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ABSTRACT

The recent discovery of petroleum in the Cretaceous strata has gained an interest to study the
source of the petroleum fluids mainly generated by the Triassic Shublik Formation in the Alaska North
Slope. The Shublik Formation is known as one of the key source rocks in the Alaska North Slope which is
one of the most prolific oil and gas producing basins in North America. The study area covers 18,993 km?
from central to western part of the Alaska North Slope and utilizes well logs, total organic carbon (TOC),

Rock-Eval pyrolysis, vitrinite reflectance, biomarker, and carbon isotopes data.

The Shublik Formation present across the study area can be divided into three large stratigraphic
sequences that include the lower clastic (LC) unit, the middle carbonate-chert (MCC) unit, and the upper
clastic-carbonate (UCC) unit comprising five transgressive-regressive depositional sequences. The isopach
map illustrates that the Shublik Formation has an elongated south-southwest trend and thickness varies in
the study area due to a complex paleogeography setting. The UCC unit has the greatest thickness and the

LC unit is very thin (<50 ft).

Total organic carbon content (TOC) has been calculated from well logs and calibrated with available
measured geochemical data. Out of the three stratigraphic sequences, the MCC unit is the most organic-
rich interval followed by the UCC unit and the LC unit. The present-day thermal maturity exceeds mature-
postmature window towards south of the study area (also supported by decreasing Hydrogen Index (HI) as
the maturity increased). Biomarkers and carbon isotopes data indicate that the Shublik Formation is
dominantly marine with mixture of organofacies A (clay-poor) and B (clay-rich) and more of organofacies B

present in the eastern part of the study area.

The mass balance restoration has been done in order to produce the maps of original (i.e., prior to
thermal maturation) TOC and HI distributions. In general, there is better quality of organic matter in the
Shublik Formation in more distal setting towards south of the study area. However, the northeastern part
of the study area shows that organic-rich rocks are also present in more proximal setting. This might have

been caused by the variability of source rock preservation and redox conditions in the Shublik Formation.



The ultimate expellable potential (UEP) maps were constructed for the Shublik Formation and
stratigraphic sequences in the study area. The UEP can be divided into the ultimate expellable potential of
oil (UEO) and the ultimate expellable potential of gas (UEG). The UEP of the Shublik Formation ranges
from 8-12 mmboe/km? (4-8 mmstb/km? UEO and 2-6 mmboe/km? UEG) with thickness 61-91 m (200-300
ft) in the area of Pikka-Horseshoe discovery (Cretaceous reservoirs). The contribution of stratigraphic
sequences indicates that the MCC unit has the major contribution in expelled petroleum followed by the
UCC unit and the LC unit. In the northwest of the study area, the source rocks tend to have lower UEP (<2
mmboe/km?) and produce relatively more gas. The thickest interval in the basin depocenter of the Shublik
Formation also illustrates that thicker interval does not always result in best source rock potential because

thickening may be accompanied by clay mineral dilution leading to lower UEP.

The petroleum generation and expulsion in the study area are controlled by the source rock
organofacies, quality, and thickness. The petroleum was generated during the Cretaceous time, and the
peak of the oil window occurred in the Early Cretaceous (approximately 76 ma) based on the burial history

model from the Inigok #1 well in the southern part of the study area.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Alaska North Slope is one of the most petroleum productive areas in the United States, comprising
some of the largest oil fields including Prudhoe Bay, Kuparuk, and Alpine (Bird, 2001; Houseknecht and
Bird, 2006). The first large discovery was the Prudhoe Bay field in 1967. The Kuparuk field discovered in
1969 is the second largest field in North America after the Prudhoe Bay field. Since these discoveries, a

series of oil and gas fields have been found and developed along the North Slope.

The daily peak production of crude oil in the Alaska North Slope was in 1988, and production has
been declining since that year (U.S. Energy Information Administration, n.d.). However, several recent oil
discoveries near the Arctic coast of Alaska have reignited exploration interestin $ O D V NrBt§céous strata

(Figure 1.1) long considered to hold little potential for large oil accumulations (Houseknecht, 2019).

The United States Geological Survey (USGS) has published an assessment of oil and total gas
(associated plus non-associated) for six conventional assessment units in the Cretaceous Nanushuk and
Torok Formations in the National Petroleum Reserves Alaska (NPRA) and adjacent areas (Houseknecht,
2017). The results of assessment suggest that Nanushuk and Torok Formations have mean undiscovered
resources of 8,727 MMBO and 24,545 BCFG (Table 1.1). Those numbers imply that Alaska North Slope is

still underexplored and there is potential for future exploration.

The oil samples from recent oil discoveries Pikka and Horseshoe in the Cretaceous Nanushuk
Formation indicate that the oil charge was generated mainly from the Triassic Shublik Formation (Jarboe
et al., 2018). The Shublik Formation is the main source rock for petroleum accumulations in Prudhoe Bay
and Kuparuk fields in the Alaska North Slope (Masterson, 2001). It is widely known that source rock is one
of the important elements in the petroleum systems framework, which impact the resource potential and

the composition of expelled petroleum.



However, the sediment supply variations of the accommodation space and its relationship with the
organic-rich source rock intervals should be investigated. On the other hand, these approaches are useful
to guide exploration activities for targeting cores or cuttings in order to analyze source rock potential.
Therefore, sequence stratigraphic framework and geochemistry of the Triassic Shublik Formation are the

key important research topics in this study.
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Figure 1.1 Discoveries in the Cretaceous Nanushuk and Torok formations (modified from Decker, 2018).

Table 1.1 USGS assessment results for the Nanushuk and Torok Formations in the NPRA and adjacent

areas (Houseknecht et al., 2017).

2017 Manushuk and Torok Assessment Units
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1.2 Location of the Study Area

The study area is located in the central and the western parts of National Petroleum Reserves
Alaska (NPRA) in the Alaska North Slope. It situated on the northern slope of the Brooks Range along the

coasts of the Chukchi and Barrents seas of the Arctic Ocean (Figure 1.2).
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Figure 1.2 Map of Alaska North Slope. It shows the location of the National Petroleum Reserve Alaska
(NPRA), Trans-Alaska Pipeline System (TAPS), and Arctic National Wildlife Refuge (ANWR). Locations of
the Alpine and Prudhoe Bay oil fields and the Point Thomson gas and oil accumulation also are shown.

Note the study area shown as a red box (modified from Bird and Houseknecht, 2002).



CHAPTER 2

GEOLOGICAL SETTING AND PREVIOUS WORK

2.1 Regional Geological Setting

The Northern Alaska is considered as a part of a small continental fragment, called the Arctic Alaska
microplate (Hubbard et al., 1987) which boundaries are approximately known. It extends westward for over
1000 km from the Canadian border to the maritime Russian border and about 100-600 km northward from
the Brooks Range to the edge of the continental shelf (Figure 2.1). The North Slope foreland basin is
bounded on the south by the Brooks Range fold and thrust belt and on the north by the Arctic Ocean.
Barrow Arch is a structural high between the Beaufort rifted margin and the Colville foreland basin on the
north (Figure 2.2). This Barrow Arch and several Mississippian extensional basins are the tectonic features
and significant elements of regional petroleum systems in the Alaska North Slope.

The major tectonic features in the Arctic Alaska are summarized in Figure 2.1. The Arctic and
Chukchi platforms are remnants of a late Paleozoic to early Mesozoic south-facing continental margin.
These features are separated by the Hanna trough which is a north-trending structural sag characterized
by extensional normal fault and thick sediment accumulations developed in the Devonian (?) and
Mississippian times. The Hanna trough is considered as a failed rift event (Sherwood et al., 1998). The
Barrow arch and adjacent hingeline fault zone were formed during the Jurassic to Early Cretaceous rifting
event which resulted in the oceanic Canada Basin and flanking passive margin. In the southern margin of
the Arctic and Chuckchi platforms and overlapping in time with rifting to the north, an arc-continent collision
created the Brooks Range, Colville foreland basin, and the Herald arch (Moore et al., 1994). Contractional
deformation during Tertiary time has created the fold and thrust belt towards north from the Brooks Range
and is expressed topographically as the foothills belt (Moore et al., 1994).

The North Slope foreland basin of Mesozoic to Cenozoic age (also referred to as the Colville Basin)
extends from the Brooks Range to the northern margin of the Beaufort rift shoulder (Figure 2.2). The pre-
foreland basin of Paleozoic and Mesozoic sediment accumulations was derived from the north and

deposited on the southern-facing passive continental margin. These sediments indicate more basinal distal



facies while compared to the younger post-orogenic sediments. Furthermore, post-orogenic foreland basin

fill was deposited from the south of Brooks Range and ranges in age from Cretaceous through the Tertiary

The depocenter of the basin migrated northeastward within time
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2006).
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Figure 2.2 Schematic structural and stratigraphic cross sections in the central North Slope (modified from

Bird and Houseknecht, 2011). LCU is Lower Cretaceous Unconformity.

2.2 Regional Stratigraphy

Tectonostratigraphic record of the North Slope of Alaska foreland basin was first proposed based
on provenance, tectonic history, and genetic relations (Figure 2.2). There are four distinct sedimentary rock
megasequences divided from oldest to youngest (Bird and Houseknecht, 2011; Houseknecht and Bird,
2011): Franklinian (pre-Mississipian), Ellesmerian (Mississipian-Triassic), Beaufortian (Jurassic-
Hauterivian), and Brookian (Barremian-Cannezoic). These sequences are distinguished based on the

response to discrete and major tectonic phases of basin evolution.



