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Alaska (NPRA) provides the first information on permafrost depth and
recent climatic trends over large parts of the Arctic coastal plain, foothills
province, and northern Brooks Range. These new data extend earlier
results from wells along the Arctic Coast that indicated a climatic warm-
ing of 1°-3°C since the middle of the 19th century. With important
regional variations, this warming was evidently widespread at inland sites
as well. The deepest permafrost extends to about 600 m and occurs along
the eastern part of the Beaufort Sea coast. However, over most of the
Arctic Slope, including the NPRA, permafrost depth ranges from 200 to
400 m, with large local variations and few conspicuous regional trends.
Of the three factors that determine permafrost depth—surface tempera-
ture, heat flow, and thermal conductivity—thermal conductivity is most
important. Generally, where conductivity is high, the geothermal gradient
is low and the permafrost is deep. A systematic southward increase in
mean surface temperature is revealed by the data, but it has only a second-
ary influence on permafrost depth north of the Brooks Range. We do not
have enough thermal-conductivity data to determine whether certain
regions with anomalously thin permafrost might have anomalously high
heat flow; if they do, they might indicate upwelling of interstitial fluids in
the underlying basin sediment. The absence of a thermal disturbance in
coastal wells along the Beaufort Sea implies the shoreline there has been
transgressing rapidly, a conclusion consistent with other evidence that
hundreds of meters of warming permafrost has been covered by the
advancing sea on the Beaufort Shelf.
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Mississippian Conodonts, Lisburne Group, St. Lawrence Island, Alaska

Late Mississippian conodonts recovered from two sections of the Lis-
burne Group exposed along the Ongoveyuk River, western St. Lawrence
Island, are few, poorly preserved, yet relatively diverse. At the West Fork
and East Fork Ongoveyuk sections, the lower, dark-colored, cherty beds
yield conodonts that belong in the upper part of Lane Faunal Unit 8.
They are correlatives of the upper St. Louis Formation in the Mississippi
River Valley and, in northwest Alaska, are equivalent to the upper
Nasorak and Kogruk Formations (Lisburne Group) along Nasorak
Creek near Point Hope, and the Kogruk Formation at Trail Creek, De
Long Mountains, Misheguk Mountain quadrangle. The upper, light-
colored, thicker-bedded interval at the West Fork exposure yields cono-
donts assignable to Lane Faunal unit 9 of latest Meramecian and earliest
Chesterian age. This fauna occurs widely over North America in beds that
correlate with the Ste. Genevieve Limestone in the Mississippi River Val-
ley. On the Lisburne Peninsula, this interval correlates with at least a por-
tion of the Kogruk Formation exposed at Niak Creek and Cape Lewis
north of Point Hope. Conodont alteration indices (CAI) are very high
and variable, ranging from 5.5 to 8.0, suggesting they resulted from con-
tact rather than regional metamorphism.

LAWTON, TIMOTHY F,, and GREGORY W. GEEHAN, Sohio Petro-
leum Co., San Francisco, CA

Depositional Environments of Permo-Triassic Ivishak Formation,
Prudhoe Bay, Alaska: Sequence and Geometry within Fluvial-Deltaic
Reservoir

The Ivishak Formation, the main reservoir in the Prudhoe Bay field,
averages 600 ft (180 m) within the field and consists of a lower prograda-
tional sequence (400 ft or 120 m) and an upper retrogradational sequence
(200 ft or 60 m). Depositional environments interpreted from core exami-
nation and log correlation include delta-front, delta-plain, and coarse-
grained coastal-plain facies within the lower sequence and a fine-grained
coastal-plain facies in the upper sequence.

Coarsening-upward deposits of the delta-front facies overlie and inter-
finger with the marine to prodelta Kavik shale. Fluvially dominated dep-
osition within a sand-rich delta resulted in overlapping and coalescing
channel-mouth bars occasionally truncated by fining-upward distribu-
tary channel sequences averaging 7 ft (2 m) thick, Thicker fining-upward
cycles (averaging 10.5 ft or 3.2 m) mark a shift from distributary to fluvial
deposition on the delta plain. Some fluvial cycles grade vertically into
flood-plain deposits of interbedded shale and siltstone that form the most
extensive permeability barriersin the reservoir. A coastal-plain facies con-
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sisting of crossbedded pebbly sandstone and conglomerate deposited by
braided rivers overlies the delta-plain deposits. Shale is uncommon and
discontinuous within this facies. The upper retrogradational sequence
rests with sharp contact upon the lower sequence and is interpreted as a
coastal-plain facies composed predominantly of sandy braided-fluvial
deposits.

