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ABSTRACT

The thermal maturity of rocks in and adjacent to the northern ANWR was
investigated using vitrinite reflectance data from well and surface samples.
Analyses from about 1200 surface and shot-hole samples were used to
produce a thermal maturity contour map which shows that thermal maturity
of rocks at the surface increases southward across the 1002-area and into the
Brooks Range. Reflectance isograds have an easterly trend, similar to that of
the mountain front. Reflectance values range from less than 0.4-percent Ro
in the northern half of the 1002 area to as much as 2.0-percent Rq in the
south. The zone of oil generation (0.6- to 1.3-percent Rg) occursin a band
three- to six-miles wide across the southern part of the 1002 area. This part
of the 1002 area and southward are considered prospective mostly for gas.
The southward increase in maturity isinterpreted to reflect burial-heating
and subsequent uplift and erosion. Timing of structural deformation is
inferred to have occurred after maximum heating.

Vitrinite reflectance analyses from more than 800 samplesin 23 wells show
that estimates of depth to the top of the oil window (0.6-percent Ro) should
be reasonably predicted in most of the 1002 area by the equation

Depth (ft) = log(0.6/a)/b

where a is the surface Rp value and b, the regional thermal maturity

coefficient, is 2.7 x 10°ftX. Within the oil window and below, the gradient
may increase. Depending on the nature of the increase, the depth-range of
the oil-generative section could vary from as as much as 12,000 ft with little
or no change in gradient to alittle as 4,000 ft with a significant gradient
change. In other words, if the change in gradient is not recognized, the depth
range of oil generation could be overestimated by as much as afactor of
three. The reason for the gradient change is not known. One possibility isa
thermal-blanketing effect produced by overpressures. If that isthe
mechanism, it becomes important to know the pressure regime in order to
predict depths of hydrocarbon maturity zones and expected hydrocarbon
phases.

The level of thermal maturity within petroleum accumulations near the 1002
area shows that most oil accumulations lie within or just above the
uppermost part of the oil window. Gasin the Kemik accumulation lies
within the dry gas zone. The Point Thomson gas and oil accumulation and
the Kavik gas accumulation, which lie in the upper and lower parts of the ail
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window, respectively, seem anomalous given their hydrocarbon phases. The
anomalies may be the result of source rock variations or migration of
hydrocarbons from deeper, more mature horizons.

INTRODUCTION

Vitrinite reflectance and conodont color alteration index (CAl)
measurements are sufficiently numerous in and adjacent to the ANWR 1002
areato provide insight to the region's thermal history. A goal in this study
was to develop the ability to predict the depth of a desired maturity level, for
example, the top of the oil window, at any particular location. Such
prediction requires both a surface maturity value and a subsurface gradient.
We used vitrinite analyses from outcrop and seismic shothole samples to
produce a surface thermal-maturity contour map (Plate VR1). Vitrinite
analyses of well samples provided subsurface thermal-maturity
gradients.The results of the subsurface analysis were also used to show
thermal maturity at the reservoir level for each of the various petroleum
accumulations near the 1002 area. Data and findings from this study were
important in the evaluation of petroleum plays, petroleum system studies
[Magoon and others, Chap. PS], petroleum source rock calculations [Keller
and others, Chap. SR], fluid-inclusions [Burruss, Chap. Fl], reservoir
porosity [Nelson, Chap. PP], burial reconstructions along structure sections
[Cole and others, Chap. SM], maturation modeling [Houseknecht and
Hayba, Chap. HG], and fluid-flow modeling [Rowan, Chap. BE; Hayba and
others, Chap. TE].

THERMAL MATURITY DATA

For this study, we incorporated previous published vitrinite reflectance and
CAl data (Magoon and others, 1987; Johnsson and others, 1992), with newly
available analyses from the Alaska Geologic Materials Center, and recent
publications (e.g., Krumhardt, 1994). We have aso included the results of
new vitrinite analyses performed on samples collected specifically for this
assessment. The quality of most previously available vitrinite datais difficult
to evaluate because the mean is generally the only value reported. Some
recent analyses are more easily evaluated with the reporting of histograms,
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d number of readings, and comments on the nature of the organic matter. The

entire data set is summarized in Table VR1, Outcrop vitrinite reflectance
data; Table VR2, Subsurface vitrinite reflectance data; and Table VR3,
Outcrop CAI data. Vitrinite reflectance and CAl values for surface samples
are posted on the geologic map (Plate VR1). Correlations of vitrinite
reflectance to CAl and to other thermal maturity indices are summarized in
Fig. VRL1.
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Our evaluation of the 1002-area thermal maturity also included the set of
proprietary vitrinite data derived from seismic shot-hole samples. Because of
their confidential nature, the analyses are not reported here. We reviewed
those analyses, selecting only those that appeared to come from bedrock and
discarding those from surficial deposits. This was not always an easy
determination to make, but it was an important screening step because
surficial deposits mantle most of the 1002 area (Carter and others, 1986;
Brewer, 1987). Vitrinite reflectance readings from surficial deposits may
bear little relation to those from bedrock.

