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INTRODUCTION 

This is the second part of a two-part report on fieldwork 
done in the Lisburne Peninsula and De Long Mountains, north
western Alaska during the 1986 summer field season. Part I 
of this report summarizes stratigraphic and structural field 
observations. Part II documents the results of source rock 
and paleontological analyses. The primary purpose of the 
sampling and analytical program was twofold: 

1. To characterize the source rock potential of the 
late Paleozoic and Mesozoic marine shale sections 
of the western Brooks Range which will constrain 
the framework for SUBSIDE modelling in support of 
offshore OCS Sales 109 and 97. 

In the western portion of the North Slope, avail
able data on kerogen type and organic richness of 
the Shublik, Kingak and Pebble shales is limited to 
well control in the vicinity of the Barrow Arch. 
Here, the overlying Cretaceous section is rela
tively thin and older rocks are within reasonable 
drilling depths. This area, however, represents 
the more proximal portions of the Ellesmerian basin 
(provenance direction to the north) and does not 
adequately characterize the full range of medial 
and distal source rock f acies which are expected to 
provide richer oil kerogen. In the central and 
southern NPRA, these more distal facies are cur
rently buried under thick Cretaceous elastics of 
the Colville Basin and have not been penetrated by 
the drill bit. The most distal portions of the 
Permian to Neocomian source rock interval do out
crop in the northern part of the western Brooks 
Range. Analysis of these outcrop samples will 
provide us with kerogen type (oil versus gas), 
organic richness data and possibly convertibilities 
for the distal end members of the Ellesmerian 
source basin. The thermal maturity of these out
crop units is the result of burial by Brookian 
thrust sheets, as well as depositional burial, 
and will not give a direct correlation to the 
burial history of equivalent source rocks beneath 
the Colville Trough. 

2 . To add to the knowledge base for the Regional North 
Slope source rock/oil correlation study. 

For the past few years Amoco's Tulsa Research 
Center Geochemistry Group has been compiling and 
analyzing GCMS data (gas chromatography/mass spec
trometer) on northern Alaska source rocks and oil 
samples. The goal of this study is to understand 
the regional changes in oil types, their relation 
to regional variability in the character of source 
rocks and to document migration history. To date, 
most of this work has concentrated on well data 
from the northern part of 'the coastal plain and 
outcrop data from the northeastern Brooks Range. 
Due to a lack of samples, Tulsa has not been able 
to document the full east to west variation in the 
character of the primary source horizons (Pebble, 
Kingak and Shublik shales) in the distal portion of 
the Ellesmerian Basin. These distal facies outcrop 
in the western Brooks Range (De Long Mountains and 
Lisburne Peninsula). Geochemical analysis of these 
rocks will provide additional data on regional 
changes in source rock character and should aid in 



our understanding of the east to west change in oil 
types across the North Slope. 

CONCLUSIONS 

1. The distal basin facies of the upper Ellesmerian section 
(Triassic to Neocomian) contains good to excellent oil 
sources and has primary potential for generation of a 
significant volume of oil. The lower Ellesmerian 
{Mississippian to Permian) and Brookian (Neocomian to 
Albian) sections are gas-prone. Results on source 
rock richness and kerogen type from all distal shales 
in the western Brooks Range will help constrain the 
regional source model used as an input for SUBSIDE 
for the OCS 109 and 97 Sales. 

2. The high-level thermal maturity of the outcrops exposed 
to the Lisburne Peninsula and in the western De Long 
Mountains is the result of burial by Brookian thrust 
sheets, as well as depositional burial. This tectonic 
burial and uplift has placed these rocks outside of 
the main generation basin from which hydrocarbons 
migrated to fill traps on the North Slope. Study of 
the maturity of these outcrops does not give a corre
lation to the burial or thermal history of equivalent 
source rocks to the north and west beneath the Colville
Hanna Trough. 

3. Thermal maturity of the Triassic to Neocomian source 
rock interval is high in the Lisburne Peninsula area 
(Tmax generally 450-550 degrees centigrade, peak gas to 
advanced). These thermal conditions make determination 
of original kerogen distribution, original TOC, and 
convertibility difficult. Thermal maturities are 
slightly lower in the western De Long Mountains (peak 
oil to peak gas), where some of the thrust sheets have 
apparently undergone less tectonic burial. These 
samples (7-23) are more useful for source rock analysis 
and for GCMS typing. 

4. Mississippian Endicott coal and non-marine to marine 
shale are fair to excellent gas sources (coal 78 percent 
TOC, shale 0.5 to 4.5 percent TOC). 

5. Black marine shales interbedded with the Lisburne Group 
carbonates analyzed as poor to fair sources (0.78 to 
0.84 percent TOC). Kerogen type is indeterminate. 

6. The late Triassic Otuk Formation of the Etivluk Group 
ranges from non-source to excellent source for oil or 
oil and gas (0.3 to 6.6 percent TOC, av. 2.4 percent 
TOC). The otuk is the distal basin equivalent to the 
Shublik formation, a major source for oil on the North 
Slope. 

7. The late Jurassic to early Cre~aceous (Neocomian) Ipewik 
Formation contains marine black shales with excellent 
source potential for oil (2.7 to 11.0 percent TOC). The 
Ipewik Formation is equivalent to the Kingak Shale and 
possibly to the Pebble Shale, and indicates this interval 
continues to be an excellent oil source in the western 
North Slope. To the north, in the western NPRA, the 
Pebble Shale is dominantly gas prone. If the Ipewik 
Formation is indeed equivalent to the Pebble Shale, the 
results of this study indicate this Neocomian shale unit 
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becomes oil prone somewhere beneath the western Colville 
Trough and may provide an oil source for the Chukchi Sea 
OCS 109 and 97 areas. 

8. All of the Brookian turbidite units, including the 
Ogotorok, Okpikruak, Kisimilok, Telavirak and Fortress 
Mountain formations, are early Cretaceous in age and 
were derived, at least in part, from erosion of thrust 
sheets of basinal Triassic rocks. These units are fair 
to good sources for gas and gas condensate (0.2 to 
1.7 percent TOC, av. 1 . 0 percent TOC), at immature to 
peak gas thermal stage. 

9. The Albian Nanushuk Group delta facies contains ther
mally immature interbedded marginal marine shales and 
coal with good to excellent potential for gas and gas 
condensate (coal 71 to 79 percent TOC, shale 1.5 percent 
TOC). 

10. The gas chromatogram signature of some of the bitumens 
from the Otuk and Ipewik Formations resemble those of 
North Slope oils. However, any substantive correlations 
between these source rocks and North Slope oils, as well 
as documentation of regional variations in source rock 
character, will have to wait until more in depth GCMS 
analyses are performed on the samples. 

11. No datable fossils were recovered from the Franklinian 
Iviagik Formation. Thus we were unable to confirm the 
Siluro-Ordovician age data published by the USGS from 
the same outcrop area. 

12. Potential reservoir facies exist in the Franklinian 
Iviagik greywacke, Mississippian Endicott sandstone, 
Mississippian to Pennsylvanian carbonates, and Cretaceous 
turbidite and delta sandstones. None of these intervals 
showed well developed porosity in outcrop. Thin-sec
tions have not yet been prepared for these samples. 
Analysis of these rocks is expected to be included in 
the 1987 Western Brooks Range field report (Krass and 
Muller). 

13. A thick section of late Mississippian to early 
Pennsylvanian Lisburne Group dolomites, equivalent in 
age to the Alapah Formation, is present on the Lisburne 
Peninsula. This is the westernmost occurrence of Alapah 
dolomites and suggests this unit, which is an excellent 
reservoir in some areas of the North Slope, may be pre
sent in the Chukchi Sea OCS 109 area. 

RECOMMENDATIONS 

1. The results of the 1986 field study suggest that the 
De Long Mountains section may contain Otuk and Ipewik 
shales with lower levels of thermal maturity than that 
found on the Lisburne Peninsul~. Additional source rock 
collection should be made in the De Long Mountains area 
to provide higher quality and more statistically valid 
source rock data on the Ellesmerian and Brookian section. 
This work was planned for the 1987 field season. Col
lection of these samples was completed in August, 1987, 
and sample analysis is in progress. 

