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Abstract 

There is an overall decline of petroleum production within the Norwegian Continental Shelf 

and an increase interest in CO2 storage. To successfully search for remaining resources and find 

reservoirs for CO2 storage, it is ideal to understand the geological processes that contribute to 

the quality of these potential reservoirs. The aim of this thesis is to characterize the reservoir 

properties and gain insights on the implications of geological processes such as provenance, 

diagenesis and uplift to the reservoir quality of the Jurassic and Triassic reservoirs of the 

Realgrunnen Subgroup in wells 7324/9-1, 7220/7-2 S and 7124/3-1 in the southwest Barents 

Sea through sedimentological, petrographic and petrophysical methods. 

The Triassic sandstones, represented by the Snadd and Fruholmen formations, contain 

significant amount of feldspar and rock fragments classifying the sandstones as subarkose or 

sublitharenite. On the other hand, the Jurassic sandstones including Tubåen, Nordmela and Stø 

formations are much more mineralogically mature and contains less rock fragments classifying 

as quartz arenites. The difference in mineralogical composition and textural properties, such as 

grain size and sorting, across the Triassic – Jurassic boundary is accounted by the change in 

sediment provenance and reworking rather than the presupposed climate change. The result of 

this study confers previous provenance studies that the sediment provenance of the Triassic 

sandstones is from the Uralides while the Jurassic sandstone provenance is more Caledonides 

along with sediment reworking. It is proposed that the Triassic – Jurassic boundary be shifted 

down to the depth of 716m and the Nordmela – Stø boundary to be shifted up to the depth of 

704m in well 7324/9-1 to correlate the mineralogical trend and textural properties observed. It 

is also concluded that the primary and secondary controlling factors of the reservoir quality in 

the Triassic and Jurassic sandstones are mechanical compaction and early diagenesis, 

respectively. There is some evidence of small quartz cementation indicating short period of 

time of chemical compaction. Comparing porosity and permeability from petrographic and 

petrophysical analyses, the Jurassic sandstones Tubåen, Stø and Nordmela formations have 

good reservoir quality. Reke member of the Upper Triassic Fruholmen Formation also shows 

indication of having a good reservoir quality.  
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1 Introduction 

1.1 Introduction 

This thesis is submitted to the Department of Geosciences under the Faculty of Mathematics 

and Natural Sciences in partial fulfillment of the requirements for the degree of Master of 

Science in Petroleum Geology and Petroleum Geophysics. The work was carried out and 

documented in five months during the Spring 2018 semester at the University of Oslo with two 

core logging days at the Norwegian Petroleum Directorate (NPD) in Stavanger. The thesis is 

funded by OMV Norge AS and University of Oslo.  

This thesis hopes to academically contribute and aid in understanding the Triassic-Jurassic 

transition in the southwestern Barents Sea, since the lateral extent and sedimentological 

mechanism behind the observed mineralogical differences and unconformity between the Uper 

Triassic Fruholmen Formation (Reke member) and Lower Jurassic Stø formation of the 

Realgrunnen Subgroup are understudied. 

1.2 Rationale and Aims 

Oil production in the Norwegian Continental Shelf (NCS) started in 1971 in which 102 fields 

have been producing ever since (NPD and Ministry of Petroleum and Energy, 2017). However, 

the production decline of these fields is inevitable. Figure 1.1 shows the decline in annual 

production starting 2001. The discovered fields in early 2010s contributed to a relatively stable 

production in the following years with potential increase in the early 2020s. However, the 

increase in production will depend on the amount of new discoveries being made, development 

of discovered fields and implementation of enhanced recovery in existing fields. Thus, it is 

pertinent to keep exploring new areas within the NCS to supplement the forecasted increase in 

production and inhibit the continuous production decline. The Barents Sea is one of the 

promising areas in which petroleum exploration has been progressively increasing in the past 

decades. The Norwegian Petroleum Directorate (NPD) estimated that 26% of the remaining 

petroleum resources on the NCS as of the 2016 year-end is located in the Barents Sea (Figure 
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1.2). Moreover, there is an increasing interest in carbon capture utilization and storage (CCUS). 

There are several aquifer study areas at the Barents Sea with a special focus on the Jurassic 

succession to be used for carbon storage (Figure 1.3). To successfully search for these resources 

and find reservoirs for CO2 storage, it is ideal to understand the geological processes that 

contribute to the quality of these potential reservoirs. The aim of this thesis is to characterize 

the reservoir properties and gain insights on the implications of geological processes such as 

provenance, diagenesis and uplift to the reservoir quality of the Jurassic and Triassic reservoirs 

of the Realgrunnen Subgroup in wells 7324/9-1, 7220/7-2 S and 7124/3-1 in the southwest 

Barents Sea through sedimentological, petrographic and petrophysical methods.  

 

 
 

Figure 1.1. Norwegian Continental Shelf production history and forecast. Note the production decline starting 
2004 (from NPD and Ministry of Petroleum & Energy, 2018). 
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Figure 1.2. Distribution of the estimated total remaining resources in the Norwegian Continental Shelf as of 
2016 year-end (from NPD and Ministry of Petroleum & Energy, 2018). 

 
 

Figure 1.3. Jurassic aquifer evaluated area in the Barents Sea outlined in red (from NPD, 2014a).
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1.3 Study Area 

The study area is the southwestern Barents Sea within the Norwegian sector highlighted in the 

red box shown in Figure 1.4. The zoom-in to the left of the figure shows the three well locations 

in which the data used and analyzed were acquired from. In addition, it shows the geological 

structural element in which the each of the wells are located. Well 7324/9-1 is located in the 

Mercurius High, well 7220/7-2 S in the Bjørnøyrenna Fault Complex and well 7124/3-1 in the 

Nysleppen Fault Complex. A more detailed geological description of these structural elements 

is presented in the next chapter.  

 
 

Figure 1.4. Thesis study area including the well locations (compiled and modified from Google Maps and NPD, 
2018). 
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2 Geological Background 

2.1 Introduction 

The Barents Sea is bounded by the Norwegian Greenland Sea in the west, Svalbard and Franz 

Josef Land archipelagos in the north, Novaya Zemlya archipelago in the east, and Norwegian 

and Russian coasts in the south (Figure 1.4). Plate tectonics, and changes in depositional and 

climatic conditions over hundreds million years can account for the present-day geological 

complexity of the Barents Sea (Smelror and Basov, 2009). This chapter aims to highlight key 

structural and geological changes that the Barents Sea has experienced over time which 

ultimately contributed to the present-day setting of the structural elements of the study area. In 

addition, the Triassic – Jurassic stratigraphic framework and its depositional system are 

presented along with the uplift ramifications on the petroleum system. 

2.2 Geological Evolution of Barents Sea 

2.2.1 Paleozoic 

The most prominent geodynamic event during the Paleozoic (Figure 2.1) is the Caledonian 

Orogeny during the period of Ordovician to Early Devonian (Gernigon et al., 2014). This 

orogeny resulted in the closure of the Iapetus Ocean, and merger of the Laurentian and Baltican 

plates forming the Laurasian continent (Smelror and Basov, 2009). During the Lower 

Devonian, the western Barents Sea and Kara Region were part of northward extensions of the 

Old Red Continent in which the continental sediments are deposited in foreland basins and 

intra-cratonic basins characterized by extensional faulting (Harland and Dowdeswell, 1988). 

The extensive deposition of continental siliciclastic sediments is preserved inhalf-grabens in 

central and northern Spitsbergen. Moreover, post-orogenic collapses were also happening. 

Erosion and intra-cratonic rifting were predominant during Upper Devonian. By the end of the 

Devonian, the western Barents Sea was dominated by land areas with structures oriented NE-

SW. 
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Intra-cratonic rifting continued throughout Carboniferous. In Lower Carboniferous, a 

continental regime dominates in which hinterland erosion and alluvial plains formation were 

extensive (Smelror and Basov, 2009). Complex system of highlands, fluvial and alluvial plains, 

prograding deltas eastward (Figure 2.1) were controlled by active graben tectonics and basin 

formation. A regional transgression expanded into the western Barents Sea caused by a climatic 

shift from humid to semi-arid conditions. This caused perfect condition for a carbonate shelf, 

and deposition of evaporites. 