The Franklinian sequence is an acoustic basement which in most areas consists of pre-Mississipian
sedimentary and metasedimentary rocks broadly deformed by series of Devonian orogenies (Moore et al.,
1994; Dumoulin, 2001; Lane, 2007; Strauss et al., 2013; Houseknecht and Connors, 2016a).

The Ellesmerian sequence is composed of strata from the Mississipian to the Triassic periods. It
was sourced from the north and is composed of carbonate and shallow marine to non-marine silicilastic
deposits. The Endicott Group is the oldest deposit in the Ellesmerian sequence. It consists of hon-marine
sandstone, shale, and conglomerate which were succeeded by the shallow marine Kayak Shale. The
Lisburne Group is an extensive carbonate platform sequence of limestone and dolomite which overlays the
Kayak Shale. The Sadlerochit Group is composed of interbedded sandstone and shale, following by the
Ivishak and Eileen sandstones. Furthermore, the Shublik Formation consists of carbonate, shale, marl, and
phosphorite facies.

The Beaufortian sequence was deposited during a major rifting event from Jurassic to Early
Cretaceous time. It is mud-dominated with interbedded sandstones and shales. Both source rocks and
reservoir rocks occurred in this sequence including the Kingak and pebble shale unit as source rocks and
the Kuparuk sandstone as a reservoir. Sediment-filled half-grabens and grabens were created by normal
faults along the northern coast. The failed rift margin was uplifted and eroded, which resulted in a series of
sequence bounding unconformities in Jurassic and Lower Cretaceous strata, including the regional Lower
Cretaceous Unconformity (LCU) unconformity (Grantz and May, 1982; Hubbard et al., 1987; Houseknecht
and Bird, 2004).

The Brookian sequence is dated as Cretaceous to Tertiary and consists of the pebble shale unit
that derived mostly from sediments source in the south. The northern upland provided some sandstones to
the northernmost reaches of the pebble shale (Balkwill et al., 1983). Hue Shale-gamma ray zone (GRZ)
distal condensed mudstone, the Torok deep marine basinal slope, the Seabee outer-shelf mudstones, the
Canning turbidite sandstones, shallow marine to non-marine-coal-bearing sandstones, mudstones, and
conglomerates (Nanushuk, Tuluvak, Prince Creek, Schrader Bluff, and Sagavanirktok formations) are also
present in this sequence. The reservoir rocks in the Brookian sequence are turbidites and shallow marine

to non-marine sandstones within both stratigraphic and structural traps.
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2.3 Previous Work

The Shublik Formation has a maximum thickness of over 550 ft (Bird, 1982) that has been
described in both outcrop and subsurface widely by several researchers (Leffingwell, 1919; Keller et al.,
1961; Detterman, 1970). The Shublik Formation has heterogenous lithologies that include marine
carbonate, marl, shale, and phosphorite facies. Many researchers (Dingush, 1984; Hulm,1999; Parrish et
al., 2001; Kelly et al., 2007; Hutton, 2014; Whalen, 2015; Yurchenko, 2017) agree that the Shublik
Formation is deposited under fluctuating oceanic upwelling conditions on an open shelf (Figure 2.4) and
resulted in high nutrient supply that stimulated algal blooms, leading to high net organic productivity,
reduced water transparency, oxygen deficiency, and water column stratification during Shublik deposition
from complex physical, chemical, and biological factors (Yurchenko, 2017).

Many sea level fluctuations during the Triassic deposition have been described using sequence
stratigraphic interpretations (Figure 2.5) based on the Phoenix-1 core (Robison et al., 1996; Robison and
Dawson, 2001), well logs and core data in the Prudhoe Bay to central North Slope (Kupecz, 1995; Hulm,
1999; Parrish et al., 2001), and Fire Creek outcrop (Kelly, 2004; Kelly et al., 2007; Hutton, 2014). Kupecz
(1995) first proposed that the Shublik Formation has four zonal subdivisions (A, B, C, and D) in the Prudhoe
Bay. Whidden et al. (2018) proposed the revised Triassic stratigraphic interpretations using T-R sequences
concept from (Embry, 1993; Embry and Johannessen, 1993) and split the formation into three packages:
lower clastic (LC) unit, middle carbonate-chert (MCC) unit, and the upper clastic-carbonate (UCC) unit. The
proximal strata of the Shublik Formation were further subdivided into five transgressive-regressive
sequences (LC1, MCC1, MCC2, MCC3, and UCC1) ranging in ages from 10 to 6 my based on the
integrated lithostratigraphy and biostratigraphy data. However, this new revised sequence stratigraphic
interpretation does not cover much of the study area and only includes the TOC data from the Phoenix-1
well, Fire Creek outcrop, Tiglukpuk Creek outcrop, and Red Dog DDH 927 core in the Alaska North Slope.

Recent work (Rouse et al., 2020) has demonstrated the regional surface to subsurface correlation
of the Shublik Formation using sequence stratigraphic approach from (Whidden et al., 2018). He correlated
and mapped the LC, MCC, and UCC units from outcrop spectral gamma-ray (GR) profiles to GR logs
pattern from subsurface wells (Figure 2.6). He suggested that a thick pod of the richest, oil-prone interval

in the Shublik Formation (the MCC unit) is present south of the Harrison Bay area where recent giant



Shublik-sourced oil discovery (Pikka- Horseshoe) was made in the Cretaceous Nanushuk Formation
(Jarboe et al., 2018).

The Triassic Shublik Formation is the main source rock for the petroleum accumulations in the
North Slope and has been studied by many researchers (Tailleur, 1964; Seifert et al., 1979; Magoon and
Bird, 1985; Bird and Molenaar, 1987; Magoon and Bird, 1988; Bird, 1994; Kupecz, 1995; Masterson, 2001,
Peters et al., 2006). In a study of the Shublik Formation rock samples from six wells, average TOC is 2.3
wt% and range of thickness is approximately 79-489 ft (Bird, 1994). Moreover, the Shublik Formation is the
richest source rocks in the central North Slope. It is the source of oils with >27° APl and moderate sulfur
(>0.6%) in the Prudhoe Bay and the Kuparuk fields in the Alaska North Slope (Masterson, 2001).

Robison et al. (1996) conducted study of core from the Shublik Formation in the Tenneco Phoenix-
1 well and they interpreted that the transgressive facies of the lower Shublik Formation had average 4 wt%
TOC and hydrogen index up to 965 mg HC/g TOC. Furthermore, Peters et al. (2006) published a study of
source rock distribution, richness, thermal maturity, and petroleum charge in the Alaska North Slope using
1183 samples from 125 wells. They indicated that the Shublik Formation has the best quality and quantity
of organic matter among the other source rocks (Kingak Shale, pebble shale unit, and Hue Shale) and
occurs in a distal setting in the southern part of the Alaska North Slope (Figure 2.7).

The Shublik Formation has two genetically-distinct organofacies inferred from oil families (Figure
2.8; Peters et al., 2007; Wang et al., 2014; Yurchenko et al., 2018). Dominantly marine algal input for both
organofacies deposited under similar redox condition (anoxic to sub-oxic) in either clay-rich or clay-poor
depositional settings. This based on the combined chemometric evaluation of multivariate biomarker data,
detailed comparison of mass-chromatograms, and individual biomarker ratios. Researchers also suggested
that both shaly and calcareous organofacies are present across the Alaska North Slope foreland basin

(Yurchenko et al., 2018).
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Figure 2.4 Schematic reconstruction of the Shublik Formation depositional setting (a) Schematic
reconstruction showing oceanic upwelling setting on an open shelf during deposition of the Shublik
Formation (modified from Parrish et al., 2001). (b) Schematic diagram of the organic-rich Shublik facies
abundant in anoxic to dysoxic environment (modified from Yurchenko, 2017). (c) Lateral distribution of

upwelling related facies of the Shublik Formation (modified from Kelly et al., 2007).
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Figure 2.5 Sequence stratigraphic interpretations of the Shublik Formation in the Alaska North Slope.

(Rouse et al., 2020 after Whidden et al., 2018).
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Figure 2.6 Field photographs of the Fire Creek outcrop in the Alaska North Slope. (a) The GR trend
illustrates fining-upward and coarsening-upward log motifs. (b) Overview of LC1 and Fire Creek Siltstone
(FCS). (c) Overview of MCC1. (d) resistant bioclastic limestone beds in the upper part of MCC2 and contact
with MCC3. (e) outcrop photo of MCC2 and contact with MCC3. (f) recessive mudstone of UCCL1 overlain
by the KC Sandstone. Gaps in the SGR curve denote covered intervals which mean no data were collected

(Rouse et al., 2020 after Whidden et al., 2018).
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Figure 2.7 TOC vs S: of 408 thermally immature and early mature samples in the Alaska North Slope. Plot
is based on Hue Shale from Cape Halkett (14), Mikkelsen (15), Orion (22), and East Teshekpuk (18) wells;
pebble shale from Diamond (13), Mikkelsen (15), and Phoenix (26) wells; Kingak Shale from Atigaru Point
(69), Placid (37), and Toolik Federal (24) wells; Shublik Formation from Atigaru Point (16), Cape Halkett

(24), JW Dalton (16), W Kuparuk (17), Phoenix (60), and Seal Island (13) wells (Peters et al., 2006).
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Figure 2.8 Alaska North Slope oil families of the Shublik Formation. See Yurchenko et al. (2018) for details information (modified from Yurchenko et

al., 2018).
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CHAPTER 3

DATASET, OBJECTIVES, AND METHODS

3.1 Dataset

The data for this research was obtained from the open source website of the United States
Geological Survey (USGS), Alaska Division of Geological and Geophysical Surveys (DGGS), and
numerous publications. This study utilized data from 61 wells in the Alaska North Slope, including 41 well
logs and geochemical data from 29 wells. Figure 3.1 shows the location of the study area with blue dots for
log data, yellow dots for geochemistry data, black dots for well control, and red line represents the National
Petroleum Reserves Alaska (NPRA) boundary.