2. Source rock samples of the Triassic Otuk and Jurassic
Neocomian Ipewik formations should be high-graded for 
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richness and low thermal maturity and analyzed by GCMS 
at Tulsa. Results of these analyses should be inte
grated by Tulsa Research and the Denver Region into the 
North Slope Geochemical Study. Source rock character 
changes from east to west should be documented and cor
relations between the western Brooks Ranges source rocks 
and North Slope oils should be investigated. On the 
recommendation of Tulsa Research, this work is being 
held up until more outcrop samples from this area have 
been analyzed (1987 field samples) and source rock 
relationships are better defined. 

3 . Source rock richness (TOC) and kerogen type data from 
this study, as well as additional data from the 1987 
fieldwork, should be incorporated into a regional source 
rock basin model for the western North Slope . This work 
will serve as a primary input for regional SUBSIDE 
modelling in support of OCS 109 and 97. 

4. Age assessment for many of the shales studied by the 
Denver Region Paleontology Staff was indeterminate due 
to barren samples. In the future, samples should also 
be collected from adjacent chert beds in hope of dating 
these intervals by radiolaria. 

ENCLOSURES 

26. Foraminiferal Biostratigraphic Analysis Upper Paleozoic 
Outcrop Samples Western Brooks Range, Alaska 

27. Palynology and Visual Kerogen Assessment Western Brooks 
Range 1986 Outcrop Samples 

28. Summary Table - Palynology, Visual Kerogen and TAI 
Analyses 

29. Source Rock Analysis - Brown and Ruth 

30. Technical Service Report 865233CR Amoco Research Center 
Source Rock Evaluation Outcrop Samples, Northwestern 
Alaska 

31. Government Report Compliance Documentation 

DISCUSSION 

Paleontological Analyses 

The Denver Regional Paleontological staff analyzed all shale 
and carbonate samples collected during the field program for 
age assessment. The results of their work is given in Enclo
sure 26 (Foraminifera study), and Enclosures 27 and 28 
(Palynology study). • 

Paleozoic 

Foraminifera analyzed from Lisburne Group skeletal packstones 
collected on the Lisburne Peninsula document a late Mississippian 
to early Pennsylvanian age (Meramecian-Atokan). This assem
blage of limestones and dolomites records the westernmost 
occurrence of carbonates equivalent in age to the Alapah 
Formation of the Lisburne Group. In a regional sense, the 
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Alapah Formation contains the thickest section of dolomites 
within the Lisburne and may have the highest potential for 
good reservoir development. Well and seismic control show 
that the Alapah is absent in the northwestern portion of the 
NPRA and initially suggested that this potential reservoir 
horizon might not be present in the offshore Chukchi Sea. 
The occurrence of a thick section of Alapah-equivalent dolo
mites in the Point Hope region shows the unit was deposited 
far to the west and may be present as a reservoir target 
within the ocs 109 area. 

The only other upper Paleozoic section which contained diag
nostic fossils was the marine facies of the Endicott Group. 
A partially silicified echinoderm/bryozoan packstone from a 
section of interbedded shale and limestone yielded late 
Mississippian (Chesterian or younger) foraminifera and 
Mississippian palynology age dates. The marine facies pos
sibly represents a transitional phase between the Endicott 
and Lisburne. No datable fossils were found in the Iviagik 
Formation. Thus, we are unable to confirm the USGS Siluro
Ordovician graptolite age for this formation. 

Mesozoic 

Palynologic analysis was performed on sixty-eight shale sam
ples from both the Lisburne Peninsula and De Long Mountains. 
About thirty-one of the rocks examined contained sufficient 
palynomorphs to make an age interpretation. The following is 
a summary of the age dates obtained: 

FORMATION 

Otuk 
Ipewik 
Ogotoruk 

Okpikruak 
Kisimilok 
Telavirak 
Fortress Mountain 
Nanushuk 

AGE DATE 

Late Triassic, to (?) Early Jurassic 
Jurassic; Late Jurassic or Early Cretaceous 
Early Cretaceous, Neocomian, Triassic 
recycled 
Early Cretaceous 
Early Cretaceous, Triassic recycled 
Early Cretaceous 
Early Cretaceous, Late Neocomian 
Early Cretaceous, Albian 

All of the age determinations made are in agreement with the 
published, though not always documented, ages for these for
mations. The late Triassic Otuk Formation correlates with 
the Shublik Formation north of the Brooks Range. The possi
ble early Jurassic range of this unit suggests the upper part 
of the section may represent the distal equivalent of the 
lower Kingak Formation. The late Jurassic to (?) early 
Cretaceous Ipewik Formation was found at both the Lisburne 
Peninsula (7-21-04A) and in the western De Long Mountains 
(7-23-SA, 7-23-12B). This formation is a rich oil source 
(see source rock discussion below) and correlates with the 
upper Kingak or Pebble Shales. All of the various Brookian 
turbidite units (including the Okpikruak, Ogotoruk, Kisimilok, 
Telavirak and Fortress Mountain Formations) were dated as 
early Cretaceous, probably Neocomian. Most of these samples 
also contained recycled Triassic palynomorphs, attesting to 
their partial derivation from erosion of Triassic rocks 
during Brooks Range thrusting. The youngest unit which 
outcrops in the study area is the deltaic Nanushuk Group, 
dated as early Cretaceous (Albian). 
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Source Rock Analyses 

Brown and Ruth Labs (Englewood, Colorado) analyzed fifty-seven 
shale and limestone potential source rock samples for Total 
Organic Carbon content (TOC). All samples with a TOC of 
0.5 percent or higher were also run for Rock Eval Pyrolysis. 
Over 70 percent of the rocks analyzed contained greater than 
1.0 percent TOC and are considered fair to excellent source 
rocks. The maximum TOC level exceeded 11 percent (excluding 
coals). In general, the samples are thermally mature to over
mature, making original kerogen type and accurate converti
bility determinations difficult. TMAX (degrees centigrade) 
ranged from 438 (peak oil) to 548 (advanced). Samples col
lected in the Lisburne Peninsula area showed the highest 
thermal maturities. Here, all of the samples except the 
Albian Nanushuk and a few early Cretaceous Ogotoruk shales 
are at peak or past peak gas. In the De Long Mountains the 
thermal maturity was slightly lower, generally in the peak 
oil to peak gas range. Eight samples with the lowest thermal 
degradation and high TOC content were sent to Tulsa Research 
for more in-depth source rock analysis. Table I summarizes 
the samples analyzed and the results obtained from Brown 
and Ruth (see Enclosure 29 for detailed report). Visual 
kerogen results are taken from Amoco Denver palynology study 
(Dave Wall; Enclosure 28). 

AGE 

Miss. 
Endicott 

Miss. 
Lisburne 

Triassic 
to Perm? 
Etivluk 

Jurassic 
to E. Cret. 
Ipewik 

E. Cret. 
Turbidites 

Albian 
Nanushuk 
Deltaic 

Paleozoic 

NO. OF 
SAMPLES 

11 

2 

14 

3 

23 

2 

TABLE I: SOURCE ROCK SUMMARY 

TOC % / LITH 

0.54-4.51 shale 
77.79 coal 

0.78-0.84 shale 

0.29-6.61 shale 
1.21-2.60 ls 

2. 65-11. 04. shale 

0.20-1.70 shale 

1.52 shale 
71. 22 coal 

.. 

KEROGEN (VISUAL) 

herbaceous-woody, 
fusinitic (coaly) 

no data 

altered amorphous, 
mixed (amorph-woody), 
less- sapropelic, humic, 
bituminous 

amorphous-bituminous, 
mixed (amorph-woody) 

dominantly woody and 
woody-herbaceous, 30% mixed 
(woody-amorphous) 

herbaceous to woody 

Eleven samples of Mississippian Endicott Group shales and 
coal were analyzed. As expected, the non-marine to marginal 
marine coal and shale facies are fair to excellent sources 
for gas (shale 1.4 to 4.5 percent TOC, coal 77.79 percent TOC). 
An open marine shelf facies of the Endicott (?) containing 
thinly interbedded black shale and limestone was sampled at a 
major cliff outcrop south of Pt. Hope (27-T32N-R32W). The 
two shale samples taken (7-17-1, 7-17-6) analyzed as poor to 
fair sources (0.5 to 0.9 TOC), suggesting even a marine 
facies of the Endicott may not provide a good source for oil. 
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It must be remembered, however, that these Endicott shale 
samples are probably thermally mature to over-mature (TMax 
unavailable), and original TOC content may have been reduced 
by as much as 50 percent by generation and expuls~on. Shales 
interbedded with the Lisburne limestone and dolomite are not 
expected to be volumetrically important in this area due to 
low total organic carbon content (0.78 and 0.84 percent) and 
low composite thickness. Thicker black shale facies within 
the Lisburne are reported from areas not yet visited in the 
western De Long Mountains. These units (Kuna Formation) will 
be visited in the 1987 field season. 

