,OOO(5,lB2) Sas shows; plugged 
long 155 8 41 '35.510·W 06/02/80 Lisburne Group and abandoned. 

South Meade 1 
lat 70-36'53.92°N 02/07/7B- 60(18) 9.945(3,031) Poor gas shows; 
long 156-53'Z3.60·W 01122/79 ·Argf11ite N plugged and 

abandoned. 
Peard 1 

lat 70"42 '56.321 8N 01/26/79- lOJ{31 ) 10,225(3,117) Poor gas shows; 
long lS9"OO'02.51B·'~ 04/13/79 °Arg11lfte~ plugged and 

abandoned. 
Seabee 1 

lat 69·22'48.S19°~ 07/01/79- 322(9B) 15,611{4.7S8) on and gas shows; 
long 152°10'31.291"", 04/1S/BO Kingak Formation plugged and 

abandoned. 
East Simpson 1 

1at 700SS'04.01"N 02/19/79- 30{9} 7,739(2.359) Oil and gas shows; 
long 154-37'04.75 n W 04/10/79 "Argil1 ite- plugged and 

abandoned. 
East Silllpson 2 

lat 70"5B'42.51DN 01/29/80- 40(12) 7,505(2,288) 011 and gas shows; 
long 154°40'2S.74-W 03/15/80 -Arg1lliteO plugged and 

abandoned. 
South Simpson 1 

lat 70"48'24.7SMH 03/09177- 25(B) 8,795{2,681) Ofl and gas shows; 
long 154°5B'54.61·~ 04/30/77 -Argillite" dry; plugged and 

abandoned. 
East Teshekpuk 1 

lat 70"34'l1.661 0 tj 03/12176- 27.6(B) 10,664(3,250) Oil and gas shows: 
long 152°56'36.905 N W 05/11/76 Lisburne clastics dry; plugged and 

abandoned. 
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TABLE AZ.--HPR-4 and NPRA drilling results~ 1975-1981 (Continued) 

Kelly Total depth. 
well name Date from bush1n9 ft(III). and .. " spud to elevation. deepest rock 

location coq,letfon ft{m) unit attained Reaarks 

Tulagaak 1 
lat 71·11'21.6Z"N 02/Z6/81- 27(8) 4.015 (1,224) A few poor 011 
long 15S-44'OO.82-W 03/23/81 "ArgilliteO shows; plugged 

and abandoned. 
Tunalfk 1 

lat 7001Z'21.453"N 11/10/78- 110(34) 20.335(6.198) Sfgnff1cant gas 
long 161-04'09.1S9"W 01/07/80 L f sburne Group shows. Alaska 

depth record; 
plugged and 
abandoned. 

Walakpa 1 
lat ]1°05'57.63"14 12/25179- 50(15) 3,666(1,117) Gas shows; 
long lS6°S3'03.79"W 02/08/80 -Argillite- plugged and 

abandoned. 
Walakpa 2 

4,360(1,329) lat 71·03'OO.44~N 01/03/81- 61(191 Temporarily 
long 156·57'09.70-~ 02/15/81 -Argillite- abandoned gas 

well, Wa1akpa 
sand. 
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TABLE A3.--Barrow area drilling results. 1948-1981 

(All wells were developmental wells except for 
Avak 1 and South Barrow 1. 2, 3, 4, 12, 14, 

and 16. which were wildcat wells.] 

Kelly Total depth. 
Well nalle Date frolll bushing fUm). and an. spud to elevation. deepest rock 

location COIlp let i on fURl) unit attained Remarks 

Avak 1 
lat 71°15'02"N 10/21/51- 18.5(6) 4,02011,225) Tested ND1sturbed 
long 156"26'06"..., 01/14/52 "Argfllite" Zone"; plugged 

and abandoned. 
South Barrow 1 

lit 71"19' lZ"N 08/15/48- 18{S) 3,55311,0831 011 shows; plugged 
long 156·42'16·..., 11/11/48 DArgi111te" and abandoned. 

South Barrow 2 
lat 71"15'49"N 12/18/48- 34.5(11) 2,50S{7641 Flowed 500 thousand 
long 156°3S'OlM..., 04/15/49 HArgnl fte· cubic feet of gas 

per day; 
abandoned. 

South Barrow 3 
lat 71°09 '47"N 06/23/49- 44(13) 2,9001B84) Oil and gas shows, 
long 156·34'44·..., 08/26/49 "Argillite" plugged and 

abandoned. 
South Barrow 4 

lat n"15'51"N 03/09/50- 43(13) 2.538(714) Flowed 1.8 mrtl1ton 
long 156"37'50"W 05/09/50 "Argillite· cubic feet of gas 

per day; 
abandoned. 

South Barrow 5 
lat 7l01S'SI Y N 05/17/55- 3a.3(121 2,456(749) Flowed 7.9 mfllion 
long 156·37'59"W 06/17/55 "Argillite" cubic feet of gas 

per day maximum; 
gaswe11. 

South Barrow 6 
lat 7l·1S'44 Y N 07/28/64- 40(12.) 2,363(720) Initial pl"Gduction, 
long 156"36'53"W 03/24/64 "Barrow sandstone" 9.6 million cubic 

feet of gas per 
day; gas well. 

South Barrow 7 
lat 7l 015 '38"N 03/04/68- 36(11) 2,35117171 Upper "Barrow sand-
long 156"35'43"W 04/02168 "Barrow sandstone H stoneD source; 

gas well. 
South Barrow 8 

lat 71°15'546
" 04/04/69- 31(9) 2,359(719) Upper ~Barrow sand-

long 156°35'J2 g W 05/01/69 "Barrow sandstone" stone" source; 
glls well. 

South Barrow 9 
lat n616'03":i 03/19170- 29(9) 2.450(7471 Initial product1on .. 
long 156·36·53M~ 04/15/70 "Barrow sandstone" 7 to 8 million 

cubic feet of gas 
per day; gas well. 

South Barrow 10 
lat n 6 15'32"N 03/07173- 38(12) 2,349(716) Gas well. 
long 156°37'34"'11 03/24/73 ·Barrow sandstone~ 

South Barrow 11 
lat 71"15'22"~ 02/10/74- 36( 11) 2,350(716) Gas well. 
long 156°36'24-'11 03/05/74 nBarrow sandstone M 
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TABLE A3 ••• Barrow area drillfng results. 1948·1981 (Continued) 

Kelly Total depth. 
Well name Date from bushing tt(II). and 

and spud to elevation. deepest rack. 
location cClllplet10n ft(lI) unit attained ReIIIarlts 

South Barrow 12 
lat 71°14'14°1.1 03/10/74- 26{S} 2.283(696) 011 and gas shows. 
long 156°20'16"W 05/04/74 Shublik Fonut10n dry; suspended. 

South Barrow 13 
lat 71°15'13.84-1.1 12117/76- 40(12) 2.534(773) Marginal praduc-
long 1S6°37'40.41-W 01/16/77 "Argil li teO tion; suspended 

gas well. 
South Barrow 14 

lat 71°13'58.79·N 01128177- 31 (9) 2,257(688) Upper and lowar 
long IS6·1S'11.02°W 03/03/77 Sag River Sand- °Barrow sand-

ston. ~ivalent stoneO source; 
gas well. 

South Barrow 15 
lat 71°14'5S.68-N 08/23/80- 3019) 2,27S(694) Upper -Barrow sand-
long 156°Z0'42.13°W 09/1S/80 -Barrow sandstoneO stone" source; 

gas well. 
South Barrow 16 

lat 71°16'~6.681·N 01/28/78· 3019) 2.400(732) Dry; plugged and 
long 156°32'46.814"W 02/18/78 °Argillite- abandoned. 

South Barrow 17 
lat 71°14'OO.506-N 03/02/78- 33(101 2.382(]26) Edge well; produces 
long 156°15'34.328MW 04/13/78 "Argillfte" water wfth gas; 

suspended. 
South Barrow 18 

lat 71°14'22.98°1.1 09/22/80- 30(9) 2.135(651) Lower HBarrow sand-
long l56°18·41.00-~ 10/14/80 -Barrow sandstone" stone" source; 

gas well. 
South Barrow 19 

lat 7l·14'29.470"N 04/17/78- 30(9) 2,300C7011 Lower -Barrow sand-
long 156·20·OO.687°~ 05/17/78 -Argillite" stone" source; 

gas well. 
South Barrow 20 

lat 71°13'57.02°H 04/07/80- 30(9) 2,356{718) on and gas shows; 
long 156°Z0'11.9SB W 05/10/80 -Argil1tte" suspended as 

marginal ofl 
producer. 
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TABLE A4.--Umiat area dr1111ng results, 1945-1952 

(All wells wer@ d@v@lopmental wells exc@pt for 
Umiat I, 2. and 3. which were wildcat wells.] 

K@lly Total depth. 
Well name Date from bushfng ft{II). and 

and spud to elevation, deepest rock 
location cQIIIPletfon fUm) unit attained ..... "', 

Ulliat 1 
lat 69°23'SZoN 06/22/45- 810(241) 6,005(1.830) 011 shows: plugged 
long 152°19'45"W 10/05/46 Torok Formation and abandoned. 

Umfat 2 
lat 69-23'04°N 06/25/47- 342(104) 6 ,212U ,893) on shows; plU9ged 
long 152°05'Ol~W 12/12/47 Torok Formation and abandoned. 

Umiat 3 
lat 69-23'16°" 11/15/46- 360{llO) 5721174} Pumped 24 barrels 
10n9 152°05'14·~ 12/26/46 Nanushuk Group of 011 per day; 

abandoned. 
Urafat 4 

lat 69°23'ZOMN OS/26/50- 483(147) 840{256) P~d 100 barrels 
long 152°04'53°w 07/29/50 Nanushuk Group of 011 per day; 

shut-in. 
Umiat 5 

lat 69°23'05"N 07/05/50- 335{10z} l,077{328) Pumped 400 barrels 
long 152-04'56°W 09/22/50 Torok FOrMation of 011 per day; 

shut-fn. 
lhaiat 6 

lat 69°22'44-N 08/14/50- 337(103) 825(251) Bafl@d 25 barrels 
long lS2-0S'40M~ 12/12/50 Nanushuk Group of on per day; 

gas show; 
abandoned. 

Ulliat 7 
lat 69-22'33°N 12/14/50- 130{100} 1,384(422) Oil and gas shows; 
long 152°06'17°w 04/12/51 Torok Formation plugged and 

abandoned. 
umiat 8 

lat 69°23'59°N OS/02/S1- 740(226) 1,327(404) Pumped 100 barrels 
long 152°06'56"\11 08/28/51 Torok Fonmation of oil p@r day; 

flowed 1.9 million 
cubic feet of gas 
per day; shut-in. 

Umiat 9 
lat 69°23'14 MN 06125/51- 424{129} 1,257(383) Pumped 217 barrels 
long 152°10'11·W 01/15/52 Torok Formation of 011 per day; 

shut-in. 
Umiat 10 

lat 69°24'04 N N 09/09/51- 746(227) 1,573(479} Pumped 222 barrels 
long 152°07'57M~ 01/10/52 Torok Formation of oj1 per day; 

shut-in. 
Umiat 11 

lat 69°24'29°N 06/03/52- 481(147) 3,JOJ{l,007) Oil and gas shows; 
long IS2-05'58 NW 08/29/52 Torok Formation plugged and 

abandoned. 
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APPENDIX B 

SEISMIC PROGRAMS, FY 1972-FY 1980 





TABLE 81.·-FY 1972 seismic program 

[Geophysical Service Inc. (G51l party 195. also called party 
6-1, conducted the survey from 26 April to 15 Mat 1972 

fn the Barrow area. Data quality was fair.] 

Sef SIII1c Shotpo1nt MuRmer ot 
line range line l1111es 

• 1-38 '.2 
8 1-60 9.8 
C 1-23 3.7 
0 1-21 3.3 
E 1-40 '.S 
F 1-36 S •• 
G 1-23 3.7 
H 1-22 3.S 
t . 1-74 12.2 
J 1-45 7.3 

TOTAl 62.0 

TABLE 82.--FY 1972 ncording parameters 

(Dynallite was the energy source. Seismic data were recorded 
on dfgital tape wfth TIAC. 21-track DFS-IIl instruments 
with an 8-124 Hz filter. Geophones were type HSJ-14.J 

Number of channels 48 

Multiplicity 3-fold 

Group interval 110 ft 

Spread (symmetrical) 55-2585 ft 

Shotpo1nt offset 55 ft. in line 

Shatpot nt spaci"9 880 ft 

Geophones per gr1lup 12 

Geophone spacing 20 ft 

Sample rate 2 ms 

Record length 5 s 

Charge 25 ,. 
Depth 55 ft 

143 



TABLE B3.--FY 1973 seismic program 

[SSI party 195, also called party G-2, conduct~d th~ 
survey from 30 NOvember to 20 December 1972 in 

the Barrow areil. Data quality was fair.] 

Sei SIIic Shotpoint Nulilber of 
line range line miles 

K \-6. 5.67 
L 1-84 6.92 

" \-67 5.50 
N 1-119 '.83 
Q 1-44 3.58 

TOTAL 31.50 

TABLE B4.--FY 1973 recording parameters 

[Dynamite was the energy source. Seismic data were recorded 
on digital tape with iIAt, 21-track DFS-III instruments 
with an 8-124 Hz filter. Geophones were type HSJ-14.] 

Number of channels 48 

Multiplicity 6-fold 

Group f ntern 1 110 ft 

Spread (symmetrical) 55-2,585 ft 

Shotpoint offset 55 ft, tn line 

Shotpoint spacing 440 ft 

Geophones per group \2 

Geophone spacing 20 ft 

Sample rate 2 .. 

Record length 5 s 

Charge 25 lb 

Depth 55 ft 
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Sehllfc 
line 

o 
P 
R 
S 
T 
U 
V 
W 
X 

TOTAL 

1 
2 
3 

• 
5 

6 
7 

8 
9 

10 
11 
12 
13 
I. 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

TABLE B5.--FY 1974 seismic prograll 

[GSI seismic crews recorded data froll 1 March to 15 May 1974 
covering I~062.47 line miles, including 43 line miles in the 
Barrow area and 1.019.41 line miles in zone A. Data quality 
~s good, except 1n local areas with abnonnal pe~frost 

condit1ons around lakes and active rivers.) 

Number of line m1les 

Shotpoint 
range 

Party 184 
(Navy 2) 

Party 186 
(Navy 3) 

IParty 195 
(Navy 1) 

1-30 
1·17 
1-23 
1-31 
1-24 
1-46 
1-52 
1-25 
1-19 

1-46 
1-28 
1-63 

121-225 
1-80 
1-91 
2-78 

101-149 
1-65 
1-100 

100-203 
1-90 
I'" 
1-112 
I'" 1-56 
1-12 
1-56 
1-19 
1-70 
1-148 
1-88 
1-153 
1-110 
1-86 
1-83 
1-39 
1-65 
1-126 
1-318 
1-131 

Barrow area 

Zone A 

24.00 

38.00 
27.25 
21.25 
20.25 

9.25 
16.00 
31.2:5 
79.25 
32.00 
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24.75 

24.15 

24.75 

20.25 
13.75 
17.50 
13.50 
19.25 
11.00 
36.75 
21.75 

'.83 
2.67 
3.67 
'.00 
3.83 
7.50 
8.50 
4.00 
3.00 

43.00 

11.25 
6.75 

15.50 

19.75 

19 00 

16.00 

25.75 
22.25 
20.25 
27.72 



Sefsmic 
line 

2. ,. 
30 

31 
32 
3'E 
33 
34 
35 
3' 
37 
38 
40 
41 
42 

TOTAL 

TABLE BS.--FY 1974 seismic program (Continued) 

Shotpoint 
range 

1-55 
1-136 
1·90 

91-250 
1-40 
1·63 
1-35 
1-45 
1-96 
1-77 
1-94 
1-43 
I-lOB 
1-78 
1-62 
1-80 

Party 184 
(Navy 21 

Number of line miles 

Party 186 
(Navy 3) 

Zone A (Continued) 

13.50 
33.75 
22.25 

40.00 
9.75 

8.50 
11.00 
23.75 

19.00 

10.50 

407.25 317 .25 

i»arty 195 
(Navy 1) 

15.50 

23.25 

26.75 
10.25 
15.25 
19.75 

294.97 

lparty 195 completed its Barrow area aSSlgn~ents 1-18 March 1974 and started 
recording in zone A on 29 March. 
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TABL.E B6.··FY 1974 recordfng parametel"S 

[Dynllmfte was the energy source. Seislllic data we~ recorded 
on digital tape w1th TIAC. 21·track DFS·IIl fnstruments 
with an 8·124 Hz filter. Geophones were t¥pe HSJ.14.] 

lone A 

Parties 184 
Parlllleter Barrow area and 195 Party 186 

Number of channels 48 48 48 

MultipHc1ty 3·fold 6·fold 6·fol d 

Group interval 110 ft 330 ft 330 ft 

Spread (symmetrical) 55·2.585 ft 165-7.755 ft 330.7.920 rt 

Shotpofnt offset 55 ft. in line 165 ft. in line 330 ft. in line 

Shotpofnt spaCing 880 ft 1.320 ft 1.320 ,. 
Geophones per group 12 9 9 

Geophone spacing 20 ft 15 ft 15 ft 

Sample rate 2 .s 2., 2 ., 

Record length 5 , 6 , • s 

NOdinal charge 25 Ib 50 Ib 50 Ib 

NOIIIi nal depth 60 ft 75 ft 75 ft 
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TABLE B7.--FY 1975 sed smic progralll 

[The seismic crews recorded data from 19 November 1974 to 23 Hay 1975 
cover1ng 2,440 line miles. 1ncluding 20.34 line miles in the Iko Bay 
area and 2.419.66 line miles in the lake Teshekpuk, coastal. and 

foothills areas. The bulk of the program extended from Cape Halkett 
westward, crossed Teshekpuk Lake, and terminated near the Meade 

Arch; the southern l1mfts extended into the northern 
footh1lls of the Brooks Range.] 