Warm water carbonates were deposited during the Lower Permian (Harland and Dowdeswell, 

1988; Smelror and Basov, 2009). However, another climate shift from warm to temperate 

conditions happened in the Upper Permian which halted carbonate deposition, and then was 

replaced with siliciclastic regime. 
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Figure 2.1. Geodynamic events chart and paleogeographic maps of the Barents Sea during the Paleozoic. Note 
the eastward deposition and later on transgression to the west (modified and compiled from Smelror et al., 2009). 
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2.2.2 Mesozoic 

Tectonic quiescence prevailed throughout most of Triassic and into Early Jurassic (Faleide, 

Gudlaugsson and Jacquart, 1984). The shallow-water siliciclastic regime continued in the 

Lower Triassic. Anoxic and restricted basins were filled with organic rich mudstones, while 

sand, silt and mud was deposited in a delta that extended over the Finnmark Platform and 

Hammerfest Basin and on to the Bjarmeland Platform in a NE-SW trending paleocoastline 

(Smelror and Basov, 2009). During the Upper Triassic, westward coastal progradation 

accelerated due to uplift and erosion in the eastern Barents Sea (Figure 2.2). The westernmost 

part of the Barents Shelf was still restricted to marine environment. 

In the Lower Jurassic, smaller basins were confined to shallow marine depositional 

environments, in which the coastal plains were periodically flooded. These coastal plains 

transgressed from east to west with the maximum transgression happening in the Late Toarcian 

(Smelror and Basov, 2009). The Middle Jurassic consisted of uplift, block faulting, regression 

and prograding coastlines in the west and east (Henriksen et al., 2011). This led to the formation 

of continental and near-shore shallow marine environments all over the Barents Sea regions. 

During the Upper Jurassic, an extensive transgression resulted in clayey sediments to be 

deposited in open marine environment throughout the Barents region (Harland and 

Dowdeswell, 1988).  

The open marine shelf caused well-aerated basins to accumulate fine-grained clastic sediments 

while structural highs accumulated carbonate deposits during Lower Cretaceous. Moreover, 

tectonic uplift in the northern area caused regression and development of further continental 

conditions. The basins in the west deeply subsided when accumulating copious amount of 

sediments from erosion and denudation in the uplifted areas. At the end of the Cretaceous, 

extension was experienced on a regional scale along with extensional faulting, and reverse 

faulting and folding (Vågnes, 1995). 
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Figure 2.2. Geodynamic events chart and paleogeographic map of the Barents Sea during the Mesozoic. (modified and compiled from Smelror et al., 2009). 
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2.2.3 Cenozoic 

 
Figure 2.3. Cenozoic geodynamic events chart and Eocene paleogeographic map of the Barents Sea (modified 

and compiled from Smelror et al., 2009). 

In Lower Paleogene, magmatic events related to the North Atlantic break up were ample in the 

western Barents Sea (Figure 2.3). The Mesozoic and Cenozoic times are considered to be the 

most tectonically active periods, as more inversion and folding happened in Upper Paleogene. 

Regional uplift and erosion persisted throughout the Cenozoic, but was mostly completed by 

Neogene (Faleide, Gudlaugsson and Jacquart, 1984; Smelror and Basov, 2009). Glaciation 

during the Upper Neogene  (Figure 2.4) has contributed to large scale erosion and sediment 

deposition into major submarine depositional fans along the western margin (Bjørlykke and 

Jahren, 2015).  
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Figure 2.4. Schematic lateral extension of glaciation during Late Pliocene and Pleistocene time (modified from 

Smelror et al., 2009). 

2.3 Present-Day Setting of Mercurius High, Bjørnøyrenna 
Fault Complex, and Nysleppen Fault Complex 

Knowledge of the overall geological and tectonic history of the Barents Sea is key to 

understanding the present-day geological and structural elements. The key structural elements 

in the study area are Mercurius High, Bjørnøyrenna Fault Complex and Nysleppen Fault 

Complex. This section introduces the structural framework of each one in more details.  

2.3.1 Mercurius High 

Mercurius High is a Paleozoic structural high oriented in NNE-SSE located in the southwestern 

Barents Sea. Its formation began during the tectonism in Lower Carboniferous and the high 

remained as a positive structure throughout the rest of Paleozoic (Gabrielsen, Oljedirektoratet 

and Oljedirektorat, 1990). It is bounded by the Bjarmeland Platform and NNW oriented faults 

of the Hoop Fault Complex. The eastward dipping reflectors obeserved in the Mercurius High 

are similar of that in the Norsel High, and may represent basement layers (Gudlaugsson et al., 

1998). 
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2.3.2 Bjørnøyrenna Fault Complex 

The Bjørnøyrenna Fault Complex is considered to be part of the deep Cretaceous Bjørnøya and 

Tromsø basins. It has a trend of NE-SW, which separates the Bjørnøyrenna Basin in the west, 

the Loppa High in the east, the Tromsø Basin in the south and tapers into the Fingerdjupet 

Subbasin in the north. The fault complex comprises of normal faults with large throws, 

deformed fault planes and reverse faults (Gabrielsen, Oljedirektoratet and Oljedirektorat, 1990). 

There are also evidences of inversion. It was mostly active in the Upper Jurassic to Lower 

Cretaceous, and then reactivated during Upper Cretaceous and Tertiary.  

2.3.3 Nysleppen Fault Complex 

Nysleppen Fault Complex is part of an intra-basinal elevation that separates the Bjarmeland 

Platform (Norsel High) from the Nordkapp Basin. It has a general orientation of SSW-NNW 

and contains several fault sets arranged in echelon fashion along with normal drags which 

widens from the Paleozoic into the Mesozoic sequence (Gabrielsen, Oljedirektoratet and 

Oljedirektorat, 1990). Faulting was active during the Lower Carboniferous, and later 

reactivated during the Mesozoic and Tertiary times. This major structural division represents a 

transition from thick evaporite deposits in the Nordkapp basin, to thin evaporite strata on the 

Bjarmeland Platform. These salt deposits have influenced in the development of the Nysleppen 

Fault Complex. 

2.4 Triassic-Jurassic Lithostratigraphy and Depositional 
System 

Figure 2.5 presents a lithostratigraphic chart of the Triassic-Jurassic successions in the 

southwestern Barents Sea. The Sassendalen Group was deposited in Lower to Middle Triassic, 

and is dominated by non-siliceous fine clastics (Worsley, 2008). Shales and siltstones are 

dominant lithologies while sandstones are subordinate. During this period, the coastline 

prograded northeastward with sediments coming from the Baltic Shield and the Urals. In the 

Upper Triassic, the dominance of the Uralian-sourced progradational system was replaced by 

shallow marine and coastal environments by a regional transgression. The sandstone deposited 
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during this time contains mature grains that show indications of extensive reworking, which is 

ideal for a good reservoir. However, there were also well cemented quartzites have been 

documented in areas that have experienced deep burial.  

 

Figure 2.5. Triassic – Jurassic lithostratigraphic chart of the southwestern Barents Sea (chart modified from 
Glørstad-Clark et al. 2010 and lithostratigraphy legend after Nottvedt et al. 1995). 

The Kapp Toscana Group was deposited during the Middle Triassic into Middle Jurassic times, 

and includes the Snadd, Fruholmen, Tubåen, Nordmela and Stø formations. The Snadd 

Formation is part of the Storfjorden Subgroup, and consists of shale interbedded with siltstones 

and sandstones. The Fruholmen, Tubåen, Nordmela and Stø formations are part of the 

Realgrunnen Subgroup, which mostly comprises of mature sandstones that were deposited in 

coastal plain, deltaic, and shallow marine environments (Figure 2.6). Fruholem Formation is 

dominated by shale and coarsens upwards with interbedding of sandstone intervals. Tubåen and 

Nordmela formations represent interbedded sandstones, siltstones and shales. The succession 

becomes increasingly sand-rich towards the top of the Nordmela Formation and well into the 

Stø Formation. The Stø Formation consists of moderate to well-sorted mature sandstones which 

makes a good reservoir. The Realgrunnen Subgroup thickens eastward across the Loppa High 

(Figure 2.7). 
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Figure 2.6. Schematic figure showing the depositional environments of the Sassendalen and Kapp Toscana 

Groups (from NPD 2014). 

 
 

Figure 2.7. Realgrunnen Subgroup Isopach map (from NPD 2014). 
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The Upper Jurassic consists of the lower succession of the Adventdalen Group, namely the 

Fuglen and Hekkingen formations. Fuglen Formation consists of pyritic mudstones interbedded 

with thin limestones, while the Hekkingen Formation consist of shale and claystone with thin 

interbeds of limestone, dolomite, siltstone and sandstone. 