Ellesmerian Mesozoic 

The primary source rocks for the known North Slope oil 
accumulations are contained within the basinal facies of the 
Ellesmerian Atlantic style margin and include the late 
Triassic Shublik Shale, Jurassic to Neocomian Kingak Shale 
and the Neocomian Pebble Shale. The distal equivalents to 
these units which outcrop on the Lisburne Peninsula and 
western Brooks Range are as follows: 

Late Triassic 
Jurassic to Neocomian 
Neocomian 

Shublik Fm 
Kingak Fm 
Pebble Fm 

Otuk Fm (~tivluk Group) 
Otuk Fm to Ipewik Fm 
Ipewik Fm 

The Permian to Triassic to (?) lower Jurassic Etivluk group 
consists of thick chert and siliceous shale with more thinly 
interbedded non-siliceous shale. All of the datable samples 
from this group were interpreted as Triassic to late Triassic 
and a~e equivalent to the Shublik Formation to the north. 
Twelve shale and two limestone samples were analyzed. The 
shales ranged from non-source to excellent source (0.25 to 
6.61 percent TOC, average 2.35 percent TOC). Samples with 
5 to 6 percent TOC were found at both the Lisburne Peninsula 
and in the De Long Mountains . The black limestones found at 
Spiney Ridge (l-T33N-R23W and 20-T33N-R23W) are fair sources 
(1.21 to 2.60 percent TOC). All of the Etivluk/Otuk samples 
show moderate to high levels of thermal maturity with TMAX 
values ranging from 438 to 548 degrees centigrade and TAI 
values of 5 to 6. Tulsa Research analysis gives a vitrinite 
reflectance range of 0.81 to 1.67 percent Ro, interpreted as 
peak oil to peak gas. Preserved kerogen within these ther
mally degraded rocks is mixed, with some samples dominantly 
altered . amorphous and others dominantly woody-herbaceous. 
Considering the preferential destruction of amorphous kerogen 
with increasing thermal maturity, these results suggest the 
Etivuluk is an oil to mixed oil and gas source. 

The Ipewik Formation, dated as late Jurassic to early 
Cretaceous, was found at Spiney Ridge in the western De Long 
Mountains (6-T33N-R22W and 16-Rl2S-R50W) and in a drainage 
cut in the northern Lisburne Peninsula (18-T8S-R58W). All 
three samples tested analyzed as excellent oil sources. 
Total organic carbon content measured by Brown and Ruth 
ranged from 2.65 to 11.04 percent. Two of the shale samples 
were rerun by Tulsa Research and yi~lded 3.5 to 4.9 percent 
TOC. The discrepancy in TOC values is attributed to variable 
weathering of the outcrop samples as well as original sample 
inhomogeneity. Thermal maturity indicators including vitri
nite reflectance (0.88 to 0.93 percent Ro), TMAX (451 to 541) 
and TAI (5 to 6), are in general agreement and indicate a 
range from peak oil (Spiney Ridge area) to peak gas (Lisburne 
Peninsula sample). Visual kerogen assessment shows amorphous 
to mixed amorphous-woody-herbaceous kerogen. FTIR versus 
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elemental analysis plots also demonstrate the oil prone 
nature of the Ipewik. This formation is the distal equiva
lent of the upper Kingak to Pebble Shales and these analyses 
indicate this interval is still an excellent oil source in 
the western part of the North Slope. 

Brookian Early Cretaceous 

Twenty-three samples of early Cretaceous (presumably mid to 
late Neocomian) turbidite shale samples were analyzed. For
mations tested include the Okpikruak, Ogotoruk, Kisimilok, 
Telavirak and Fortress Mountain. All of these units had 
abundant plant debris fossils in outcrop and were expected to 
be gas sources. Source rock analysis bears out this conclu
sion, indicating the turbidite facies is a fair to good 
source for gas and gas condensate. Total organic carbon 
content ranges from 0.20 to 1.70 percent TOC, with an average 
of 1.00 percent. Visual kerogen is dominantly woody and 
woody-herbaceous, with approximately 30 percent of the sam
ples containing mixed woody-amorphous kerogen. TMAX values 
range from 362 to 500 degrees centigrade, interpreted as 
immature to peak or past peak gas (?). 

The youngest rocks analyzed for source potential were an 
early Cretaceous (Albian) coal and shale from the Nanushuk 
Group deltaic elastic section. The coal sample is rated an 
immature excellent gas and gas condensate source with 
71-79 percent TOC, 423 degrees centigrade TMAX and 0.6 per
cent Ro vitrinite reflectance. Woody kerogen indicates a gas 
source, with FTIR/elemental analysis suggesting some poten
tial for gas condensate. The shale sample is also an imma
ture good source for gas with 1.52 percent TOC, 446 degrees 
centigrade TMAX and herbaceous kerogen. To the north, where 
the Nanushuk Group elastics are more deeply buried in the 
Colville Trough, these rocks have generated gas and minor 
amounts of condensate as evidenced by shows in NPRA wells. 

Source Rock Exploration Potential 

The lower Ellesmerian section, including the marine facies of 
the Endicott and shales within the Lisburne Group carbonates 
contain fair to good potential for gas generation. The very 
limited analyses run in this study suggest these older rocks 
will not provide a secondary source for oil for North Slope 
prospects. The early Cretaceous Brookian turbidite and delta 
sequences are also dominantly gas prone, with only minor 
potential for liquid generation. Rotary core data from the 
Chukchi Sea (Fugro, 1985) and outcrop data from the NPRA (TRC 
geochemical database) show the Brookian elastics continue to 
be dominated by gas kerogen to the north and west -and provide 
little potential for oil generation. It is possible that the 
more distal part of the Torok shales in the Beaufort Sea and 
North Chukchi Basin may contain amorphous kerogen and some 
potential for oil. 

The primary potential for major generation of significant 
quantities of oil is found in the basinal facies of the 
Triassic to Neocomian Ellesmerian section. These rocks are 
known to be the major source for the oil at Prudhoe Bay and 
adjacent fields, as well as for most of the oil shows across 
the northern coast of Alaska. Data from this study confirms 
that these units continue to be good to excellent sources for 
oil in the southwestern part of the North Slope, and provides 
encouragement for oil potential in the Chukchi Sea. Well 
control from the northwestern NPRA suggests that the Neocomian 
Pebble Shale, which is an excellent oil source in the central 
North Slope, becomes more gas prone to the west and its poten
tial for oil generation deteriorates. If part of the Neocomian 
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Ipewik Formation is indeed equivalent to the Pebble Shale, 
analyses from this study show that the unit grades from a gas 
or mixed source near the coast southward into an oil prone 
kerogen facies somewhere beneath the Colville Trough. With 
appropriate timing of generation and long distance migration, 
the Pebble Shale may still provide a source for oil for the 
Chukchi Sea. Data from this study combined with well control 
from the northern NPRA provide information on source richness 
and kerogen type from the proximal and distal portions of the 
Ellesmerian basin. This knowledge will provide input for 
source modelling and SUBSIDE profiling of the Chukchi Sea and 
western NPRA. 

The Tulsa Research technical service report on these source 
rocks (Enclosure 30) states that chromatograms of some of the 
bitumens resemble those of North Slope oils. However, GCMS 
analysis is necessary for valid correlation on the North 
Slope. A more extensive source rock collection program is 
planned for the De Long Mountains in the summer 1987 season. 
Tulsa has recommended waiting until a more statistically 
valid definition of source rock relationships from this area 
is available before doing a GCMS source rock and source/oil 
correlation study. Thus, rich oil sources with low thermal 
maturity will be chosen from both the 1986 and 1987 western 
Brooks Range programs for GCMS analysis to provide regional 
character variations in Triassic to Neocomian source rocks 
and source rock/oil correlations for the North Slope Regional 
Geochemistry Project. These results should be available by 
early 1988 and will be documented in the vault report on 
the 1987 Western Brooks Range Field Study (Krass and Muller). 