Number of line miles 

Seismic Shotpo1nt Party 182 Party 184 Party 186 'Party 195 
l1ne range (Navy 4) (Navy 2) (Navy 3) (Navy 1) 

Iko Bay area 

LX 101-155 9.17 
XX 101-125 4.17 
Y 1-25 4.00 
Z 1-19 3.00 

TOTAL 20.34 

Lake Teshekpuk. coastal. and foothills areas 

1D 1-47 11.25 
2D 1-30 6.75 
3D 2-69 16.75 
4D 1-43 9.25 
50 1-26 6.25 
6D 1-48 11.75 
7D 2-57 13.50 
3 63-93 7.75 

94-127 8.50 
3X 1-194 48.25 
5X 1-197 49.00 
]X 6-210 51.00 
17X 148-32B 40.00 
25' 1-103 25.50 
26X 3l!1-487 42.25 
29X 136-193 14.50 

194-260 16.75 
3DX 1-319 79.50 
32 35-107 18.25 
35 77-139 15.75 
36> 94-230 34.25 

231-373 35.75 
37X 1-267 66.50 
38' 1-37 9.00 
39 1-202 50.25 
40X 1-125 31.00 
43 1-203 50.50 

" 1-88 21.75 
4S 1-267 66.50 
46 1-283 70.50 
47 1-380 94.75 

411-536 31.50 
48 1-132 32.75 
49 1-348 86.75 
EO 1-43 1D.75 
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TABLE 87.--FY 1975 seismic pro9ram (Continued) 

Number af line miles 

Sefslllic Shotpoint Party 182 Party 184 Party 186 Party 195 
lfne range (Navy 4) (Navy 2) (Navy 3) (Navy 1) 

Lake Teshekpuk. coastal. and foothills areas (Contfnued) 

SI 1-327 81.50 
400-557 39.50 

S2 1-289 72.00 
53 10-170 39.75 

170-289 30.00 
5' 1-115 43.50 

201-334 33.50 
55 1-89 22.00 
56 1-73 18.00 
57 1-181 46.50 
58 3-568 141.25 
59XIII 1-326 81.25 

321-518 63.00 
60 1 ... 2 15.25 
61 1-56 13.75 
02 1-60 14.75 

73-238 41.50 
63 4-139 33.75 

140-489 87.50 
6. 1-68 16.75 
65 1-89 14.50 
66 1-162 40.25 
67 1-50 12.25 
68 1-187 46.50 
.9 1-57 14.00 
70 1-175 43.50 
71 1-76 18.75 
72 1-76 18.50 
75 1-68 16.75 
75 1-212 52.75 
7. 1-81 20.00 
77 1-90 22.25 

TOTAL 515.25 550.00 749.75 625.00 

lparty 195 completed its Iko Bay area assignments 19-30 tJovember 1974, 
then started recording in the Lake Teshekpuk, coastal. and foothills areas. 
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TABLE S8.-~FY 1975 reconiing pal"ailleters 

[Dynamite was the energy source. Seislllic data were reconled 
on dfgital tape with TIAC. 21-tl"ack DFS~IIl instruments 
with an 8-124 Hz fflter. Gl!!ophones were type HSJ-SH7 

in the Iko Bay area and Mandrell, 10 Hz. elsewhere.] 

Parameter 

Number of channels 

It.Ilt1pliCfty 

Group inter""l 

Spread (symmetrical) 

Shotpoint offset 

Shotpoint spacing 

Geophones per group 

Geophone spaci ng 

Suple rate 

Record length 

NOIIinal charge 

Nominal depth 

Iko Say 
area 

4. 
3~fold 

110 ft 

55-2.585 ft 

• 
55 ft. in line 

880 ft 

9 

15 ft 

2 ms 

5 s 

25 ,. 
60 ft 

150 

coastal and 
plains area 

4. 
6~fold 

330 ft (parties 
184 and 195); 

660 ft (party 186) 

165~7,755 ft 
(partfes 184 
and 195); 

330-7 • 920 ft 
(party 186 J 

165 ft (partfes 
184 and 195); 

330 ft (party 186) 

1.320 ft 

, 
15-20 ft 

'os 
6 s 

50 lb 

75 ft 

Foothills 
area 

48 

6-fold 

330 ft (parties 
184 and 195); 

660 ft (party 186 J 

165~7 ,755 ft 
(partfes 184 
and 195); 

330-7,920 ft 
(party 186) 

165 ft (parties 
184 and 195); 

330 ft (party IS6) 

1,320 ft 

, 
15-20 ft 

2 ms 

6 s 

100 Ib 

105 ft 



TABLE B9.--FY 1976 set SUlk prograll 

[The seismic crews recorded data frotl 23 January to 
5 May 1976 covering 1.439.75 line ml1es, including 

SefSlll1c 
line 

05-1 
DS-l 
OS-3 

TOTAL 

26 
30 
55 
56 

58 
61 

6. 
65 12. 

121 
122 
123 
12' 
125 
12. 
121 
128 
12' 
133 
134 
13' 
136 

TOTAL 

37 line !Riles in the Simpson detail program, 
1,218.25 line lIiles 1n the '!festern sector 

reconnaissance program. and 184.50 line 
lIiles in the western sector extended 

program. Data quality was good.] 

NuRber of line lIiles 

Shotpoint 
range 

, 
Party 

182 
(Navy 4) 

Simpson detail progru 

1-74 
34-1 
1-40 

18.50 
8.50 

10.00 

37.00 

Western sector reconnai ssance program 

2487_817 
3610-322 
101-316 
101-240 
443-333 

1125-664 
101-388 
389-455 
101-299 
90-291 

1-234 
1-220 

130-37Z 
1-144 
1-248 
1-359 

1&1-127 
1-202 
1-146 
1-176 
1-152 

80-222 
1-54 
1-142 

151 

54.00 
35.00 
27.75 

115.50 

16.75 
49.75 
50.5D 
58.50 
55.00 

89.75 

38.00 

35.50 

626.00 

Party 
186 

(Navy 3) 

81.25 
69.50 

72.00 

--~ 

60.75 
36.00 
62.00 

30.50 
50.50 
36.50 
44.00 

35.75 
13.50 

592.25 



TABLE 89.--FY 1976 seismic program (Continued) 

Number of lfne miles 

SeislIIic 
line 

68 
127 
130 

135 
13. 

TOTAL 

Shotpoint 
range 

Party 
,.2 

(Navy 4) 

Western sector extended pl"'Ogralll 

345-476 
328-202A 

1-137 34.25 
146-278 
55-162 
1-100 

34.25 

Party 
I •• 

(Navy 3) 

33.00 
32.00 

33.25 
27.00 
25.00 

150.25 

lParty 182 completed its Simpson area assignments 23-31 January 
1976 and started recording in the western sector on 1 f'l!bruary. 

2Skfpped shotpoints 786-791 1n the Kuli: River. 

3Skfpped shotpofnts 541-551 in the Kuk River. 

IoSkfpped shotpoints 66-70 in the Kuk River. 
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TABLE B10.~-FY 1976 recording parameters 

[Sefsaic data were recorded on digital tape Llsing a TIAC. 
21-track DFS~III system with an 8~124 Hz filter and 

standard roll-along cabling. Electrostatic 
cameras were used for monitor records. 

Geophones were ~pe Geospace 200.] 

Number of channels 48 

Multiplicfty 6-fold 

Gl'"OUp interval 330 ft 

Spread (symnetrical) 165-7,750 ft 

Shotpotnt offset 165 ft 

Shotpoint spacing 1.320 ft 

Geophones per group 18 

Geophone spacing 25 ft 

SalllPle rate 2ms 

Record length 6 s 

NOIIfnal charge 
Gelatin type 25-50 Ib 
Pelletized 105 lb 

NOilinal depth 7S~90 ft 

153 



TABLE Bll.--FY 1977 setsmic program 

[The seismic crews recorded data from 20 January to 23 May 1977 
covering 2.638.67 11ne miles in the northern foothills and thrust 

belt of the Brooks Range. including 576.75 line lIIiles in the detail 
program and 2,061.92 line miles in the reconnaissance program. 

Coverage 1s 6-fold except as noted. The quali~ of data 
aCqUired from the Coastal Plain was generally good; data 

fra- the foothills were generally of poor qua11~.] 

Number of line lIIi1es 

Seismic Shotpoint Party Party Party Party Party 
line range 1113 1182 1184 1186 1195 

Detail program 

0-1 1-48 12.00 
O-Z 1-38 9.50 
0-3 1-80 20.00 
0-' 1-42 10.50 
0-5 1-132 33.00 
0-' 1-33 8.25 
0-7 1-32 8.00 
0-8 11_137 32.50 
0-9 1-44 11.00 
0-90 1-90 22.50 
0-91 2-91 22.50 
0-92 1-76 19.00 
0-93 1-346 86.50 
0-94 1-69 17.25 
0-95 1-8' 21.50 
0-96 1-73 18.25 
0-97 1-115, 50.00 

201-285 
D-98 1-79 19.75 
0-99 1-162 40.50 
0-100 1-46 11.50 
0-101 1-69 17.2.5 
0-102 1-45 11.25 
0-103 1-41 10.25 
0-104 1-40 10.00 
0-105 21_73 18.00 
0-106 1_40 10.00 
0-108 1-104 26.00 

TOTAL 576.15 

Reconnaissance program 

3X 300-350 ,16.83 
350_423 v12.25 

5' 300-395 315 •92 
395-435 13.50 7, 300-330 10.11 
330·490 326 •15 

19' 501-554 17 .83 
554-629 3t2.58 
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TABLE B11.~~FY 1977 seismic progra!R (Continued) 

Number of line !Riles 

Se1S11ic Sbotpofnt Party Party Party Party P."" 
Hne range 1113 1182 1184 1186 1195 

Reconnaissance program (Continued) 

25X Slll.SU, 
36•58 539_566 

513.539, 
566-636 27.83 

29X 374-396 3 7.50 
396~470 12.42 

36X 400-472 312.08 
472~532 20.17 

37X 400-467 22.50 
467~760 48.92 

45X 601-673 24.17 
673-952 346 .58 

46x 340-434 31.50 
434-700 344.42 

49X 400-486 28.83 
486-757 345.25 

59 687~730 14.67 
63X 615~492 41.34 
64X 300~413 37.83 

413-659 
318: 42 

341.08 
68' 600-710 

710·943 77.83 
68W 1000-1109 36.67 
6BWX 476-545 23.33 
71 1-7. 

108·162 320 •33 
7·108 16.83 

72 103-140 12.50 
140·250 

36:75 1B.42 
73 1-41 

41-83 14.17 
78 1-74 24.67 
79 1-36 11.B3 

36-91 9.25 
80 1-54 17.B3 

54-132 313.08 
81 l-a. 2B.00 
83 1-95 31.67 
85 1-736 122.67 
86 1-748 124.67 
87 100-216 38.83 

216-606 365 .08 
88 93-212 339 •83 

212.·505 48.92 
89 500-582, , 

590-635 321 •50 
107 101_372 45.33 

335~67 379-592 
122X 401-62.9 3 38•08 

629-763 44.83 
124X 249-375 342 •17 

375-639 44.08 
127 330-494 ~2.7 .42 

494_500 2.17 
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TABtE B11.--FY 1977 seismic program (Continued) 

Seismic 
l1ne 

Shotpoint 
range 

Party 
1173 

Number of line miles 

Party 
11B2 

Party 
1184 

Party 
11B6 

Reconnaissance program (Continued) 

131 1 .. 134 
133X 200 .. 29B 
137 1-8. 
13SE 500_572. 

394•42 590-1084 
572 .. 590. 

1084-1301 75.50 
138101 201_270 

TOTAL 500.42 

lOeducted seven skipped holes. 
20educted one hole. 
~Coverage is 12-fold. 

576.50 
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44.67 
33.00 
2B.67 

23.33 

478.08 

Party 
1195 

506.92 



TABLE B12.--FY 1977 recording parameters 

[Reconnaissance data were recorded on digital tape using DFS-V 
instruments wfth SEG 8 format and an 8-128 Hz filter. Detail 

data were recorded using OFS-IV instruments with TIAC-C 
format, and an 8-124 Hz filter. Recording polarity was 
SEG standard. Geophones were type Geospace 200. 10 Hz.] 

Parameter 

Number of channels 

Multiplicity 

Group fnterval 

Spread (~.netrfcal1 

Shotpoint offset 

Shotpotnt spaCing 

Geophones per group 

Geophone spaCing 

Sample rate 

Record length 

NOlllinal charge 

NOII1nal depth 

Detail survey 

48 

6-fo1 d 

330 ft 

165-7.755 ft 

165 ft 

1,320 ft 

18 

25 f-O; 

2 os 

6 s 

50-100 lb 

75-105 ft 
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Reconnaissance survey 

6-fold and 12-fold 

220 ft 

110-10,450 ft 

110 ft 

1,760 ft (6-fold) and 
880 ft (lZ-fold) 

18 

25 ft 

2 os 

8 s 

105-110 lb 

105 ft 



TABLE B13.--FY 1978 seislllic pr09ram. Barrow area 

[Party 1182 conducted the surveys frOll 13 January to 31 May 1978. 
recordfng data covering 577.0209 line miles in the northern area 
extending froll PeaI'd 8ay to Carap lonely. The quality of land 
reconnaissance data was generally good, but that of the high_ 

resolution data was poor, as was that of the shallow-water 4ata.] 

Number of line mfles 

H1gh land Shal1ow·water surveys 
resolution reconna 1 ssance 
survey • survey. 
6-fold 6-fol d 12-fold 24-fold 

Seismic Shotpoint X 55 ft X 220 ft X 220 ft X 220 ft 
Hne range coverage coverage coverage coverage 

'-1 8-397 3.9583 .-, 1-144 .4.2917 7.0000 
'-ZA 1-110 4.5833 
.-3 1-132 5.5000 

1000-1216 0.2708 8.8333 
'-4 1-124 5.1667 .-, 1-246 10.2500 

1-81 13.5000 .-6 1-80 3.3333 
1000-1124 0.2708 5.0000 

B-6A 1-54 2.2500 
B-7 1-101 4.2083 
'-8 100-202 4.2917 

1000-1216 0.2708 8.8333 
'-9 1-138 5.7500 
8-10 1-192 8.0000 
B-lOA 101-164 2.6667 
8-11 1-305 12.7S83 

426-705 40.8750 5.7917 
8-1lA 1-101 4.2083 
8-12 1-226 9.4167 
8-13 101-273 3.7500 ,--

1000-1216 3.9167 19.1250 
8-14 156-1566 19.5625 52~0417 
8-15 1-21 0.2708 3~2083 
8-16 1-23 0.2708 3.5000 
8-17 1-70 8.1042 3.5000 
8-18 1-197 9.9583 22.8750 
8-19 1-144 18.6042 0.6250 4".7708 
8-20 6-110 11.7708 5.5417 
8-21 4-252 1.9375 8.5000 
8-22 :. 1-394 17 .8750 4.5000 7".4583 
B-23·· 1-122 20.3333 
8-24" 1-76 12.6667 .-'S 50-2 8.1667 

'-'i 31-1 5.1661 
'-2 4-l00 5.6042 6.8333 8-' 280-4 3.1042 8.5000 
8-30 4-128 5.2083 
a-laX 4-356 14.7083 
B-3QXE 4-203 8.3333 

204-22B 1.1042 
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TABLE B13.--FY 1978 seisllic program. Barrow area (Cont1nued) 

Number of Ifne mfles 

High Land Shal1ow-~ater survays 
resolution reconnafssance 
survey. survey. 
6-fo1 d 6-fol d 12-fold 24-fold 

Seismic Shotpofnt X 55 ft X 220 ft X 220 ft X 220 ft 
Une range coverage coverage coverage coverage 

'-1 1-392 6.3750 14.4583 
IX 4-41 1.1042 

42-121 3.8750 
75J( 4-584 10.0411 14.2917 
121X 441-220 0.5833 8.·6667 
1m 1-117 1.3750 3.6250 -
TOTAl. 90.3750 230.0834 5.1250 251.4375 
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TABlE BI4.--FY 1978 seismic program, southern foothills area 

[Partfes 1173, 1184, and 1186 conducted the surveys from 
13 January to 31 May 1978, recording data conring 

674.6667 line miles.] 

Number of line miles 

I Party Part;y 1184 
1173 

12-fol d 6-fo1 d 12-fold 
Set SIIIt c Shotpoint X 110 ft X 110 ft X 110 ft 

line range cO'lerage cO'lerage coverage 

.-1 1-648 170.9583 .-z 100-809 54.2500 32.0417 
R-2A 100-405 25.5000 
R-2B 100-162 5.2500 .-3 SOO-770 .... 1-373 .-. 106-380 22.9167 

381-1118 61.5000 
.-7 100-385 
37X 887-1097 17 .5833 
.5X 996-1361 24.0833 6.4583 
47X 715-1300 63.9167 6.0417 
SIX 600-911 52.0000 
89X 305-499 32.5000 
89XS 700-S00 8.4167 
107XE 1700-2106 33.9167 
L07xw 593-882 

TOTAL 145.3750 226.7500 145.2083 

1 Includes 33.9167 line miles recorded 6-fold X 110 ft. 

zParty 
1186 
6-fo1d 

X 110 ft 
coverage 

45.1667 
247.1667 

47.6667 

17.3333 

157.3333 

2. Inc1udes 5.0000 line miles recorded 24-fold x 110 ft, which was experimental. 
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TABLE B15.·~FY 1978 sefsmic program, umiat area 
,~ 

[Parties 1173 and 1184 conducted the surveys from 13 January 
to 31 May 1978, recording data cover1ng 328.8333 line miles. 