Vitrinite reflectance data from 23 wells located adjacent to the ANWR (Fig.
VR2) were also part of thisanalysis. For each well, plots of vitrinite
reflectance with depth were created. Each plot also includes stratigraphic
units encountered, casing points, and |east-square regression lines,
equations, and correlation coefficients (Figs. VR3 to VR11). Equations and
correlation coefficients from these wells are summarized in Table VR4,

CAI data consist of 204 analyses from surface samples. We used CAl only
in a supplemental way in this analysis because of the relatively coarse
maturity scale compared to vitrinite (Fig. VR1) and because most dataliein
the mountains, well outside of the 1002 area (Plate VR1). However, CAl
data were used in structural studiesto constrain estimates of prior maximum
burial and subsequent amounts of uplift and erosion (Cole and others, Chap.
SM). An example of acombined set of vitrinite reflectance and CAl data
employed in thermal maturity mapping is provided in the thermal maturity
map of Alaska (Johnsson and Howell, 1996). That map and those in
Johnsson and others (1993) provide aregional view of the thermal maturity
of rocksin northern Alaska.

VR-6 The Oil and Gas Resource Potential of the
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Vitrinite analyses from 380 surface samples and 896 shot-hole samples were
combined with a surface-projected vitrinite value from each of 23 wells.
These data were contoured using GeoGraphix? software. The contour map
was inspected, anomalous high and low values that could not be geologically
substantiated were eliminated, and the contour pattern was generalized by
hand. The resulting map, a generalized thermal maturity contour map of
surface vitrinite reflectance, is provided in Plate VR1. The contour interval
was selected to show boundaries relevant to hydrocarbon generation,
preservation, and destruction (0.6-, 1.3-, 2.0-percent Rq, respectively).

Supplemental contours on either side of thisrange are also provided.

The vitrinite reflectance isograds (Plate VR1) display an irregular east-
northeast-trend across the map area—a trend that broadly mimics that of the
mountain front. Within the 1002 area, isograd values increase southward
from less than 0.4-percent Rq to slightly more than 2.0-percent Ro. Values as
high as 4.8-percent Rg occur south of the 1002 area in the mountains.

The northern half of the 1002 area is characterized by highly variable
vitrinite reflectance values ranging between 0.2- to slightly more than 0.4-
percent Ro. The variability is such that no meaningful contour of less than
0.4-percent Rq could be drawn. Likely sources of this variability are the
difficulty of distinguishing bedrock from surficial samples and analytical
variation.

The trend of the 0.4-percent Rp isograd reveals at |east two important
geologic features. One is a prominent northeastward excursion along the
axial region of the Marsh Creek anticline, an apparent indication of uplift in
itsaxia region. Another isin the Niguanak area where the isograd makes a
broad, arcuate excursion to the north approximating the surface trace of the
passive roof-thrust (SLRT) mapped by Potter and others (Chap. BD, Fig.
BD2).

VR-7 The Oil and Gas Resource Potential of the
Arctic National Wildlife Refuge 1002 Area, Alaska
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Just south of the 0.4-percent Rp isograd in the Niguanak area, reflectance
values of 0.5- to 0.99-percent Rq are present in the area of Jurassic and
Cretaceous rock exposures (see inset map, Plate VR1). The validity of
readings of 0.6-percent Rg and greater is suspect because apatite fission-
track analyses from this area (O'Sullivan and others, 1993) indicate that
these rocks have been heated to temperatures less than those required by 0.6-
percent Ro, about 100°C (Fig. VR1). However, uncertainty in exact sample
locations offers the possibility that the data are from different rocks and
therefore the vitrinite readings may be valid. If valid, these data would be
indicative of structural complexity that juxtaposes higher maturity rocks
with lower maturity rocks. Thiswould also be evidence that thermal
maturity was imposed prior to deformation. This seemsto be the case along
the Jago River just west of the Niguanak area (see inset map, Plate VR1),
where a thrust-fault separates higher maturity Hue Shale from lower
maturity Canning Formation.