Reservoir Rock Analyses 

A secondary objective of the 1986 field season was to collect 
representative samples of any potential reservoir units for 
thin section preparation and descriptive petrographic anal
ysis in support of the regional evaluation of the Chukchi Sea 
OCS 109 Sale. Although examination of these rocks will give 
some insight into the reservoir potential of equivalent units 
buried to the north and west, the diagenetic history of the 
two areas is expected to be quite different. The outcrop 
samples have been involved in the Brookian Orogeny, resulting 
in a different burial and thermal history than that of the 
various prospect corridors within the Chukchi Sea, which are 
primarily outside of this zone of deformation. Rocks col
lected in the 1986 season will be processed along with the 
1987 De Long Mountains samples, and descriptions and inter
pretations included with the 1987 field report (Krass and 
Muller, 1987). In 1986, lithology samples were collected 
from sandstone and carbonate facies from the Franklinian, 
Ellesmerian and Brookian sequences (see Appendix III C, 
Part I of report as follows): 

.. 
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.. 

TABLE II: POTENTIAL RESERVOIR ROCK SAMPLES 

AGE GROUP OR FORMATION LITHOLOGY 

E. Cretaceous Ogotoruk Sandstone 
Okpikruak Sandstone 
Telavirak Sandstone 
Kisimilok Sandstone 
Fortress Mountain Sandstone 
Nanushuk Sandstone 

( ? ) Permo- Etivluk (?) Sandstone 
Triassic 

Mississippian Lisburne Dolomite and Limestone 

Mississippian Endicott Sandstone and Limestone 

(?) Siluro- Iviagik Coarse Greywacke 
Ordovician · 

The Franklinian Iviagik Formation consists of a thick pile 
of turbidite greywackes and slates: Although some of the 
greywackes are coarse grained, the rocks appear clay-rich and 
have undergone deep burial. They have no apparent porosity 
in hand specimen. Reservoir potential within the Paleozoic 
lower Ellesmerian units includes fine to medium grained non
marine to marine quartz-rich sandstone within the Endicott 
Group and carbonates within the Lisburne Group. The Endicott 
at the Lisburne Peninsula, which represents the westernmost 
occurrence of this unit, is thought to have been derived from 
the north and possibly the west (Mayfield and others, 1983, 
see Part I references). The quartz rich nature of these 
sands gives encouragement for a possible quartzose provenance 
within the western Chukchi. The Lisburne limestone and dolo
mite sequence lacked porosity in outcrop, but the presence of 
thick sections of dolomite within this unit suggest it could 
be an important prospective reservoir target in the Chukchi 
Sea under more favorable diagenetic conditions. 

The upper Ellesmerian Permian to Neocomian section present in 
the Lisburne Peninsula and western De Long Mountains repre
sents a distal basin facies, dominated by siliciclastic chert 
and shale deposition. The lack of potential reservoir hori
zons seen in outcrop reflects this basinal setting and good 
elastic reservoir f acies are documented in the NPRA to the 
north and are expected to the west in the Chukchi Sea. 

The Brookian thick turbidite and delta facies contain a 
variety of sandstone units ranging from thin rhythmically 
interbedded fine grained immature sands to thicker more 
coarse grained sands. Little work has been done on the thin 
turbidite sand facies since these rocks have marginal 
exploration potential on the western North Slope. In the 
field area studied, the turbidite sands are very fine grained 
and appear to be poorly sorted and clay-rich, suggesting poor 
reservoir quality. Regional work has shown that the delta 
sands within the western Nanushuk Formation (Corwin Delta) 
are also clay-rich and generally poor reservoirs. Compara
tive thin sections of all Brookian sandstones collected will 
detail the character of each of these facies. 

VAK/lmm 
061489 
RPT694 10 
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October 17, 1986 

D. T. Bauer 
1256 AB 

Attn: V. A. Krass 

Amoco Production Company 
Denver. Colorado 

re: Foraminiferal Biostratigraphic Analysis of Upper 
Paleozoic Outcrop Samples, Western Brooks Range, Alaska 

Twenty-two outcrop samples were examined for contained 
calcareous microfossils (foraminifers and skeletal algae). 
Brief sample-by-sample petrographic descriptions and fossil 
checklists are recorded on attached pages. 

In general, the sampled lithologies do not contain well 
developed calcareous microfossil assemblages. Only four of 
the 22 samples yielded biostratigraphically diagnostic 
recoveries,. whereas the remaining 18 were barren or contained 
unidentifiable fragments. Two samples (7-18-14C and 14D) are 
assigned an undifferentiated Meramecian-Atokan age on the 
basis of the problematicum Asphaltina cordillerensis. Sample 
7-17-lC is regarded as Chesterian or younger on the basis of 
Biserian,uninidae. And sample 7-21-SA is Morrowan or younger 
on the basis of Globivalvulina bulloides. 

~;P.~~.r 
John R. · Groves 

JRG/mmrn 

cc: J. W. Parks 
R. W. Pierce 
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Spl. 7-17-lA 

Lithology: partly calcitic, dolomitized and silicified 
limestone (precurser lithology is presumed to be 
limestone) . 
Biota: no calcareous microfossils. 
Age: indet. 

Spl. 7-17-lB 

Lithology: sparsely fossiliferous, argillaceous quartz 
siltstone to mudstone. 
Biota: No calcareous microfossils. 
Age: indet. 

Spl. 7-17-lC 

Lithology: partly silicif ied echinoderm/bryozoan 
packstone. 
Biota: indet. Biseriamminidae 

indet. Endothyridae 
Tetrataxis sp. 

Age: Chesterian or younger. 

Spl. 7-17-lD 

Lithology: partly calcitic, dolomitized spiculitic . 
packstone, with patches of probable barite cement. 
Biota: no calcareous microfossils. 
Age: indet. 

Spl. 7-17-6A 

Lithology: highly argillaceous quartz siltstone. 
Biota: no calcareous microfossils. 
Age: indet. 

Spl. 7-17-6B 

Lithology: extensively dolomitized mixed skeletal 
packstone, with patches of probable barite cement. 
Biota: no calcareous microfossils. 
Age: indet. 

Spl. 7-18-12B 

Lithology: shale. 
Biota: no calcareous microfossils. 
Age: indet. 



Spl. 7-18-14C 

Lithology: quartz silty mixed skeletal packstone. 
Biota: Asphaltina cordillerensis 

cf. Berestovia sp. 
Age: Meramecian-Atokan? 

Spl. 7-18-140 

,, .. 

Lithology: quartz silty mixed skeletal packstone. 
Biota: Asphaltina cordillerensis 
Age: Meramecian-Atokan? 

Spl. 7-18-lSA 

Lithology: shale. 
Biota: no calcareous microfossils. 
Age: indet. 

Spl. 7-19-2B 

Lithology: indet. (sample was destroyed in thin 
sectioning) • 
Biota: indet. 
Age: indet. 

Spl. 7-19-2C 

Lithology: shale. 
Biota: no calcareous microfossils. 
Age: indet. 

Spl. 7-19-9A 

Lithology: partly silicified coral megafossil embedded 
in mixed skeletal/pelletoidal/spiculitic wackestone. 
Biota: no calcareous microfossils. 
Age: indet. 

Spl. 7-19-llA 

Lithology: impure, texturally immature 
sandstone to siltstone. 
Biota: no calcareous microfossils. 
Age: indet. 

Spl. 7-21-lJ 

Lithology: calcitic dolomite. 
Biota: no calcareous microfossils. 
Age: indet. 

quartz fine 



Spl. 7-21-2A 

Lithology: extensively silicified echinoderm/bryozoan 
packstone. 
Biota: no calcareous microfossils. 
Age: indet. 