Data quality was excel1en~.] 

NUlllber of line miles 

Party 1173 
Party 1184, 

6~fold 12~fol d 12-fo1 d 
Sefsllic Shotpoint X 220 ft X 220 ft X 220 ft 

line range coverage coverage coverage 

U-1 1~107 10.5000 12.5833 
U-' 1-98 9.1667 11. 7500 
U-3 1·127 18.1667 12.0833 
U-4 1-196 23.8333 20.7500 
U-S 1-118 11.1667 14.0833 
0.6 1-94 9.5000 10.9167 
0.7 1-99 16.5000 
U-8 4-47 7.3333 
U-' 63-278 30.5000 20.7500 
U-10 1-91 30.3333 
17X 329-463 12.1667 16.4167 
73X 101·137 6.1667 
80X 133-200 11.3333 
138EX 1504-1580 12.8333 

TOTAL 155.3333 166.8333 6.1667 

161 



TABLE B16.--FY 1978 seismic program. Driftwood area 

[Party 1186 conducted the survey frolJl 
13 January to 31 May 1978.] 

NUllOer 
of line miles. 

12-fold 
Seismic Shotpoint X 220 ft 

line Tange coverage 

0-' 500-734 39.1667 
85X 2000-2216 36.1667 
85X 756-974 36.5000 
107XW 593-882 31.1667 
127X 1000-1129 21.1667 
130X 293-589 49.5000 
133X 351-600 41.6667 
137X 500-809 51.6667 

TOTAL 335.3335 
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TABLE B17.··FY 1978 recording parameters, northern program 

[Dynamfte was the energy source except on ocean fce where the 
energy source was an air gun. Seislllic data were recorded 
using DFS·¥ instruments. An 8-256 Hz filter was used for 
the hfgh·r-esolutfon survey and an 8·128 Hz filter else· 
where. Recording polarity was non·SEG standard because 
of a hard-wfred fault orfginating at the factory.] 

Survey type 

High Land Shallow 
Paraaaeter resolution reconnai ssance water 

Number of channels 48 48 48 

Multiplicfty 6·fold 6·fo1 d 12·fold and 24·fold 

Group f ntern 1 55 ft 220 ft 220 ft 

Spread (symmetrical) 28·1.293 ft 110·5.170 ft 110-5.170 ft 

Shotpo1nt offset 28 ft 110 ft 110 ft 

Shotpofnt spacing 220 ft 880 ft 440 ft (l2·fol d) 
aod 

220 ft (24-foldl 

Geophones per group 3 ,. 18 

Salllple rate I., 2ms 2 .. 

R.ecord length 6 s 6 s 3 s 

NOIIIi na 1 charge 25 lb 25 lb 

N0II1nal depth 50 ft 50 ft 
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TABLE B18.··FY 1978 recording parameters, southern program 

[Dynallite was the energy source. Se1smic data were recorded 
on digital tape using DFS·Y instruments with an 8·128 

Hz filter. Recording polarity was SEG standard.) 

U.fat Southem Dr1ftwood 
Parameter area foothills area a .... 

Number of channels 96 9" " 
Mult1plicity 6·fold and 6·fold, 12-fold, 12·fold 

12·fold and 24·fol d 

Group t ntena 1 220 ft 110 ft 220 ft 

Spread (synaetrical) 110-10,450 ft 55-5,225 ft 110-10,450 ft 

Shotpoint offset UO ft 55 ft 110 ft 

Shotpoint spac1ng l,7liO ft (li-fold) 880 ft (li-fold), 880 ft 
and 880 ft 440 ft U2·fol dl, 
(12·fold) and 220 ft 

(24-fold) 

Geophones per group 18 9 ,. 
Sample rate , ms , .. 2 _, 

Record length 8 S 8 s 8 , 

Nominal charge "50 lb 110 lb 110 lb 

Nomtnal depth 60.75 ft 105 ft IDS ft 
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TABLE B19.--FY 1979 seisMic program, Barrow area 

[Party 1182 conducted the surveys from 8 January to 3 H~ 1979. 
recording data covering 1,003.3333 line ~iles over an area 
extending from Peard Bay through Barrow to Teshekpuk lake. 

The qualtty of reconnaissance survey data was good to 
excellent except for data acquired near large bodies 
of water, which was poor. Htgh-resolution data 

quality was only fafr.] 

Number of lfne miles 

High Reconnaissance surveys 
resolution 
survey, 
6-fol d 6-fold 6-fold 

Seismfc Shotpoint X 110 ft X 220 ft X 330 ft 
line range coverage CoYer-aga coverage 

D1XN 101-194 23.5000 
D9XN 1-80 22.2500 
75XW 1-110 18.3333 
7sxwiSI 1-94 15.6667 
60' 1-301 50,3333 
602 1-161 40.2500 
60. 1-137 34.2500 
606 1-148 37.0000 
608 1-124 31.0000 
610 l-l8S 147.2500 
612 1-203 150.7500 
6,4 . 2-121 1 --- 30.2.500 
616 1-236 139.3333 
618 1-224 '137.3333 
618N 1-67 111.1667 
620 1-64 110.6667 
622 1-220 36.6667 
62' 1-57 9.5000 
626 1-93 15.5000 
626N 1-41 6.8333 
628 1-168 28.0000 
628N 1-103 1 --- 17 .1667 
651 1-63 15.2500 
652 62-1 15.1667 
653 52-1 14.3333 
654 1-49 .4.0833 
655 1-56 ~4.6667 
657 1-79 16.5833 
658 38-1 3.1667 
65' 1-67 11.1667 
659101 1-152 1 --- 25.3333 
660 49-1 14.0833 
661 1-71 5.9167 
663 1-83 20.7500 
6 .. 1-106 17.6667 
665 1-136 22.6667 
666 1-91 15.1667 
667 1-148 24.6667 
668 1-67 11.1667 
66' 1-63 10.5000 
670 1-81 13.5000 
071 1-236 39.3333 
672 1-133 22.1667 
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TABLE B19.--FY 1979 sefsmic prDgram, Barrow area (Continued) 

Number of line DInes 

Hfgh Reconna 1ssance surveys 
resolution 
survey. 
6-fold 6-fol d 6-fold 

Seismic Shotpoint X no ft X 220 ft X 330 ft 
line range coverage coverage coverage 

67. 1-148 24.6667 
676 1-75 12.5000 
678 1-61 10.1667 
680 1-112 18.6667 
68' 1-173 28.8333 
68' 1-109 18.1667 

TOTAL 43.2500 622.8333 337.2500 

lRecorded non-SEG standard polarity. 
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TABLE 820.--FY 1979 seismic p~09~am, southe~n foothills, 
D~iftwood, and UII1at areas 

[Pa~ties 1184 and 1186 conducted the surveys fro- 8 January to 
3 May 1979 and recorded data covering 897.5992 line miles, 

including 861.4742 line ~1les in the Southern foothills. 
31.5833 lfne miles in the Dr1ftwood area. and 4.5417 
line lines in the UlI1at area. The quality of data 

was gen!!rally fair to poor.] 

Numb!!r of line mfles 

Shotpoint ]Party 1184 Party 1186 
or 

vibrating 24-f01 d 24-fol d 6-fold lZ-fold 
Seisllfc po1nt X 6 sweeps X 8 sweeps X 110 ft X 220 ft 

line range coverage coverage coyerage coverage 

Southern foothills area 

.,X 700-1650 19.7917 
"X 700-746 22.0000 
R3XN 500-254 41.1667 
R3XS 1J00-1280 10.0417 
R5XN 350-491 23.6667 
.6Xl1 400-2030 34.0000 
R7XN 650-401 41.6667 
A7XS 800-210 12.3333 
46XS 2048-2000 1.0000 

2000-1714. 
1568-802 J--- 22.0000 
1712-1568 ~3.0000 -.,.-
1568-1532 0.7083 0.0833 
174-802 1.1667 

47XS 1242-372 18.1667 
51XS 1904-1004 18.7917 
64XS 752-1508 15.7917 
603 1-291 48.5000 
60S 100-520 70.1667 
607 1-220 36.6667 
60' 1-518 86.3333 
6ll 1048-3192 44.7083 
613 2296-1288 21.0417 
61S 100-1682, 

2058-1682 7.8750 33.0000 
630 399-686 48.0000 
632 260-504 40.8333 
634 742-664 13.1667 

1192-742 27.6315 9.5300 
636 976-861 19.3333 

976-1594 12.9167 
638 557-600 7.3333 

600-1674 22.4157 
640 100-196 "2.020B 

198-1322 32.6667 
673 104-676 1l.9S83 

TOTAL 206.9440 184.1134 168.2500 302.1668 
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TABLE B20.-·FY 1979 seismic program. southern fotlthills, 
Driftwood, and Umiat areas (Continued) 

Hunaer of line miles 

ShOtpofnt 
or 

vibrating 
point 
range 

Party 1184 Party 1186 

SefSlric 
line 

24-fo1 d 
X 6 sweeps 
coverage 

24-fold 
X 8 sweeps 
coverage 

Driftwood area 

6ll 1000-622 

Umiat area 

U-9 87-114 4.5417 

Iparty 1184 used a Vibrosets surface input source. 

2Experimenta1. 

3Coverage was 48-fold X 6 sweeps. 
~Coverage was 48-fold x 12 sweeps. 

5Coverage was 12-fold X 110 feet. 

16B 

6-fol d 
X UO ft 
coverage 

12~fo1d 
X 220 ft 
coverage 
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TABLE Bll.--FY 1979 recording parallleters. northern pro9ram 

(Oynurlte was the energy source. Sefslllfc data were recorded 
using OFS-v digital instruments. An 8-256 Hz fflter was 
used for the hfgh-resolution survey; an out-128 Hz filter 
was used for the 6-fold x 220 ft reconnaissance survey; and 

and an 8-128 Hz fflter was used elsewhere. Recordtng 
polartty was non-SEG standard f~ 8 January to 14 
February because of a hard-wfred fault origtnating at 

the factory. Subsequent recording was with SEG 
standard polarity.] 

Survey type 

High Reconnaissance 
resolution. 
setsmic lines Sefs1ll1c lines 
651-655.657.658. 602.604.606.608. All other 

Parameter 660. and 661 610.612. and 614 seisll1c ltnes 

Nunber of Channels 48 48 48 

Multiplicity 6-fold 6-fol d 6-fold 

Group interval 110 ft 220 ft 330 ft 

Spread (syanetrical I 55-2.585 ft 110-5.170 ft 165-7.755 ft 

Shotp01nt offset 55 ft 110 ft 165 ft 

Shotpofnt spacing 440 ft 9BO ft 1.320 ft 

Geophones per group , 18 18 

S«Inple nate 1 ., 2 ., 2 ., 

Record length 6 , 6 s 6 S 

HOIIinal charge 25 Ib 25 Ib 25 lb 

Nominal depth 50 ft 50 ft 50 ft 
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TABLE B22.--FY 1979 recording parameters, 
southern program (party 1184) 

(The energy source was Yibrose1s surface fnput. Seismic data 
were recorded using OFS-V dtgital Instruments with an 8-64 

Hz fnter. Recording polarity was SEG standard.] 

Para_ter 

Number of channels 

Multtplicity 

Sweeps 

Duration 

Group I ntarva 1 

Spread (sylll1letrical) 

Yibroseis point 
spacfng 

Vibrating point 

Vibrator number X 
separatf on, 
in l1ne 

Vibrator patch, 1n 
line (for diver­
sity stack) 

Geophones per group 1 

Sample rate 

~ecord length 2. 

Filter 

alXS. R6XW. 
R7XS. 51XS, 
64X5, 613. 
615, 634, 
636, 638, 
and 673 

9' 

24-fold , 
15 s 

110 ft 

275-5,445 ft 

220 ft 

275 ft 

3X70 ft 

110 ft 

I' 
'ms 
, s 

8-64 Hz 

Seismic lines 

RlX, 46XS, 
611, 615, 
634, and 640 

9' 

24-fold 

• 
11 s 

no ft 

275-5,445 ft 

"0 ft 
275 ft 

lX70 ft 

110 ft 

I. 
, .s 

, s 

8-64 Hz 

46XS 

9' 

4B-fold , 
11 s 

110 ft 

275-5.445 ft 

110 ft 

275 ft 

3X70 ft 

no ft 

18 

'ms , , 
8-64 Hz 

INumber of geophones per group was nine prior to 24 February 1979. 

2Correlated. 

170 

640 and 
U-9 

96 

48-fold 

12 

11 s 

110 ft 

275-5,445 ft 

110 ft 

275 ft 

3X70 ft 

no ft 

18 

4 .s 
, s 

8-64 Hz 
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TABLE B23.··FY 1979 recording parameters, 
southern program 'party 1186) 

(Dynallfte was the energy source. Seislllfc data were recorded 
using DFS-Y dfgital instruments with an 8-128 Hz filter. 

Recording polartty was SEG standard.] 

Seisllic 11nes 

R3XH. R5XN, R7XN 
603, 609, 634. 605. 607. 630, 

Paralletel" 636, and 638 and 632 611 

Number of channels 96 96 96 

Multfplicity 6-fold lZ-fold lZ-fold 

Group fnterv.l 110 ft 220 ft 110 ft 

Spread (~tr1cal) 55-5.225 ft 110-10.450 ft 55-5,225 ft 

Shotpo1nt offset 55 ft 110 ft 55 ft 

Shotpoint spacing 880 ft 880 ft 440 ft 

Geophones per group IS IS IS 

Sample rate Z .s Z os Z .s 

Record length S , S s S , 

NOIIinal charge 110 lb 110 lb 110 lb 

Nominal depth 105 ft 105 ft 105 ft 
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TABLE B24.--FY 1980 seislllic program 

[The seisllic crews recorded data covering 1,096.4629 line !IIiles, 
includfng 630.8586 line miles in the Fortress Mountain ll"ea. 

104.0001 Hne IIfles in the Lisburne area, 77.9167 Hne 
1II11es in the Meat Mountain area, and 283.6875 line 

lIIiles fn the Tunalik area.] 

Number of line mtles 

Party 1182 Party 1186 

6-fold 6-fold 6-fold 12-fold 
Seisllic Shotpoint X 110 ft X 330 ft X 110 ft X 110 ft 

I1ne range coverage coverage coverage eOYIH"age 

Fortress Mountain area 

"XlI 1-51 3.1250 
1707 100-201 17.0000 
1709 100-183 14.0000 
2711 100-261 10.3333 
713 100-161 10.3333 

2115 100-159 10.0000 
715 160-280 20.1667 

2117 100-232 22.1667 
71' 100-253 25.6667 

1720 100-216 19.5000 
722 100-207 18.0000 
723 100-370 45.1667 

'724 100-245 24.3333 
725 1-367 61.1667 
72. 101-257 26.1667 
727 100-382 47.1667 
728 100-193 15.6667 
729 100-304 34.1667 
731 94-353 43.3333 
732 100-198 16.5000 
733 100-261 27.0000 
734 100-241 23.6667 
736 100-220 20.1667 
742 100-256 26.1667 
74' 100-256 26.1667 
74' 100-242 23.8333 

TOTAL 369.8586 261.0000 

Lisburne program 

743 500-630 10.9167 
745 1-274 22.8333 
7 •• 100-236 11.4167 
7.2 2-235 19.5000 
76' 504-733 19.1667 
7 •• 504-745 20.1667 

TOTAL 104.0001 
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Set Slllic 
line 

735 
137 
741 
750 
752 
756 
758 

TOTAl 

01XE 
04'" 
OSXll 
26'" 
134XW 
701 
702 
703 
704 
705 
706 
708 
710 
712 

TOTAL 

lGubik area. 

2 KUrupa area. 

TABLE B24.--FY 1980 seismic program (Continued) 

Shotpoint 
range 

100-285 
100-276 
100-272 
100-196 
100-202 
102-202 
100-197 

1-44 
1-35 
1-176 
1-50 
1-83 
1-91 
1-59 
1-125 
1-65 
1-105 
1-75 
1-73 
1-101 
1-53 

NUnGer of line miles 

Party 1182 

6-fold 
X 110 ft 
coverage 

6-fold 
X 330 ft 
coverage 

Meat Mountain program 

Tunalik prograra 

11.0000 
8.7500 

44.0000 
12.5000 
20.7500 
22.7500 
14.7500 
31.1875 
16.2500 
26.2500 
18.7500 
18.2500 
25.2500 
13.2500 

283.6875 
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Pal"ty 1186 

6-fold 
X 110 ft 
coverage 

12-fold 
X 110 ft 
coverage 

15.5000 
14.7500 
14.4167 
8.0833 
8.5833 
8.4167 
8.1667 

77.9167 



TABLE B25.··FY 1980 recording parameters 

[Dynillllite'MIas the energy source. Se1slllic data were recorded 
using OFS·Y digital instruments with 8·128 Hz filters. 

Recording polarity was SEG standard.] 