Geochemical data available in the study area include 305 cutting and 127 core samples with
measurements of total organic carbon (TOC), Rock-Eval pyrolysis, and vitrinite reflectance data. These
data help to determine source rock presence and thermal maturity of the Triassic Shublik Fomation in the
study area. Table 3.1 has information including well name, top depth, sample, TOC, Rock-Eval pyrolysis,
vitrinite reflectance, and source of the data. Moreover, other source rock data such as biomarkers
(quantified from gas chromatography igas chromatography mass spectrometry (GC-GCMS) data) of
extracts from the Shublik Formation are used in order to determine the organofacies and source
preservation in the study area. (Table 3.2).

In addition, other supporting data such as stable carbon isotope ratios of saturated and aromatic
fractions from the Shublik source rock extracts samples in the selected wells (Table 3.3) are used in this
research to determine the depositional environment and distinguish between marine and terrigenous

organic matter inputs in the study area.
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Figure 3.1 Available well and geochemistry data in the study area.
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Table 3.1 TOC, Rock-Eval pyrolysis, and vitrinite reflectance of the Shublik Formation. Note that North
Inigok #1 well was not fully penetrated the Shublik Formation. TOC=total organic carbon (wt. %); Si=free
hydrocarbons in rock (mg/g); S2=hydrocarbons from thermal breakdown of kerogen (mg/g); S3=CO: from
thermal breakdown of kerogen (mg/g); Tmax=temperature of peak S: yield (°C); HI=S2/100xTOC;

OI=S3/100xTOC; PI=S1/(S1+S2); Ro=vitrinite reflectance.
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Table 3.1 Continued.
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Table 3.1 Continued.
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Table 3.1 Continued.
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Table 3.1 Continued.
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Table 3.1 Continued.
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Table 3.1 Continued.
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Table 3.1 Continued.
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Table 3.1 Continued.

Table 3.2 Biomarkers and biomarker ratios in rock extracts from the Shublik Formation. CPl=carbon
preference index; Pr/Ph=pristane/phytane; Pr/n-Ciz=pristane; Ph/n-Cig=phytane; %C27 (217)=
Coxr... S5VWHUDDYHC28+C2) ... S5VWHUDQHAC28(217)=C2s... 5V WH U DBCQH 25+Co20)

5VWHUDQHAC2(217)=Ca... 5VWHUR+Cos+C2) ... 5 VWHUDQHYV
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Table 3.2 Continued.

Table 3.3 Carbon isotopes data of rock extracts from the Shublik Formation. /**Csa=carbon isotopic
composition of saturated hydrocarbons in the Cis+ fraction; /**Cao=carbon isotopic composition of aromatic

hydrocarbons in the Cis+ fraction.
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3.2 Research Objectives and Methods

The main objectives of this research are:

X To identify source rock quality variation within sequence stratigraphic framework of the
Shublik Formation in the Alaska North Slope. The following are detailed steps to achieve
this goal:

1. Correlate well logs of the Shublik Formation in terms of sequence stratigraphic
concept.

2. Perform TOC calculations from conventional well logging curves.

3. Evaluate source rock potential and thermal maturity from TOC, Rock-Eval
pyrolysis, and vitrinite reflectance data.

4. Interpret biomarkers and stable isotopes in extracts from the source rock
interval to understand the organic facies distribution in the study area.

X To understand source rock contribution to the potential of petroleum expulsion in the
Alaska North Slope. The following methods will be used to achieve this goal:

1. Map the lateral extent of the original HI and original TOC content in samples
from the Shublik Formation.

2. Estimate the ultimate expellable potential (UEP) from the Shublik Formation.
Map UEP values to determine the distribution of UEP across the study area.

3. Construct 1D basin model to determine the timing of petroleum generation,

accumulation, and expulsion in the study area.

3.3 Research Contributions

The main contributions of this study will be:

x Demonstration of the relationship between source rock potential and depositional

sequences of the Shublik Formation.
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X Assessment of petroleum expulsion potential from the Triassic Shublik Formation in the

study area.
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CHAPTER 4

SUBSURFACE STRATIGRAPHIC FRAMEWORK

4.1 Log Signature of the Triassic Shublik Formation

The Triassic Shublik Formation is bounded by the Sag River Sandstone in the upper part and is
underlain by the lvishak Sandstone and Eileen Sandstone of the Sadlerochit Group (Figure 4.1). The
Shublik Formation is typically easy to recognize based on its gamma-ray log characteristics (Chapman et
al., 1964; Tailleur, 1964; Tourtelor and Tailleur, 1971; Detterman et al., 1975; Jones and Speers, 1976;
Dingus, 1984; Kupecz, 1995). The vertical top depth of the Shublik Formation varies from approximately

2265 +14520 ftin the study area.

Figure 4.1 Type log of the West Fish Creek #1 well. It shows the Shublik Formation interval in the study

area.
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4.2 Sequence Stratigraphic Interpretation

As previously mentioned, numerous researchers have studied sequence stratigraphic framework
of the Triassic Shublik Formation in the Alaska North Slope. The sequence stratigraphic analysis has been
applied based on the approach of Rouse et al. (2020) and Whidden et al. (2018) using transgressive +
regressive (T-R) sequence concept (Figure 4.2; Embry, 1993) focused on the Shublik Formation. This
approach was selected, because this revised sequence stratigraphic interpretation illustrates the spatial
and temporal changes within the Arctic Alaska Basin based on the integrated lithostratigraphy and
biostratigraphy data. The T-R sequences use transgressive surfaces as a boundary for each sequence.

Moreover, flooding surface and two systems tracts are also recognized in this sequence.

X Transgressive surface (TS) is the stratigraphic surface that coincides with the change from
regression to transgression and forms the boundaries.

X Maximum flooding surface (MFS) is the stratigraphic surface that separates transgressive strata
and regressive strata.

X Transgressive systems tract (TST) comprises all strata that occur between the base of sequence
boundary and the maximum flooding surface. Transgressive systems tract also records increasing
or high sea-levels.

X Regressive systems tract (RST) is equivalent to the highstand system tract of one depositional
sequence combined with the lowstand or shelf-margin systems tract of the overlying depositional

sequence. Regressive systems tract records decreasing or low sea-levels.

Vertical wells available for this study usually have the following well log curves: spontaneous
potential, gamma ray, resistivity, density, and sonic. | used gamma ray log characters for sequence
stratigraphic interpretation using T-R sequences approach because it is better observed in the gamma ray
log trend (Figure 4.3). There are three significant stratigraphic units including the lower clastic (LC) unit,
middle carbonate-chert (MCC) unit, and upper clastic-carbonate (UCC) unit in the Triassic Shublik
Formation. The LC unit and UCC unit consist of S1 and S5 of T-R sequences for each stratigraphic unit

respectively while the MCC unit represents three T-R sequences (S2, S3, and S4).
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Figure 4.2 Schematic sequence stratigraphic cross section. It demonstrates the boundaries for the three

types of sequences (modified from Embry, 1993).

Generally, five T-R sequences in the Shublik Formation consists of a thin TST and thicker RST in
the study area. The MFS was picked in each sequence due to the high sharp gamma ray spike pattern.
The TST illustrates fining upward log pattern with an abrupt base and upward trend of increasing gamma
ray values. On the other hand, the RST demonstrates coarsening-upward log pattern with upward trend of
decreasing GR values. The transgressive surfaces were identified based on the sudden transition from low
to high GR values that correspond to the transition from the RST coarse-grained pattern to the TST fine-

grained pattern.

The base of LC1 (S1) was picked at the base of the Shublik Formation which overlays the
Sadlerochit Group. In this sequence, GR values are relatively low because of the uranium content of these
beds is low (<14 ppm; Kelly, 2004). However, among the three stratigraphic units, the LC unit is the most-
vague because the contact between the Shublik Formation and the Sadrelochit Group is not clearly defined

by the gamma ray log character in the wells.

32



The MCC unit is divided into three units which are MCC1, MCC2, and MCC3 that encompass three
sequences (S2, S3, and S4). The base of MCC1 clearly shows the abrupt change of gamma ray spike from
LC1 to MCC1. During the RST, the gamma ray readings of MCC1 slightly increase and back to coarsening
upward again probably due to change of lithology variation. Furthermore, the MCC2 consists of TST and
567 LQ WKLV VHTXHQFH ZKLOH LQ WKH XSSHU SDJDWRY 0&KEM GDEGFGHOD\ O

log pattern which means coarsening upward.

The base of UCC1 (S5) is very thin that inferred to contain TST and RST. The top of UCCL1 is easily
recognized in gamma ray log character and was picked as a transition resulted from the RST gamma ray
pattern to the base of Sag River Sandstone which has higher GR values in the bottom part than in the upper
part of UCC1 log. This probably caused by uranium-rich in the base of Sag River Sandstone resulting an

elevated GR response rather than in the upper part of UCC1 (Rouse et al., 2020).

Figure 4.3 The Shublik Formation systems tracts and surfaces identification from the South Harrison Bay

#1 well.
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4.3 Sequence Stratigraphic Correlation

Correlation of sequence stratigraphic was conducted in this study for each stratigraphic sequences
and flooding surfaces within the Shublik Formation across the study area. Six stratigraphic cross sections
were created and named: A-$T -%1T -8 -"T E- (1 D Q&Y These cross sections were made to
illustrate the thickness variations within key stratigraphic sequences and their vertical and lateral
correlations in the study area. The top of the UCC1 was selected as a datum in the sequence stratigraphic

cross sections which also represents the top of the Triassic Shublik Formation.