Spl. 7-21-2C 

Lithology: calcitic dolomite. 
Biota: no calcareous microfossils. 
Age: indet • 

.... Spl. 7-21-SA 

Lithology: partly cherty and dolomitic echinoderm/ 
bryozoan packstone. 
Biota: indet. Biseriamminidae 

Tetrataxis sp. 
Neoarchaediscus sp. 
indet. Eostaffellidae 
Globivalvulina bulloides 
Neoarchaediscus incertus 
Asteroarchaediscus rugosus 

Age: Morrowan or younger. 

Spl. 7-21-lI 

Lithology: dolomite. 
Biota: no calcareous microfossils. 
Age: indet. 

Spl. 7-22-lB 

Lithology: slightly calcitic dolomite. 
Biota: no calcareous microfossils. 
Age: indet. 

Spl. 7-22-lC 

Lithology: coral megafossil. 
Biota: no calcareous microfossils. 
Age: indet. 

Spl. 7-22-2A 

Lithology: calcitic dolomite. 
Biota: no calcareous microfossils. 
Age: indet. 
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July 9, 1987 

D.T . Bauer 
AB 1256 

Attn: Valerie A. Krass 

Western Brooks Range, Alaska 
1986 Outcrop Samples 

ENCL. 1.1 
NO-t4-8GR 

Amoco Production Company 
Denver. Colorado 

Seventy-four samples from the 1986 Field Party were examined 
for palynology, including age-determinations where possible 
and visual kerogens (type present and thermal alteration 
color index or TAI). The results of this work have been 
given to Valerie Krass in the form of tables and single page 
descriptions per sample for her use in geologic reports and 
to meet some permit requirements. 

This memo. sununarizes those results. Previous reports on the 
foram. work by John Groves and Jim Parks have been 
dispatched and this memo. on the palynology completes our 
work on the 1986 collection. 

David Wall -.@r) 



WESTERN BROOKS RANGE 1986 FIELD SAMPLES 

VISUAL KEROGEN ANALYSIS 

Kerogen types 

The majority of the samples contain woody and herbaceous 
("structured") organic material. This kerogen is terrestrial 
by origin and normally considered suitable only for gas 
generation at appropriately high levels of thermal 
alteration. However, four samples from the Shublik/Siksikpuk 
Formation had a significant amount by proportion of 
amorphous kerogen and could be significant as oil-generating 
source rock. These were samples 7/17-04a, 7/19-08a, 
7/23-04a, 7/23-lOa. A single sample from the Ogotoruk Fm. 
also had good amorphous kerogen: this was sample 7/22-05a. 

Eleven other samples had some proportion of amorphous 
kerogen and therefore some potential for oil generation, but 
they appeared less likely to be good potential sources from 
visual inspection. These were from the Shublik/Siksikpuk 
(7/17-02g, 7/23-0la, 7/23-09a), Ogotoruk (7/17-02j, 
7/22-04a, 7/22-03a, 7/22-06a), Okpikruak (7/23-02a, 
7/23-06a), Fortress Mountain (7/20-0lc) and ?Ipewik 
( 7 I 2 3-12b) . 

Thermal Maturation (TAI) 

Almost all the collection samples had high TAI values of 5, 
6 or 7 (on a scale of 1-7, with 7 representing complete 
carbonization). These values are resultant from deep burial 
and/or tectonic influences. Two samples from the Nanushuk 
had the only relatively low values (3 to 4) indicating a 
different thermal history. A few samples from the Shublik/ 
Siksikpuk Fm., which had amorphous rather than structured 
kerogen, also had slightly lower than normal TAI values for 
this collection. These were 7/23-0lb, 7/23-04a, 7/23-08a and 
7/23-lOa. 



AGE DETERMINATIONS 

General 

About thirty out of the seventy-four samples examined had 
sufficient palynomorphs to make some age interpretations. 
For summary purposes, they are treated as listed by field 
party formation identification (list attached and numbered 
as per below). 

1) Formation unknown (Mississippian or Silurian/Ordovician) 

One sample, 7/19-0lb, had a few spores of probable 
Mississippian age which precluded the alternate possibility 
of Silurian/Ordovician. The others from this group (see 
list atttached) contained only highly carbonized kerogen. 

2) Iviagik or ?Iviagik (Silurian/Ordovician or older) 

All samples from this group were barren. 

3) Endicott (Mississippian) 

Sample 7/19-02b was barren, but two others were dated as 
Mississippian by their spores. One was 7/19-0lb (see 
above),while the other, 7/24-09b, had a strong 
representation of spores comparable to those normally found 
in the coastal plain subsurface Kekiktuk Conglomerate Fm. 
(This latter sample is the final one on the sample list). 

4) Shublik/Siksikpuk (Fermo-Triassic) 

Twenty seven samples were examined and five had sufficient 
spore, pollen and acritarchs present to confirm a Triassic 
age. The remainder were barren and usually had very high TAI 
values near 6 or 7. Samples 7/23-08a and 7/23-09a had 
palynomorphs that compared well with those from the Shublik 
Formation on the North Slope. Sample 7/23-lOa also had the 
same general appearance but was almost barren. 

Triassic spores and pollen also were isolated from samples 
7/17-02a, 7/17-02b and 7/19-08a. Samples 7/20-02a, 7/23-0la 
and 7/23-0lb had rare marine scolecodonts but no 
age-diagnostic palynomorphs. 



5) Formation unknown (Fermo-Triassic and/or 
Jurassic-Cretaceous 

One sample from this group, 7/21-04a, was dated as probably 
Neocomian based on a marine dinof lagellate often seen in the 
North Slope Pebble Shale Fm. The remaining four samples were 
barren for palynology but JWP reported possibly Early 
Cretaceous radiolarians in 7/21-05d. 

6) Ipewik or ?Ipewik (?Jurassic) 

Sample 7/23-05a had a tasmanite alga which suggested a 
possible Early Jurassic age. The other sample in the group 
did not appear to be Jurassic: it resembled 7/21-04a which 
was more likely to be Early Cretaceous (Neocomian). 

7) Formation unknown (Early Cretaceous or Jurassic) 

Sample 7/13-03a was barren and 7/17-02m had palynomorphs of 
possibly Early Cretaceous age. 

8) Okpikruak or ?Okpikruak (Early Cretaceous) 

Three samples in this group (7/23-02a, 7/23-05c and 
7/23-lla) had Early Cretaceous marine dinoflagellates of 
probable Neocomian age and sample 7/23-06a was barren. 

9) Ogotoruk or ?Ogotoruk (Early Cretaceous) 

Of fourteen samples examined, seven had palynologic 
recovery. Sample 7/22-05a resembled samples noted above from 
the Okpikruak Fm. The remaining six had very few or even no 
age-diagnostic Cretaceous palynomorphs, but did contain a 
moderately high number of Triassic specimens. These latter 
are apparently recycled into the Cretaceous because in some 
instances there are bona fide Cretaceous specimens in the 
sample, including foraminifera. Sometimes however, the 
Cretaceous element is so weak that at least superficially, 
the samples appear to be Late Triassic-Early Jurassic. 

10) Kisimilok (Early Cretaceous) 

Four samples were examined from the Kisimilok. As with the 
Ogotoruk samples described above, an apparently recycled 
Triassic element often was the most conspicuous one. There 
was little or nothing seen which would provide an Early 
Cretaceous age call, but by analogy with the Ogotoruk 
samples, the true age well may be Early Cretaceous. 



11) Telavirak (Early Cretaceous) 

The single sample examined from the Telavirak falls into the 
same category. It had one marine acritarch which perhaps 
supports a Cretaceous age call, but most of the spores 
apparently were recycled from the Triassic. 

12) Fortress Mountain or ?Fortress Mtn. (Early Cretaceous) 

Four samples from this group also contained some Triassic 
palynomorphs, but three (7/18-06b, 7/20-0ld and 
7/20-0le)also contained at least a few indigenous Early 
Cretaceous marine dinoflagellates. Again they duplicate the 
circumstances noted for many other Cretaceous samples in 
this collection. 

13) Nanushuk (Early Cretaceous) 

Two samples from the Nanushuk had Albian palynomorphs 
comparable to ones seen in the Nanushuk of the NPRA, Alaska. 
A third sample was a coal (7/20-08a) and it was barren. 
The two samples with recoveries had noticeably lower TAI 
values than the bulk of the collection. 