Fortress Lisburne and 
Mountain Meat Mountain Tunal fk 

Parameter area areas ..... 
Humber of channels % 96 48 

Multiplicity 6-fold 12-fold 6-fold 

Group 1 nterva 1 110 ft 110 ft 330 ft 

Spread (symmetrical) 55-5,225 ft 55-5,225 't 165-7,755 ft 

Shotpo1nt offset 55 ft 55 ft 165 ft 

Shotpo1nt spacing 880 ft 440 't 1,320 ft 

Geophones per group ,. 18 ,. 
Sample "to , .s , .. , .. 
Record length • • • • 6 • 

NOlli na 1 charge 110 lb 110 lb 50 lb 

NQdlinal depth 105 ft 105 ft 75 ft 
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TABLE B26.--Se1smfc lfnes recorded FY 1972-FY 1980 

Sefsmic Shotpoint Humber of fiscal Seisllic 
line range lfne IIfles year crew 

A 1-38 6.2 1972 195 
B loj;O '.B 1972 I.' 
B-! 8-397 3.9583 1978 1182 
B-2 1-144 11.2917 1978 1182 
8-2A 1-110 4.5833 1978 1182 
B-3 1-132 5.5000 1978 1182 

1000-1216 9.1041 1978 1182 
B-4 1-124 5.1667 1978 1182 
B-' 1-246 10.2500 1978 1182 

1-81 13.5000 1978 1182 
Boj; 1-80 3.3333 1978 1182 

1000-1124 5.2708 1978 1182 
Boj;A 1-54 2.2500 1978 1182 
B-7 1-101 4.2083 1978 1182 
B-8 100-202 4.2917 1978 1182 

1000-1216 9.1041 1978 1182 
B-' 1-138 5.7500 1978 1182 
B-10 1-192 8.0000 1978 1182 
B-10A 101-164 2.6667 1978 1182 
B-11 1-305 12.7083 1978 1182 

426-705 46.6667 1978 1182 
8-11A 1-101 4.2083 1978 1182 
8-12 1-226 9.4167 1978 1182 
8-13 101-273_ 3.7500 1978 1182 

1000-1216 23.0417 1978 1182 
8-14 156-1566 71.6042 1978 1182 
8-15 1-21 3.4791 19'78 1182 
8-16 1-23 3.7708 1978 1182 
B-17 1-70 11.6042 1978 1182 
8-18 1-197 32.8333 1978 1182 
8-19 1-144 24.0000 1978 1182 
8-20 6-110 17.3125 1978 1182 
B-21 4-252 10.4375 1978 1182 
8-22 1-394 29.8333 1978 1182 
8-23 1-122 20.3333 1978 1182 
8-24 1-76 12.6667 1978 1182 
8-25 50-2 8.1667 1978 1182 
8-26 31-1 5.1667 1978 1182 
B-28 4-300 12.4375 • 1978 1182 
B-29 280-4 11.6042 1978 1182 
8-30 4-128 5.2083 1978 1182 
a-30x 4-356 14.7083 1978 1182 
a-30XE 4-228 9.4375 1978 1182 
C 1-23 3.7 1972 I.' 0 1-21 3.3 1972 I.' 0-\ 1-48 12.0 1977 1182 
01XE 1-44 11.0000 1980 1182 
0-2 1-38 .. , 1977 1182 
0-3 1-80 20.0000 1977 1182 
0-' . 1-42 10.50 1977 1182 
04)('11 1-35 8.7500 1980 1182 
0-' 1-132 33.00 1977 1182 
Q5Xlol 1-176 44.00 1980 1182 
0-0 1-33 8.25 1977 1182 
0-7 1-32 8.00 1917 1182 
D7XN 101-194 23.5000 1979 1182 
0-8 1-137 32.50 1977 1182 
0-' 1_44 11.00 1977 1182 
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TABLE B26.--Seismic lines recorded FY 1972-FY 1980 (Continued) 

Sefsmic Shotpoint Humber of Fiscal Sefsllfc 
line range line mnes year c .... 

D9XH 1-89 22.2500 1979 1182 
D90 I-go 22.50 1977 1182 
D91 2-91 22.50 1977 1182 
D92 1-76 19.00 1977 1182 
D93 1-346 86.50 1977 1182 
D94 1-<;9 17 .25 1977 1182 
095 1-86 21.50 1977 1182 
D96 1-73 18.25 1977 1182 
D97 1-115, 

201-285 SO.OO 1977 1182 
D98 1-79 19.75 1977 1182 
099 1-162 40.50 1977 1182 
0100 1-4Ei 11.50 1977 1182 
D10l 1-69 17 .25 1977 1182 
0102 1-45 11.25 1977 1182 
0103 1·41 10.25 1977 1182 
0104 1·40 10.00 1977 1182 
0105 1·73 18.00 1977 1182 
0106 1-40 10.00 1977 1182 
DIDS 1·104 26.00 1977 1182 
OS-l 1-74 18.50 197Ei 182 
05-2 34-1 8.50 1976 182 
05-3 1-40 10.00 1976 182 , 1-40 6.5 1972 195 
F 1-36 5.8 1972 195 
G 1-23 3.7 1972 195 
H 0-22 3.5 1972 195 
J 1-73 12.2 1972 195 
J 1-45 7.3 1972 195 , 1-69 5.57 1973 195 
L 1-84 6.92 1973 195 
LX 101-155 9.17 1975 195 

" 1-67 5.50 1973 195 
N 1-119 9.83 1973 195 
D 1-30 4.83 1974 195 , 1-17 2.67 1974 195 
'-1 1-392 ZO.8333 1978 1182 
Q 1-4. 3.58 1973 195 
0 1-23 3.67 1974 195 
O-J 1-648 70.9583 1978 1173 
R-IX 700-746 2.0000 1979 1184 

700-1650 19.7917 1979 1184 
0-2 100-809 86.2917 1978 1184 
R-2A 100-405 25.5000 1978 1184 
R-2B 100-162 5.2500 1978 1184 
0-3 500-770 45.1667 1978 1186 
R3XN 500-254 41.1667 1979 1186 
R3XS 800-1280 10.0417 1979 1184 
0-' 1-373 47.1667 1978 1186 
0-5 500-734 39.1667 1978 1186 
R5XN 350-491 23.6667 1979 1186 
0-6 106-3BO 22.9167 1978 1173 

381-1118 61.5000 1978 1184 
R6X',4 400-2030 34.0000 1979 1184 
0-7 100-385 47.6667 1978 1186 
R7XN 650-401 41.6667 1979 1186 
R7XS 800-210 12.3333 1979 1184 
S 1-31 5.0000 1974 195 
T 1-24 3.8300 1974 195 
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TABLE B26.--Sefs.1c l1nes recorded FY 1912-FY 1980 (Continued) 

Seisllic Shotpo1nt Number of Fiscal Seisllic 
l1ne range line trlles year cr .. 

U 1-46 7.5000 1974 195 
U-l 1-101 23.0833 1918 1173 
U-2 1-98 20.9161 1978 1173 
U-3 1-121 30.2500 1918 1113 
U-' 1-196 44.5833 1978 1173 
u-5 1-118 25.2500 1918 1113 
u-o 1-94 20.4167 1978 1173 
U-7 1-99 16.5000 1978 1173 
U-8 4-47 7.3333 1978 1173 
U-9 63-278 51.2500 1978 1173 

87-11' 4.5417 1979 1184 
U-IO 1-91 30.3333 1978 1173 , I-52 8.5000 1974 195 
W 1-25 4.0000 1974 195 
X 1-19 3.0000 1974 195 
XX 101-125 4.1700 1975 19' , 1-25 4.0000 1975 195 
Z 1-19 3.0000 1975 195 
I 1-46 11.2500 1974 195 
ID 1-47 11.5000 1975 186 
IX 4-41 1.1042 1978 1182 

42-121 3.8750 1978 1182 
2 1-28 6.75 1974 195 
2D 1-30 6.75 1975 180 
3 1-63 15.50 1974 195 

1-80 20.00 1977 1182 
63-93 7.75 1975 182 
94-127 8.50 1915 184 

121-225 24.75 1974 180 
30 2-69 16.75 1975 180 
l' 1-194 48.25 1975 180 

300-350 16.83 1977 1195 
350-423 12.25 1977 1195 

• 1-80 19.75 1974 195 
4D 1-43 9.25 1974 180 
5 1-97 24.0000 1974 184 

2-78 19.0000 1974 19' 
101-149 24.75 1974 180 

SD 1-26 6.25 1975 180 
5X 1-197 49.00 1975 lB. 

300-395 15.92 1977 1195 
395-435 13.50 1977 1195 

6 1-65 16.00 1974 195 
6D 1-48 11.75 1975 IBO 
7 1-100 24.75 1974 IBO 

100-203 25.75 1974 195 
7D 2-57 13.50 1975 IB' 
7X 6-210 51.00 1975 182 

300-330 10.17 1977 1195 
330-490 26.75 1977 1195 

B 1-90 22.25 1974 19' 
9 1-85 20.25 1974 195 
10 1-112 27.72 1974 195 
II 1-83 20.25 1974 186 
12 1-56 13.75 1974 IB' 
13 1-7Z 17.50 1974 18' 
14 1-56 13.50 1974 IB' 
15 1-79 19.25 1974 IB' 
I' 1-70 17 .00 1974 IB' 
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TABLE 826.--Seismic lines recorded FY 1972-fY 1980 (Continued) 

SeiS111c Shotpoint Nwmer of Fiscal SeiSllic 
line range 1 fne mnes year c ..... 

17 1-148 36.75 1974 186 
l7l 148-328 40.00 1975 ,.2 

329-463 28.5834 1978 1173 
18 1-88 21.75 1974 186 
10 1-153 38.00 1974 184 
"X 501-554 17.83 1977 1173 

554-629 12.58 1977 1173 
,0 1-l10 27.25 1974 I.' 
21 1-86 21.25 1974 I.' 
22 1-83 20.25 1974 184 
'3 1-39 9.25 1974 184 
2' 1-65 16.00 1974 184 
25 1-126 31.25 1974 184 
25x 1-103 25.50 1975 ,.5 

501-513. 
539-566 6.58 1977 1173 
513-539. 
566-636 27.83 1977 1173 

26 1-318 79.25 1974 184 
487-817 81.25 1976 186 

20X 319-487 42.25 1975 18. 
26," 1-51 3.1250 "80 1182 
27 1-131 32.00 1974 184 
2. 1-55 13.50 1974 184 
2. 1-136 33.75· 1974 18' 
2'X 136-193 14.50 1975 ,.2 

194-260 16.75 1975 ,.5 
374-396 7.50 1977 1173 
396-470 12.42 1977 1173 

30 1-'0 22.25 1974 184 
91-250 40.00 1974 ,.0 

610-322 69.50 1976 186 
30X 1-319 79.50 1975 ,.0 
31 1-40 9.75 1974 184 
32 1-63 15.50 1974 ,.5 

35-107 18.25 1975 182 
32E 1-35 8.50 1974 180 
33 1-45 11.00 1974 ,.0 
3. 1-96 23.75 1974 186 
35 1-77 19.00 1974 I.' 

77-139 15.75 1975 182 
3' 1-94 23.25 1974 ,.S 
3'X 94-230 34.25 1975 184 

231-373 35.75 1975 186 
400-472 12.08 1977 1195 
472-532 20.17 1977 1195 

37 1-43 10.50 1974 18. 
31X 1-267 66.50 1975 18. 

400-467 22.50 1977 1195 
467-760 48.92 1977 1195 
887-1097 17 .5833 1978 1173 

38 1-108 26.75 1974 ,.S 
3., 1-37 9.00 1975 195 
3. 1-202 50.25 1975 I.' 
40 1-77 10.25 1974 "S 
'OX 1-125 31.00 1975 I.' ., 1-62 15.25 1974 "S .2 1-80 19.75 1974 ,.S 

• 
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TABLE 926.--Seismfc lines recorded FY 1972-FY 1980 (Continued) 

Se1S111c Shotpoint Nulllber of Fiscal SafSll1c 
line range lina lIIiles year c ..... 

43 1-203 50.50 1915 184 
44 1-88 21.15 1975 186 
45 1-261 66.50 1915 184 
.5X 601-673 24.17 1977 1184 

673·952 46.58 1917 1184 
996-1361 30.5416 1978 1184 

46 1-283 70.5 1975 18' 
46X 340-434 31.5 1977 1184 

434-700 44.42 1977 1184 
46XS 774-802 1.1667 1979 1184 

2000-1714. 
1568-802 22.0000 1979 1184 
1568-1532 0.1916 1979 1184 
1112-1568 3.0000 1979 1184 
2048-2000 1.0000 1979 1184 

47-75 1-380 94.75 1975 195 
411-536 31.50 1975 186 

.7X 115-1300 69.9584 1978 1184 
47XS 1242-312 18.1667 1979 1184 
48 1-132 32.7500 1975 195 
.9X 400-486 28.8300 1977 1184 

486-757 45.25 1977 1184 
.9 1-348 86.75 1915 195 
50 1-43 10.75 1975 195 
51 1-327 81.50 1975 195 

400-551 39.50 1975 18. 
SIX 600-911 52.0000 1978 1184 
5IXS 1904-1004 18.7917 1979 1184 
52 1-289 72.00 1975 195 
53 10-170 39.15 1975 182 

110-289 30.00 1915 18. 
54 1-175 43.50 1915 18. 

201-334 33.50 1915 195 
55 1-09 22.00 1975 195 

101-316 54.00 1976 182 
5. 1-73 18.00 1975 195 

101-240 35.00 1976 182 
443-333 27.75 1976 182 

57 1-187 46.50 1975 195 .. 3-568 141.25 1915 182 
1125-664 115.50 1976 182 

59 687-730 14.67 1971 1173 
59XW 1-326 81.25 1975 18. 

327-578 63.00 1975 195 
.0 1-62 15.25 1975 18' 
'1 1-56 13.75 1975 18. 

101-388 72.00 1976 18. 
389-455 16.75 1976 182 

.2 1-60 14.75 1975 18. 
73-2.38 41.50 1975 182 

53 4-139 33.75 1975 182 
140-489 87.50 1975 18. 

53X 615-492 41.3334 1971 1186 
64 1-68 16.75 1975 18. 

101-299 49.75 1976 182 
.4X 300-413 37.83 1977 1186 

413-659 41.08 1977 1186 
64XS 752-1508 15.7917 1979 1184 
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TABLE B26.--Seism1c lines recorded FY 1972-FY 1980 (Continued) 

Se1S1l1c Shotpo1nt Nunmer of Fhcal Seisllic 
line range line miles year crew 

• 5 I .... 14.5000 1975 186 
90-291 50.50 1976 182 

" 1-162 40.2500 1975 18' 
67 1-50 12.25 1975 1.5 
68 1-187 46.50 1975 18. 

345-476 33.0000 1976 18. 
68E 600-710 18.42 1977 1184 

710-943 77.83 1977 1184 
.OW 1000-1109 36.6667 1977 1173 
68WX 476-545 23.33 1977 1186 

•• 1-57 14.00 1975 18. 
70 1-175 43.50 1.75 184 
71 1-16 18.75 1975 184 

1-7. 
108-162 ZO.33 1977 1173 

7-108 16.83 1977 1173 
72 1-76 18.50 1975 184 

103-140 12.50 1977 1195 
140-250 18.42 1971 1195 

73 1-41 6.75 1977 1113 
41-83 14.17 1977 1173 

73' 101-137 6.1667 1978 1184 
7' 1-68 16.75 1975 182 
75 1-212 52.75 1975 182 
75X 4-584 24.3333 1978 1182 
75XW 1-110 18.3333 1919 1182 
75XW(S) 1-94 15.6667 1979 1182 

" 1-81 20.0000 1975 182 
77 1-90 22.25 1975 182 
78 1-74 24.67 1977 1173 
7. 1-36 11.83 1977 1173 

36-91 9.25 1977 1173 
80 1-54 17.83 1977 1173 

54-132 13.08 1977 1173 
80' 133-200 11.3333 1918 1173 
81 1-84 28.0000 1977 1173 
83 1-95 31.6700 1977 1113 
85 1-736 122.6700 1917 1195 
8" 2000-2216 36.1667 1978 1186 
8. 1-748 124.6700 1977 1195 
86' 756-974 36.5000 1978 1186 
87 100-216 38.83 1977 1184 

216-606 65.08 1977 llM 
88 93-212 39.83 1977 1184 

212-505 48.92 1971 1184 
89 500-582. 

590-635 21.50 1977 1184 
89X 305-499 32.5000 1978 ll84 
89XS 700-800 8.4167 1978 llM 
107 101-372 45.33 1977 1184 

379-592 35.67 1977 1186 
107XE 1700-2106 33.9167 1978 1173 
107XW 593-882 48.5000 1978 1186 
120 1-234 58.50 1976 182 
121 1-220 55.00 1976 182 
121X 441-220 9.25 1978 1182 
122 130-372 60.75 1976 186 

1-117 5.00 1978 1182 
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TABLE 826.--Seismic lines recorded FY 1972-FY 1980 (Continued) 

Seisllfc Shotpoint Number of Fiscal Seismic 
Hne rang. line 111les YO" ..... 

12ZX 401-629 38.08 1977 1186 
629-763 44.83 1977 1186 

r--- 123 1-144 36.00 1976 18. 
I 12' 1-248 62.00 1976 186 I 

12'X 249-375 42.17 1977 1186 
375-639 44.08 1977 1186 

125 1-359 89.75 1976 182 
126 1-127 30.50 1976 18. 
121 1-202 50.50 1976 18. 

202-328 32.00 1976 18' 
330-494 27.42 1977 1195 
494-500 2.17 1977 1195 

127X 1000-1129 21.1667 1978 1186 
128 1-146 36.50 1976 18. 
12' 1-116 44.00 1976 186 
130 1-137 34.25 1976 182 , 

146-278 33.25 1976 186 , , 
130X 293-589 49.50(1) 1978 1186 
131 1-134 44.67 1977 1186 
133 1-152 38.00 1976 182 

,~ 133X 200-298 33.00 1977 1186 
I 351-600 41.6667 1978 1186 

13' 80-222 35.75 1976 186 
134XW 1-83 20.7500 1980 1182 
13S 1-54 13.50 1976 186 

55-162 27.00 1976 186 
136 1-142 35.50 1976 182 
131 1-86 28.67 1977 1186 
137l 500-809 51.6667 1978 1186 
138 1-100 25.0000 1976 186 
138E 500-572. 