2.5 Petroleum System 

A petroleum system comprises of a source rock, a reservoir and a seal, all in which are pertinent 

in hydrocarbon generation, migration and trapping. A good source rock containing high total 

organic content (TOC) within the oil maturation window is needed to generate petroleum. The 

generated petroleum then needs a good reservoir with high porosity and permeability for 

migration and storage after expulsion. To trap the generated petroleum, a good seal rock with 

low porosity and permeability, and high mechanical stability to counter reservoir pressure is 

needed. 

In the study area, there are few considered source rocks that are Triassic and Jurassic of age. 

The most prolific is the Upper Jurassic Hekkingen Formation which contains high total organic 

content (TOC), high hydrogen index (HI) and S2 value which correlates to the generation 

potential of the source rock (Ohm et al., 2008). Good reservoir rocks are predominantly the 

sands within the Kapp Toscana Group. The seal for these reservoir rocks are considered to be 

the Fuglen and Hekkingen shale formations overlying the Kapp Toscana Group. 

2.5.1 Uplift Ramifications 

Since the Barents Sea has experienced several uplift and erosion sequences, these events have 

ramifications on the petroleum systems. The abnormal maturities seen in the current burial 

depths of the source rock is due to the effect of uplift and erosion. This results to various 

anomalous source rock maturation profiles within the Barents Sea. Uplifted reservoirs will have 

lower quality than expected for the present burial depth since the reservoir has experienced 

higher mechanical, and possibly chemical, compaction prior to the uplift. Cementation may 

also continue during uplift as long as the temperature remains above 65- 70oC, which is the 

threshold temperature window for quartz cementation (Bjørlykke & Jahren, 2015). Uplift can 
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cause mechanical instability due to pressure changes, which might lead to cap rock failure and 

ultimately trap leaks. 
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3 Theoretical Background 

3.1 Introduction 

Reservoir rocks are units of rock with sufficient porosity and permeability to accumulate and 

migrate fluids such as water, oil and gas. Porosity is important in accumulating fluids as the 

pore space in between grains acts as a storage. Permeability, the effective interconnectivity of 

pores, is imperative to the migration of fluids and is a function of porosity and grain size. 

Porosity and permeability are controlled by three factors: (1) the original detrital composition 

and texture, (2) depositional setting, and (3) burial and temperature history. These factors 

control depositional porosity and subsequent compaction trends. This chapter aims to explain 

how and to what extent these factors influence and affect the porosity and permeability of 

sandstone reservoirs. 

3.2 Sediment Provenance and Depositional Environment 

Siliciclastic sediments contain mostly silicate minerals that have been weathered from 

sedimentary, igneous or metamorphic rocks in the hinterland region. Eroded particles are 

transported to its final depositional environment by various transport conductors, such as winds, 

rivers and waves. The study of sediment source-to-sink systems is important as each process in 

the system alters the state of sediments which consequently affects the reservoir quality. 

The rate and type of weathering and erosion in the provenance area influences the mineral 

composition in a sandstone reservoir. Physical weathering mechanically breaks down rock into 

smaller fragments which are then transported. On the other hand, chemical weathering changes 

the original mineral internal structures through various chemical reactions and turn it into new 

rock composition. Climatic condition fairly affects the rate of the weathering and transportation 

rates. Higher humidity and temperature promote weathering, and the higher rainfall enhances 

transportation rates of the sediments. During transport, textural properties such as grain size, 

roundness, sphericity and sorting are distributed in the basin, and unstable minerals might be 

dissolved. Weathering and transportation rates are controlled by climatic condition.  
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The depositional environment controls the characteristics, spatial extent and geometry of a 

sandstone reservoir. Allogenic clays, which are contemporaneously deposited with framework 

grains, can be present within the sandstone matrix in various ways as illustrated in Figure 3.1. 

The clay types and its distribution play an important role in the diagenetic processes. 

 
 

Figure 3.1. Modes of allogenic clay existence within a sandstone framework (from Wilson and Pittman, 1977)  

 

Mineralogical and textural properties are functions of weathering of the sediment provenance, 

transportation mechanism, depositional environment, and post-depositional sediment 

reworking. Diagenetic processes during lithification of these sediments also greatly contributes 

to the reservoir quality.  

3.3 Diagenesis 

Diagenesis refers to all post-depositional physical and chemical alterations inflicted on the 

sediments prior to the onset of metamorphism. The changes occur in response to biogenic 

activity, higher pressures and temperatures, and changes in pore-water compositions. This 

section presents the sequential diagenetic processes from surface conditions to deep burial of 

sandy sediments (Figure 3.2). 
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Figure 3.2. Diagenetic process as function of temperature and time mainly for quartz cementation (from 
Bjørlykke & Jahren, 2015). 

3.3.1 Early Diagenesis 

Early diagenesis involves interaction between sediments, atmosphere and fresh groundwater at 

shallow burial depth of approximately <1-10 m through fluid flow and diffusion (Bjørlykke and 

Jahren, 2015). The probability of changing the bulk composition of sediments post-deposition 

is greater at shallow depths due to effective diffusion and fluid flow (advection) of dissolved 

solids (Boggs, 2011).  

In marine environments, the uppermost few centimetres of the seabed are typically oxidizing 

while at greater depth it is always reducing. The pore water of shallow deposited sediments is 

likely to have high salinities, redox potentials, and moderately high concentration of 

bicarbonate and sulfate (Boggs, 2009). Reactions in this interval are dominated by dissolution 

of unstable fine-grained components and formation of new stable minerals at the sulfate 

reduction zone.  

In contrast, the sediments on land are exposed to air and fresh meteoric pore water that are 

acidic or alkaline pHs, have oxic to slightly anoxic redox condition, high bicarbonate and lower 

sulfate content compared to marine sediments (Boggs, 2009). Weathering in this interval is 
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driven by reactions with oxygen from the atmosphere and dissolution of minerals. Figure 3.3 

presents the common diagenetic processes in shallow marine environment. Meteoric water is 

typically undersaturated with respect to all minerals. Therefore, it has the capacity to dissolve 

unstable framework grains. Micas, feldspar and igneous materials are most vulnerable to 

meteoric flushing. Since the groundwater has limited storage capacity and cannot transfer the 

ions in the solution out of the system, these elements are then precipitated to a more stable 

mineral often as kaolinite (Equation 3.1 and 3.2). The constant movement of the meteoric water 

is key in early diagenetic reactions. If the groundwater stagnates, equilibrium between sediment 

and water will be reached, and chemical reactions will halt. This signifies that meteoric water 

flushing is only efficient in the upper 10m of burial depth as the flux of meteoric water is 

significantly slower at deeper depth. 

 
 

Figure 3.3. Common diagenetic processes in the shallow marine environment (from Bjørlykke & Jahren, 2015). 

 
Equation 3.1.     2K(Na)AlSi3O8 + 2H+ + 9H2O = Al2Si2O5(OH)4 + 4H4SiO4 + 2K+(2Na+) 

     Feldspar    Kaolinite    Dissolved silica & cations 

Equation 3.2.  2KAl3Si3O10(OH)2 + 2H+ + 3H2O = 3Al2Si2O5(OH)4 + 2K+ 
   Muscovite    Kaolinite 
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Carbonate cementation is also commonly observed in the early diagenetic regime. Carbonate 

sediments are brought from the seafloor regime into the meteoric realm and also gets 

incorporated into the siliciclastic sediments by falling sea level or by progressively sediment 

filling of a shallow carbonate basin (Boggs, 2011). Meteoric water is typically highly charged 

with CO2, which makes it slightly acidic. Since aragonite and high-Mg calcite are more soluble 

than calcite, it is easily dissolved in the corrosive meteoric water. The dissolution may result to 

the water being saturated with calcium carbonate in respect to calcite causing calcite to 

precipitate (calcitization). The less stable aragonite and high-Mg calcite are replaced to a more 

stable calcite through meteoric water dissolution and reprecipitation.  

Bioturbation, the reworking of sediment by organisms, also plays an important role during early 

diagenesis and is prominent at the depositional interface. Churning and mixing of sediments 

cause extensive destruction of primary depositional features, such as laminations. This process 

does not alter the mineralogical composition of the sediment but affects textural patterns and 

porosity and permeability of sediments as grains of various sizes and shapes are mixed together. 

3.3.2 Mechanical Compaction 

Lithification, the process of converting loose into a sedimentary rock, is a function of increased 

temperature and pressure during burial. The increase in geostatic pressure increases stress at 

grain contacts, which increases the mineral solubility according to Reicke’s principle (Boggs, 

2009). In addition to temperature and pressure, change in pore-water composition and presence 

of organic matter are also considered important factors that drives further diagenesis at greater 

burial depth. 