Paleontology Samples, Lisburne Peninsula- West De Long Mountains, Alaska 

Gp.1 

Gp.2 

Gp.3 

Sample No. 

7/19-0lb 
7/19-0lc 
7/19-0ld 
7/19-0le 
7/19-03b 
7/19-0Sa 
7/19-07a 
7/22-lla 

7/23-07a 

7/19-02b 
7/19-02c 

7/17-0la 
7/17-0lb 
7/17-0lc 
7/17-0ld 
7/17-06a 
7/17-06b 
7/19-lla 

7/18-12b 
7/18-14c 
7 /18-14d 
7/18-lSa 
7/19-09a 
7/21-0li 
7/21-0lj 
7/21-02a 
7/21-02c 
7/21-0Sa 
7/22-0lb 
7/22-0lc 
7/22-02a 

Gp.4 7/17-02a 
7/17-02b 
7/17-02c 
7/17-02d 
7/17-02e 
7/17-02f 
7/17-02g 
7/17-02h 
7/17-02i 
7/17-02n 
7/17-04a 
7/18-0la 
7/18-0lb 

Formation 

1 
1 
? 
1 

Iviagik? 
Iviagik? 
Iviagik? 
Iviagik 

Baird 

Endicott 
Endicott 

1 
1 
1 
1 
1 
1 
? 

Lisburne 
Lisburne 
Lisburne 
Lisburne 
Lisburne 
Lisburne 
Lisburne 
Lisburne 
Lisburne 
Lisburne 
Lisburne 
Lisburne 
Lisburne 

Shub/Sik 
Shub/Sik 
Shub/Sik 
Shub/Sik 
Shub/Sik 
Shub/Sik 
Shub/Sik 
Shub/Sik 
Shub/Sik 
Shub/Sik 
Shub/Sik 
Shub/Sik 
Shub/Sik 

Tentative Age 

Miss or Sil/Ord 
Miss or Sil/Ord 
Miss or Sil/Ord 
Miss or Sil/Ord 
Sil/Ord or older 
Sil/Ord or older 
Sil/Ord or older 
Sil/Ord or older 

Devonian 

Early Miss 
Early Miss 

Early Miss 
Early Miss 
Early Miss 
Early Miss 
Early Miss 
Early Miss 
Early Hiss ? 

Mississippian 
Mississippian 
Mississippian 
Mississippian 
Mississippian 
Mississippian 
Mississippian 
Mississippian 
Mississippian 
Mississippian 
Mississippian 
Mississippian 
Mississippian 

Perino-Triassic 
Perino-Triassic 
Perino-Triassic 
Perino-Triassic 
Perino-Triassic 
Perino-Triassic 
Permo-Triassic 
Permo-Triassic 
Permo-Triassic 
Perino-Triassic 
Permo-Triassic 
Permo-Triassic 
Permo-Triassic 

Lithology 

shale 
shale w/ graptolite 
shale 
dolomite 
s late/phyll i te 
mica. coaly sha!e? 
slate 
slate 

coral megafossil 

shale 
shale 

muds tone 
shale 
limestone 
shale 
shale 
limestone 
shale 

shale 
dol. limestone 
macrofossil sample 
shale 
limestone 
dolomite 
dolomite 
limestone 
limestone 
limestone 
dolomite 
macrofossils 
dolimite 

shale 
shale 
silc. mudstone 
silc. micrite 
bivalve sample 
?coaly shale 
silc. shale 
silc. mudstone 
silc . mudstone 
bivalve sample 
shale 
silc . shale 
shale 
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7 /18-0lc Shub/Sik Permo-Triassic silc. shale 
7/19-08a Shub/Sik Permo-Triassic shale 
7/20-02a Shub/Sik Permo-Triassic bivalve sample 
7/20-03a Shub/Sik Permo-Triassic shale 
7/20-06a Shub/Sik Permo-Triassic shale 
7/20-06c Shub/Sik Permo-Triassic shale 
7/21-03a Shub/Sik Permo-Triassic shale 
7/21-05b Shub/Sik Permo-Triassic silc. muds tone 
7/21-05c Shub/Sik Permo-Triassic silty shale 
7 /23-0la Shub/Sik Permo-Triassic shale 
7/23-03a Shub/Sik Permo-Triassic shale 
7/23-08a Shub/Sik Permo-Triassic slate 
7/23-09a Shub/Sik Permo-Triassic shale 
7/23-lOa Shub/Sik Permo-Triassic shale 

Gp.5 
7/24-05a ? Permo-Triassic clays tone 
7/24-06a ? Permo-Triassic muds tone 

7/21-04a ? Pr/Tr or Jur/K shale 
7/21-04c ? Pr/Tr or Jur/K shale 
7/21-05d ? Pr/Tr or Jur/K shale 

Gp.6 7/23-05a Ipewik Jurassic? shale 
7/23-12b Ipewik? Jurassic shale 

Gp.7 7/17-02m ? E. Cr et or Jur. shale 
7 /17-03a ? E. Cr et or Jur. shale 

Gp.8 7/23-02a Okpikruak? Early Cretaceous shale 
7/23-0Sc Okpikruak? Early Cretaceous silty shale 
7/23-06a Okpikruak Early Cretaceous shale 
7/23-lla Okpikruak Early Cretaceous shale 

Gp.9 7/17-02j Ogotoruk? Early C~etaceous shale 
7/17-0Sa Ogotoruk? E. Cret or Jur. shale 
7/18-0ld Ogotoruk? Early Cretaceous shale 
7/18-09a Ogotoruk Early Cretaceous shale 
7/18-lOb Ogotoruk Early Cretaceous shale 
7/18-12a Ogotoruk? Early Cretaceous shale 
7/20-02b Ogotoruk? Early Cretaceous shale 
7 /21-03b Ogotoruk? Early Cretaceous shale 
7/21-06a Ogotoruk Early Cretaceous shale 
7/22-03a Ogotoruk Early Cretaceous shale 
7/22-04a Ogotoruk Early Cretaceous shale 
7 /22-05a Ogotoruk Early Cretaceous shale 
7/22-06a Ogotoruk Early Cretaceous silty shale 
7/22-07a Ogotoruk Early Cretaceous shale 

Gp.10 7/18-04b Kisimilok Early Cretaceous shale 
7/18-05a Kisimilok Early Cretaceous shale 
7/18-07a Kisimilok Early Cretaceous shale 
7 /18-08b Kisimilok Early Cretaceous shale 

Gp.11 7/18-02b Telavirak Early Cretaceous shale 
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Gp.12 7/16-06b Fort. Htn. Early Cretaceous silty shale 
7/20-0lc Fort.Htn? Early Cretaceous shale 
7/20-0ld Fort.Htn? Early Cretaceous shale 
7/20-0le Fort.Htn? Early Cretaceous shale 

Gp.13 7/20-07a Nanushuk Early Cretaceous shale 
7/20-07b Nanushuk .Early Cretaceous shale 

7/24-09b ? ? shale 



OUTCR.Samples 
=============================================================================== 

Sample Nu1ber: 7/17-02a 
Lithology: Shale 
Foraation: Shublik/Siksikpuk 
Field age: Permo-Triassic 

Palynology age: Late Triassic 

Evidence: Moderately rich assemblage of Late Triassic spores and 
pollen, plus rare acritarchs (~arinel 

Kerogen type: Woody with minor a1orphous component 

Ther~al stage <1-71: 5 
Generation potential: Early peak generation for gas · 

Sort: 0 

=============================================================================== 



OUTCR.Sa1ples 
=============================================================================== 

Sa~ple Number: 7/17-02b 
Litholoqy: Shale 
Formation: Shublik/Siksikpuk 
Field aqe: Per10-Triassic 

Palynology age: Probably Late Triassic 

Evidence: Late Triassic spores and pollen. Very rare Jurassic 
dinoflagellates in sample were disregarded as accidental 
conta1inants of unknown source 

Kerogen type: Woody with minor a~orphous co~ponent 

Thermal staqe Cl-7l: 5 
Generation potential: Early peak qeneration for gas 

Sort: 0 

=============================================================================== 



OUTCR.Sa1ples 
=====================c========================================================= 