With respect to hydrocarbon generation, the map reveals that most rocks
now at the surface in the 1002 area are undermature, not having been heated
enough to generate oil. Mature rocks, 0.6—to 1.3-percent Ro, occur in aband
three to six miles wide across the southern parts of the 1002 area. The zone
of hydrocarbon preservation, 1.3—to 2.0-percent Ro, is of generally similar
width immediately to the south. The zone of dry gas (>2.0-percent Ry), for

the most part, lies south of the 1002 area.

The close-spaced isograds in the southern part of the 1002 area are
interpreted as an indication of former deep burial, heating, and subsequent
uplift and erosion of the rocksin this area. Inspection of structure cross-
sections (Cole and others, Chap. SM; Potter and others, Chap. BD) suggests
that heating was mainly by sedimentary rather than tectonic burial. Uplift
and erosion are related to the various episodes of Brooks Range folding and
faulting (Murphy, Chap. FT; Potter and others, Chap. BD; Cole and others,
Chap. SM). Amounts of former burial may be estimated if the rate of
vitrinite reflectance increase with depth is known. In the following section,
analysis of vitrinite reflectance profiles in wells provides information needed
to make these estimates.
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SUBSURFACE MATURITY

Vitrinite analyses from 860 samplesin 23 wells located near the 1002 area
were analysed (Figs. VR3-VRL11; TablesVR2, VR4). Graphs of Rg versus
depth show awide range in data quality. In several wells, the data appear as
acloud of points (West Staines 2, Hammerhead 1, and Hammerhead 2
shownin Figs. VR7A, -9A, -9B, respectively). Correlation coefficients as
low as 0.1 attest to the noisy nature of these data (Table VR4). Other wells
show a narrowly-constrained, linear progression of Rq values with depth and
correspondingly high correlation coefficients (Kemik 2, West Kavik 1,
Aurora l, and Belcher 1 shownin Figs. VR3C, -4B, -10A, -10B,
respectively). The origin of variation in these datais unknown but has
severa likely sourcesincluding contamination by sample cavings, reworking
or recycling of older higher-maturity vitrinite, insufficient sample size,
operator bias, and possibly even multiple operators. Reworking of older,
higher-maturity vitrinite into younger, lower-maturity sediments of the
Sagavanirktok Formation in the Point Thomson areais suggested by the
analysis of Houseknecht and Hayba (Chap. HG). Variation by multiple
operators can be significant as shown in the interlaboratory comparison
(N=13) by Claypool and Magoon (1985). Based on analyses of 16 samples
with thermal maturities ranging from 0.55- to 2.5-percent Rp, comparison of

mean-val ue reflectance determinations shows standard deviations that range
from 0.05 to 0.66 % Rp and coefficient of variation that range from 6 to 26

percent.
Single Regression Trends

Vitrinite reflectance datain most wells may be fit by asingle regression line,
while datain afew wells may be fit by two, or perhaps more, regression
lines (Table VR4). The regression equation is

Ro=a* 10" (b* X)

where a isthe Rg value at the surface, b is the thermal maturity coefficient,
and x is measured depth in feet. In wellsfit by asingle regression line, the
thermal maturity coefficient varies by afactor of five, ranging from 1.3 to
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6.8 x 10-3 ft-1 with an average of 2.8 x 10-5 ft-1. The wide variation is
assumed to be largely the result of noisy data.

Datawere pooled from several wells and a single thermal maturity
coefficient derived in order to increase the signal to noise ratio and perhaps
to determine a coefficient with regional significance. Thiswas done for six
wellsin the Point Thomson area and four in the Kavik area (Figs. VR11A
and 11B). Pooling data from wells in the Point Thomson area was
geologically reasonable because all six of the wells are within 20 miles of
each other (Fig. VR2), the rocks are nearly flat-lying, and the stratigraphy in
each well is grossly similar. The pooled-data for the Point Thomson area
giveavalue of b =1.9 x 10-3 ft-1. In the Kavik area, the four wells display
varying stratigraphy, especially below the Lower Cretaceous unconformity
(LCU) and varying amounts of uplift and faulting. Stratigraphic variability
was reduced by using only data from above the LCU and by normalizing
sample elevations to an LCU datum. The pooled data for the Kavik area give
avaueof b =27 x 10-> ft-1,