Mechanical compaction is the sediment’s response to increase in effective stress during burial, 

which results to intergranular porosity loss and denser grain packing through grain deformation 

and fracturing. The effective stress, grain-to-grain stress, is the difference between geostatic 

pressure and pore-water pressure as stated by Terzaghis Law (Boggs, 2009). Framework grains 

rotate, slide, squeeze and fracture in order to obtain higher mechanical stability. The sand 

compactibility is mainly influenced by grain shape, size, composition, sorting, matrix content, 

and cements. The magnitude of porosity loss caused by mechanical compaction determines the 

intergranular volume (IGV), defined as the sum of intergranular porosity, cements and matrix. 
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Well sorted coarse sand is more compressible than fine sand due to the higher stress per grain 

contact. The presence of clays within the matrix increases the compressibility of the grains as 

clay reduces friction between grains, while presence of cements inhibits further compaction as 

it stabilizes the grain framework.  

3.3.3 Chemical Compaction 

Chemical compaction involves dissolution of minerals and precipitation of authigenic cements 

resulting in porosity decrease. The increase in temperature lowers reaction barriers and 

increases chemical reaction rates. Thermodynamics and kinetic parameters such as activation 

energy governs chemical compaction. It is insensitive to effective stress and thus the IGV 

remains constant with depth after onset of cementation.  

The most significant reaction at deep burial depth is quartz cementation. Cementation does not 

stop until all porosity is lost or when temperature drops to below 70-80oC. The rate of quartz 

cementation is a function of temperature, supersaturation, timing and grain surface availability 

for quartz to precipitate, and it increases exponentially as a function of temperature. 

Walderhaug (1996) estimated that a factor of 1.7 increase in cementation rate occurs for every 

10oC of temperature increase (Figure 3.4). Quartz cement precipitation increases with high 

geothermal gradient and slow subsidence rates. Thus, porosity and amount of quartz cement 

can be modelled using the exponential relationship of temperature over time and proportionality 

to the surface area availability for quartz precipitation.  
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Figure 3.4. Model of quartz cementation as a function of time and temperature (from Bjørlykke & Jahren, 2015 
modified from Walderhaug et al., 2001).  

Illitization is another reaction occurring at deep burial depth in temperatures between 70-100oC 

(Bjørlykke & Jahren, 2015). The reaction requires potassium which is commonly sourced from 

K-feldspar present (Equation 3.3). At the temperature over 130oC, the reaction between K-

feldspar and kaolinite becomes thermodynamically unstable. The platy morphology of illite 

crystals significantly reduces porosity and permeability of a reservoir. 

Equation 3.3.  KAlSi3O8 + Al2Si2O5(OH)4 = KAl3Si3O10(OH)2 + 2SiO2 + H2O 
   K-feldspar + Kaolinite         = Illite         + Quartz 

3.3.4 Porosity Preserving Mechanisms 

Preserving porosity is crucial for fluid accumulation and migration in reservoir. There are 

several ways in which porosity can be preserved as burial continuous. Preserving porosity 

increases permeability, which is mainly a function of porosity and grain shape. 

Authigenic clays are formed through a reaction from precursor materials and water (Wilson and 

Pittman, 1977) and has various mode of occurrences as shown in Figure 3.5. The pore lining or 
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grain coating clays are efficient in preserving porosity. Grain coatings, such as micro quartz 

and authigenic chlorite, reduces the surface area in which quartz cement nucleation can occur, 

and thereby reduce the cementation rate and consequently preserve porosity. Chlorite coating 

is the most recognizable porosity-preserving constituent during medium to deep burial in 

quartz-rich sandstones (Aagaard et al., 2000). Iron or magnesium within the system is needed 

for chlorite to form. Moreover, a precursor berthierine coating and threshold temperature of 

approximately 100oC are needed for extensive chlorite formation according to Aagaard (2000). 

Detrital precursor can be used in linking diagenetic evolution to the depositional environment 

of sediments. Mg-rich chlorite coating is indicative of terrestrial environment while Fe-rich 

chlorite coating is indicative of marine environment (Aagaard et al., 2000). 

 
 

Figure 3.5. Modes of authigenic clay observed within a sandstone framework (from Wilson and Pittman, 1977) 

Overpressure at shallow depth can inhibit mechanical compaction. Rapid burial of a filled 

reservoir with an effective seal can result in high fluid pressure. This counteracts the effective 

pressure for mechanical compaction. Thus, preserving intergranular porosity albeit the pore 

space being fluid-filled.  
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4 Methods and Data Set 

4.1 Introduction 

This chapter aims to present the data and methodology used in characterizing sandstones of the 

Realgrunnen Subgroup in the southwestern Barents Sea. Three well cores were used for 

sedimentological and petrophysical analyses, and samples were taken for petrographic analysis. 

All referred depths are measured depth (MD) unless otherwise stated.  

4.2 Database 

Access to core data and photos from wells 7124/3-1, 7220/7-2S and 7324/9-1 were provided 

by the Norwegian Petroleum Directorate (NPD) and OMV Norge AS. Summary of the well 

database is presented in Appendix A. Well cores were viewed for sedimentological analysis. 

Core logging was specifically carried out in well 7124/3-1. Core log of well 7324/9-1 

previously done by Ph.D. student Lina Hedvig Line (UiO) and Reidar Müller (OMV Norge AS) 

will be integrated and use for discussion. The samples collected previously by Lina Hedvig 

Line were used for petrographic analysis. A synopsis of the 35 samples selected is presented in 

Appendix B. Petrophysical well logs were ascertained through the help of Dr. Michel 

Heeremans of University of Oslo and associated member of the Diskos group. A summary of 

the available petrophysical logs for each well are presented in Appendix C. 

4.3 Sedimentological Analysis 

Sedimentological logging of the Kapp Toscana Group was only conducted for well 7124/3-1 at 

the Norwegian Petroleum Directorate in Stavanger. The well core was logged at a scale of 1:50, 

and later digitalized using Adobe Illustrator CS6. The core logs included lithology, grain size, 

bioturbation and sedimentary structures. Ichnofacies atlases (Ichnology Research Group at 

University of Alberta, 1998; Knaust, 2017) and a bioturbation intensity (BI) chart (Figure 4.1) 

were used in properly identifying trace fossils and the degree of sediment distortion caused by 
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former living organisms. The formations are divided into facies in hierarchical order in which 

the grain size is considered first, then the clay to sand ratio and lastly the sedimentary structures 

and bioturbation degree. The facies boundaries were also noted whether sharp or gradual. Using 

the core logs and photos, facies descriptions and depositional environments interpretations were 

compiled. The limitation of well core lateral resolution can account for misinterpretations of 

large scale geological and sedimentological features.  

 
 

Figure 4.1. Bioturbation index chart used while core logging (from MacEachern and Bann, 2008). 
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4.4 Petrographic Analysis 

The aim of the petrographic analysis was to identify and quantify mineralogy in each sample, 

describe textural parameters (e.g. grain size, sorting, grain shape, grain contacts) and 

intergranular volumes (porosity, cements and matrix). This was achieved by sampling the well 

cores and analyzing it using X-ray diffraction (XRD), optical microscope and scanning electron 

microscope (SEM) at University of Oslo under the guidance of Thanusha Naidoo, Lina Hedvig 

Line and Siri Simonsen respectively. 

4.4.1 X-ray Diffraction (XRD) 

X-ray diffraction (XRD) is used for identification and semi-quantification of minerals in the 

samples. It complements results from optical microscopy and SEM methods. 

4.4.1.1 Sample Preparation 

A total of 35 samples were prepared for bulk XRD analysis in which 10 of the samples were 

prepared by Jakob Lindtorp. Each of the consolidated well core samples was initially crushed 

using a steel plate and hammer. An approximately 3 grams of sample was put into the small 

milling disc which is placed into the milling machine (Figure 4.2) and ran for 5 minutes to 

reduce the grain size to 0.5 mm. 

 
 

Figure 4.2. Milling disc containing sample was placed onto the milling machine and ran for 5 minutes. 
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To further reduce the grain size to 0.05 mm, approximately 2.5-3 grams of the milled sample 

were micronized with 10 mL of ethanol for 10 minutes using the McCrone Micronising Mill 

(Figure 4.3). The samples were dried overnight in an oven with temperature of 50oC. 

 
 

Figure 4.3. The McCrone micronising mill used to reduce grain size from 0.5 to 0.05 mm. 

Thereafter, each sample was then transferred into plastic XRD sample holders (Figure 4.4a). 