Cross section A-$ T ) LJ X4Uhs a northwest-southeast orientation and thickness varying from
227-463 ft. In the eastward direction, the UCC unit is thinning from the West Fish Creek #1 well and then
slightly thickens towards the Kalubik Creek #1 well while the LC unit is not present due to the pinching-out
to the MCC unit in this well.

Cross section B-% Y )LJXUH L O O XV W UrréasEMrowl RF1 toVART f faghHeasYto
west. The Kugrua #1 and East Simpson #1 wells have the UCC unit dominantly with thin MCC unit. The LC
unit is present only in the Kugrua #1 well. The stratigraphic packages are thinning from the East Teshekpuk
#1 well until the Thetis Island #1 well. However, the MCC unit thickens from this well to the eastern part of
the cross section.

Cross section C- & 1 ) L B6Yh4s an orientation from northwest to southeast of the study area.
The thickness is from 0-524 ft. The stratigraphic packages are thickening to the South Simpson #1 well with
the LC unit being the thickest. The MCC unitisthinandthe /& X QLW G@ppenviotfigwell. Going to the
east from the Cape Halkett #1 well to the Nikaitchuqg #1 well, the stratigraphic packages thins, but the MCC
and UCC units have similar thickness with very thin LC unit present only in the Phoenix #1 well.
Furthermore, the Mars #1 well illustrates that the Shublik Formation is truncated by the Lower Cretaceous
Unconformity (LCU).

CrosssectionD-'Y )LJXUH K D V-nérith&aat Kriehtatiov with thickness ranging from 0-
420 ft. This cross section represents the western part of the study area, and the MCC3 unit is the thinnest

package among these wells. The thin packages appear in the Peard #1 well and then start thickening
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towards northeast of the cross section. In the South Barrow #13 well, the LCU acts as an erosional
truncation for the Shublik Formation.

Cross sectionE- (1 )LJXUH K D naftRwWeRY atienbation with thickness varying from 0O-
619 ft. The Inigok #1 well has thin UCC unit with dominantly MCC unit. It begins to thick to the Ikpikpuk #1
and Aklagyaaqg #1 wells and the UCC unit is the majority stratigraphic package in these wells. The
Aklagyaaqg #1 well has the maximum thickness in the study area which exceeds 600 ft. From Kuyanak #1
and Tulageak #1 wells, only the MCC and UCC units are present. Moreover, the Shublik Formation has
been truncated by the LCU on the South Barrow #16 well.

Finally, cross section F-) {1 )L J X U Hoes from southeast to northwest and has thickness from
82-479 ft. The thin LC unit only appears on the Phoenix #1. From the East Ugnu #1 to Phoenix #1 wells,
the MCC unit slightly thickens while the UCC unit fluctuates according to the thick-thin progression. In the
WT Foran #1 well, the MCC unit is very thin and has dominantly UCC unit. Closer to the CT #2 well, the
stratigraphic packages have significantly thicker MCC and UCC units.

In general, these stratigraphic packages (LC, MCC, and UCC units) have variable thickness within
the Shublik Formation across the study area. The LC unit is thinnest among those two stratigraphic
packages and mostly pinches out to the MCC unit. On the other hand, the MCC unit is quite variative across
the study area but generally thicker when it approaches the east of the NPRA boundary. The UCC unit is
the thickest stratigraphic package compared to the others and the Aklagyaaq #1 well documents the
majority of the UCC unit deposited in the area of this well.

Based on the well log correlation, the Shublik Formation is present in the subsurface across the
study area, except where it is absent due to the onlap pinchout by the LCU along the northern margin of
the study area. The Shublik Formation is beveled and truncated beneath the LCU completely along the
trend of the maximum uplift on the rift shoulder presumably (Hubbard et al., 1987; Houseknecht, 2019a).
Furthermore, the absence of stratigraphic packages was caused by the onlap pinched out and beveled
northward by the LCU except for the LC unit, which thins and pinches out by onlap onto the pre-

Mississippian basement in the Point Barrow area.
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Figure 4.4 Northwest-southeast oriented stratigraphic cross section of the Shublik Formation showing the distribution of sequence stratigraphic

packages. Datum is the top of UCC unit and each well displays gamma ray log. (Modified picks from Rouse et al., 2020).
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Figure 4.5 West-east oriented stratigraphic cross section of the Shublik Formation showing the distribution of sequence stratigraphic packages.

Datum is the top of UCC unit and each well displays gamma ray log. (Modified picks from Rouse et al., 2020).
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Figure 4.6 Northwest-southeast oriented stratigraphic cross section of the Shublik Formation showing the distribution of sequence stratigraphic

packages. Datum is the top of UCC unit and each well displays gamma ray log. (Modified picks from Rouse et al., 2020).
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Figure 4.7 Southwest-northeast oriented stratigraphic cross section of the Shublik Formation showing the distribution of sequence stratigraphic

packages. Datum is the top of UCC unit and each well displays gamma ray log. (Modified picks from Rouse et al., 2020).
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Figure 4.8 Southeast-northwest oriented stratigraphic cross section of the Shublik Formation showing the distribution of sequence stratigraphic

packages. Datum is the top of UCC unit and each well displays gamma ray log. (Modified picks from Rouse et al., 2020).
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Figure 4.9 Southeast-northwest oriented stratigraphic cross section of the Shublik Formation showing the distribution of sequence stratigraphic

packages. Datum is the top of UCC unit and each well displays gamma ray log. (Modified picks from Rouse et al., 2020).

41



4.4 1sopach Map

Several isopach maps that were built for this study in order to determine the thickness variations of
the entire Shublik Formation (Figure 4.10) and each of the three stratigraphic units (Figure 4.11; Figure
4.12; Figure 4.13). The Shublik Formation is absent due to truncation by the LCU across the northern
margin of the study area. These maps were created based on the well control penetrations available in the
study area. Regional interpretations by using well and seismic data suggest that the Shublik Formation is

thickening to the offshore area (Houseknecht, 2019a, 2019b).

The Shublik Formation source rock was deposited principally as a shelf or slope carbonate. Peters
et al. (2006) proposed that thickness variation in the Shublik Formation is caused by the LCU truncation,
complex paleogeography, and significant clastic input in the shelf setting. The depocenter of the Shublik
Formation (LC1-UCC1) has an elongated south-southwest trend with thickness that reaches over 600 ft in
the study area (Figure 4.11).

The LC unit (LC1) is the thinnest among the three stratigraphic units with less than 100 ft across
the study area (Figure 4.11). The LC unit in the north of the area is absent due to the onlap pinch out to the
basement rocks in the Point Barrow area near the west-end trend of the LCU. Along the northern margin
on the eastern part of the study area, the LC unit is inferred to either punch out on the Ivishak Formation of
the Sadlerochit Group or is too thin to be recognized on well logs even if present (Rouse et al., 2020).

Thickness of the MCC unit (MCC1-MCC3) ranges from O ft due to the LCU truncated to over 200
ftin the study area (Figure 4.12). On the northwest of the study area, the MCC unit thickness reaches about
213 ft and thins to the central part of the study area. However, the MCC unit is thicker in the southeastern
part of the study area (206 ft) and in the northeastern part (230 ft) of the study area.

The UCC unit (UCC1) is the thickest of the three stratigraphic units with thickness over 500 ft in the
study area (Figure 4.13). The thickness trend of the UCC unit is similar with the isopach of the total Shublik
Formation (LC1-UCC1) with the depositional thickest part of the UCC also trending south-southwest. The
UCC unit is <50 ft thick in the northern part of the study area due to the truncation by the LCU. When it
goes to the east, the UCC unit is generally <50 ft thick till it reaches the eastern-end part of the study area

where its thickness is >100 ft.
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Figure 4.10 Isopach map of the Shublik Formation across the study area with contour interval (Cl) 100 ft. The black dash-line outlines the LCU trend

(Rouse et al., 2020).
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Figure 4.11 Isopach map of the lower clastic (LC) unit across the study area with contour interval (Cl) 10 ft. The black dash-line outlines the LCU

trend (Rouse et al., 2020).
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Figure 4.12 Isopach map of the middle carbonate-chert (MCC) unit across the study area with contour interval (Cl) 50 ft. The black dash-line outlines

the LCU trend (Rouse et al., 2020).
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Figure 4.13 Isopach map of the upper clastic-carbonate (UCC) unit across the study area with contour interval (Cl) 50 ft. The black dash-line outlines

the LCU trend (Rouse et al., 2020).
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CHAPTER 5

SOURCE ROCK PRESENCE AND POTENTIAL

5.1 TOC Calculation from Well Logs

Geochemical characteristics of the source rocks are usually measured only in limited samples. The
interpretation of results across the study area are highly dependent on the number of representative
samples on source rocks, which are rather scarce. In this study, the calculation of TOC values in the Shublik
Formation was made using the Passey et al. (1990) technique from the selected porosity and resistivity

logs and calibrated with available measured core or cutting TOC values.