Given the hypothesis of Houseknecht and Hayba (Chap. HG), that vitrinite
values in the Sagavanirktok Formation of the Point Thomson area are biased
to the high side by putative vitrinite recycling, it is concluded that the Kavik
area coefficient (b = 2.7 x 10-5 ft-1) probably is closer to being
representative of aregional 1002-area thermal maturity coefficient because
fewer samples from the Sagavanirktok Formation are involved. This
coefficient, coincidentally, is very closeto the average value

(b=2.8x 10->ft-1) of all wellsfit by asingle regression line (Table VR4),
and to the upper or shallow coefficient of wells that are fit by two regression
lines. The Kavik area coefficient (b = 6.29 x 10-3, expressed in terms of log
to the base €) was used to estimate porosity variation with depth in the
deformed part of the 1002 area (Nelson, Chap. PP) and the Point Thomson
area coefficient (b = 4.37 x 10-5, expressed in terms of log to the base €) was
used to estimate porosity variation with depth in the undeformed part of the
1002 area. We conclude that 2.7 x 10-5 ft-1 (expressed in terms of log to the
base 10) is areasonable coefficient to use in evaluating thermal maturity in
most of the 1002 area, at least for that section of rocks above the top of the
oil window. Application of this coefficient for strata below the top of the oil
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window is proposed with caution because of the possibility of changing
gradients, as described below.

Multiple Regression Trends

Vitrinite reflectance data in the Beli and Aurorawellsfal into distinct
groups that are best characterized by two or more regression lines (Figs.
VR6C and VR10A). These wells, in their upper parts, show athermal
maturity coefficient b of 2.6 x 10-3 ft-1, and, in their lower parts, 7.2 x 10-3
ft-1 and 9.2 x 10-3 ft-1, respectively. A changein gradient occursin the Beli
well at a depth of about 11,000 ft, at the stratigraphic level of the LCU and
at athermal maturity level of about 0.7-percent Ro. Inthe Aurorawell, a
changein gradient occurs at nearly 13,000 ft, about 2,000 ft above the base
of the Canning Formation and at a thermal maturity level of about 0.8-
percent Ro.

The data from several other wells are best characterized by two or more
regression lines, but with much less confidence. These wells include Kemik
1, Kavik 1, Canning River A-1, and Canning River B-1 (Figs. VR3B,
VR5A, VR5B, and VRS5C, respectively). The putative change in gradient in
these wells occurs at the stratigraphic level of the Hue Shale or just above, in
the lower part of the Canning Formation. The maturity level at the changein
gradient is generally in the range of 0.6 to 0.8-percent Ro, similar to that
observed in the Beli and Aurorawells. Vitrinite reflectance data from

severa other North Slope wells located farther west of the 1002 area are also
best characterized by two or more regression lines (Johnsson and others,
1993).

If achangein gradient is a widespread phenomenon within the 1002 area,
there are important consequences in the evaluation of petroleum potential
and burial reconstructions. For example, the zones of hydrocarbon
generation, preservation and destruction may be compressed and found at
shallower depths than otherwise expected. Similarly, estimates of maximum
burial and amounts of uplift may also be less than otherwise expected.
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d The consequences of multiple gradients related to the zone of hydrocarbon
generation areillustrated in the Aurorawell (Fig. VR12). If one had vitrinite
- reflectance data only from the upper 10,000 ft of this well and no knowledge
of deeper trends, one might project the resulting trend to depth. This

projection would yield an estimate of the top of the oil window (0.6-percent
Ro) at adepth of nearly 12,000 ft and a base of the oil window (1.3-percent

Ro) at nearly 24,000 ft, giving a depth range of oil generation or oil window
"thickness" of more than 12,000 ft. If one had a poor data set for the entire
well that did not clearly show two gradients and an “average” gradient were
used, the top of the oil window would be selected at a depth of about 9,000
ft and a base at about 16,000 ft for an oil window "thickness" of about 7,000
ft. With the currently available data set and two clearly defined gradients,
the oil window lies between 12,000 ft and 16,000 ft, giving athickness of
about 4,000 ft. From this analysis, the depth-range of oil generation could be
overestimated by as much as afactor of threeif the change in gradient were
not recognized. Similar overestimates would be expected in depths of
hydrocarbon preservation and the dry gas zone. Translated to petroleum
exploration or to the assessment process, an unrecognized gradient change
might result in evaluating rocks that are currently in, say the dry gas zone, as
still being within the oil-generating zone.