The sample was packed into the shallow pit until it was flushed to the top surface of the sample 

holder. A slightly rough surface, such as an edge of a thin section slide, should be used to pack 

the sample so that the micas were not oriented flat. By doing so, preferred sample orientation 

can be prevented. The XRD sample holders were loaded into Bruker D8 Advance XRD 

machine (Figure 4.4c) with a Lynxeye 1-dimensional position-sensitive detector (PSD) and 

CuKα radiation (λ = 0.154 nm) operated at 40mA and 40kV. The randomly oriented whole-

rock analysis with a step size of 0.01º from 2º to 65º (2θ) at a count time of 0.3 s (2θ) was 

carried out for about 34 minutes each sample. The instrumental analytical parameters used for 

the machine is presented in Appendix D. 
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Figure 4.4. a) C series samples were packed into the XRD sample holders, b) loaded to the rack, and c) ran in 
the Bruker D8 Advance XRD machine. 

4.4.1.2 XRD Analysis 

X-ray is a form of electromagnetic radiation with short wavelengths (Figure 4.5). The typical 

X-ray wavelength is 1 x 10-10 m or 1 Å (Ångstrom). X-ray powder diffraction uses 

monochromatic radiation (single x-ray wavelength). It is ideal for XRD analysis due to the high 

intensity and monochromatic nature.  
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Figure 4.5. The electromagnetic spectrum showing common objects to help conceptualize the size of objects 
resolved using different radiation sources (from Lawrence Berkeley Laboratory, 2018) 

Crystals consist of many planes in which its alignments are defined by the atomic crystal 

structure. Auguste Bravais deduced the periodicity and interatomic spacing of the crystals. 

There are seven crystal systems in which a total of fourteen distinct lattices that can fill the 

space (Burns and Glazer, 2013). Max von Laue discovered that crystal lattice can act as three-

dimensional diffraction gratings for x-ray wavelengths (Eckert, 2012). When the 

monochromatic x-ray wavelength hits each of the atom in a crystal lattice, interference patterns 

are produced. These patterns can constructively or destructively interfere with each other. 

Constructive interference, also known as diffraction, happens when the patterns are in-phase 

with the right distance and angle, fulfilling Bragg’s Law (Equation 4.1). Figure 4.6 shows how 

Bragg’s law relates the x-ray wavelength to the diffraction angle (q) and the lattice spacing (d) 

(Authier, 2013) with n as the atomic plane integer.  

Equation 4.1.     nl = 2dsinq 
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Figure 4.6. Schematic illustration of Bragg’s Law (modified from Zoltai and Stout, 1984). 

By scanning the powdered samples composing of crystallites through a range of 2q angles, all 

possible diffraction directions of the lattice can be attained due to the random orientation of the 

powdered sample. Since minerals have specific d-spacings, the mineralogy of the sample can 

be identified by converting diffraction peaks to d-spacing which is then matched to a database 

containing copious standard reference diffraction pattern. Diffrac Eva was the software used 

for mineral identification, while BGMN Profex was used to semi-quantify the minerals present.  

4.4.1.3 Source of Error 

Incorrect or inaccurate sample preparation represent the most significant source of error during 

XRD analysis. Sample contamination during sample milling may occur if cleaning the 

equipment and work space in between samples are not carried out carefully. Moreover, 

transferring samples into the XRD sample holder requires tactful skills. It is pertinent that the 

sample is flushed to the sample holder’s height but not completely flat and compacted in which 

grains conform to its preferred orientation. It is vital that the surface is not rough as it will 

increase the noise in the data. Additional potential sources of error are instrument misalignment 

and software limitation of matching diffractograms to structure files. 
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4.4.2 Optical Microscopy 

A total of 35 thin sections were analyzed using a Nikon optical microscope and point counting 

machine. 300 points were counted in each sample with a stage interval of 4.  

4.4.2.1 Sample Preparation 

Most samples collected from the well cores were given to the laboratory technician Salahalldin 

Akhavan to create thin sections. The rock samples were impregnated with blue expoxy, cut into 

30 µm thin sections and mounted onto 2.5 x 4.5 cm glass slides. A few samples that were oil-

bearing and the oil had to be removed first before proceeding with making of thin sections. This 

was carried out by handing over the oil-bearing samples to Kristian Backer-Owe for oil 

extraction. The oil extraction was done by Head Engineer Kristian Backer-Owe, and the 

samples were soaked with 93:7 volume ratio of Dichloromethan (DCM+MeOH) for 24 hours 

(Figure 4.7). Once oil removal was complete, thin sections were produced. Oil extracted from 

the samples was stored for future use. 

 
Figure 4.7. Oil extracted from the oil-bearing samples. 

 

4.4.2.2 Mineralogical Analysis 

XRD diffractograms and mineral atlases (MacKenzie and Guilford, 1980; Adams et al., 1984; 

Bloom, 2013) were used to identify bulk mineral composition of the samples. Combination of 

various optical mineralogical properties can be helpful in identifying framework grains as each 

mineral has its own properties under the plane polarized light (PPL) and cross polarized light 

(XPL). To further understand the distinguishing optical properties of quartz, feldspars and 
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lithics, it is pertinent to define and understand key optical properties theoretic such as relief, 

pleochroism, interference colour and extinction. 

Relief is a rough measure between refractive index of the crystal and the surrounding mounting 

medium. The degree of contrast between the crystal grain and medium can be identified as high 

or low. In addition, relief can be either negative or positive. To determine whether a grain has 

a positive or negative relief, a Becke line test can be done. Becke line test is when the distance 

between the objective lens and slide is increased, and the bright line parallel to the crystal 

boundary, commonly called as the Becke line, is observed whether it moves in or out of the 

crystal grain (Nesse, 2009). It is a positive relief when the Becke line moves in. This means that 

the crystal has higher refractive index. In contrast, it is a negative relief when the Becke line 

moves out, implying that the crystal has lower refractive index than the medium. 

Pleochroism is the unequal absorption of light by mineral in different orientation in PPL. 

Minerals change colours between two “extremes” which are seen twice during a complete 

rotation. 

Interference colours are the colours the minerals exhibit under XPL. It is a result of the light 

being split into two rays on passing through the mineral (Nesse, 2009). A Michel-Lévy chart is 

used to correlate the interference colour with thickness of thin section and birefringence.  

Extinction is when there is no light transmitted once a crystal is rotated to a position in which 

its vibration directions coincide with those of the polarizer (Nesse, 2009). Typically, extinction 

can be observed four times upon stage rotation at every 90o of rotation, and can vary into 

different types such as undulatory, parallel, symmetrical, inclined and zoning.  

The distinguishing optical features of each minerals are used to categorized framework 

mineralogy into quartz, feldspar and lithics. In conjunction, mineralogical atlases 

aforementioned were used as visual comparators to properly identify the framework 

mineralogy.  
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Quartz (SiO2) is colourless, has low relief, and lacks cleavage or twinning (Nesse, 2012). Grain 

shape is typically anhedral to irregular. Interference colours are first order grey to white with 

faint yellow and has an undulatory or wavy extinction. It can be monocrystalline or 

polycrystalline. 

Feldspar can be divided into plagioclase feldspar (NaAlSi3O8 – CaAl2Si2O8) and k-feldspar 

((K,Na)AlSi3O8). Plagioclase feldspar is commonly colourless to cloudy with low but variable 

relief with euhedral to anhedral shape. Interference colours are first order dark greys to whites. 

It can exhibit Albite twinning and/or Carlsbad twinning depending on certain orientation or cut. 

In contrast, a distinctive cross hatch (tartan) twinning can be observed in microcline, one of k-

feldspar polymorphs. Similar to plagioclase, microcline is colourless to cloudy with low relief 

and has interference colour of first order greys to whites.  

Lithics or rock fragments are any rock grains that does not fall into the first two categories. The 

common rock fragments are chert, micas, mud rock fragment, carbonaceous fragment and 

igneous epiclast. Chert (SiO2±) grains are identified by its dirty brownish grains in PPL and 

XPL. Under XPL, chert appears as fine crystalline material with first order grey interference 

colours. Micas can either be biotite or muscovite. Biotite (K(Fe,Mg)3AlSi3O10(OH)2) can be 

identified by its brown to yellow colour and strong pleochroism in PPL, while muscovite 

(KAl3Si3O10(OH)2) has a colourless colour. However, both exhibit a moderate to high positive 

relief, and ‘birds eye’ or ‘pebbly’ extinction under XPL. 