The resistivity and sonic log curves were placed on the same track where resistivity has increased
to the right and sonic transit time increases to the left (Figure 5.1). The baseline was picked in the non-
source interval with no deflections of the curves. Deflections of both resistivity and sonic curves to higher
values are determined to be source intervals when using the G O R dn&thod. The TOC prediction model
was built using the separation between the curves in mature source intervals quantified as the 0 O R dsing

the equation:

N 4A0 PO
AHKCA LsiHE~——p E ma TAFABoxoius
AAEd =orUa0 cmoBhag (5.1)
If a suitable sonic curve is not available, the density or neutron curve can be substituted. The
density or neutron curve also can be helpful to confirm the 0 O R ddiculation using the sonic and resistivity
curves. In this study, density logs tended to be used if the sonic logs were not available. The resistivity and
bulk density log curves were also placed on the same track in order to determine the baseline of the organic-

lean zone. The decreasing density curve and increasing resistivity curve demonstrate the 0 O R Separation

as a source interval calculated as follows:
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This method also required the level of maturity values (LOM; Hood et al., 1975). The LOM can be
obtained from several analyses such as vitrinite reflectance, Tmax or from the estimation of the burial and
thermal history (Figure 5.2). In this study, vitrinite reflectance data was used if the sample was available.

The vitrinite reflectance also can be calculated from Tmax over the Tmax window ranging from 430-485 °C as
R,=0.0165 X flax t6.5143(Jarvie, 2018). Therefore, the calculation of TOC from the 0 O R drd the LOM

can be applied using this empirical equation:

61% LAHKCTs 08717 8a<<é AEA; (5.3)

Figure 5.1 Schematic guide for the interpretation of features observed based on the 0O R b%erlays

(modified from Passey et al., 1990).

48



Figure 5.2 Schematic of maturation compared to coal rank with respective maturity in LOM values and

corresponding vitrinite reflectance values (Passey et al., 2010).

There are 13 available well logs and geochemical data that were selected to perform the TOC
0 O R ddiculation in the study area. The TOC 0 O R ddculation with 8-9 LOM was used in the Drew Point
#1 well (Figure 5.3) to see the results of calibration between TOC calculation and TOC from geochemical
samples. Sonic and resistivity curves were plotted on the same track in order to determine the baseline of
organic-lean rocks. Although some cutting samples in the upper UCC unit are not calibrated with the TOC
calculations from the log, generally the results of the TOC calculation indicate good correlation between the
TOC 0ORaad TOC from core samples as well as from cutting samples calibration. The miscalibration
between the TOC-cutting and the TOC-log might occur due to probable mud-contamination from these

samples.
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The TOC 0 O R ddculation was built in the Inigok #1 well (Figure 5.4) using sonic and resistivity
curves on the same track with LOM values 13-14. The results show good relationship between the TOC-
log and calibrated core and cutting samples while some of the cutting samples in the upper MCC unit have
poor calibration. This probably happened because this well is already mature or the cutting samples might

have contamination from the drilling mud.

In the Phoenix #1 well (Figure 5.5), the TOC @ O R ddculation has been performed to determine
the TOC values from log and calibrated with core and cutting samples. The LOM 8-9 was used in this well
while the sonic and the resistivity curves were also placed on the same track to determine the organic-lean
interval as a baseline. The results illustrate fair calibration between the TOC-log and TOC from core and
cutting samples. The difference between the TOC-log and TOC from cutting and core samples might have
happened because the Shublik Formation is heterogeneous. On the other hand, this might be happened
because the well has only gamma ray, resistivity, and sonic from the digitized raster log only in the Shublik
Formation only. Therefore, it was hard to do the quality check on the other log curves. Since this well has
the most core samples in this study, it would be prudent to use values from core samples rather than log

values.

As mentioned before, neutron and density logs can be used to substitute the absence of the sonic
curves. In this study, the TOC 0 O R ddculation using density and resistivity curves was performed in the
Aklagyaaq #1 well (Figure 5.6). The density and resistivity curves were also placed on the same track using
10-11 LOM. The results show that calibration between TOC-log and TOC-core and cutting is good. One
cutting sample that does not fit well with calibration might have happened due to the contamination from

drilling mud in that sample.

Overall, TOC 0 O R gdculation needs to consider several things. First, the quality check on logs
are important since well logging tools have different assignment. Second, the core sample is the best data
to use for calibration but sometimes the core measurements are not available for all intervals. Third, when
calibrated with the cutting sample, the cutting sample often appear mud-contaminated (or from cavings,
etc). In addition, the maturity of those samples is also important to consider when performing the TOC

0 O R dddculation.
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Figure 5.3 TOC overlay from the Drew Point #1 well. Tracks from left to right: gamma ray, resistivity and

sonic, TOC calculated, TOC-core, and TOC-cutting.
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Figure 5.4 TOC overlay from the Inigok #1 well. Tracks from left to right: gamma ray, resistivity and sonic,

TOC calculated, TOC-core, and TOC-cultting.
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Figure 5.5 TOC overlay from the Phoenix #1 well. Tracks from left to right: gamma ray, resistivity and sonic,

TOC calculated, TOC-core, and TOC-cutting.
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Figure 5.6 TOC overlay from the Aklagyaaq #1 well. Tracks from left to right: gamma ray, resistivity and

density, TOC calculated and TOC-cutting.
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5.2 Source Rock Richness

Source rock richness can be determined by measuring the total organic carbon (TOC) present in
rock samples. Throughout the study area, the Shublik Formation and its stratigraphic sequences have
varying rock potential based on the TOC, HI, and thermal maturity characteristics. Table 5.1 shows the
measured range and average TOC for both the Shublik Formation and its stratigraphic sequences (LC,

MCC, and UCC units) analyzed in this study.

The measured samples for the Shublik Formation and the stratigraphic sequences demonstrate
that most of the samples have about 0.50-2.50 % TOC (Figure 5.7). Based on the histogram visualization,
the MCC unit has the most samples with TOC values followed by the UCC unit and then by the LC unit.

The LC unit generally has lower TOC values compared to the other stratigraphic sequences (<3.00% TOC).

A plot of TOC and HI was made to determine the potential of petroleum generation from source
rocks in the study area (Figure 5.8). Rocks with lower HI tend to produce more gas compared to rocks with
higher HI values, which typically produce relatively more oil. The plot shows the variability in terms of source
rock richness, which may be due to variations of the organic facies in the study area. In general, the MCC
unit is the most organic-rich sequence, followed by the UCC unit. Both these sequences are might be
capable of producing oil and gas. However, the LC unit has relatively low TOC and HI compared to the

other sequences and might generate more gas than oil.

Table 5.1 Range and average measured present-day TOC values for the Shublik Formation and its

stratigraphic sequences.
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Figure 5.7 Present-day TOC values in the Shublik Formation and its stratigraphic sequences in the study area.
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Figure 5.8 TOC vs HI plot for samples from the Shublik Formation and its stratigraphic sequences in the study area.
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5.3 Kerogen Type

Kerogen type can be determined using several approaches from Rock-Eval pyrolysis parameters
of the Shublik Formation. One approach uses the plot of the hydrogen index (HI) versus oxygen index (Ol)
also known as a modified Van Krevelen diagram (Tissot et al., 1974; Hunt, 1979; Tissot and Welte, 1984).
Figure 5.9 illustrates great variations of HI between core and cutting samples from the Shublik Formation
and its stratigraphic sequences. Based on the modified Van Krevelen diagram, the type of kerogen present
in rock samples determines the quality of the source rock. Type | has the highest hydrogen content followed
by Type Il and Type lll. The lowest hydrogen content is in Type IV kerogen (also known as inert carbon).
Figure 5.9 shows that the MCC and UCC units have predominantly types Il to Il kerogens while the LC unit
has predominantly Type IV kerogen. However, several samples of the MCC unit have higher hydrogen

content and represent the Type | kerogen.

The plot of TOC versus Sz (Figure 5.10) was constructed to assess the kerogen quality of source
rock potential (useful when, rock samples have high carbonate content, Cornford et al., 1998). Type |
kerogen produces mainly oil (>600 HI); Type Il kerogen produces mainly oil (300-600 HI); Type I/l
produces mix of oil and gas (200-300 HI); Type Il produces mainly gas (50-200 HI); Type IV is inert carbon
(<50 HI). This plot illustrates great variations of kerogen type from the Shublik Formation samples in the
study area. According to this plot, the MCC unit has mostly Type | kerogen while the LC unit has mostly

Type IV kerogen.

Moreover, a plot of Tmax versus HI was also built to determine the type of kerogen with a relationship
to the maturity of these samples (Figure 5.11). This plot shows great variations in the samples potentially
related to their maturation history. Samples with higher HI values have lower maturity while samples with
lower HI have higher maturity. Furthermore, source rock samples from the Shublik Formation appear to
have mixtures of different types of kerogen, but that actually may be a result from the maturity and not from
the terrestrial input (Figure 5.9). Since the Shublik Formation is deposited in the marine environment, the
distribution of present-day Ol and HI values might have been affected by the maturity of samples and further

influenced the composition of kerogen and bitumen in the source rock.
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Figure 5.9 Modified Van Krevelen diagram for the Shublik Formation as well as the stratigraphic sequences in the study area.
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Figure 5.10 TOC vs remaining hydrocarbon potential (Sz) plot to determine the type of kerogen from the Shublik Formation and its stratigraphic

sequences in the study area.
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Figure 5.11 Tmax Vs HI plot shows the kerogen type and maturity from the Shublik Formation and its stratigraphic sequences in the study area.
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5.4 Thermal Maturity

A plot of vitrinite reflectance versus TOC (Figure 5.12) was built to identify the relationship between
source rock richness and maturity. This plot shows that all these samples are already mature (>0.60% Ro).
Most of the MCC unit samples are late mature (>1.20% Ro). Since measured vitrinite reflectance data is
limited, calculated vitrinite reflectance (calculated %Ro) from Tmax window (430-485°) was performed in the

Shublik Formation using the equation of Jarvie (2018) (Table 5.2).