590-1084 94.42 1977 1173 
572-590. 

1084-1301 75.50 1977 1173 
138EX 1504-1580 12.8333 1978 1173 
138w 201-270 23.33 1977 1186 
601 1-301 50.3333 1979 1182 
602 1-161 40_2500 1979 1182 
603 1-291 48.5000 1979 1186 
604 1-137 34.2500 1979 1182 
60S 100-520 70.1667 1979 1186 
606 1-148 37.0000 1979 1182 
601 1-220 36.6667 1979 1186 
608 1-124 31.0000 1979 1182 
60. 1-518 86.3333 1979 1186 
610 1-189 47.2500 1979 1182 
611 1000-622 31.5833 1979 1186 

1048-3192 44.7083 1979 1184 
612 1-203 50.7500 1979 1182 
613 2296-1288 21.0417 1979 1184 
61' 2-121 30.2500 1979 1182 
61S 100-1682, 

2058-1682 40.8750 1979 1184 
616 1-236 39.3333 1979 1182 
618 1-224 37.3333 1979 1182 
618N 1-67 11.1667 1979 1182 
620 1-64 10.6667 1979 1182 
622 1-220 36.6667 1979 1182 
62' 1-57 9.5000 1979 1182 
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TABLE B26.--Sefsnrtc lfnes record@d FY 1972-FY 1980 (Contfnued) 

SefSllic SIIotpofnt NWlb@r of Fiscal Sef Slllic 
line range line _i1es year .'ow 

626 1-93 15.5000 1919 1182 
626N 1-41 6.8333 1979 1182 
628 1-168 28.0000 1979 1182 
628. 1-103 17.1667 1979 1182 
630 399-686 48.0000 1979 1186 
632 260-504 40.8333 1979 1186 
63' 742~664 13.1667 1919 1186 

1192-742 37.1615 1979 1184 
636 976-861 19.3333 1979 1186 

976-1594 12.9167 1979 1184 
638 557-600 1.3333 1979 1186 

600-1674 22.4167 1979 1184 
640 100-196 2.0208 1979 1184 

198-1322 32.6667 1979 1184 
651 1-63 5.2500 1979 1182 
652 62-1 5.1667 1979 1182 
653 52-1 4.3333 1979 1182 
65. 1-49 4.0833 1979 1182 
655 1-56 4.6667 1979 1182 
651 1-79 6.5833 1979 1182 
6 .. 38-1 3.1667 1979 1182 
6 .. 1-67 11.1667 1979 1182 
659W 1-152 25.3333 1979 1182 
6 .. 49·1 4.0833 1979 1182 
661 1-71 5.9167 1979 1182 
663 1-83 20.7500 1979 1182 
66. 1-106 17.6667 1979 1182 
665 1-136 22.6667 1979 1182 
666 1-91 15.1667 1979 1182 
661 1-148 24.6667 1979 1182 
668 1-61 11.1667 1979 1182 
669 1-63 10.5000 1979 1182 
610 1-81 13.5000 1979 1182 
611 1-236 39.3333 1979 1182 
612 1~133 22.1667 1979 1182 
613 104-676 11.9583 1979 1184 
61. 1-148 24.6667 1919 1182 
616 1-75 12.5000 1979 1182 
618 1~61 10.1667 1979 1182 
680 1-112 18.6667 1979 1182 
682 1-173 28.8333 1919 1182 
6 •• 1-109 18.1667 1979 1182 
101 1-91 22.7500 1980 1182 
102 1-59 14.7500 1980 1182 
103 1-125 31.1875 1980 1182 
10. 1-65 16.2500 1980 1182 
705 1-105 26.2500 1980 1182 
106 1-75 18.7500 1980 1182 
707 100-201 17 .0000 1980 1186 
108 1-73 18.2500 1980 1182 
109 100-183 14.0000 1980 1186 
1\0 1-101 25.2500 1980 1186 
7ll 100-261 10.3333 1980 1182 
712 1-53 13.2500 1980 1182 
713 100-161 10.3333 1980 1182 
715 100-159 10.0000 1980 1182 

160-280 20.1667 1980 1182 
717 100-232 22.1667 1980 1186 
719 100-253 25.6667 1980 1186 
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TABLE B26.--Sefsmtc lines recorded FY 1972-FY 1980 (Continued) 

set SIII1c Shotpofnt NUliber of Fiscal SetSll1c 
l1ne range line miles year c .... 

720 100-216 19.5000 1980 1186 
722 100-207 18.0000 1980 1186 
723 100-370 45.1667 1980 1182 
724 100-245 24.3333 1980 1186 
725 1-367 61.1667 1980 1182 
726 100-257 26.1667 1980 1186 
721 100-382 47.1667 1980 1182 
728 100-193 15.6667 1980 1182 
729 100-304 34.1667 1980 1182 
731 94-353 43.3333 1980 1186 
732 100-198 16.5000 1980 1182 
733 100-261 27.0000 1980 1186 
73. 100-241 23.6667 19SO 1182 
735 100-285 15.5000 "SO 1186 
736 100-220 20.1667 1980 1182 
737 100-276 14.7500 1980 1186 
74l 100-272 14.4167 1980 1186 
7.2 100-256 26.1667 1980 1182 
7.3 600-630 10.9167 1980 1186 
744 100 .. 256 26.1667 1980 1182 

I 
745 1-274 22.8333 19SO 1186 
746 100-242 23.8333 19SO 1186 

, 750 100-196 8.0833 19 .. 1186 
752 100-202 8.5833 19SO 1186 
766 102-202 8.4161 1980 1186 ,- 758 100-197 8.1661 19SO 1186 
760 100-236 11.4167 1980 1186 
762 2-235 19.5000 19 .. 1186 
76. 504-733 19.1667 1980 1186 
766 504-745 20.1661 19SO 1186 

• 
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FIGURE I 

INDEX MAP SHOWING LOCATION OF NPRA 

The NPRA covers over 36,000 sq mi (93,240 sq kill on the 
Alaskan North Slope, extendin9 from the Colville River 
westward to the 1620 parallel and northward to the Chukchi 
and Beaufort Seas. 

--
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FIGURE 2 

INDEX MAP, PET -4 AND NPM TEST WEllS AND 
SELECTED CORE TESTS, 1m-53, 1914-81 

Most of the wells drilled during the Pet-4 and NPRA progr ... 
were in the northeastern Arctic Coastal Plain. Discoveries 
resulting from the Pet-4 program include the Barrow gas field 
and Umiat oil field. In addition, the Simpson oil field (not 
shown) was discovered as the result of a core-test progr .. , 
but never was delineated fully. A heavy all discovery at 
Fish Creek was tested, but not evaluated completely. The 
Walakpa gas field was discovered during the NPM program. 
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FIGURE 3 

In the northern coastal plain. the seismic grid average was 7 
mi by 9 .. i (S .... I loop average. 63 sq IIi per loop). In the 
southern folded belts. the seismic grid average was 10 mi by 
15 mi (12 .... 1 loop average. 150 sq ml per loop). 
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FIGURE 4 

GEOLOGIC COLUMN 

Figure 4 is a generalized and diagr ...... tic geologic colu ... 
for the NPRA. The geological time scale Includes an Isotopic 
tine scale in million years before the present (MYBP). 

The parastratigraphic units used in this report are 
designated by uppercase letters that represent geologic 
periods; lowercase letters and numbers are used to denote 
subdivisions of the tille units. The boundaries of eac~ 
parastratigraphic unft may not correspond exactly to tho 
standard geologic period boundaries; rather, they correspont 
to major worldwide sea-level lowstands. These sea-level 
lowstands are represented in the rock record by unconform­
ities or correlative conformities at lithostratigraphic 
contacts. 

Lithofacies distribution is indicated in tine and space. The 
horizontal axis represents the lateral distribution of each 
unft fr ... the north to the south. The approxiNte northern 
limit of each sedimentary ·wedge" is near the Arctic 
coastline, and the southern 11l1it is near 70· N. The 
vertical lines represent hiatuses (for example, lacunae) or 
the interval of geologic times not represented by rocks at 
specific positions along stratigraphic surfaces. 'ON' and 
-DNA represent onlap and downlap. respectively; HH- lleans 
"hiatus." Major unconformities (U) recognized, either in 
surface outcrOpSt in the subsurface. or on seismic sections, 
also are noted. The rest of the lithologic and stratigraphic· 
symbols are conventional. 

The figure summarizes the conventional lithostratigraphic 
nomenclature for the North Slope. Informal lithostrati­
graphic nanes are indicated by quotation marks (for ex-.ple, 
-basal Torok,· MPeard sandstone U

). 

The interpreted seismic horizons are pOSitioned at the 
appropriate parastratigraphic units or lithofacies 
boundaries. Certain seismic horizons can be correlated to 
major unconformable surfaces (horizons 0400, 0720, 0800, and 
0900). Other seismic horizons approximate the boundaries of 
parastratigraphic units. For a more detailed discussion see 
·Parastratigraphic Units' in this report. 
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FIGURE 5 

Figure 5 shows the tops of the parastratigraph1c un1ts 
1dent1fied 1n key NPRA wells and correlates these units with 
the geologic periods and seism1c horizons. 
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FIGURE 6 

This chart, modified from Anderson, Warren, and Associates 
(AWA) in December 1980, shows the correlation of the ANA and 
Mamet foraminiferal lones, AWA dinoflagellate-cyst zonu1es, 
and AWA spore-pollen zones with standard geologic time units 
and the conventional North Slope lithostratigraphic units. 

The column on the far right shows generalized biostrati­
graphic groupings that contain simllar fossils. This 
~rouping coopares favorably with the regional cycle chart 
(fig. 120) in this report. 
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FIGURE 7 

THREE-DIMENSIONAl PERSPECTIVE OF HORIZON 1500 

Thh cIIDputer-plotted image of horizon 1500 as viewed f.­
the east was generated from about 6,000 records in an NPIA 
geophysical data base. The 1llustration is a generali_ 
configuration of the "Acoustic basement" as represented I!J 
hori zon 1500. 
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FIGURE 8 

PAlEOZOIC TECTONIC ELEMENTS, NPRA 

The Paleozoic tectonic elements are defined by a combination 
of seismic interpretation and seismic stratigraphy. The 
margins of the Paleozoic basins are defined ,by the 
convergence of seismic horizons 1100, 1200, 1.300, and 1400 
with 1500, which is the "Acoustic basement." Even though 
some Paleozoic sedimentary rocks may be present below horizon 
1500 in some parts of the Reserve, the horizon is useful for 
defining the general shape of the basement. 

The min tectonic elements recognized south of the Conti­
nental Shelf are the Sarrow High, Sarrow Arch, Fish Creek 
Platform, Colville Trough, umiat Sasin, Key River Arch, 
Ouma11k High, Ikpikpuk Basin, Meade Arch, Meade Sasin, 
Wainwright Arch, Tunalik Sasin, Utukok High, and Utukok 
Basin. 

Minor flexures between basins Include the Inigok Saddle 
between the Ikpikpuk and the Umiat Sasins. Several minor 
rollovers bound by high-angle faults are present in the 
Paleozoic rocks in the Ikpikpuk River and Umiat Quadrangles; 
the IIIIst prominent structure of th1s type is the Key River 
Arch. The eastern margin of the Meade Sastn is bound by a 
high-angle faUlt systell that may be displaced several 
thousands of feet. In DI1ch of the southern foothill s, the 
Paleozotc tectontc configuration is obscured by the effect of 
complex structures in the shallow Cretaceous rocks. 
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FIGURE 9 

Cross sect10n 8-8' 1ncludes Tun.lik 1, Pe.rd 1, Kagrua 1, 
South Meade 1, Top.goruk 1, Ikpikpuk I, E.st Teshekpuk I, 
North K.l1kpik 1, .nd Atig.ru P01nt 1. D.tum 1s sea lev.l. 
The main geologic fe.tures .re: 

1. The basic tectonic fe.tures of the NPRA, from the Mest to 
the east, are the Tunalik Basin. Wainwright Arch. extr8le 
northern end of the Me.de Basin, Me.de Arch, !kpikpok 

. Basin, .nd Fish Creek Pl.tform. Over the Me.de Arch it 
South Meade 1 and Top.goruk I, the b.sement is compo .... 
of steeply dipping E.rly(?) to M1ddle Devon1on 
metased1ments (un1t D). Elsewhere, the basement Is 
composed of Ordoviclan-Silurl.n "Argillite" (unit O-S). 

2. An isolated, erosion.l ..... n.nt of the L.te Mississippi .. 
M-l unit (Endicott Group) 1s preserved north of the Fish 
Creek Platfona .t Atig.ru Point 1. This remn.nt may hMe 
been deformed by the same tectonic event that folded ~ 
Devon1an strata on the Me.de Arch. 

3 •. ' Units M-l, M-2, P-l, .nd P-2 (Endicott, Al.p.h, Wah .. , 
.nd "Transition Zone," respectively) l.p onto Ue 
basement over the Fish Creek Pl.tform .nd .g.inst ~ 
Meade .nd wa1nwr1ght Arches. 

4. A 745-ft (229-lll) th1ck basalt cont.ined in the P-2 unit 
at Tunal1k 1 1s bel1eved to be an extrus1ve, bec.use ~ 
co~ sa-ples indicate an andesitic flow. 

5. Pre-Triass1c rocks lap out tow.rd the Wainwright lid 
Meade Arches, .nd thin over the Fish Creek Platfo .... 
Unit PR-2 (lk1akpaurak Member of the Echook. Formati_) 
overlies unit O-S ("Argillite") .t Pe.rd 1. Unit Pit-I 
(Joe Creek _ber of the Echook. Fo ..... tion) overlies 
Devonian rocks .t Top.goruk 1. 

6. Unit TR-l ("lovik sh.le") thickens betMeen Pe.rd 1 lid 
Tunal1k 1. At South Me.de I, unit TR-2 ("!v1s1lok 
s.ndstone") overlies the Devoni.n .nd bec .... 
Increasingly silty toward the west. At Tunalik I, TR-2 
is c_posed entirely of siltstone .nd silty s.ndstone. 
TR-3b (sag River Sandstone) gr.des into sh.le to the west 
between Peard 1 and Tun.lik 1. 
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FIGURE 10 

LITHOSTRATIGRAPHIC CROSS SECTION B-B'. 
TUNAlIK 1 To ATIGARU pOINT 1 

Features of interest. frOll the bottom upward and from west (left) to 
east (right). are: 

1~ A series of block faults occurs in the -Acoustic basement" on the 
west and east flanks of the Wainwright Arch. both flanks of the 
Heade Arch near South Meade 1 and Topagoruk 1~ and west of Peard 1. 

2~ The clastic Endicott Group is relatively thin in the lkpikpuk 
Basin, and it may pinch out on the east flank of the Meade Arch~ 

3. The Wahoo Limestone probably overlies the HAcoustic basement- west 
of the Meade Arch. The Mississippian "lapah Limestone was not 
reached by any of the western wells. but it may be present in the 
deeper parts of the Meade and Tunalik Basins. Alternatively, the 
Alapah and clastic rocks of the Endicott Group .ay be present west 
of the Meade Arch as part of the "Acoustic baSetnent.- If complexly 
folded. faulted. or metamorphosed. these formations are 
indistinguishable from the -Argillite- or Early-Middle(?) Devonian. 

4. The -Transition Zone." consisting of argillaceous lillestone and 
shale. 1s relatively thick west of the Meade Arch and thinner east 
of the Arch. Toward the north. as at Kugrua 1. the "Transition 
Zone" truncates the Wahoo limestone. The Echooka Formation 
overlies the upper part of the Wahoo and the "Transition Zone. H 

5. The uKavik shale" member of the Ivishak Formation is thickest west 
of the Wainwright Arch. The "Ivishak sandstone- member is siltier 
toward the west; at Tunalik 1. this me.ber is nearly all siltstone. 

6. The Shublik Fonnation is a distinctive marker across the width of 
the NPRA. The Shublik contains more sand on the Barrow High-Meade 
Arch trend and Wainwright Arch than elsewhere on the Reserve. 

7. The Sag River Sandstone grades into shale between Peard 1 and 
Tunalik 1. 

8. Several sandstone bodies. including the "Simpson sandstone" and 
others. are present in the Kingak Formation on the west side of the 
Meade Arch. The Kingak is generally shaly east of the /lleade Arch. 
although sands may occur around the edges of basins. 

9. The ·Pebble Shale." a distinctive lUrker across the Reserve. is 
absent locally Over parts of the Fish Creek Platfor'll, and is 
questionably absent on the west flank of the Wainwright Arch. 

10. The Torok Fonmation and Nanushuk Group. undivided. progrades toward 
the east. The nonmari ne Chandl er Fomat i on of the Nanushuk Group 
is not present on the Fish Creek Platform. West of East Teshekpuk 
1. the shales of the Seabee Formation of the Colville Group overlie 
the ..arine Grandstand Formatton of the Nanushuk. The Colville 
Group 1s restricted to the east of Ikpikpuk 1. The Tertiary 
Sagavanirktok Formation is present only at Atigaru Point 1. 