Sample Huaber: 7/17-02c 
Lithology: Silc.audstne 
Formation: Shublik/Siksikpuk 
Field age: Permo-Triassic 

Palynology age: lndeterninate 

Evidence: Barren sa1ple 

Kerogen type: ?Altered aaorphous aaterial 

Thermal stage (1-7): 5-6 
Generation potential: ?Peak generation for oil 

Sort: 0 

=============================================================================== 



OUTCR.Samples 
=============================================================================== 

Sample Nu1ber: 7/17-02e 
lithology: Bivalve s1pl 
For1ation: Shublik/Siksikpuk 
Field age: Per10-Triassic 

Palynology age: Indeter1inate 

Evidence: Barren sa1ple 

Kerogen type: Indeter1inate 

Thermal stage (1-71: lndet 
Generation potential: UnknoNn 

Sort: 0 

=============================================================================== 



OUTCR.Saaples 
=====================================~===~===================================== 

Sa~ple Number: 7/17-02f 
Lithology: Coaly shale 
Foraation: Shublik/Siksikpuk 
Field age: Permo-Triassic 

Palynology age: lndeter1inate 

Evidence: Barren of fossils 

Kerogen type: ?Altered a1orphous/hu1ic 1aterial 

Ther1al stage !l-71: b 
Generation potential: Past-peak generation for oil 

Sort: 0 

=============================================================================== 



OUTCR.Sariples 

Sa~ple Number: 7/17-02g 
Lithology: Shale 
Formation: Shublik/Siksikpuk 
Field age: Perno-Triassic 

Palynology age: Indeterminate 

Evidence: Barren sample 

Kerogen type: Possibly altered amorphous 

Thermal stage (1-7): 5-6 
Generation potential: Peak generation for gas 

Past-peak for oil 
Sort: 0 

================================================================~===:========== 



OUTCR.Sa1ples 
=============================================================================== 

Sample Number: 7/17-02i 
Lithology: Mudstone 
Fornation: Shublik/Siksikpuk 
Field age: Per10-Triassic 

Palynology age: . Indeterminate 

Evidence: Barren sa1ple 

Kerogen type: Herbaceous-woody, partly bituminous 

Thermal stage (1-7): 5-6 
Generation potential: Peak genration for gas 

Sort: 0 

=============================================================================== 



OUTCR.Saeples 
=============================================================================== 

Sa1ple Nu~ber: 7/17-02j 
Lithology: Shale 
Formation: Ogotoruk? 
Field age: Early Cretaceous 

Palynology age: Possibly Early Cretaceous 

Evidence: Rare Cretaceous dinoflagellates but Late Triassic present 
as spores,pollen and rare dinoflagellate,interpretted as 
recycle. IAlbian foraas. reported by JWPl 

Kerogen type: Mixed,woody and a1orphous 

Ther1al stage (1-7): 5 
Seneration potential: Early peak generation for gas 

Sort: 0 

=============================================================================== 



OUTCR.Sa~ples 

=============================================================================== 

Sa1ple Number: 7/17-02fi 
Lithology: Shale 
Far1atian: Unknown 
Field age: ?Early Cretaceous or Jurassic 

Palynology age: Possibly Early Cretaceous 

Evidence: Only non-age diagnostic pollen and spares of 
Hesozoic type 

Kerogen type: Woody 

Ther1al stage !1-7l: 5 
6eneration potential: Early peak generation far gas 

Sort: 0 

========================================================~=~==================== 



OUTCR.Sa1ples 
========================================================c:::::::::::::::::::::: 

Sample Number: 7/17-02n 
lithology: Bivalve s1pl 
For1ation: Shublik/Siksikpuk 
Field age: Per10-Triassic 

Palynology age: Indeterminate 

Evidence: Barren sa1ple 

Kerogen type: ?Woody 

Ther1al stage (1-71: 5-6 
6eneration potential: Early peak generation for gas~ . . 

Sort: 0 

=============================================================================== 



DUTCR.Sa111ples 
=============================================================================== 

Suple Nu1ber: 7/17-03a 
Lithology: Shale 
Forution: Unknown 
Field age: ?Early Cretaceous or Jurassic 

Palynology age: Indeter11inate 

Evidence: Barren sa1ple 

Kerogen type: Woody,very sparse recovery 

Therul stage (1-71: lndet 
Generation potential: Unknown 

Sort: 0 

=============================================================================== 



OUTCR.Sa1ples 
=============================================================================== 

Sa1ple Number: 7/17-04a 
Lithology: Shale 
For1ation: Shublik/Siksikpu~ 

Field age: Per10-Trias 

Palynology age: Indeter1inate 

Evidence: No fossils present 

Kerogen type: A1orphous with ninor woody component 

Ther1al stage (1-71: 5 
Generation potential: Peak generation for oil 

Sort: 0 

=============================================================================== 



OUTCR.Satples 
=========================================c===================================== 

Sample Nutber: 7/17-0Sa 
Lithology: Shale 
For~ation: Kisimilok 
Field age : Early Cretaceous 

Palynology age: Early Cretaceous 

Evidence: Early Cretaceous dinoflagellates:also Albian fora;s. 
reported (JWPl 

Kerogen type: Wood-herbaceous 

Theraal stage (1-71: 5 
Seneration potential: Early peak generation for gas 

Sort: 0 

=============================================================================== 



OUTCR.Sa1ples 
=======================================================================:======= 

Sa1ple Nu1ber: 7/18-0la 
Lithology: Shale 
For1ation: Shublik/Siksikpuk 
Field age: Peria-Triassic 

Palynology age: Indeter1inate 

Evidence: No fossils recovered:extensive soil conta1ination fro1 
outcrop 

Kerogen type: Indeter1inate 

Ther1al stage !l-71: Indet 
Generation potential: UnknoHn 

Sort: 0 

=============================================================================== 



OUTCR.SaRples 
===================================================================c=========== 

Sanple Number: 7/18-0!b 
Lithology: Shale 
Fornation: Shublik/Siksikpuk 
Field age: Perie-Triassic 

Palynology age: lndeter•inate 

Evidence: Barren of fossils:extensive soil conta•ination fro• 
outcrop 

Kerogen type: Possibly a1orphous to 30 percent 

Ther1al stage 11-7): 5 
Generation potential: ?Peak generation for oil 

Sort: 0 

=============================================================================== 



OUTCR.Sa1ples 
=============================================================================== 

Saeple Nu1ber: 7/18-0lc 
Lithology: Sile.shale 
For1ation: Shublik/Siksikpuk 
Field age: Per10-Triassic 

Palynology age: Indeter1inate 

Evidence: Barren of fossils:extensive soil contamination fro• 
outcrop 

Kerogen type: ?Woody 

Thermal stage (1-71: Indet 
Generation potential: UnknoMn 

Sort: 0 

=============================================================================== 



OUTCR.Sa11ples 
=======================================================z==========:=:~========= · 

Sa11ple Nu1ber: 7/18-0ld 
Lithology: Shale 
Fornation: Dgotoruk?, 
Field age: Early Cretaceous 

Palynology age: Possibly Early Cretaceous 

Evidence: Si1ilar to sa1ple 7/18-04b: so1e possibly Triassic 
dinoflagellates observed but considered to be recycled 

Kerogen type: Woody 

Ther1al stage (1-7): 5-b 
Seneration ,otential: Peak generation for gas 

Sort: 0 

=============================================================================== 



OUTCR.Sa1ples 
=============================================================================== 

Sa1ple Nu1ber: 7/18-02b 
Lithology: Shale 
For1ation: Telavirak 
Field age: Early Cretaceous 

Palynology age: Possibly Early Cretaceous 

Evidence: Rare 1arine acritarch Pterospermopsis alongside apparent 
Late Triassic recycled spores and pollen 

Kerogen type: Herbaceous-Moody 

Thernal stage <1-7): 5-6 
Seneration potential: Early peak generation for gas 

Sort: 0 

=============================================================================== 



OUTCR.Sa1ples 
=============================================================================== 

Saaple Nueber: 7/18-04b 
Lithology: Shale 
Fortation: Kisi~ilok 

Field age: Early Cretaceous 

Palynology age: Possibly Early Cretaceous 

·Evidence: Si1ilar to sa1ple 7/18-0ld; some possible Triassic spores 
and rare dinoflagelllates observed but considered to be 
recycled 