Figure 5.13 displays the variation of TOC with relation to Tmax (maximum temperature for the S:
peak) from the Shublik Formation and the stratigraphic sequence samples in the study area. The higher
TOC values are associated with the immature (<435° Tmax) rocks and conversely the lower TOC values
correlate with mature (>435° Tmax) rocks. The reduction of TOC content with relative increase in Tmax value
of the Shublik Formation suggests a transformation of kerogen into petroleum fluids. The trend maturity of

the Shublik Formation has increased from north to south of the study area (Figure 5.14).

However, source rock extracts including cores and cuttings can be contaminated by the drilling
mud and handling preparation can affect the source rock samples (Hunt, 1979). Therefore, a plot of
production index (PI) versus Tmax (Figure 5.15) was developed to identify samples that either might have
been contaminated or stained by the non-indigenous hydrocarbons. This plot shows most of the
contaminated samples are cutting samples rather than core samples. A careful interpretation should be

considered for these source rock samples.

Table 5.2 Range of Tmax and calculated %R, for the Shublik Formation and its stratigraphic sequences.
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Figure 5.12 Vitrinite reflectance vs TOC plot shows the relationship between source rock richness and thermal maturity for the Shublik Formation

and its stratigraphic sequences in the study area.
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Figure 5.13 Tmax VS TOC plot shows relationship between source rock richness and thermal maturity for the Shublik Formation and its stratigraphic

sequences in the study area.
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Figure 5.14 The present-day thermal maturity distribution map based on the Rock-Eval pyrolysis Tmax data. The thermal maturity increases towards

south of the study area.
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Figure 5.15 Pl vs Tmax plot to determine thermal maturity and sample contamination for the Shublik Formation and its stratigraphic sequences in the

study area.
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5.5 Source Rock Quality Distribution

The integration of geochemical data and sequence stratigraphic interpretation was attempted to
map source rock quality across the study area. Measured and calculated TOC and HI Rock-Eval pyrolysis
data of the Shublik Formation was used in this study (Figure 5.16). The calculated TOC (Passey et al.,
1990) was calibrated with measured TOC and the remaining hydrocarbon potential (S2) was calculated
using the trendline equation from measured TOC versus S2 plot (that also led to the calculation of HI

values).

Several cross sections were developed to determine source rock quality variation within the
sequence stratigraphic approach. Figure 5.17 shows the G-* FURVYV VHFWLRQ ZisttkwegtK H QRU WK
orientation. In the West Dease #1 well, only the UCC unit appears in this well while TOC and HI are
generally low, which is caused by the influence from glauconitic sandy facies (Kelly et al., 2007). The TOC
and HlI increase toward Brontosaurus #1 well and the thickness of stratigraphic sequences also increases.
The UCC unit has higher TOC and HI values compared to the MCC unit, which is related to greater maturity
at greater depths. In the Tunalik #1, the TOC value is slightly greater in the MCC unit while HI is very low

in these units as related to the very low S or already spent petroleum from this well.

Cross section H-+9 )L JX WBHhas an orientation of north-south and illustrates source rock
richness variation. The MCC unit in the Drew Point #1 well has greater TOC and HI values than in other
wells while JW Dalton #1 well document the general decrease in thickness, TOC, and HI. Differences in
source rock quality between these two wells are probably due to the facts that the Drew Point #1 well is
less mature than the JW Dalton #1 well. Going south towards the East Teshekpuk #1 and Inigok #1 wells,
the HI values decrease due to the increase in maturity, although the greatest TOC values are still in the
MCC unit. Although the LC unit is present in these wells, its source rock richness is very low compared to

the UCC and MCC units.

Looking atthe I-, 1 FURVYV VHFW LB Qhe)Rhdehix #1 well has increasing TOC and HI
values during the transition from the UCC unit and the MCC unit (up to 10% TOC and 800 HI). As mentioned

before, this well has the most detailed core description in the study area. The Colville Delta State #1 and
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Nechelik #1 wells demonstrate a decrease of TOC and HI. The TOC is about 2% for these wells and the
range of HI is from approximately 200-400. Towards the southern part, both the South Harrison Bay #1 and
Itkillik River Unit #1 wells illustrate the significant decrease of both TOC and HI values, which is related to

the higher maturity.

Cross section J- - ) L J X Q)Hhas an orientation from west-east of the study area. The Aklagyaaq
#1 is the thickest well in the study area and shows the TOC has increased from UCC unit to MCC unit and
decreased in the LC unit. However, the HI value is very low due to the transformation of kerogen into
petroleum fluids. The Ikpikpuk #1 well also illustrates the low TOC and HI according to the maturity while
the MCC unit is still the greater TOC among the other units. From the Cape Halkett #1 and Atigaru Point
#1 wells, the TOC and HI values have increased since the maturity is lower than in the Aklaqyaaq #1 and
Ikpikpuk #1 wells. The TOC values exceed 4% while HI values are up to 400 and the MCC unit thickens
from the Cape Halkett #1 well to the Atigaru Point #1 well. In the Kookpuk #1 well, the TOC and HI have

decreased as related to the slightly higher maturity in this well.

In general, out of the three stratigraphic sequences, the MCC unit has the highest TOC and HI
values followed by the UCC unit and the lowest is the LC unit. However, since the thickness of the LC unit
is relatively low (Figure 4.11), only limited number of samples is available for this study. The distribution of
the present-day source rock quality also correlates with the maturity of the source rock. Based on these
cross sections, the TOC and HI have lower values in the south and higher values in the north because the

maturity trend is greater in the south than in the north.

The present-day TOC and Rock-Eval pyrolysis parameters help to illustrate the source rock quality
and distribution across the study area. However, the maturity trend is also important to consider while
assessing source rock quality variation for better understanding of whether these source rocks already
transformed into petroleum fluids or not. The quality and maturity of source rocks are dependent on burial

depth, temperature, pressure, and organic matter type.
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Figure 5.16 The present-day TOC and HI values from well for the Shublik Formation and its stratigraphic sequences in the study area.
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Figure 517G-*Y FURVV VHFWLRQ LOOXVWUDWHY WKH GLVWRUEXMWH RBRE X8 OVRXKii$BtHRi ¢ dufidseqxebded W\ YDULD

in the study area.
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Figure 518 H-+1 FURVV VHFWLRQ LOOXVWUDWHY WKH GLV W the Shxibid FR@atoh ahid ¥slstratgrddRiE deqlieate®ib W\ YD UL D

the study area.
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Figure5.191-,1 FURVV VHFWLRQ LOOXVWUDWHY WKH GLVWU IHE EMLR@L R | ) Rl ReDsFatigRiGhic Sequ¥re3 inW\ YDULD\

the study area.
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Figure 5.20J--1 FURVVY VHFWLRQ LOOXVWUDWHY WKH GLVWULEXWLRQ BW¥YRIQdskatigthphic SequEioes inwW\ YDULD\

the study area.
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5.6 Organofacies and Depositional Environment

Organofacies is defined as a collection of kerogens derived from common organic precursors,
deposited under similar depositional environment conditions and exposed to similar early diagenetic
histories (Figure 5.21; Pepper, 2016). The pristane/phytane (Pr/Ph) ratios can be useful to evaluate the
redox potential of the depositional environment of source rock (Didyk et al., 1978; Shanmugam, 1985;
Peters et al., 2005). Pr/Ph ratios lower than 1 are associated with anoxic conditions while Pr/Ph ratios
greater than 1 indicate oxic conditions during source rock deposition. Furthermore, Peters et al. (2005)
summarize that Pr/Ph ratios greater than 3 are related to terrigenous organic matter input under oxic
conditions.

Figure 5.22 displays Pr/Ph values in the extracts from the Shublik Formation across the study area.
Value >1 shows the dominance of organofacies B although organofacies A may also be present. In the
eastern part of the study area, values of Pr/Ph increased, probably because marine clay-rich organofacies
deposited under more oxic conditions (Figure 2.8). Since the Shublik Formation is heterogenous and
deposited under upwelling open marine condition, mixture of organofacies A and organofacies B likely
characterizes the Shublik Formation.

Another approach for evaluating organic matter source, maturity, alteration, and redox conditions
in the Shublik Formation source rock extracts is the plot of Ph/n-Cig versus Pr/n-Ci7 (Figure 5.23). Source
rock extracts from several wells were plotted to see the relationship between Ph and Pr and n-alkanes Cis
and Ci7. The plot indicates that these samples are mainly composed of organofacies B organic matter.
However, a sample from the Cape Halkett #1 well shows that organofacies A also occurred in this area,
which explains the heterogeneity of facies in the Shublik Formation. Furthermore, a sample from the
Ikpikpuk #1 well tend to be more biodegraded compared to the other samples from the Shublik Formation.

Biomarkers are also commonly used to determine the organic matter source and the depositional

environment. A ternary diagram of the distribution of Cz27, Cz2s, and Czg regular steranes (Figure
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5.25) was built to determine the depositional environment variations of the Shublik Formation
(Moldowan et al.,, 1985). C27 steranes are derived from precursors found in plankton and marine
invertebrates. Cazs are also derived from similar precursors while they also can be derived from terrigenous
organic matter. Cz9 steranes are derived from terrigenous sources and marine algae (Volkman, 1986).
Based on the regular steranes ternary plot (Figure 5.24), the Inigok #1 and Ikpikpuk #1 wells illustrate that
the depositional environment of the Shublik Formation from these samples is near the boundary of marine
shales and marine carbonates which is also similar to the Ph/n-Cis versus Pr/n-Ci7 plot (Figure 5.23).
Moreover, rock extracts from the Phoenix #1 well indicate that the Shublik Formation was deposited in the
marine carbonate environment.