Framework grains were identified by point counting and classified by using Dott's (1964) 

sandstone classification scheme. It uses the amount of quartz, feldspar, lithics and matrix and 

plots it into a four-component diagram (Figure 4.8). 
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Figure 4.8. Dott's (1964) sandstone classification chart (from Bjørlykke& Jahren, 2015). 

4.4.2.3 Textural Analysis 

The textural analysis included the determination of grain size, sorting, roundness, sphericity, 

grain contacts, intergranular volume and porosity. 

Grain Size 

Grain size analysis was carried out by measuring the grain’s length in its long axis for 200 

randomly picked grains. The average grain size was then calculated for each sample and was 

classified using the Udden-Wentworth grain size classification scheme (Figure 4.9). 
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Figure 4.9. Wentworth grain size classification scheme (modified from Wentworth, 1922). 

Grain Sorting 

Grain sorting was determined by calculating the standard deviation of phi from the grain size 

analysis. Figure 4.10 was then used in classifying the sample’s sorting. 

 
 

Figure 4.10. Grain sorting visual comparative compiled from Jerram (2001) and Harrell (1984) with the 
corresponding verbal term (Folk, 1974) and standard deviation (Folk and Ward, 1957). 
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Roundness and Sphericity 

Roundness refers to a grain’s degree of sharpness of the corners and edges, while sphericity 

refers to the degree to which a clast approaches a spherical shape (Boggs, 2011). Figure 4.11 

show the visual comparative used. 

 
 

Figure 4.11. Roundess and spherecity scale of grains (modified from Powers, 1953). 

Grain Contacts 

As a mechanical compaction progresses, the number and types of intergranular contact changes. 

Figure 4.12 shows the type of grain contact associated with sediment packing from loose to 

tight. The intergranular grain contacts progress from floating, to point (or tangential), to long, 

to concave-convex and to sutured as degree of packing increases from loose to tight.  

 
 

Figure 4.12. Types of grain contacts and associated degree of sediment packing (from Santin et al., 2009). 
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Intergranular Volume (IGV) 

According to Paxton (2002), intergranular volume is the total intergranular porosity, 

depositional matrix (clay and silt particles in between framework grains) and intergranular 

cement (Equation 4.2). It is conventionally measured by point counting of thin sections and can 

be plotted against depth to create intergranular volume compaction curve which helps establish 

limits to mechanical compaction, cementation and pressure grain solution. In addition, 

Houseknecht (1987) presented that IGV can also be plotted against cement volume to determine 

intergranular porosity. Ehrenberg (1989) revised Houseknecht’s chart and suggested that the 

amount of the original porosity destroyed by cementation is not a fixed function of the amount 

of cement but varies with the amount intergranular volume as well (Figure 4.13).  

Equation 4.2.  IGV = Vporosity + Vmatrix + Vcement 

 
 

Figure 4.13. Diagram for evaluating relative compaction and cementation to porosity development (modified 
from Ehrenberg, 1989). 

By comparing the quantified IGV through petrographic analysis with the original IGV, the 

degree of mechanical compaction can be calculated. Loosely packed sandstones has an IGV 
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reduction of less than 50%, while tightly packed sandstones has an IGV reduction of more than 

70% (Santin et al., 2009). Normally packed sandstones will have values in between the two 

extremes.  

Detrital Grains Preservation 

Degree of preservation of feldspar and lithic grains were also observed and noted. This will 

give a certain indication of weathering and post-depositional leaching intensity. Feldspars are 

unstable at the presence of meteoric water flowing and can easily turn into kaolinite precipitates. 

Therefore, the degree of feldspar grain dissolution can be used for investigating preservation of 

detrital grains. The scale used in determining the feldspar preservation takes into account the 

appearance of albite and tartan twinning as well as the surface texture (Table 4.1).  

Table 4.1. Scale used for investigating preservation of feldspar grains. 

Degree of 
Preservation 

1 
Very High 

2 
High 

3 
Intermediate 

4 
Low 

Description Unweathered. 
Excellent 
preservation of 
twins and shape 
of grain. 

Small amount of 
weathering but 
the twins are 
clearly visible.  

Rough grain 
surface with 
blurry twins. 

Grain is mostly 
dissolved, and 
twins are 
partially visible. 

The degree of preservation of rock fragments were also observed using a scale taking into 

account the grain deformation (Table 4.2). Mica is an example of rock fragment that can be 

good indicator of preservation degree. Just like feldspar, it is also unstable in the presence of 

groundwater and can precipitate to kaolinite easily.  

Table 4.2. Scale used for investigating preservation of rock fragments. 

Degree of 
Preservation 

1 
Very High 

2 
High 

3 
Intermediate 

4 
Low 

Description No evidence of 
mechanical 
deformation. 
Original grains 

Small degree of 
mechanical 
deformation.  

Deformed grains 
that conforms to 
the intergranular 
pore space.  

Evidence of 
exsolution or 
completely 
dissolved grains. 
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are well 
preserved.  

Complete dissolution of grains results in secondary porosity. It differs from primary porosity 

since it is a post – depositional process which increases the porosity of reservoir. However, this 

is a rare occurrence in siliciclastic reservoirs. The original grain composition lost due to 

dissolution can be deduced using SEM as long as there is a small remnant of the original 

composition. The increase in porosity can result to the grain framework to be weaken after grain 

dissolution. Moreover, dissolution near surface contributes little to the net porosity gain.  

4.4.2.4 Source of Error 

Thin section analysis relies on the level of experience of an individual.  Highly altered minerals 

and clay identification can be difficult to untrained eyes. This can lead into misinterpretations 

of grain mineralogy. In addition, modal analysis is based on statistic and assumes that the points 

selected represents the entire sample.  

4.4.3 Scanning Electron Microscopy (SEM) 

The scanning electron microscope (SEM) is an instrument that generates high-resolution 

images, which helps in identifying mineralogy of fine-grained sediments and clay types. The 

machine focuses a beam of high energy electrons onto the surface of a solid specimen (Swapp, 

2018). The emitted signals are then detected and displayed through an image-display system. 

An electron-dispersive X-ray spectrometer (EDS) integrated into the SEM is very useful in 

determining chemical composition by comparing the generated EDS spectra to previously 

recorded mineral spectra (Reed, 2005). The spatial distribution and intensity of the elements 

presents can be mapped (elemental mapping). 

The thin sections need to be coated with conductive coating to reduce excess charge from the 

electron beam. Carbon is typically used as the coating for elemental analysis. It is paramount 

to handle the carbon coated thin section with care and not to lay a finger on the coating. The 

carbon coated thin section is loaded into Hitachi SU5000 FE-SEM (Schottky FEG) with a 

Bruker XFlash30 EDS. 
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4.4.4 Uncertainties 

Identifying the minerals is done by interpreting the EDS spectra. This method relies on the level 

of experience of an individual. More complicated spectra can be difficult to interpret as there 

are various minerals in which the occurring elements can be part of. This is often encountered 

with identifying clay within the pores as mixing of various clay types can occur. 

4.5 Petrophysical Analysis 

The purpose of the petrophysical analysis was to determine lithology, to estimate shale volume, 

porosity, permeability, and to investigate compaction trends in the whole drilled section. 

Various theoretical equations were applied in estimating and calculating reservoir properties 

such as shale volume and porosity. Petrophysical analysis was mainly carried out using the 

Petrel E&P software. In this study, the stated depths are measured depth (MD) in metres from 

the Kelly Bushing (KB) of the wells. Well tops (formation depths) were acquired from the NPD 

Factpages (2018). 

4.5.1 Lithology Characterization 

Gamma Ray (GR) logs can be used in determining lithology. A gamma ray tool measures 

natural radioactivity of the formation and has a unit of API. Natural radioactive elements, such 

as potassium, uranium and thorium, are more concentrated in the shale intervals. Therefore, 

relative high gamma ray indicates shaly intervals while low gamma ray indicates sandy layers 

(Figure 4.14). An erratic gamma ray response is indicative of heterolithic interval. Although 

shale typically has high gamma ray response, sand intervals containing high K-feldspar, micas 

or glauconite can also have the same response (Asquith and Krygowski, 2004). To distinguish 

between the two, core and petrographic analyses should be implemented. Furthermore, the 

different shapes of gamma ray profile can provide hints at the depositional environment. Figure 

4.15 shows typical gamma ray profiles with its common corresponding depositional 

environment. 
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Figure 4.14. Typical gamma ray response for shale, sand and heterolithic intervals. 

 
 

Figure 4.15. Depositional settings and its associated gamma ray profiles. (modified from Rider, 2011). 