Throughout the fluvial part of the reservoir, individual, complete,
braided channel-fill deposits average 10 ft (3 m) thick. Less common
meandering-stream deposits average 14 ft (4.2 m) thick. Channel dimen-
sion and depositional environment determine the geometry of silty and
sandy shales that form the dominant permeability barriers in the reser-
voir. Continuous shales within the fluvial sequence were deposited as
flood-plains. Discontinuous shale beds include abandoned channel-fill,
bar-drape, and slough-fill deposits.
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Style and Age of Tectonism of Sadlerochit Mountains to Franklin Moun-
tains, Arctic National Wildlife Refuge (ANWR), Alaska

The pre-Tertiary rocks north of the Franklin Mountains and south of
the coastal plain in ANWR can be subdivided into two major structural
units: (1) basement—Neruokpuk Formation, Nanook Limestone, and
Katakturuk Dolomite—and (2) Lower Mississippian to Upper Creta-
ceous sedimentary rocks. Basement rocks underwent intense deforma-
tion prior to deposition of Lower Mississippian rocks; locally the contact
is structural.

Crustal shortening at the structural level exposed was accommodated
primarily by concentric folding. Axial planes of major folds generally
strike N70°-90°E and dip 50°-80°S, indicating north vergence, and can
be subdivided into two groups: east-northeast trending and east trending.
Major folds plunge subhorizontally and continue laterally for up to 10 mi
(15 km). Exposed reverse faults show relatively small amounts of throw
(< 7,500 ft or 2.5 km).

Relative shortening decreases from greater than 41% at the northern
margin of the Franklin Mountains to less than 16% in the Sadlerochit
Mountains, amounting to approximately 14 mi (22 km) over 39 mi (64
km) of a north-south transect.

Reverse/thrust faults are interpreted to sole out along a basal décolle-
ment. This detachment probably lies between the Neruokpuk Formation
and overlying basement carbonate rocks between the Franklin and
Sadlerochit Mountains, and ramps upward under the coastal plain.

Field structural data of the study area, and well and seismic data of the
area west of ANWR, constrain the principal post-Mississippian deforma-
tion, a phase of north-south compression, to have occurred between the
mid-Eocene and the present. East-trending folds suggest two deforma-
tional events. Relative timing of these events, based on field data, is
equivocal.

LINDBLOM, R.G.,and J. M. WALDRON, ChevronU.S.A. Inc., Con-
cord, CA

Tulare Lake Field, Kings County, California—A Significant Onshore
Development

The Tulare Lake field is located in Kings County, California, on the
west side of the San Joaquin Valley and 10 mi east of the Kettleman Hills
(North Dome) field and 30 mi southeast of the city of Coalinga. The field
was discovered by Husky Oil Co. (Marathon) in October 1981 with the
completion of the Boswell 22-16, Sec. 16, T22S, R20E from sands in the
Burbank formation of Oligocene geologic age.

Chevron U.S.A. offset the Husky discovery well with the completion
of the Salyer 678X, Sec. 8, T22S, R20E, in May 1983. Both Chevron and
Husky have continued an orderly development of the field, and to date
Chevron has 9 producing wells and Husky 10 producing wells.

Production is found in the Burbank formation at a vertical depth
below 12,800 ft. The entrapment of hydrocarbons is caused by a low
amplitude, seismically subtle, anticlinal fold trending northwest/
southeast. Isochore maps of the Burbank formation show that stratigra-
phy is important in the distribution of the four producing sand intervals.
Qil gravities from the sands vary 39° API to 51° APl and the GOR ranges
from 1,050 to over 5,500. As of January 1, 1984, the field has a cumula-
tive production of 1.7 million bbl of oil and 3.5 billion ft3 of gas.