Additionally, carbon isotope composition helps to distinguish between marine and non-marine
terrigenous depositional environments. A plot of the saturate versus aromatic /*3C values for the Shublik
Formation rock extracts was developed. It clearly demonstrates that the Shublik Formation was deposited
in a marine environment (Figure 5.24). The carbon isotope compositions of saturated and aromatic rock
extracts from the Phoenix #1 well indicate that the composition is significantly lighter (more negative). The
Ikpikpuk #1, Inigok #1, and South Meade #1 wells have (more positive /*3C values) as a result of the
maturation of kerogen (Stahl, 1977). This explanation is also further supported by the Tmax maturity trend
which shows that the lkpikpuk #1 well is more mature than the Phoenix #1 well while the Inigok #1 and
South Meade #1 wells exceed the late mature window (Figure 5.14).

Overall, these results are consistent with the interpretation that the Shublik Formation was
deposited in a dominantly marine environment as organofacies B and A under anoxic-suboxic redox
conditions (Yurchenko et al., 2018). Moreover, based on the oil families distribution of the Alaska North
Slope (Figure 2.8), organofacies A primarily dominate towards the western part of the study area. The

eastern part of the study area has mostly organofacies B.
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Figure 5.21 Classification of organofacies types and their associations with source rock depositional

environments (Pepper, 2016).
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Figure 5.22 The distribution of isoprenoids average Pr/Ph ratio for extracts from the Shublik Formation source rocks in the study area.
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Figure 5.23 The plot of Phytane/n-Cis vs Pristane/n-Ci7 shows the organofacies, redox conditions, and

maturity for the Shublik Formation source rock extracts in the study area.
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Figure 5.24 Ternary diagram of Cz7, Czs, and Cazo regular steranes for the Shublik Formation source rock
extracts in the study area. Labeled fields associated with depositional environment input are adopted from

Moldowan et al. (1985).
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Figure 5.25 Carbon isotopic composition of saturated and aromatic fractions in source rock extracts of the
Shublik Formation in the study area. The Sofer (1984) line is used to separate between terrigenous and

marine depositional environments ( /**Caromatic BCsarate + 5.46).
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CHAPTER 6

ULTIMATE EXPELLABLE POTENTIAL AND BURIAL HISTORY MODEL

6.1 Original TOC and Hydrogen Index

The present-day TOC and HI values of mature and post-mature source rocks must be restored to
original values. The present-day values in mature source rock samples give an impression of the lower
petroleum generative potential because the petroleum already has been generated and expelled from such
mature samples. Based on the present-day thermal maturity map (Figure 5.14), the Shublik Formation
source rock is immature-early mature in the north of the study area while mature to postmature in the south

of the study area because of the greater depth of burial.

Table 6.1 summarizes the restoration of TOC and HI values for the Shublik Formation and its
stratigraphic sequences using the approach from Cooles et al. (1986). This approach was used to produce
maps of original TOC and HI in the study area. This method assumes constant inert carbon content because
of some part of the organic carbon in each source rock sample consists of inert material that cannot be
vaporized as volatile Sz or cracked S2 hydrocarbon products. Furthermore, the constant value was used in

order to get the inert carbon for each source rock sample before the calculation of original TOC.

Some of the stratigraphic sequences in those wells are not available either due to the absence of
stratigraphic sequence itself, lack of measured data, or lack of organic carbon content indicator. Moreover,
some wells (Simpson Lagoon #32-14, Simpson Lagoon #32-14A, and Topagoruk #1) do not have the top
of stratigraphic picks because of the data limitation, and the North Inigok #1 well did not fully penetrate the

Shublik Formation.

The average Tmax in the wells has increased systematically with calculated petroleum generation
index (PGI) of the Shublik Formation in the study area (Figure 6.1), which supports the proper mass balance
for the original TOC calculation. This is also supported by evidence that immature Shublik Formation source
rocks contain sulfur-rich kerogen, which results in relatively quick generation of petroleum under relatively

lower thermal stress (Masterson, 2001; Peters et al., 2006).
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Table 6.1 The restoration of TOC and HI values for the Shublik Formation and its stratigraphic sequences in the study area. °=top stratigraphic picks

not available due to limitation data; *=not fully penetrated the Shublik Formation; np=not present.
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Figure 6.1 The plot of Tmax VS PGl demonstrates that the mass balance calculations are reasonable with

eyeball fit curve.

Figure 6.2 shows the distribution of the Shublik Formation original TOC values in the study area.
In the northeast of the study area, TOC values are >3 wt.%. The organic carbon content generally increases
towards the south of the study area. This is explained by the depositional environment condition of the
Shublik Formation which is more proximal in the north and more distal in the south. The original TOC
distribution maps were also made for the LC unit (Figure 6.3), MCC unit (Figure 6.4), and UCC unit (Figure
6.5) and show similar trends: higher TOC values are present in the southern part of the study area. The

MCC unit is the most organic-rich stratigraphic sequence.

Maps of original HI for the Shublik Formation, LC unit, MCC unit, UCC unit (Figure 6.6; Figure 6.7;
Figure 6.8; Figure 6.9) were constructed in the study area. The original HI values are generally higher in
more distal settings. In the north of the study area, the HI values significantly increase from west to east of
the study area. This might have been caused by the paleo-redox conditions that affected source rock quality
in the organic matter. In addition, the original HI of the stratigraphic sequences that the MCC unit has higher

values among the units.
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Figure 6.2 The map of original TOC values in the Shublik Formation across the study area.
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Figure 6.3 The map of original TOC values in the LC unit across the study area.
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Figure 6.4 The map of original TOC values in the MCC unit across the study area.
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Figure 6.5 The map of original TOC values in the UCC unit across the study area.
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Figure 6.6 The map of original HI values in the Shublik Formation across the study area.
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Figure 6.7 The map of original HI values in the LC unit across the study area.
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Figure 6.8 The map of original HI values in the MCC unit across the study area.
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Figure 6.9 The map of original HI values in the UCC unit across the study area.
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6.2 Ultimate Expellable Potential

The ultimate expellable potential (UEP) represents the cumulative mass of oil and gas that can be
expelled upon complete maturation of the source rock (Roller and Pepper, 2018). It can be assessed using,
for example KinEx (Zetaware) software. There are several source rock parameters for estimating the UEP
that includes HI, TOC, gas oil generation index (GOGI), transformation index (TI), and thickness. In order
to estimate the UEP, the thickness was converted from feet to meter first, and the pre-expulsion source
rock was used (the restoration of original TOC and HI was needed for the mature samples).

Furthermore, the estimated UEP values in the study area are used to make the UEP map across
the depositional extent of the Shublik Formation and its source bed organic matter (Figure 6.10). Figure
6.11 illustrates the concept of organofacies in source rocks and their association with depositional
environment setting and potential of petroleum mass expelled from the organic matter (Pepper and Corvi,
1995). Based on the isoprenoids interpretation, the organofacies of the Shublik Formation are A/B. In the
north and east of the study area, organofacies B has been assigned to the LC and UCC units while
organofacies A has been assigned to the MCC unit. Towards south of the study area, both of the MCC and
UCC units have been defined as organofacies A while organofacies B has been defined for the LC unit

since the depositional setting becomes more distal in the south of the study area.

Figure 6.10 The workflow diagram to make the ultimate expellable potential (UEP) map across the study

area (adapted from Roller and Pepper, 2018).

92



Figure 6.11 Source rock organofacies depositional environment types and expelled petroleum products.

Adapted by Evenick and McClain (2013) from Pepper and Corvi (1995).
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The difference of the relationship between transformation ratio and temperature for aquatic marine
(clay-poor) deposits and aquatic marine (clay-rich) deposits is shown in the Figure 6.12. The heating rate
was set at 2°C/my and each source rock organofacies has its own kinetic characteristics. The aquatic
marine (clay-poor) or organofacies A tend to transform into petroleum faster at slightly lower temperatures

(thermal stress) than the aquatic marine (clay-rich) or organofacies B.

Figure 6.12 Relationship between temperature (thermal stress) and transformation ratio demonstrates the
different source rock kinetic behaviors in aquatic marine (clay-poor, A) and aquatic marine (clay-rich, B)

organofacies.

The UEP estimation in the northeastern part of the study area of the Phoenix #1 well (Figure 6.13)
and in the northwestern part of the study area of the West Dease #1 well (Figure 6.14) have been
performed. The Shublik source rocks in these wells are immature. The UEP of the Phoenix #1 well is 30.43
mmboe/km? with the majority of contribution from the MCC unit. On the other hand, the West Dease #1 well
illustrates the lower UEP (0.66 mmboe/km?) and mainly produces gas with contribution only from the UCC

unit because the MCC and LC units are not present in this well.
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Figure 6.13 The UEP estimation of the Shublik Formation in the Phoenix #1 well demonstrates varying

source rock quality and generation potential through depth.
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Figure 6.14 The UEP estimation of the Shublik Formation in the West Dease #1 demonstrates that this

source rock mainly produces gas.
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Figure 6.15 illustrates the UEP variation with thickness for each well. The UEP per unit thickness
is a measure of the richness of density of expulsion potential from organic matter in the source rock. The
UEP values are generally higher in the distal setting, which is clear from the Inigok and North Inigok #1
wells. However, the Phoenix #1 well located in the more proximal setting has the highest UEP value in the
study area. One interpretation for this is that this area has better preservation compared to other proximal
setting in the northern part of the study area.

The Aklagyaaq #1 well located in the thickest basin depocenter of the study area has generally low
UEP approximately 4 mmboe/km? with thickness over 180 m. This perhaps was caused by the thickening
in shelf setting, causing more clastic clay mineral dilution input from the north to this area which led to a
lower UEP. This illustrates that not every basin depocenter can expel more petroleum fluids from the source

rock organic matter.