 

(1255)

(1409.3)

(1260)

(1270)

(1280)

(1290)

(1300)

(1310)

(1320)

(1330)

(1340)

(1350)

(1360)

(1370)

(1380)

(1390)

(1400)

7124/3-1 [MD]
MD

1:535 0.00 200.00gAPI
GR

8.75 25.47in
CALI

Cut-off

Sh
al
e

Sa
nd

H
et
er
ol
ith

ic



41 
 

A gamma ray cut off for each well, presented in Table 4.3, is applied to distinguish between 

shale and sand intervals. The resulting lithofacies log which will aid in calculating several 

petrophysical properties such as porosity. 

Table 4.3. Gamma ray minimum, maximum and cut-off values used. 

 GRmin (gAPI) GRmax (gAPI) GR Cut-off (gAPI) 
7124/3-1 25 65 45 

7220/7-2 S 45 115 80 
7324/9-1 85 135 110 

4.5.2 Shale Volume Estimation 

The amount of shale volume (Vsh) in the sandstone intervals can be useful in further determining 

porosity and permeability. To calculate for shale volume, there are two empirical responses to 

consider: linear and non-linear (Asquith and Krygowski, 2004). Linear response assumes that 

the volume of shale is equivalent to the gamma ray index (IGR) which is represented by Equation 

4.3. Gamma ray min (GRmin) and max (GRmax) values were determined using the baseline 

method and are summarized in Table 4.3. Non-linear responses can be calculated using Stieber 

(1970), Clavier (1971) and Larionov for older rocks (1969) models which are represented by 

Equations 4.4, 4.5, 4.6 respectively.  

Equation 4.3.   !"# = 	&'( =
"#)*+	,	"#-./

"#-01	,	"#-./
 

 

Equation 4.4.   &'( = 	
234

5,6∙234
 

 

Equation 4.5.   &'( = 1.7 − [3.38 − (!"# − 0.7)
6]

C
D 

 

Equation 4.6.   &'( = 0.33(26∙234 − 1) 
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Since the linear response usually overestimates the volume of shale, Larionov for older rocks 

model was preferentially used in this study out of all the non-linear response models. In 

addition, the output values from this model represents a more mid-optimistic relationship 

between Vsh and of IGR. 

4.5.3 Porosity Estimation 

To calculate for porosity using the bulk density log, Equation 4.7 is used where rma is the matrix 

density, rb is the bulk density and rfl is the drilling mud density. By creating a lithofacies log 

distinguishing sand from shale, a proper matrix density can be applied at the right interval. In 

addition, the specific drilling mud density for each well was used. The matrix and drilling mud 

density values used are summarized in Table 4.4. 

 

Equation 4.7.    FG =
H-0,HI
H-0,HJ)

  

 

Table 4.4. Density of sandstone, shale and drilling fluid used in calculating the density porosity 
(DPhi). 

 rsandstone (g/cm3) rshale (g/cm3) rfl (g/cm3) 
7124/3-1 

2.65 2.7 
1.40 

7220/7-2 S 1.22 
7324/9-1 1.14 

4.5.4 Compaction Trends 

4.5.4.1 Uplift Estimation 

To estimate uplift, compressional sonic log (DTC) is converted to P-wave velocity (Vp) log 

using Equation 4.8 which converts sonic log’s unit of µs/ft to Vp log’s unit of m/s. Vp is then 

plotted against measured depth. Mondol's (2009) empirical compaction curve for kaolinite and 

silt mixture with 50:50 ratio was used as a reference trend for this study. 
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Equation 4.8.    &K =
L

GMN	∗	5.6PQ,R
 

4.5.4.2 Geothermal Gradient 

The aim in calculating the geothermal gradient using Equation 4.9 is to estimate the depth in 

which precipitation of quartz and illite starts. BHT is the bottom hole temperature, Tms is the 

mean surface temperature, Dtv is the total vertical depth, Dw is the water depth and KB is the 

Kelly Bushing. Tms is set to 4oC while the bottom hole temperature for each well was taken 

from the NPD Factpages. 

Equation 4.9.    S" = 	
TUM,	M-V

GWX,(GYZ[T)
∗ 1000 

4.5.5 Uncertainties 

Geophysical well logs indirectly measures rock properties by relating other physical parameters 

such as electrical, nuclear and acoustic properties. In addition, most well logs have shallow 

depth of investigation (DOI), where depth is the distance from the borehole to which the 

formation is having an effect on the tool reading in the drill stem (Rider, 2011). Moreover, each 

well logging tool has corresponding vertical resolution. Therefore, there are some degree of 

uncertainties to the correct depth and representation of the subsurface rock properties from well 

log readings. Other uncertainties are from choosing the appropriate values in the equations used 

to calculate various petrophysical properties such as selecting the correct gamma ray cut-off to 

create litholofacies map and setting the right sandstone and shale densities to calculate porosity. 

Although there are uncertainties with petrophysical analyses, results can fortify the findings 

from the petrographic and sedimentological analyses.  
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5 Sedimentological Analysis Results 

5.1 Introduction 

This chapter will focus on the sedimentological analysis based on observations from well 

7124/3-1 core. The full detailed core log with the interpreted depositional environment is 

presented in Appendix E. The formations are divided into facies in hierarchical order in which 

the grain size is considered first, then the clay to sand ratio and lastly the sedimentary structures 

and bioturbation degree. Facies descriptions and facies associations for Snadd, Fruholmen and 

Tubåen formations in well 7124/3-1 are presented in this chapter. In addition, the core log of 

well 7324/9-1 previously done by Ph.D. student Lina Hedvig Line (UiO) and Reidar Müller 

(OMV Norge AS) will be presented in this chapter to support the discussion.  

5.2 Well 7124/3-1 (Bamse) 

5.2.1 Snadd Formation 

The Snadd Formation observed in well 7124/3-1 is approximately 30 m thick composing of 

intermixed of sand and clay with the presence of significant amounts of roots. Figure 5.1 

exhibits the detailed core log. 

 
 

Figure 5.1. Snadd Formation core log (Line et al., in prep). 
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5.2.1.1 Facies Description 

Snadd Formation was divided into five distinguishable facies. Summary of the facies and 

associated descriptions are presented in Table 5.1. 

Table 5.1. Summary of facies within the Snadd Formation. 

Facies Lithology Grain Size Descriptions BI Core Photo 

F1 

Sa
nd

st
on

e 

Silt to very 
fine 

Silty sandstone with planar 
laminations with roots and 
several vertical burrows. 

1 

 

F2 Very fine 
to fine 

Upward fining sandstone 
sequence with mud stringers and 

few root traces. 
0 

 

F3 Very fine 
to fine 

Sandstone with ripples and low 
angle cross-stratification. 1 

 

F4 Very fine 
to fine 

Upward coarsening sequence 
with horizontal and vertical 

burrows. 
2 

 

F5 Very fine 
to fine 

Parallel to low angle laminations 
with rip-up mud clasts. 2 

 

Facies 1 (F1) is dominated by grey coloured silty sandstone that has an approximate thickness 

of 12m. Vertical burrows, root traces and small red siderite dots (Figure 5.2) are prominent in 

most of the areas. Bioturbation index is determined to be 1 in which the vertical burrows are 

cross cutting the undulating mud stringers present in some areas. The upper boundary appears 

to be sharp. 
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Figure 5.2. Small siderite dots scattered throughout the interval. 

Facies 2 (F2) represents a sandstone with grain size ranging from very fine to fine and has an 

approximate thickness of 7m. The most notable feature of this interval is the upwards fining of 

the grain size that has sharp lower and upper boundaries. Within the Snadd Formation, there 

are two consecutive fining upwards sequence. The first sequence appears to be more brownish 

in colour while the second sequence is grey in colour. Mud stringers are quite abundant. Root 

traces and orange calcite cement dots (Figure 5.3) are also present.  

 
 

Figure 5.3. Small calcite cement dots. 

Facies 3 (F3) is a grey sandstone interval of approximately 3 m thickness. Ripples and low 

angle cross-stratifications are visible throughout the unit. Bioturbation index is determined to 

be 1 with few visible horizontal and vertical burrows. Both the lower and upper boundaries 

appear to have sharp contacts. 

Facies 4 (F4) is a single upward coarsening sequence of fine to very fine-grained sandstone. 