Origin of Multiple Regression Trends

The causes of the gradient change in wells near the 1002 area are unknown.
Possible explanations include change in basal heat flow over time, changein
heat flow due to topographically-driven fluid flow, or thermal-blanketing
effects of abnormal pressures. Variation in basal heat flow was modeled by
Lerche and others (1984) as the source of gradient change in the central
North Slope Inigok well. In that well, a change in vitrinite reflectance
gradient occursin Aptian-Albian strata of the lower part of the Torok
Formation. In wells near the 1002 area, the change in gradient generally
occursin late Cretaceous and early Tertiary strata of the Hue Shale and the
Canning Formation. Thus the relative timing of the putative change in heat
flow of the two areas would appear to differ by 30 to 50 million years.
Lower heat flow in the southern part of the Colville basin southwest of
Prudhoe Bay was attributed to cooling effects of topographically-driven

VR-12 The Oil and Gas Resource Potential of the
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fluid flow by Deming and others (1992) but not specifically to changesin
thermal gradient within any wells. In the following paragraphs, the
possibility of athermal blanketing effect related to abnormal fluid pressure
iIsexamined in the Aurorawell.

Overpressures. In Fig. VR13, present-day temperatures and pressuresin the
Aurorawell are compared to pal eotemperatures converted from vitrinite
reflectance values. Conversion of Rg to temperature followed the equation of
Barker and Pawlewicz (1994). Present-day temperature measurements,
consisting of atemperature log, repeat formation tests, and corrected
bottom-hole log temperatures, are those summarized by Paul and others
(1994). These measurements show considerable variation depending on the
method, but do not seem to show the change in gradient observed in the
vitrinite-derived temperatures. However, given the scatter in the data, a
change in the present-day temperature gradient cannot be ruled out.
Compared to vitrinite-derived paleotemperatures, present-day temperatures
are, overall, somewhat lower. Fair coincidence is shown in the middle-
depths of the well, from about 6,000 ft to 14,000-ft; increasing discrepancy
Is apparent both shallower and deeper. The overall lesser present-day
temperatures may result from uplift or Pleistocene climatic cooling. In the
deepest parts of the well, discrepancies may be related to incomplete
corrections of bottom-hole temperatures.

Pressures in the Aurorawell are estimated by mud weights recorded on the
lithology log [Nelson and others, Chap. WL]. Mud weights were increased
gradually from 9-pound/gallon (Ib/gal) near the surface to 16 |b/gal below
15,000 ft (Fig. VR13). Moderate overpressures (fluid-pressure gradient of
0.6 psi/ft) are suggested by 12 Ib/gal mud from 11,000 ft to 15,000 ft
whereas strong overpressures (0.8 psi/ft) are suggested by 16 Ib/gal mud
below 15,000 ft. The change in the vitrinite-derived temperature gradient
lies at about 12,000 ft, within the zone of moderate overpressures.

The origin of the overpressuresin the Aurorawell is unknown. The
conditions are such that one or more overpressuring mechanisms could be
operating. The onset of overpressures (0.6 psi/ft gradient) occurs within a
thick mud-rich Paleocene and Eocene marine section that was deposited

«“ Click here or on this symbol
in the toolbar to return.

VR-13 The Oil and Gas Resource Potential of the
Arctic National Wildlife Refuge 1002 Area, Alaska
Open File Report 98-34



=

~

‘soienoe forachanging world

P

-y P

rapidly, temperatures at this level are about 100°C, and the location of the
well isjust north of the complexly folded and faulted Jago Ridge (Potter and
others, Chap.BD). Thus, overpressures could result from disequilibrium
compaction, hydrocarbon generation, or tectonic stress. Overpressures are
known to occur in the Point Thomson area wells (Gautier and others, 1987;
Bird, Chap. GG, Plates GG2 and GG3). Overpressures are also common in
the Beaufort Sea—Mackenzie Delta region of Canada (Hitchon and others,
1990; Isdler, 1992), an area with many geologic similarities to the 1002 area.

A cause and effect relation between overpressures and change in vitrinite
reflectance gradient is postulated from the analysis above. A thermal
blanketing effect, the result of abnormal fluid pressures, would produce
higher thermal gradients within and below the zone of overpressuring.
Overpressures could develop in the lower, mud-rich part of the Brookian
sequence (Hue Shale and Canning Formation) and may be caused by various
processes commonly found in foreland basin settings. The presence of
overpressures would be expected to produce high thermal gradients that
would, in effect, compress and elevate the zones of hydrocarbon generation,
preservation, and destruction. Conversely, an absence of overpressures
would result in asingle, relatively uniform gradient and therefore expanded
hydrocarbon zones.