7. The "lower Kingak" (unit J-l) is truncated by the 
mid-Jurassic unconfonnity. J-la~ J-lb, and J-lc are 
present in all wells except Peard 1 and Tunalik 1 in the 
west. J-la C'Barrow sandstone") laps out against the 
Wainwright Arch bet\<,een Kugrua 1 and Peard 1. At Tunalik 
1, the J-l unit is truncated deeply by the mid-Jurassic 
unconformity and only 140 ft (43 m) of J-1a remains. 

8. The basal "Pebble Shale" unconformity truncates the 
"Upper Kingak" (units J-3 and Ka-la). The "Simpson 
sandstone" within J-3a grades into shale west of Peard 1 
and east of Topagoruk 1. At East Teshekpuk 1, North 
Kalikpik 1, and Atigaru Point 1, J-3a is directly below 
the basal "Pebble Shale" unconformity. ;n all other 
wells except Topagoruk 1 and Tunalik I. J-3c lies beneath 
the unconformity. At Topagoruk 1, J-3b is present; at 
Tunalik 1, the Ka-1a (Valanginian-Hauterivian) part of 
the "Upper Kingak" truncates J-3c below the mid-Neocomian 
unconformi ty. 

9. Unit Ka-1b ("Pebble Shale") thins toward the east. 

10. The time-transgressive Ka-2 and Ka-3 units (Torok­
Nanushuk) are above the "basal Torok u unconformity. The 
original regional dip ~'Ias northeastward ~"here the 
Torok-Nanushuk rocks are younger. At East Teshekpuk 1, 
North Kalikpik 1, and Atigaru Point I. Torok fondothem 
(bottomset) beds ... ,ithin Ka-3 overl ie the "basal Torok" 
unconformity. In a 11 other ~·Iell S, Torok fondothem beds 
within Ka-2 overl ie the unconformity. 

11. Quaternary surficial materials overlie Ka-3 from Tunalik 
1 eastward to Ikpikpuk 1 and unit Kb (Colville Group) at 
East Teshekpuk 1 and North Kalikpik 1. At Atigaru Point 
1, north of the Fish Creek Platform, unit T 
(Sagavanirktok Formation) is just below the surface and 
unconformably overlies unit Kb. 
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FIGURE 11 

PARASTRATIGRAPHIC CROSS SECTION 8-B', 
fUNAllK 1 TO ATIGARU POINT 1 

Features of interest. from the bottom upward and from west (left) to 
east (right), are: 

1. Few large. obvious structures are present below horizon 1500 
(MAcoustic basement"). A few refractions along lines 125-76 and 
26X-75 indicate probable faults (fig. 16). Most of the apparent 
"bedding- probably is due to multiples. local block faulting may 
have preserved the lower-Middle(?) Oevonian(?) at Topagoruk 1. 

2. West of the Meade Arch. the oldest rocks identified above the 
"Acoustic basement" are in units P-l and P-2 (Pennsylvanian to 
Pennian). 50me Mississippian rocks may be present in the Meade 
Basin farther south. 

3. East of the Meade Arch. M-1 and M-2 (M'ississippian) overlie the 
"Acoustic basement" (presumably unit 0-5) in the lkpikpuk Basin. 

4. Unit P-2 is relatively thicker west of the Meade Arch. Northward, 
P-2 unconformably overlies and truncates P-l, as at Kugrua 1. 
Eastward. P-2 thins and is overlain by PRo On the Fish Creek 
Platform. PR directly overlies P-l. 

5. Units TR-l and TR-2 (Early-Middle Triassic). which are relatively 
thicker in the Tunalik Basin than elsewhere, overlie the "Acoustic 
basement" over the crests of the Wainwright and Meade Arcttes. 

6. Horizons 1000 and 1040 are near the top and bot.tom, respectively, 
of the TR-3 unit. These seismic horizons form a reflector couplet 
that is traceable across the section. 

7. Unit J-1 is relatively thinner to the west of the Meade Arch than 
to the east of it. 

8. Horizon 0850 and other seismic horizons that subdivide J-3 art'! 
relatively close together near Tunalik 1. but spread farther apart 
to the east and are overlain by horizon 0720 east of Topagoruk 1. 

9. Horizon 0800 near the base of the Ka-la unit is overlain by horizon 
0720 between Tunalik 1 and Peard 1. 

10. Ka-lb is absent on the F1sh Creek Platform (based on drilling) and 
is thought to be absent on the west flank of the Wainwright ArCh. 

11. Horizon 0500 (mid-Aptian(?)), near the top of unit Ka-2, downlaps 
toward the east. Horizon 0500 is traceable into a clinoform until 
it downlaps onto horizon 0700 east of lkpikpuk 1. 

12. Horizon 0400 (mid-Cenomanian unconformity) is truncated below 
surface rocks just east of IkpikpUk 1. Units T and Q are present 
beneath surface deposits just east of North Kalikpik 1. 
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FIGURE 12 

COMPRESSED SEISMIC CROSS SECTION B-B', 
TUNALIK 1 TO ATIGAku POINT 1 

Compressed seismic cross section 8-8 ' is a west-t~-east 
(left-to-right) section that starts at Tuna11k I, ends at 
Atigaru Point l~ and ties areas of well control across 
several of the basement tectonic elements on the Reserve. 
Features of interest are; 

1. Few "dip reversals" due to seismic line intersections are 
present. Only lines 122-76, 51-75, and 47-75 show any 
significant reversals. 

2. Below "Acoustic basement .. " there is some indication of 
structure in the 0-5, 0(1), or younger strata. SOOIe of 
these features are refractions. probably from faults. 
Some apparent bedding is probably caused by multiples 
from higher strata. Therefore, all interpreted 
structures below "Acoustic basement" are conjectural. 

3. At Tunalik I, a high-velocity basalt layer at about 3~O 
seconds masks the strata below it, making it difficult to 
identify "Acoustic basement" in thi's area~ 

4. Basement tectonic elements shown include the Tunalik 
Basin on the west, Wainwright. Arch to the west of Peard 
I, Meade Arch between South Meade 1 and Topagoruk I, 
Ikpikpuk Basin near Ikpikpuk I, and Fish Creek Platform 
on the east side of the section. The northern end of the 
Meade Basin is shown at Kugrua 1. 
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FIGURE 13 

Cross section D-D' includes South Barrow 13. South Barrow 3. W11akpa 1. 
Nll.kpa Z. Kuyanak 1. South Meade 1. OtM.l1k 1. and Lisburne 1. DatUM 
is sea level. the .at" geologic features shown are: 

1. Pre-Jurasstc rocks lap out against the Barrow High. At South Meade 
1. the blse.ent comprises steeply dipping Ear-ly(1) to Middle 
Devonian lletasediments; unit TR-2 ("Ivtshak sandstone") overHes 
the baseMent and laps out between South Meade 1 and Kuyanak 1. In 
wells north of South Meade 1. the basement is the 
Ordovician-Silurian unit ("Argill1te·). Unit TR-3a (Shublik 
Fonnatton) overlies the baSl!IIent at KUYanak I. Wal.kpa 2. Walakpa 
1. and South Barrow 3, and laps out betWeen South Barrow 3 and 
South Barrow 13. At South Barrow 13. unit TR-3b (Sag R1ver 
Sandstone) overlies the basement and is composed of siltstones and 
silty calcareous glauconitic sandstones. TR-3b grades 1nto sllale 
to the north between Walakpa 1 and South Barrow 3. 

2. The .id-Jurassic unconforllity truncates unit J-I ("l.a.er Kingak") 
toward the Barrow High. 

3. OUlIl11k 1 was drilled into rocks questionably aSSigned to the J-3c 
unit. At Ou.iil1k 1. all units below J-lc are projected. basad on 
seismic-stratigraphic analysis. 

4. The basal "Pebble Shale" unconfor.ity truncates J-l ("Upper 
Kingak·). Consequently. J-3 is absent at South Barrow 13. South 
of the Barrow High, J-l thickens and is oYer 1.200 ft (366 .) thick 
at South Meade 1. 

5. The thickness of the Ka-lb ("Pebble Shale") unit 15 questionable at 
au.&11k 1 due to a lack of a gamma-r., cUrYe and at Lisburne 1 due 
to the lack of a well-defined "Gaana Ray Shale'" zone. 

- 6. the Torok fondoth_ (bott.set) beds within. the tillle-transgresshe 
Ka-2 untt (Torok Formation and Nanushuk Group) overlie Ka-Ib 1n all 
wells. At Lisburne 1. the fondothell beds are on the surface. 

7. At South Barrow 13. South Barrow 3. and Waltkpa 1. Torok cHnothem 
(foreset) beds within Ka·2 underlie Quaternary surface rocks. At 
"alakpa 2. c11nothenl beds within Ka-3 are below unit Q. Nonmarine 
beds of the Nanushuk· GrouP. within Ka-l. are beneath surface 
depos1ts at Kuyanak 1 and South Meade 1. At Oullll1k 1. Ka-l is 
below unlt Q and 15 coaposed of Nanushuk marine strata • 

8. A zone of thrust faulting just north of lisburne 1 precludes direct 
correlation with wells to the north. Five fault-separated repeat 
sequences are at Lisburne 1. Figure 69 defines tops of these 
plates. 

9. All pre-Cretaceous rocks thin at Lisburne 1. No_rous high 9II1II­
r., Cune deflections in the interval TR-3a to Ka-lb lIlY indicate 
several unconformit1es and slow deposition. . 
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FIGURE 14 

Features of interest. fNII the bottOll upward and trOll north (left) to 
south (rfght). are: 

1. L1J1estones of the Lisburne Group are the oldest rocks o'lel".111n9 
"Acoustic basement." To the north of the OuaIIl1k High. the 
Lisburne (Wahoo(t)) 1111estones are overlain by the argillaceous 
1111estones and shales of the "Transition Zone." The "YI".n51t1on 
Zone" overlaps the lisburne near South Meide 1. 

Z. The Echooka Fonnation overl1es the lisburne-"Transition Zone" 
sequence on both the Meade Arch and the north side of the Oumaltk 
H1gh. The Echooka is overlapped by the Ivishak Fot'l'lllt1on to the 
north of ,South Meade 1. 

3. South of South Meade 1. the "Ivishak sandstone" llellber of the 
Ivishak Fonnat1on probably grades 1nto 511t5tone. and the Sag River 
Sandstone and ·Simpson sandstone" of the Kingak Forwat1on probably 
grade 1nto shale. On the _Barrow High. the sag Rher Sandstone 
grades into shale. South of Kuyanak I, the -Silllpson sandstone­
grades into shale. 

4. At kuyanak I. the shale and siltstone equivalent to the -StlllPson 
sandstone- are overlatn by an unnillled sandstone that is separate 
and distinct fraa the ·S1_pson.- This sandstone probably 
correlates with the -Walakpa gas sand.- which was penetrated in 
Walakpa 1 and Walakpa 2. and -.y be equivalent to the~Pebble Shtl~ 
sandstond found 1n several other wells. 

5. The Kingak Fon.ation. made up of shales and siltstones, is thickest 
over the OUIalik High. North of the OuNlik High, the fOr'lllltton 
thins because of onl.p and truncation. South of the Oumal1k Htgh. 
this pattarn suggests a northern source atea for this sequence. 

6. The -Pebble Shale. - I distinctive .arker over the northern three· 
fourths of the section. is very difficult to trace tnto the Brooks 
Range Orogen to the south. 

7. The llanushuk-Torok sequence p .. og .. ades toward the north on north· 
south sections. and toward the east on west-east line segments. In 
I vertical sequence near Oumaltk 1. the To~k fondothel. clinothel. 
and undathel. and the Nanushuk urine and non.arine beds overlie 
one another upward. 

8. OwIal1k twas drtlled on an anticline with a root that ts detached 
fraa the -Pebble Shale- level. The anticline is probably diapiric; 
the $hale core originated withtn the Torok Foraat1on. The best 
hydrocarbon prospects in this and sil!lilar structures are probably 
in the shallow horizons. Only those reservoir rocks with1n the 
upper section (for example. the Nanushuk and Torok fondothan) are 
likely prospects because closure is not ltkely in deepe ... potential 
reservoir rocks • 
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PARASTRATIGRAPHIC cROSS SECTION 0-0', 
SOUTH BARROW 13 TO LISBURNE 1 

Features of interest. from the bottom upward and frOil north 
(left) to south (right), are: 

1. The -Acoustic basement II below horizon 1500 is Ordovician­
Silurian (unU O-S) In the Barrow area, according to 
Carter and laufeld (1975). At South Meade I, a thin 
layer of unit 0 (Devonian) overlies the 0-5 unit. 
Projection of poor seiSllic reflections toward the south 
suggests that folded and faulted basement rocks aay 
become younger to the south. 

2. The axis of an ancient fold belt BaY underlie the Oumallk 
High, shown near the IIlddle of the section. There, 
several discontinuous, parallel, south-dipping reflectors 
occur below horizon 1500. These reflectors are probably 
bedded sedimentary or metasedimentary rocks of Early­
Middle(?) Devonian, late Devonian (D), or Mississippian 
(M-I to M-2) age. 

3. The CUmalik High may be a synclinorium that is the axis 
of a pre-Pennsylvanian geosyncline. It Is not known 
whether these rocks and the o-s rocks on the Barrow High 
were deformed at different times or during a Single 
orogeny. Geologic studies in the Brooks Range suggest 
that these rocks were defon.ed during Devonian time. 

4. The oldest known rocks overlying horizon 1500 are 
Pennsylvanian. P-I laps against the Meade Arch to the 
south of South Meade I, and agal nst the Duma li k HI gh on 
both sides of OUllalik 1. 

5. Progressively younger rocks lap onto the Meade Arch­
Barrow High. Fr ... South Meade 1 to< the north, the onlap 
sequence is P-l, P-2, PR, TR-l, TR-2, TR-3. and J-l. 

6. Unit Ka-lb truncates progressively older rocks from South 
Meade 1 toward the north. The truncation sequence Is 
J-3c, J-3b, J-3a, and J-I. 

7. The Barrow High was uplifted In post-Early Cretaceous 
tine. The Ka-2 unit is exposed below surface beds on the 
Barrow High. To the south, horizon 0500 (mid-Aptlan(?» 
Is near the boundary between Ka-2 and Ka-3. Ka-3 Is near 
the surface south of the Barrow High. 

8. The five plates penetrated In Lisburne 1 seem to be a 
series of splay thrusts originating frOlll a sole fault 
below the base of the well (total depth of 17,000 ft or 
5,182 m). 
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FIGURE 16 

D-D' 

COIIpl'"essed seismic cross section D-DI is a north-to-south 
section starting at South Barrow 13 on the left and ending at 
Lisburne 1 on the right. This section bisects all of the 
.. ajor structural-tectonlc reglmes withln the Reserve, The 
left side of the section is through the Arctic Coastal Plain. 
the 1I1ddle part cuts the Footh111s. and the right side 15 
through the Brooks Range Orogen. Features of lnterest are: 

1. Seismic 11nes BI0-78 and B5-78 are high-resolutlon. 
These l1nes contain more detail than conventional seismic 
line segments because they were reduced photographically 
before being compressed. 

2. Abrupt changes in dip occur at seismic l1ne intersections 
52-75 to 58-75. 58-75 to 47-75. 47-75 to 68-75. 6BE-77 to 
37-77, and 37X-78 to 743-80. Llnes 58-75. 68-75, 6BE-77, 
and 143-80 are mainly west-east lines. The rest are 
mainly north-south lines. 

3. Below "Acoustic basement" are a series of dipping, 
folded, and faulted parallel reflectors that originate 
frOll bedded rocks. 

4. A prominent diapirlc(?) fold occurs in the middle of the 
section at OUllalik 1. This folding affects the section 
above about 2.2 seconds. A velocity "pull-down" below 
the fold is related to the thick section of low-density 
shale above it. 

5. Beginning with I1ne 37-77, the data become increasingly 
difficult to interpret. From shotpoint 500 to the right, 
the section is nearly uninterpretable. possibly because 
of reflections from a large number of acoustic interfaces 
in a jumbled "crunch zone" at a cOilpress1onal plate 
boundary. 

6. Basement tectonic elements shown on this section are the 
Barrow High north of Walakpa 1. Meade Arch south of South 
Meade 1. and Co1v11le geosyncline on lines 37-77 and 
37X-78 to the north of Lisburne 1. 
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FIGURE 11 

Cross section E-E' includes South Barrow 13. South Barrow 17. Iko Bay 
I. Tulageak I. West Dease 1. Simpson 1. South Simpson 1. Ikpikpuk 1. 
Inigok 1. and Seabee 1. Datum 1S sea level. The lIIain geologic 
features shown are: 

1. The basement. unlt o-s ("Argillite U
). was reached by all wells 

except lnigok 1 and Seabee 1. At In1gok 1. the deepest unit 
penetrated was M-l (Endicott Group). Seabee 1 reached total depth 
in J-3c (-Upper Kingak"). and Ka-la lIay be present below Ka-lb. but 
the quality of log. paleontologic. and seismic data is insufficient 
to separate Ka-la from J-3c. Stratigraphic relationships shown 
below J-3c are based on seismic-stratigraphic analysis. 

2. Units H-l. M-2 (Alapah Limestone). P-l (Wahoo limestone), P-2 
(-Transition .Zone"). and PR-l (Joe Creek Member of the Echooka 
Fomation) lap out against the Barrow Arch between Ikpikpuk 1 and 
South Simpson 1. 

3. Units PR-2 (Iklakpaurak Member of the Echooka Fonnat10n) and TR-l 
(·Kavik shale") lap out against the Barrow High between South 
Simpson 1 and Simpson 1. 

4. TR-Z ("Ivishak sandstone") is questionably at Simpson 1 anj laps 
out against the Barrow High between Simpson 1 and West Dease 1. 