Kerogen type: Woody with 1inor gray amorphous 

Ther1al stage (1-71: 6 
Generation potential: Peak or past-peak for gas 

Sort: 0 

=============================================================================== 



OUTCR.Sa1ples 
=========================================================s===================== 

Sa1ple Nu1ber: 7/18-0Sa 
Lithology: Shale 
For~ation: Kisi1ilok 
Field age: Early Cretaceous 

Palynology age: Uncertain 

Evidence: Possibly Early Cretaceous with so1e Late Triassic 
recycled pollen and spores:soae soil contamination 
fro1 outcrop 

Kerogen type: Woody 

Ther1al stage 11-7!: 5 
Generation potential: Peak generation for gas 

Sort: 0 

=============================================================================== 



OUT CR. Sup l es 
=============================================================================== 

Sa1ple Nu1ber: 7/18-0bb 
Lithology: Silty shale 
For1ation: Fortress Mountain 
Field age: Early Cretaceous 

Palynology age: Possibly Early Cretaceous with recycle 

Evidence: Possible Early Cretaceous acritarch Pterosper1opsis 1ixed 
with Late Triassic spores and pollen 

Kerogen type: Woody 

Thermal stage (1-7l: 5-6 
Generation potential: Early peak generation for gas 

Sort: 0 

=============================================================================== 



\ 

OUTCR.Sa1ples 
==============================================================~=====:========== 

Sa1ple Nu1ber: 7/1B-07a 
Lithology: Shale 
For1ation: Kisimilok 
Field age: Early Cretaceous 

Palynology age: Possibly Early Cretaceous 

Evidence: Only non-age diagnostic "esozoic spores and pollen:so1e 
soil conta1ination fro1 outcrop 

Kerogen type: Woody 

Ther1al stage (1-71: 5 
Generation potential: Early peak generation for gas 

Sort: 0 

===================================================~=========================== .. , .... . . .... . 

".> 



DUTCR.Sa1ples 
=====================================================================c========= 

Sa1ple Nu1ber: 7/18-0Bb 
Lithology: Shale 
For~ation: Kisi1ilok 
Field age: Early Cretaceous 

Palynology age: Possibly Early Cretaceous 

Evidence: Only non-age diagnostic Hesozoic pollen and spores seen; 
possible Late Triassic recycle 

Kerogen type: Woody 

Ther1al stage (1-71: 5 
Generation potential: Early peak generation for gas 

Sort: 0 

====================================================;:~~~~====================== 



\ 

OUTCR.Sa1ples 
===============================================================c======:======== 

Sa1ple Number: 7/18-09a 
Lithology: Shale 
For1ation: Ogotoruk 
Field age: Early Cretaceous 

Palynology age: Indeter1inate 

Evidence: Barren for palyno1orphs;feN Cretaceous fora1s. reported 
by JWP 

Kerogen type: Woody 

Ther1al stage (1-71: 5-6 
Generation potential: Early peak generation for gas 

Sort: 0 

====================================================s=;~~=~==================== 



\ 

OUTCR.Sa1ples 
==============================================================::::c============ 

Sa1ple Nu1ber: 7/18-lOb 
Lithology: Shale 
For1ation: Ogotoruk 
Field age: Early Cretaceous 

Palynology age: Indeter1inate 

Evidence: Barren for palyno1orphs 

Kerogen type: Woody 

Ther1al stage (1-71: 5-6 
Generation potential: Early peak generation for gas 

Sort: 0 

-f .. , ..- : • . .• 

=====~====================================~=============================~====== 



OUTCR.Saaples 
======================c======================================================== 

Saaple Nu1ber: 7/1B-12a 
Lithology: Shale 
For1ation: Ogotoruk 
Field age: Early Cretaceous 

Palynology age: Indeterainate 

Evidence: Barren of palyno1orphs 

Kerogen type: Woody, sparse 

Ther1al stage (1-71: 5-6 
Generation potential: Early peak generation for gas 

Sort: 0 

===========================================================:c::::============== 
... ··· ·· .. 



OUTCR.Samples 
=============================================================================== 

Sa1ple Number: 7/19-0lb 
Lithology: Shale 
For~ation: ·unknown 
Field age: Mississippian or Silurian/Ordovician 

Palynology age: Possibly Mississippian 

Evidence: Rare spores co1parable with North Slope Kekiktuk Fm. 

Kerogen type: Herbaceous-wwody 

Thermal stage (1-7): 5 
Generation potential: Peak for gas only 

Sort: 

=============================================================================== 



OUTCR.Sa1ples 
===========================z=============================•===========c========= 

Sa1ple Nu1ber: 7/19-0lc 
Lithology: Shaletgraptl 
For1ation: UnknoMn 
Field age: "ississippian or Silurian/Ordovician 

Palynology age: Indeter1inate 

Evidence: Barren sa1ples 

Kerogen type: ?6raphitic 

Ther1al stage (1-71: b-7 
Generation pot en ti al: None 

Sort: 0 

============z====================================s============================= 



OUTCR.Sa1ples 
=======~==================•a•================================================== 

Sa1ple Nu1ber: 7/19-0ld 
Lithology: Shale 
For1ation: Unknown 
Field age: "ississippian or Silurian/Ordovician 

Palynology age: Indeter1inate 

Evidence: Barren sa1ple 

Kerogen type: 6raphitic 

Thermal stage 11-71: 7 
Generation potential: None 

Sort: 0 

\· ==================================:=====================================~====== 
I 
\ 



OUTCR.Sa1ples 
===================================================================~=========== 

Sa11ple Number: 7/19-02h 
Li th al agy: Shale 
Faraiati on: Endicott 
Field age: Early Hississippian 

Palynalogy age: lndeter11inate 

Evidence: Barren sa11ple 

Kerogen type: Fusinitic lcoaly)-opaque 

Thernal stage 11-7): lndet 
Generation potential: lndeter11inate 

Sort: 0 

=============================================================================== 

OUTCR.Sa1ples 



OUTCR.Sa1ples 
==================================~=================================·========== 

Sa1ple Nu1ber1 7/19-05a 
Lithology: Shale 
For1ation: Iviagik? 
Field age: Silurian/Ordovician or older 

Palynology age: Indeter1inate 

Evidence: Barren sa1ple 

Kerogen type: 6raphitic 

Ther1al stage (1-71: 6-7 
Generation potential: None 

Sort: 0 

-==s=================================================15r=•======================• 

~ ~. . -· ' 



OUTCR.Sa1ples 
=============================================================================== 

Sample Number: 7/19-0Ba 
Lithology: Shale 
For1ation: Shublik/Siksikpuk 
Field age: Per10-Triassic 

Palynology age: Possibly Late Trias-Early \Jurassic 

Evidence: Few opaque spores and two possible Early Jurassic 1arine 
dinoflagellates. Poor. 

Kerogen type: AltOrphaus to bituminous 

Ther1al stage (1-7l: 5+ 
Generation potential: Peak to past-peak for ail 

Sort: · 0 

=============================================================================== 

\ 



, . 
. \ 

OUTCR.Satples 
======================================c================•======================= 

Sa1ple Nu1ber: 7/20-0lc 
Lithology: Shale 
For1ation1 Fortress Kountain? 
Field· age: Early Cretaceous 

Palynology age: Possibly Early Cretaceous 

Evidence: Only non-age diagnostic Kesozoic spores and pollen 

Kerogen type: .Kixed with 30 percent a1orphous 

Ther1al stage 11-71: 4-5 
Generation potential: Early generation for oil/gas 

Sort: 0 

·========~==================m=======================~==============s============ 



OUTCR.Sa1ples 
=============================================================================== 

Sa1ple Nuaber: 7/20-0ld 
Lithology: Shale 
For1ation: Fortress Hountain 
Field age: Early Cretaceous 

Palynology age: Early Cretaceous 

Evidence: Rare Cretaceous dinoflagellates 

Kerogen type: Herbaceous, 1inor a1orphous co1ponent 

Ther1al stage 11-71: 5 
Generation potential: Early peak generation for gas 

Sort: 0 

====================================================~=~~·::::::::c:::========== 
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