Synthesis of Subsurface Maturity

Anidealized vitrinite profile in an idealized 1002-area stratigraphic column
iIsprovided in Fig. VR14. In the upper part of the Brookian section,
composed of fluvial-deltaic deposits of the Sagavanirktok Formation,
varying amounts of recycled vitrinite may skew the vitrinite profile to higher
values. The thermal maturity coefficient in this section may range from 1.3
to 2.5 x 10-3 ft-1. Down-section in the prodelta and distal marine deposits, a
vitrinite gradient more representative of actual thermal conditionsis
developed. Thermal maturity coefficient values of 2.7 x 10-5 ft-1 are judged
to be characteristic of this zone. In the lower part of thisinterval, abnormal
pressures may develop producing athermal blanketing effect, thus raising
the thermal gradient in the stratigraphic section below. A result of this
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change in gradient is that the zones of hydrocarbon generation, preservation,
and destruction are compressed compared to a constant-gradient situation.

Regardless of subsurface pressure conditions, estimates of depth to the top
of the oil window should be reasonably predicted in most of the 1002 area
by using a coefficient of 2.7 x 10-5 ft-1 in combination with a known surface
Ro value. It iswithin and below the top of the oil window that it may be
critical to know the pressure regime in order to predict depths and expected
hydrocarbon phases. As demonstrated by the Aurorawell, estimates of the
depth-range of the oil-generative section could vary by afactor of three,
from as little as 4,000 ft to as much as 12,000 ft.

Using subsurface vitrinite profiles, the level of thermal maturity of each
known petroleum accumulation near the 1002 areais shown in Fig. VR15.
This plot shows that the oil accumulations are located within or just above
the uppermost part of the oil window. Gas in the Kemik accumulation lies
within the dry gas zone as expected. The Point Thomson accumulation,
consisting of gas and some oil, at a maturity level of about 0.7-percent Ro
seems anomalous. The composition and maturity level of this hydrocarbon
accumul ation suggests either an unusual gas-prone source rock or migration
of gas from deeper, more mature horizons was trapped along with oil from
nearby, less thermally mature oil source rocks. Similarly, the Kavik gasfield
appears anomalousin that it is composed of dry gas and lies at a maturity
level within the upper part of the zone of oil preservation. This situation
suggests a gas-prone source rock, migration of gas from deeper, more
mature source rocks, or the cracking of oil from deeper, more mature
horizons.

CONCLUSIONS

Thermal maturity of rocks at the surface increases southward across the
1002-area and into the Brooks Range. Reflectance isograds show a genera

easterly trend similar to that of the mountain front. Reflectance values range
from less than 0.4-percent Rq in the northern half of the 1002 areato as

much as 2.0-percent Rq in the south. The zone of oil generation (0.6- to 1.3-
percent Rp) occursin aband three- to six-miles wide across the southern part
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of the 1002 area. This part of the 1002 area and southward are considered
prospective mostly for gas. The southward increase in maturity is interpreted
to reflect burial-heating and subsequent uplift and erosion. Timing of
structural deformation appears to have occurred after maximum heating.

Subsurface vitrinite data show that estimates of depth to the top of the oil
window should be reasonably predicted in the 1002 area by using a thermal
maturity coefficient of 2.7 x 10-5 ft-1 in combination with a known surface
Ro value. Within the oil window and below, the vitrinite reflectance gradient
may increase. Based on analysis of the Aurorawell, the depth-range of the
oil-generative section could vary by afactor of three—from as much as
12,000 ft with no gradient change, to as little as 4,000 ft with the increased
gradient observed in the well. It is postulated that overpressures produce a
thermal-blanketing effect that results in the change in gradient. If the
hypothesisis correct, it becomes important to know the pressure regimein
order to predict depths of hydrocarbon maturity zones and expected
hydrocarbon phases.

The level of thermal maturity within petroleum accumulations near the 1002
area shows that most oil accumulations lie within or just above the
uppermost part of the oil window. Gas in the Kemik accumulation lies
within the dry gas zone as expected. The Point Thomson and Kavik

accumul ations seem anomal ous given their hydrocarbon phases and maturity
levels. The anomalies may be the result of variations in source rock organic
matter composition or migration of hydrocarbons from deeper, more mature
horizons.
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