S. The mid-Jurassic unconformity truncates unit J-l ("Lower Kingak") 
at South Simpson 1. Ikpikpuk 1. Inigok 1. and Seabee 1. The basal 
"Pebble Shale" unconformity truncates J-l at Simpson I. West Dease 
1. Tulageak 1. lko Bay 1. South Barrow 17. and South Barrow 13. 

6. The "Upper Kingak," which includes unit J-3 and possibly unit 
Ka-Ia. 1s thickest in the south at Seabee 1 and thins toward the 
Barrow High due to truncation by the basal "Pebble Shale" 
unconformity. At South Simpson 1. only the J-3a subdivision of J-3 
is present. North of South Simpson 1. J-3 is absent. 

7. Unit Ka-lb ("Pebble Shale") is present in all wells. 

8. The Torok fondothem (bottomset) beds within the time-transgressive 
Ka-2 unit overlie Ka-lb ("Pebble Shale") at South 8arrow 13 and Iko 
Bay 1. In all other wells. Torok fondothem beds within the time­
transgressive Ka-3 unit (Torok-Nanushuk) overlie Ka-lb. 

9. Quaternary surface beds are in all wells except lnigok 1 and Seabee 
1. At In1gok I, the Kb unit (Colville Group) is at the surface. 
At Seabee 1. Nanushuk nonmarine beds within unit Ka-3 are at the 
surface. Progressively younger rocks und~rl ie unit Q to the 
southeast. The Torok clinothem (foreset) beds. within Ka-2. are at 
South Barrow 13 and South Barrow 17; at Iko Bay I. Torok undathem 
{topset} beds. within Ka-2. are below unit Q. Nanushuk marine beds 
within Ka-l are below unit Q at Tulageak 1. West Dease I, and 
Simpson 1; Nanushuk nonmari ne beds are at South Simpson 1 and 
lkpi kpuk 1. 
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FIGURE 18 

Features of interest, from the bottom upward and from 
northwest (left) to the southeast (right). are: 

1. The "Acousti c basement n is composed of "Argi 11 iteM 
(phyllite and quartzite) in the Barrow area. 
Southeastward, probable "Argi 11 ite" was encountered at 
Iko Bay I,. Simpson 1, and South Simpson 1. A quartzite, 
questionably assigned to the "Argillite," was penetrated 
at total depth in Ikpikpuk 1. At Inigok 1. rocks below 
"Acoustic basement" are identical to those several 
hundred feet above the basement. Seabee 1 did not reach 
"Acoustic basement." 

2. The Endicott Group in Inigole. 1 consists of an upper 
relatively thin shale and a lower thick. sandstone, coal, 
and siltstone sequence. Microfossils suggest that the 
Endicott is time-transgressive toward the northwest. At 
In1gok -I, the top of the Endicott is within Mamet 

· foraminiferal zone 10-11 or older, whereas at Ikpikpuk 1 
· it is within zone 16 or older. 

3. A low-angle unconformity occurs below the Wahoo Limestone 
south of [nigok 1.. Toward the northwest~ the Wahoo 
overl ies the Alapah limestone and Endicott Group. The 
Alapah is probably much thicker in the Umiat Basin than 
elsewhere on the cross section, and a part of it may be 
correlatable with the Wachsmuth Limestone, which was not 
identified in any NPRA well. The sub-Wahoo unconfonnity 
is not obvious in the seismic sections~ because the Wahoo 
and Alapah are both carbonates and have similar physical 
propert;es. 

4. The Echooka Formation onlaps the basement just northwest 
of South Simpson 1. It is overlapped by the Ivishak 
Fonnation~ which in tUrn onlaps the basement between 
South Simpson 1 and Simpson 1. The "Ivishak sandstone" 
member of the Ivishak. Formation becomes siltier toward 

· the southeast. 

5. The Shublik Formation and Sag River Sandstone lap out on 
the Barrow High. The Sag River is represented in the 
Barrow area b.v an eQuivalent unnamed siltstone. 



6. The "Barrow sandstone ~" whi ch 1 i es on top of the 
Shublik-Sag River siltstone equivalent in the Barrow 
area 7 is the main reservoir in the Barrow gas fields. 

7. The "Upper Kingak" and "lower Kingak" consist mainly of 
shale and siltstone, with the exception of the "Barrow 
sandstone. " 

8. The "Pebble Shale" truncates progressively older Jurassic 
rocks toward the northwest. On the Barrow High, the 
"Pebble Shale" overlies the "Lower Kingak." 

9. The Torok Formation is a prograding deposit. The 
undathem. clinothem. and fondothem ("basal Torok") 
correspond to the shelf, slope, and basin. respectively. 
This line is nearly along the depositional strike of the 
Torok-Nanushuk sequence. The shelf and slope intervals 
are composed mostly of Shale. and the basin interval is 
interbedded shale. siltstone. and silty sandstone. 
Several of the interbedded sandstones are probably 
turbidites. 

10. The Nanushuk Group consists of the dominantly marine 
Grandstand Formation and the mostly nonmarine Chandler 
Formation in all wells except Inigok 1; only the 
Grandstand Formation was identified at Inigok 1, 
according to Molenaar (1979). 

11. The Colville Group (Seabee and Schrader Bluff Formations) 
is restricted to the southeast of I~pikpuk 1. The 
Colville, which was eroded from the crest of the Umiat 
structure because of uplift. is a thinner replica of the 
Torok-Nanushuk sequence. The depositional pattern of the 
Seabee Formation ;s similar to that of the Torok 
clinothem and undathem. whereas the Schrader Bluff is 
similar to the Nanushuk nonmarine beds. 
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FIGURE 19 

Features of interest, fr(ll the bottom upward and from the 
northwest (left) to the southeast (right), are: 

1. Structures below horizon 1500 in the "Acoustic basement­
are inferred. Accordi ng to Carter and laufe ld (1975), 
the basement is Ordovician-Silurian in the Barrow area. 
Inferred beddi ng and di p changes i ndi cate that the 
metasedimentary rocks comprising the -Acoustic basement" 
southeast of the Barrow High may be younger than unit 
0-5. Southeast of Ikpikpuk I, horizon 1500 is probably 
within unit M-l. The reflectors below horizon 1500 are 
probably from the M-l unit, but may be as old as 
Devoni4"_ 

2. Progressively younger rocks lap onto basement rocks fram 
the southeast toward the northwest. The onlap sequence 
is: M-l and P-l between Ikpikpuk 1 and South Simpson I, 
PR just northwest of South Simpson I, TR-l and TR-2 just 
northwest of Simpson 1. and TR-3 and J-l just southeast 
of South Barrow 13. Between Ikpikpuk 1 and South Simpson 
1, P-l truncates M-2. 

3. Horizon 1300, which underlies the P-l unit, is a reg10nal 
angular unconformity that is not clearly defined 
seismically. Horizon 1100 is near the top of the P or PR 
units across the section. 

4. Unit TR-3 is defined by a prominent reflector doublet, 
which is traceable across the section. Northwest of 
Inigok I, horizon 1000 (top of the Triassic) is near the 
top of unit TR-3. Southeast of inigok I, the overlying 
J-l unit is thin or absent and horizon 0900 (mid-Jurassic 
unconformity) is near the top of TR-3. Horizon 1040 
("basal Shublik"(?» is near the base of TR-3. 

5. Horizon 0900 downlaps onto and replaces horizon 1000 
toward the southeast. The underlying J-1 unit thins to 
the southeast and is below the l1mit of seisllic 
resolution. 

6. Unit J-3, which overlies horizon 0900, is truncated by 
the Ka-lb unit northwest of South Simpson 1. 



7. Unit Ka-lb is defined by horizon 0700~ which is near the 
top of the unit, and horizon 0720~ which is near its 
base. The 0700 and 0720 horizons form a prominent 
refl ector couplet that is traceab 1 e across the sect ion. 
From southeast to northwest, unit Ka-lb truncates 
progressively older rocks: units J-3c~ J-3b~ J-3a~ and 
J-l. 

8. Horizon 0500 (mid-Aptian(?)) is near the boundary between 
units Ka-2 and Ka-3. The horizon downlaps toward the 
northeast, away from the line of this section, onto 
horizon 0700. Horizon 0500 was not mapped 1n detail. 

9. Horizon 0400 (mid-Cenomanian unconformity) is near the 
boundary between Ka-3 and Kb. This horizon is not as 
prominent as several stronger events within Ka-3~ 
however, horizon 0400 is continuously traceable from just 
northwest of Seabee 1 to Ikpikpuk 1. 

10. The Barrow High was uplifted in post-Early Cretaceous 
time. Progressively younger strata occur below surface 
beds from the crest of the Barrow High toward the 
southeast. Units subcropping beneath surface deposits 
are, northwest to southeast, Ka-2 in the Barrow area, 
Ka-3 southeast of Iko Bay 1 to Ikpikpuk 1 (except for the 
Dease Inlet). Kb from IkpHpuk 1 to just northwest of 
Seabee 1. and Ka-3 at Seabee 1. Unit Ka-3 was pushed to 
the surface by thrust faulting. The Umiat field is 
located on top of a rollover produced by the thrust 
fault. 

11. The South and East Barrow gas fields are located on the 
sides of the "Disturbed Zone," a prominent structure on 
the Barrow High. Because this chaotic feature has a 
complex internal structure~ few seismic horiZons can be 
traced confidently from one side of the "Disturbed Zone" 
to the other. The Simpson oi 1 seeps emanate from the 
edge of Simpson canyon~ a trough presumed to be a 
submarine canyon cut during mid-Cretaceous time; 
according to Robinson (1959), the canyon ;s filled with 
Late Cretaceous strata. 
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FIGURE 20 

COMPRESSED SEISMIC CROSS SECTION E-E', 
SOUTH BARkow 13 To SEABEE 1 
Compressed seismic cross section E-EI is a northwest-to­
southeast section starting at South Barrow 13 and ending at 
Seabee 1. This section ties the Barrow area and Simpson 
Peninsula to the Ikpikpuk and U"iat Basins and the Umiat 
Platform. 

The seismic line segments form a I'stair-step" pattern 1n map 
view (see index map, fig. 3). Abrupt changes in dip occur at 
seismic line intersections BID-7B and 657-79, BII-7B and 
B5-7B, B5-78 and B12-78, 87-78 and BII-78, 42-74 and 41-74, 
41-74 and 38-74, 38-74 and 36-74, 36-74 and 26-74, 26-74 and 
3-74, 3X-75 and 58-75, 58-75 and 17X-75, 17X-75 and 59XW-75, 
59XW-75 and 25X-75, 25X-75 and 81-77, and 81-77 and 79-77. A 
number of upseudostructures" caused by line direction changes 
are shown on the ri ght side of the sect i on between 0.5 and 
2.0 seconds. Features of interest are: 

1. Indications of structure below "Acoustic basement" are 
good to poor. Faint indications of bedding and numerous 
refractions indicating probable faulting are beneath the 
Bar~ High to the northwest. To the southeast, a series 
of good parallel reflectors below "Acoustic basement- are 
probably a continuation of the bedded sedimentary section 
above "Acoustic basement.1I 

2. The IIDi sturbed Zone ll is crossed just southeast of South 
Barrow 13, beginning on line BI1-78. Very few reflectors 
can be traced across this feature. 

3. Mud .. gun data are represented by a ·washed-out II zone near 
the right end of line B-ll over Dease Inlet. Even though 
the data are poor, some of the deeper continuous 
reflectors are more obvious on this compressed section 
than on conventional seismic sections. The higher 
reflectors are terminated on the flanks of the Simpson 
canyon. 

4. The Umiat structure near Seabee 1 is a large anticlinal 
and thrust-fault complex that affects the post-Neocomian 
(Torok and younger) strata. The Umiat all field is on 
the axis of this complex. 

5. Basement tectonic elements on this section are the Barrow 
High, Ikpikpuk Basin southeast of Ikpikpuk I, Inigok 
Saddle between Ikpikpuk 1 and Inigok I, Umiat Basin 
between Inigok 1 and Seabee I, and Umiat Platfom near 
Seabee 1. 
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CORRELATION CROSS SECTION F-F'. 
J. w. DAlTo. 1 TO SEABEE 1 
Cross section F-F' tncludes J. Y. Dalton 1. East TeShekpuk 1. North 
In1gok 1. Inigok 1. and Seabee 1. Datull 1s sea level. The main 
geologic features shown are: 

1. Only ORe well. J. N. Dalton I, reached the Ordovician-Silurian 
(-Argillite-) un1t or baseMent rock. The stratigraphic 
relationships shown below unlt lR-la (Shubltk Formation) at North 
Inigok 1 and below unit Ka-lb (-Pebble Shale-) at Seabee 1 are 
based on seismic-stratigraphic analysis. 

2. The Late Mississippian M-I (Endicott Group) and M-2 (Alapah 
L1a.estone) lap out ag!!nst the Fish Creek Platform. N-l. as 
indicated by seismic wat~, overlies the basement at North In1gok 1 
and Inigok 1. and laps out between North lnigok 1 and East 
Teshekpuk 1; an isolated erosional remant of H-l 1s presened 
north of the Fish Creek Platfom at J. W. Dalton 1. At East 
Teshekpuk 1. the basl!llll!nt is overlain by unit M-2. which laps out 
bet.een East Teshekpuk 1 and J. W. Dalton 1. 

3. Unit J-l ("Lower Kingak") 1s thickest at East Teshekpuk I. At J. 
W. Dalton 1. unit J-I is absent because of truncation by the basal 
"Pebble Shale" unconfom1ty. South of the Barrow Arch. the l11d­
Jurassic unconforwity truncates the J-I. At North Inigok I and 
Inigok 1. only J-la is present. 

4. The basal "Pebble Shale" unconformity truncates J-l ("Upper 
Kingak"). At North Inigok 1. Inigok I. and Seabee I. J-lc is below 
the unconforlrity. la-Ia IN.Y be present below Ka-Ib at Seabee Ii 
hoWever. the quality of the log~ paleontologic. and seismic data is 
insufficient to separate Ka-la fran J-3c. J-lb and J-3c are 
truncated a.pletely across the Fish Creek Platform. At East 
Teshekpuk 1. J-la lies just below the basal "Pebble Shale" 
unconformity. 

5. Torok fondothell (bottomset) beds. within the tillie-transgressive 
Ka-l unit (Torok-Nanushuk). are just above'the basal "Pebble Shale" 
unconfo~1ty at J. W. Dalton I, East Teshekpuk I, and North lnigok 
1. At lnigok 1 and Seabee I. Torok fondothem beds within Ka-2 are 
above the unconfonl1ty. 

6. The mid-Cenomanian unconfomity truncates unit Ka-l. Kb (Colville 
Group) strata are present a~ve the Rid-Cenomanian unconformity at 
J. W. Dalton 1. East Teshekpuk I. North Inigok 1. and In1gok 1. 
The mid-Cenomanian unconfomity 1s absent at Seabee 1 where 
Nanushuk non.ar1ne beds within Ka-l are present at the surface. 

7. At J. W. Dalton I, Quaternary surface beds overlie Tertiary beds. 
At East Teshekpuk 1. unit Q overl1es unit Kb. At North lnigok 1 
and In1got 1. Kb is near the surface. 
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FIGURE 22 

Features of interest. starting at the bottOM of the section upward and 
fro. the northwest (left) to the southeast (right). are: 

1. Only J. W. Dalton 1 penetrated the "Argillite." Inigok 1 was 
drilled into the End1eott Group. North lnigok 1. East Teshekpuk I, 
and Seabee 1 bottomed above the projected basement. 

2. The Endicott Group in lnigok 1 consists of a relatively thtn shale 
and thick sandstone, coal. and siltstone sequence. At J. W. Dalton 
I, conformably interbedded red siltstones and sandstones 
(Penn~lyanian) underlie the Wahoo Lt.estone of the Lisburne Group. 
This Endicott sequence is probably part of a tille-transgressive. 
basal clastic facies of the lisburne that raay be continuous with 
the Endicott Group in the Umiat 8astn. 

3. The Waboo truncates the Alapah Liraestone and the Endicott Group 
~th a low-angle unconfonmity. The Alapah is probably much thi~ker 
in the Umiat Basin. A part of the added section .~ correlate with 
the wachsmuth Limestone. which has not yet been identified in any 
well drilled in the "PRA. The sub-Wahoo unconformity is not 
obv1ous 1n the seiSMic section becaUSe the Wahoo and Alapah have 
similar carbonate properties. 

4. IIorth of the Fish Creek Platfor'll. the Ivishak Fonaat1on overlies 
the Echooka Formation and the upper part of the Wahoo Lilllestooe. 
The -Ivishak sandstone" IlE!lJlber of the Ivishak Fonaation becomes 
siltier toward the south and probably grades into siltstone south 
of Inigok 1. 

5. The Sag River Sandstooe and underlying Shublik 
truncated toward the north by the -Pebble Shale.­
grades into shale toward the south. 

Fonnation are 
The Sag Ri ver 

6. The Kingak Formation eons'ists mainly of shale and siltstone. both 
the ·Upper Kingak" and "lower Kingak." 

7. The ·Pebble Shale" contains the distinctive -Gamma Ray Shale" zone 
in all wells 1n the cross section. The basal ·Pebble Shale· 
sandstone is present at J. W. Dalton 1. East Teshekpuk 1. and 
Inigok 1. The ·Pebble Shale- truncates progressively older 
fonmations toward the north. 

8. The Torok Fonaation is a prograding shelf-slope-basin sequence that 
is progressively older toward the source area to the south. The 
shelf (undatnem) and slope (clinothen) intervals are composed 
mostly of shale. The basin (fondothem). or "basal Torok," sequence 
consists of interbedded shale. siltstone. and silty sandstone. 
Several of the interbedded sandstones are probably turbidites. 