Figure 6.15 Relationship between the UEP and variation thickness of the Shublik Formation in the study

area.
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The UEP, UEO, and UEG maps (Figure 6.16; Figure 6.17; Figure 6.18) for the Shublik Formation
show generally greater UEP values towards the southeastern part of the study area while the northwest of
the study area has lower UEP values (<2 mmboe/km?). The high UEP values occur in the south of the study
area where the UEP exceeds 18 mmboe/km? and in the northeast of the study area with values >28
mmboe/km?. The UEQ in the south and northeast are 10 mmstb/km? and 20 mmstb/km?, respectively, while
the UEG are 8-10 mmboe/km? and 6 mmboe/km? respectively.

The UEP, UEO, and UEG maps for stratigraphic sequences show that the LC unit (Figure 6.19;
Figure 6.20; Figure 6.21) has very low UEP values (<2 mmboe/km?) across the study area. This may be
because the LC unit is very thin and not fully present across the study area due to the pinching out (based
on the well log correlation). Moreover, the LC unit is mainly filled by the clastic sediments, and the source
rock quality is generally low when compared to the other stratigraphic units.

The MCC unit (Figure 6.22; Figure 6.23; Figure 6.24) has similar distribution of UEP, UEO, and
UEG to the Shublik Formation. This unit is the most productive sequence that generates and expels more
oil than gas. The MCC unit has UEP values over 16 mmboe/km? in the southern part of study area and 26
mmboe/km? in the northeastern part of study area. The UEO values for the south and northeast of the study
area are over 10 mmstb/km?2 and 20 mmstb/km? while the maximum UEG values exceeds 6 mmboe/km? in
the southern part of the study area.

The UCC unit (Figure 6.25; Figure 6.26; Figure 6.27) has range of UEP 2-4 mmboe/km? across the
study area. The distributions of UEP and UEG values are similar. The 4 mmboe/km? for both UEP and UEG
values in the Aklagyaaq #1 well basin depocenter illustrates that the accommodation of more clastic input
and matrix dilution occurred, which might have resulted in generating more gas in this area with the major

contribution from the UCC unit.
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Figure 6.16 The UEP map of the Shublik Formation across the study area. The green dashed polygon outlines the Pikka-Horseshoe discovery (Qil

Search, 2019).
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Figure 6.17 The UEO map of the Shublik Formation across the study area. The green dashed polygon outlines the Pikka-Horseshoe discovery (Qil

Search, 2019).
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Figure 6.18 The UEG map of the Shublik Formation across the study area. The green dashed polygon outlines the Pikka-Horseshoe discovery (Qil

Search, 2019).
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Figure 6.19 The UEP map of the LC unit across the study area. The green dashed polygon outlines the Pikka-Horseshoe discovery (Oil Search,

2019).
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Figure 6.20 The UEO map of the LC unit across the study area. The green dashed polygon outlines the Pikka-Horseshoe discovery (Oil Search,

2019).
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Figure 6.21 The UEG map of the LC unit across the study area. The green dashed polygon outlines the Pikka-Horseshoe discovery (Oil Search,

2019).
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Figure 6.22 The UEP map of the MCC unit across the study area. The green dashed polygon outlines the Pikka-Horseshoe discovery (Oil Search,

2019).
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Figure 6.23 The UEO map of the MCC unit across the study area. The green dashed polygon outlines the Pikka-Horseshoe discovery (Oil Search,

2019).
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Figure 6.24 The UEG map of the MCC unit across the study area. The green dashed polygon outlines the Pikka-Horseshoe discovery (Oil Search,

2019).
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Figure 6.25 The UEP map of the UCC unit across the study area. The green dashed polygon outlines the Pikka-Horseshoe discovery (Qil Search,

2019).
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Figure 6.26 The UEO map of the UCC unit across the study area. The green dashed polygon outlines the Pikka-Horseshoe discovery (Oil Search,

2019).
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Figure 6.27 The UEG map of the UCC unit across the study area. The green dashed polygon outlines the Pikka-Horseshoe discovery (Oil Search,

2019).
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Table 6.2 summarizes the UEP estimations for the Shublik Formation in the study area. Based on
the constructed UEP, UEO, and UEG maps for both the Shublik Formation and its stratigraphic sequences
in the study area, the UEP of the Shublik Formation ranges from 8-12 mmboe/km? (4-8 mmstb/km? UEO
and 2-6 mmboe/km? UEG) with thickness of 61-91 m. Moreover, the MCC unit (thickness 46-61 m) of the
Shublik Formation is the main contributor of expelled petroleum in the area of the Pikka-Horseshoe
discovery (Cretaceous reservoirs) and mainly charged from the calcareous Shublik source rock (Jarboe et

al., 2018).

Table 6.2 The UEP estimation of the Shublik Formation and its stratigraphic sequences in the study area.

6.3 Burial History Model

Burial history and thermal maturity models were constructed by using Genesis (ZetaWare) software
to understand the timing of petroleum generation and expulsion in the Shublik Formation in the study area.
The one-dimensional (1D) basin model was developed for the Inigok #1 well (Figure 6.28) which has the
greatest total depth and was drilled in the distal setting in the south of the study area. The total depth of this
well is 6217 m, and | made an assumption for the top basement at 7500 m based on the depth map for
seismic basement from Saltus and Bird (2003).

Based on the burial history model, there is a gentle subsidence in the Jurassic time and a rapid

subsidence and deposition from the Middle-Late Cretaceous time. Sedimentation rate increased during the
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Early Cretaceous time and an uplift occurred in the Tertiary. The burial history model illustrates that the
petroleum generation began in the Cretaceous time and the peak of petroleum generation probably
occurred in the Late Cretaceous (approximately 76 ma). Based on this model, the Shublik Formation is in
the postmature window at present.

The bore-hole temperature (BHT) and vitrinite reflectance were plotted with depth in the Inigok #1
well (Figure 6.29). Horner correction was performed in order to correct the subsurface temperatures
measured in this well. There is fairly calibration of vitrinite reflectance and temperature throughout this well.
Based on the measured vitrinite reflectance and the modeled maturity curve, the Shublik Formation is in

the postmature window at present.

Figure 6.28 Burial history model of the Inigok #1 well in the study area. The petroleum generation from the

Shublik Formation began in the Cretaceous time.

112



Figure 6.29 Plot of temperature and vitrinite reflectance against depth in the Inigok #1 well. The present-

day surface temperature is -3°C.
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CHAPTER 7

CONCLUSIONS AND RECOMMENDATIONS

7.1 Conclusions

The main objectives of this study were to: 1) identify source rock quality variation within the
sequence stratigraphic framework of the Shublik Formation, 2) understand the expulsion potential of source

rock in the Alaska North Slope. The conclusions made from this study are:

x The Shublik Formation can be divided into three stratigraphic sequences, namely the LC unit, MCC
unit, and UCC unit. The complex paleogeography of the Shublik Formation resulted in its varying
thickness. The LC unit is very thin and is not present everywhere in the study area. The UCC unit
is the thickest sequence and has thickness similar to the Shublik Formation. The most organic-rich
sequence from the Shublik Formation is the MCC unit followed by the UCC unit and the LC unit.

X Biomarker and carbon isotopes ratios indicate that the Shublik Formation has a mixture of
organofacies A (clay-poor) and organofacies B (clay-rich) deposited in dominantly marine
environments. The higher Pr/Ph ratios over 1 in many samples do not necessary represent just
organofacies B, they might have been caused by the oxidizing conditions.

X The present-day thermal maturity of the Shublik Formation demonstrates that source rock change
from immature to postmature towards the south of the study area. The distributions of original TOC
and HI values indicate that the Shublik Formation and its stratigraphic sequences have better
guality of source rock in the distal setting in the south of the study area. In the more proximal setting
of the northeastern part of the study area, there are organic-rich source rocks which perhaps
resulted from the better preservation mechanism compared to the rest of the northern part of the
study area.

x The UEP, UEO, and UEG maps indicate that there is higher potential to expel petroleum in the
south and northeast of the study area. The northwest of the study area tends to have lower UEP

(<2 mmboe/km?) and mainly produces gas. The UEP of the Shublik Formation ranges from 8-12
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mmboe/km? (4-8 mmstb/km? UEO and 2-6 mmboe/km? UEG) with thickness of 61-91 m (200-300
ft) in the area of Cretaceous Pikka-Horseshoe discovery (Cretaceous reservoirs). The MCC unit is
the major contributor of expelled petroleum followed by the UCC unit and then by the LC unit.

X The UEP distribution map illustrates that the basin depocenter does not produce higher UEP values
(4 mmboe/km?) when compared to the south and northeast of the study area. This is a result of
more clastic input and clay dilution which make the organic matter facies less favorable to generate
petroleum. The organic matter requires better preservation to keep up with the sediment matrix
when the thickness of the source rock increases.

x Petroleum generation and expulsion are controlled by the organofacies, source rock quality, and
thickness. Based on the burial history model of the Inigok #1 well in the southern part of the study
area, the petroleum was generated and expelled in the Cretaceous time, and the source rock is in

the postmature window at present.

7.2 Recommendations

X Seismic data can be a valuable input to develop detailed subsurface maps and to identify structural
zones in the study area.

X More geochemical and biomarker data for the Shublik Formation source rock and oil samples from
the Cretaceous Nanushuk Formation would be beneficial for this study. The oil-source rock
correlation is also crucial in order to understand the petroleum systems framework in the Alaska
North Slope.

X Integration of geochemical and subsurface data is needed to understand the charge access from

source-sink and to create migration pathway model.
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