9. The Nanushuk Group consists of the mostly nonmarine Grandstand 
Fonnation in all of the wells except Seabee 1. The IROstly 
nonllarine Chandler Fomation may be present between Intgok 1 and 
Seabee 1. according to Holenaar (1981). 
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FIGURE 23 

Features of interest, starting at the OOttOAI of the section 
upw.rd .nd from the north (left) of the section to the south 
(right). are: 

1. Horizon 1500 is "Acoustic basement. I. On the Fish Creek 
Platform, unit O-S underlies horizon 1500. A series of 
discontinuous reflectors between J. W. Dalton 1 and East 
Teshekpuk 1 ... y be down-faulted rem.nts of • fo_rly 
more extensive M-l unit. South of East Teshekpuk. 1, 
horizon 1500 is prob.bly within the M-l unit. 

2. Horizon 1100 is near the top of the P or PR units across 
the section. Horizon 1300, which underlies the P-l unit, 
1s a regional angular unconfonnity that 15 not clearly 
defined seismically. 

3. Unit TR-3 is defined by • prominent reflector doublet 
th.t is tr.ce.ble .cross the section. North of [nigok 1. 
horizon 1000 (top of the Tri.ssic) is ne.r the top of 
unit TR-3. South of [nigok 1. the overlying J-l unit is 
thin or .bsent. and horizon 0900 (mid-Jur.ssic un­
conformity! is ne.r the top of TR-3. Horizon 0740 (Bas.l 
Shublik(?) is ne.r the b.se of TR-3. 

4. Horizon 0900 downl.ps onto and replaces horizon 1000 
tow.rd the south (left to right). The underlying J-l 
unit thins to the south and is below the limit of seismic 
resolution south of Inigok 1. 

5. The 0700 .nd 0720 reflectors form • prominent doublet 
that is traceable across the section. Horizon 0720 
truncates progressively older beds toward the north. 

6. Horizon 0700 (·Ga .... Ray Sh.le") is ne.r the top of the 
ka-lb unit that includes the "Pebble Shale." Horizon 
0720 (b.s.l "Pebble Sh.le" unconformity) is ne.r the 
bottom of the unit. 

7. Horizon 0500 (mid-Apti.n(?» downlaps northw.rd onto 
horizon 0700 (top of the K.-lb). 

8. Horizon 0400 (mid-Cenomanian unconformity) is near the 
boundary between the Kb .nd Ka-3 units. This horizon is 
not as prOlllinent as several stronger events within Ka-3. 
Horizon 0400 is traceable continuously from one end of 
the section to the other. 
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FIGURE 24 

Cross section F-f' consists of an east-west segment of line 
4-74 and north-south portions of lines 7-74 and 7X-75 between 
J. W. Dalton 1 and Inigok 1. FrOlll Inigok 1 to Seabee I, a 
series of east-west and north-south segments form a ·stair­
step" pattern in map view. The lines involved are 58-75, 
17X-75, 59XW-75, 25X-77, 81-77, 79-77, and 72-77 (see index 
.. ap, fig. 3). Right-angle seismic line intersections cause 
several ·pseudostructures" within the Torok cl1nothell and the 
lisburne and Endicott Groups. Features of interest are: 

1. The Umiat structure near Seabee 1 is a large anticlinal 
and thrust-fault complex that affects the post-Neoco"ian 
(Torok and younger) strata. The IDiat oil field is on 
the axis of this complex. 

2. Basement tectonic elements shown in this section are the 
Fish Creek Platform at East Teshekpuk I, !blat Basin 
south of Ini gok I, and Umi at Platform just north of 
Seabee 1. 
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FIGURE 25 

Cross section H-H' includes Tunalik I. Kaolak 1. Oumalik 1. Koluktak I, 
Inigok 1. and Area Itkillik River 1. DatUM is sea level. The lUin 
geologic features shown are: 

1. Area Itkillik River 1 is the only well that reached unit O-S 
(·Argillite") or basement rock. At Kaolak 1 and loluktak 1. 
stratigraphie relationships shown below unit Ka-2 are based on 
SeiSMic-stratigraphic analysis. 

2. Unit M-l (Endicott Group) overlies unit O-S at Arco Itkillik River 
1. M-l laps out against the Oumalik High west of Inigok 1. 

3. Unit "-2 (Alapah Limestone) unconfonlibly overlies M-l at In1gok 1 
and Area Itkillik River 1. Se1S11ic stratigraphy indicates that 
unit .... 21 (Lower Alapah) was truncated by un1t M-2b (Upper Alapah). 
"-2 laps out against the Ou-alik High. 

4. Unit P-l (Wahoo Lillestone) overlies the bas_nt at Tunalik 1 and 
laps out aga1nst the Oumalik High between Kaolik 1 and Ouulik 1. 
In the east. P-l uneonfol'llllbly overlies .... 2 at Koluktak 1. Inigok 
1. and Areo Itkillik River 1. P-l and P-2 ("Transition Zone") lap 
out against the Ouaal1k High west of koluktak 1. 

5. P-2 and PR-l (Joe Creek Me.ber of Eehooka Formation) lap out to the 
east against the Colville High. 

6. A 145-ft (229-.) thick basalt eontatned ~thtn P-2 at Tunal1k 1 is 
believed to be an extrusive. because the core s~les indicate an 
andes1tic flow. 

7. At Areo Itkillik River 1. untt PR-2 (Iktakpaurak Melber of Eehooka 
Fonaatton) unconformably overlies P-l. 

8. The nrtd-Jurass1c uneonfonaity truncates untt J-l ("Lower Kingak-). 

9. Unit J-3 (·Upper Kingak") is truncated by the IIItd-Neocoaian 
unconfomity at Tunalik 1 and Kaolak 1. and by the basal "Pebble 
Shale" unconformity at OUllll1k 1. Koluktak 1. Intgok 1. and Arco 
Itkillik R.her 1. At Tunalik 1. the Ka-Ia (Valanginiln­
Hauterivian) part of the uUpper K1ngak U unconfOrMably overlies J-3. 

10. --,1t Ka-lb ("Pebble Shale") uneonfonubly overlies unit Ka-Ia at 
Tunal1k 1 and Kaolak 1. In all other wells. la-la unconformably 
o¥erlies the J-3e part of the ·Upper Kingak.-

11. The ti.e..transgressive Ka-2 and Ka-3 units l1e abo'fe the "basal 
Torok u unconfor-.ity. The original regional dip was toward the 
northeast where the Torok-Nanushuk rocks are younger. At Areo 
Itkillik River 1. Torok fondothM (bottOlllset) beds. within Ka-3. 
probably are present and. in all other wells. Torok fondothe. beds 
wi thin Ka-2 are present. 

12. lIanushuk non.arine beds within Ka-3 are present below the 
~aternary surface beds at Tunalik 1 and Kaolak 1. At Olftillik 1. 
Nanushuk .rioe beds within Ka-3 are present below unit Q. At 
Koluktak 1. Nanushuk norwarine beds within Ka-3 are near the 
surface. At Inigok 1. unit Kb (Colville Group) is at the surface. 
Terttary (untt T) strata are near the surface at Areo Itkillik 
River 1. 
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FIGURE 26 

LITHOSTRATIGRAPHIC CROSS SECTION H-H', 
TUNALIK 1 To ARCO ITKILLIk RIVER I 

Features of interest~ from the bottom upward and from the 
left (west) to the right (east), are: 

I. In cross section H-H', the only well that reached 
"ArgHlite" was ArcD ItkHlik River 1. The only other 
well drilled below horizon 1500 was Inigok 1, which 
bottomed in Endicott Group clastics consist1ng of a 
relatively thin shale and thick sandstone, coal, and 
siltstone sequence. 

2. West of the Meade Arch, the Wahoo Limestone of the 
Lisburne Group probably overlies "Acoustic basement." 
The Mississippian Alapah Limestone and the Endicott Group 
were not reached by any of the wes~ern wells; however, 
the Al apah and End; cott may be present in the deeper 
parts of the Meade and Tunalik Basins west of the Meade 
Arch as a part of the "Acoustic basement.- If complexly 
folded. faulted:t or metamorphosed:t the Alapah and 
Endicott are indistinguishable from the "Argillite" or 
the Lower-Middle Devonian rocks. 

3. A low-angle unconformity that occurs below the Wahoo 
Limestone truncates the Alapah Limestone and the Endicott 
Group to the west of Inigok 1. The sub-Wahoo 
unconfonaity is not obvious in the seismic section. 
because the Wahoo and Alapah are both carbonates with 
similar physical properties. 

4. A "Transition Zone," consisting of argillaceous limestone 
and shale:t occurs between the top of the Wahoo Limestone 
and the overlying Echooka Fomation. It is relatively 
thick west of the Meade Arch, but thins toward the east. 
The -Transition Zone- and the upper part of the Wahoo 
Limestone are truncated and overlain by the Echooka 
Fonmation toward the east and north. 

5. The -Kavik shale" member of the Ivishak Fonaation is much 
thicker at Tunalik 1 than at any other location. The 
"Ivishak sandstone" lIember of the Ivishak Formation 
becomes siltier to the west of Inigok Ii at Tunalik 1:t 
the unit is nearly all siltstone. 

6. The Shublik Formation is a distinctive marker across the 
Reserve. 



7. The Sag River Sandstone grades into shale to the south 
and west of the Fish C~eek Platform. 

8. Potential sandstone reservoi rs that probably are present 
within the Kingak Formation west of the Meade Arch 
include silty sands below the "Pebble Shale" at Tunalik 
it and several similar lens-like turbidite(?) bodies. 
East of the Meade Arch, the "Kealok anomaly" on the south 
flank. of the Fish Creek Platform may represent a 
potential sandstone reservoir. Other sands may be 
present around the edges of basins. 

9. The IIPebble Shale," a distinctive marker all across the 
section, is composed of gray-to-black. organic shale or 
siltstone. The basal "Pebble Shale" sandstone was absent 
in the wells included in this cross section. 

10. The Torok-Nanushuk sequence progrades toward the east. 
In a vertical sequence west of the Meade Arch, the Torok 
fondothem, clinothem, and undathem and the Nanushuk. 
marine and nonmarine beds succeed one another upward. 
The Nanushuk nonmarine Chandler Formation is absent on 
the Fish Creek Platform; the Nanushuk marine Grandstand 
Formation ;s overlain by shales of the Seabee Formation 
of the Colville Group. 

11. The Colville Group (Seabee and Schrader Bluff Formations) 
is restricted to the north and east of Koluktak 1 and 
progrades toward the east. The depositional pattern of 
the Colville Group is Similar to that of the 
Torok-,'Ianushuk sequence. The Seabee Formation is similar 
to the Torok clinothem and undathem~ whereas the Schrader 
Bluff Formation ;5 similar to Nanushuk nonmarine beds. 





FIGURE 27 

PARASTRATIGRAPHIC CROSS SECTION H-H', 
TUNALIK 1 TO ARCO ITKILLIK RIVER 1 

Features of interest. from the bottom upward and from the 
west (left) to the east (right), are: 

1. Reflectors below MAcaustic basement U (horizon 1500). 
probably generated from sedimentary or metasedimentary 
rocks, are shown at Tunalik 1 and in the Meade Basin, 
Oumalik High, and ikpikpuk Basin. At inigok I, the rocks 
that generate the seismic reflectors from IIAcoustic 
basement" are of the same age and composition as the 
overlying M-l unit. Elsewhere, parallel reflectors from 
the "Acoustic basement" may be from rocks in the O-S, D, 
or M-l and M-2 units. 

2. The Oumal1k High may be a synclinorium that is the axis 
of a pre-Pennsylvanian geosyncline.. It is not k.nown 
whether these rocks were deformed at the same tilDe as 
unit 0-5 (Frankl i ni an Orogeny) or later 1n a separate 
orogeny. Geologie studies in the Brooks Range suggest 
that these rocks were deformed during Devonian time. 

3. The Meade Basin is shown especially well in this section. 
The eastern margin of the basin is defined by a 
high-angle fault dipping to the west. Estimates of the 
amount of th~ of the fault depend on the correlation of 
seismic events across the Meade Arch. As defined here, 
horizon 1500 was displaced by about 0.5 seconds. If poor 
reflectors below horizon 1500 on the east side of the 
fault are correlative to reflectors in the basin, as is 
suggested in the section, the displacement is relatively 
small. 

4. Horizon 1400 1 s near the boundary between units M-l and 
M-2. The M-1 unit onlaps the Oumalik High and Fish Creek 
Platform to the west and east of inigok 1, respectively. 

5. Horizon 1300, which is near the boundary between units 
M-2 and P-l, is a regional angular unconformity that is 
not clearly defined seismically. P-l truncates M-2 on 
the Oumalik High and on the Fish Creek Pl.tfonn. M-2 or 
M-1 may be preserved in the deepest part of the Meade 
Basin; elsewhere, M-1 and M-2 are not identified west of 
the Meade Arch-Oumalik High trend, either by drilling or 
by seismic stratigraphy. M-l is truncated by M-2, and 
both are truncated by P-1. This indicates continued 
uplift of the arches and subsidence of the basins 1nto 
late Mississippian time, and probably represents 
epeirogeniC uplift that followed an earlier orogeny. 
Geologic studies in the Brooks Range suggest the orogeny 
took Dlace durinq Devonian time. 



6. West of the Meade Arch, the oldest rocks identified above 
"Acousti c basement II are units P-l and P-2 (Pennsyl van; an 
to Permian). The P-2 unit overlaps P-l and is continuous 
over both positive elements. P-2 is relatively thinner 
aver the Meade Arch. To the east of the Meade Arch, P-2 
thins and laps out against the Oumalik High. On the Fish 
Creek Platform, the PR unit directly overlies P-L 
Horizon 1100 is near the top of units P or PR across the 
section. 

7. Units PR, TR-l. TR-2, and TR-3 are continuous across the 
secti an. 

8. Unit TR-3 is defined by a prominent reflector doublet 
that is traceable across the section. Horizon 1040 
(Basal Shublik(?)) is near the base of TR-3, and horizon 
1000 is mainly near the top of TR-3. However, near 
Inigok. 1, the top of TR-3 is defined by horizon 0900 
(mid-Jurassic unconformity) that downlaps onto the TR-3 
unit from the north. behind the plane of the section. 
The J-l unit that normally overlies TR-3 is thin or 
absent where hori zon 0900 ; s near the top of TR-3. and 
the J-3 unit either may di rectly overl ie TR-3 or a very 
thin J-l interval. 

9. Unit J-l is relatively thin to abs~nt over the length of 
the section. Horizon 0900 downlaps from north to south 
until J-l cannot be identified seismically. 

10. Units J-3 and Ka-Ia are truncated by hori zan 0720. From 
the west toward the east. the horizon truncates 
progressively older rocks. At Tunali!< I, unit Ka-Ia is 
overlain by horizon 0720 and underlain by horizon 0800. 
West of the Meade Arch. Ka-la is truncated. J.3c pinches 
out just east of lnigok 1; and J-3b becomes thinner 
because of truncation between Inigok 1 and Arco Itkillik 
River 1. 

11. Unit Ka-lb is defined by horizon 0700, which ;5 near the 
top of the unit, and by hori zan 0720, whi ch ; 5 near the 
base. These horizons form a prominent reflector couplet 
that is traceable across the section. Toward the east, 
Ka-Ib truncates progressively older rocks. 

12. Horizon 0500 (mid-Aptian(?)), near the boundary bet',lleen 
units Ka-2 and Ka-3, downlaps toward the east and joins 
horizon 0700 east of lnigok 1. East of lnigok I, unit 
Ka-3 lies directly on unit Ka-Ib. 

13. Horizon 0400 (mid-Cenomanian unconformity) is near the 
boundary of units Ka-3 and Kb. The Kb thii1S and is 
absent just to the north and east of Kolukt3k 1. but 
thickens to the east. 





FIGURE 28 

COMPRESSED SEISMIC CROSS SECTION H-H', 
TUNALIK 1 TO ARCO ITKILLIK RIVER 1 

Compressed seislli c cross sect; on H-H' crosses the wi dth of 
the "PM and ties Tunalik 1 and Inigok 1, which are two of 
the deepest wells drilled in the Arctic. The section begins 
at Tunalik 1 and ends on the Colville River about 3 lIiles 
west of Arco Itkillik River 1. The quality of the se15111c 
data is good to fair, except in the middle of the section 
between Ouma11k 1 and Koluktak 1 where 1t 1s poor. Features 
of interest are: 

1. Dip reversals are seen at seismic line intersections 
130-76 and 58-76, 58-75 and 47-75, 47-75 and 62-75, 62-75 
and 46-75, and 46-75 and 63-75. 

2. Below "Acoustic basement, II there 15 some indication of 
structure along line 58-76 near Oumalik 1 and between 
Koluktak 1 and In1gok 1. Most of the basement reflectors 
in these areas prObably are from sedimentary or meta­
sedimenta.ry rocks. Apparent features below "Acoustic 
basement" in the rest of the section are refractions that 
probably originate frOil faults or multiples derived from 
higher units. 

3. At Tuna11k I, a high-velocity basalt layer at about 3.0 
seconds masks the strata below it~ making it difficult to 
identify -Acoustic basement- in this area. 

4. Basement tectonic elements shown in this section are the 
Tuna11k Bas1n at Tunalik 1 (on Hne 02-17 only), 
Wainwright Arch between Kaolak 1 and Ou ... Hk 1, Meade 
Arch, 0llla11k H1gh at Ou ... l1k I, Ikp1kpuk Bas1n to the 
west of Ikp1kpuk I, and Fish Creek Platform between 
Intgok 1 and Arco Itk1111k River 1. 