The lower part of this unit has a bioturbation index of 3 and decreases upwards to 2. Horizontal 

burrows dominate relatively to the vertical burrows. In addition, the sand to clay ratio increases 

upwards. The interval is bounded by sharp contacts in both the lower and upper boundaries. 
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Facies 5 (F5) is fine grained sandstone bounded by sharp contacts. Parallel and low angle cross-

laminations are the prominent internal sedimentary structure of the interval. However, varying 

size of angular rip-up mudclasts and siderite clasts are also present (Figure 5.4). The bottom 

boundary has a sharp contact while in the upper boundary appears to be marked by the existence 

of large siderite clasts. 

a)   b)  
 

Figure 5.4. Rip-up mudclasts (a) and siderite clasts (b) present in Facies 5 of Snadd Formation. 

5.2.1.2 Facies Association 

Each of the Snadd Formation facies represents a sub-environment in which it was deposited 

that are characterized by the associated lithological and sedimentological features. By grouping 

it together to form facies associations, overall depositional environment can be deduced. Table 

5.2 summarizes the facies association for the Snadd Formation. 

Table 5.2. Summary of Snadd Formation facies association. 

Facies 
Association 

Interpreted 
Depositional 
Environment 

Facies 
Included 

Interpreted 
Sub-
environment 

Geological Features 

FA1 Upper delta 
plain 

F1 Floodplain Silty sand with roots. 
Marsh area. 

F2 Channel Fining upward sequence 
sandstone. 

FA2 Lower delta 
plain 

F3 
F4 

Upper 
shoreface 

Coarsening upward sequence. 
Clean sandstone with ripples. 
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F5 Tidal flat Parallel and low angle 
lamination of sand in mud. 

Facies Association 1 (FA1) comprises of F1 and F2. F1 is determined to be floodplain deposits 

as the presence of the roots is highly indicative of the marsh area while F2 is resolved to be 

channel deposits due to the fining upward sequence of the sandstone interval. By grouping the 

two facies, it can be ascertained that depositional environment to be the upper delta plain. 

Facies Association 2 (FA2) constitutes of F3, F4, and F5. F3 and F4 can be regarded as upper 

shoreface deposits due to presence of ripples and upwards coarsening sequence. On the other 

hand, the presence of parallel laminations in F5 is typically associated with tidal flat deposits. 

It has been deduced that the depositional environment for FA2 is the lower delta plain. 

5.2.2 Fruholmen Formation 

The Fruholmen Formation has a thickness of 74m making it the thickest formation present in 

the well core. All members of the Fruholmen Formation are present with each one having 

different lithological and sedimentological features. Figure 5.5 presents the detailed core log of 

the formation. 
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Figure 5.5. Fruholmen Formation core log (Line et al., in prep). 

5.2.2.1 Facies Description 

The Fruholmen Formation is divided into facies using the established hierarchy order regardless 

of the division of the formation members. Table 5.3 summarizes the facies within the 

Fruholmen Formation. 
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Table 5.3. Summary of facies within the Fruholmen Formation. 

Facies Lithology Grain Size Descriptions BI Core Photo 

F6 

M
ud

st
on

e 

Clay to silt Very fine sand stringers, small 
pyrite clasts and siderite clasts. 0 

 

F5 

Sa
nd

st
on

e 

Very fine 
to fine 

Convoluted lamination with 
vertical burrows at the lower part 
and coal clasts at the upper part. 

1-3 

 

F7a Medium 
Low angle laminations at the 

lower part. Mudclasts and coal 
fragments present. 

0 

 

F7b Fine 
Grey sandstone with ruip up 
mudclasts, coal stringers and 

pyrite clasts. 
0 

 

F2 

H
et

er
ol

ith
ic

 
Sa

nd
st

on
e  

Very fine 
to fine 

Upward fining sandstone 
sequence with some roots. 0 

 

Facies 6 (F6) is a mudstone with several sand stringers present and dark grey in colour. There 

are no visible sedimentary structures. However, the upper part of this interval exhibits a level 1 

bioturbation as few vertical burrows were observed. Both the lower and upper boundary have 

considerably sharp contacts. 

Facies 5 (F5) is a brownish to greyish sandstone with grain size ranging from very fine to fine. 

Convoluted mud laminations are abundant throughout. Both vertical and horizontal burrows 

are present, but the bioturbation is notably decreasing upwards. The lower part has a 

bioturbation index of 3 and 1 for the upper part. The lower and upper boundary have sharp 

contacts. 
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Facies 7a (F7a) is a clean medium grain size sandstone. The lower part of the interval has low 

angle laminations while the upper part contains rip-up mudclasts and coal fragments. The 

middle section is relatively clean and has a darker brown hue. There seems to be no evidence 

of bioturbation. The contacts in both lower and upper boundaries appear to be undulating sharp 

contacts. 

Facies 7b (F7b) is also a clean sandstone similar to F7a. However, the grain size is finer and 

has a greyish hue. The presence of coal stringers is quite abundant and exhibits parallel 

lamination. Pyrite clasts are present at the very upper portion of the interval (Figure 5.6).  

 
 

Figure 5.6. Pyrite clasts within the upper limit of the F7b clean sandstone. 

Facies 2 (F2) is considered to be heterolithic sandstones that exhibits overall fining upwards. 

The lower portion of the facie has considerably bigger grain size than the upper part. The contact 

between these two beds are fairly sharp. Rip-up mudclasts are usually seen in the sandstone 

beds with bigger grain size while roots are more prominent in the very fine grain sandstone 

beds. There seems to be no evidence of bioturbation. 

5.2.2.2 Facies Association 

There are two facies association created for the Fruholmen Formation. Table 5.4 summarizes 

the characteristics of each facies association.  
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Table 5.4. Summary of the Fruholmen Formation facies association. 

Facies 
Association 

Interpreted 
Depositional 
Environment 

Facies 
Included 

Interpreted 
Sub-
environment 

Geological Features 

FA3 Delta front 

F6 Prodelta Mudstone with few to none sand 
stringers. 

F5 Tidal flat Mixing of sand and mud. 

FA4 Lower delta 
plain 

F7a 
F7b 

Stacked 
channels 

Clean sandstone with coal 
fragments. 

F2 Channels 
overbank 

Upwards fining of heterolithic 
beds of sand and mud. 

Facies Association 3 (FA3) includes F6 and F5. F6 is determined to be prodelta deposits due to 

the high clay content while F5 is more of tidal deposits due to the intermixing of sand and mud. 

These two facies can be associated with the delta front. 

Facies Association 4 (FA4) constitutes of F7a, F7b and F2. F7a and F7b are interpreted to be 

stacked channel deposits creating a massive unit of clean sandstone. On the other hand, F2 is 

interpreted to be channel overbank deposits due to the heterolithic nature between fine and 

coarse-grained materials.  

5.2.3 Tubåen Formation 

The Tubåen Formation is the upper most observed formation within the well 7124/3-1 core. It 

has a total thickness of 12 m and overall composed of much larger grain sized sandstone 

relatively to the other sandstones within the well core. Figure 5.7 shows the detailed core log 

for this formation. 
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Figure 5.7. Tubåen formation core log (Line et al., in prep). 

5.2.3.1 Facies Description 

The Tubåen Formation is divided into two facies. Table 5.5 summarizes the characteristics of 

the facies. 

Table 5.5. Summary of Tubåen formation facies. 

Facies Lithology Grain Size Descriptions BI Core Photo 

F8 

Sa
nd

st
on

e 

Fine to 
medium 

Clean unconsolidated sandstone 
with large clasts. 0 

 

F9 Coarse to 
very coarse 

Slightly unconsolidated 
sandstone with varying clasts 

size. 
0 

 

Facies 8 (F8) is fine to medium clean brownish sandstone with a thickness of approximately 7 

m. The lower part contains undulating and low angle laminations. At the middle, there are three 

very coarse-grained sandstone beds with thickness approximately of 10 cm. Angular rip-up 

mud clasts and coal stringers are also present. The upper boundary is a sharp contact. 

Facies 9 (F9) is a clean grey sandstone with the coarsest grain size observed in the whole well 

core. Grain size ranges from coarse to very coarse. There are no apparent sedimentological 

structures and the lower part seems to be less consolidated. Fractured coals beds that are 5 cm 
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thick are also present in the lower part. Upper portion can be deemed as clean with very coarse 

grains mixed in. The lower boundary is considerably sharp. 

5.2.3.2 Facies Association 

Facies Association 5 (FA5) is composed of F8 and F9 (Table 5.6). Both facies represent braided 

distributary channel deposits due to coarser grain size and the varying sizes of clasts. The coarse 

grain size is indicative of high energy environment in which distributary channels at the lower 

delta plain can account for. 

Table 5.6. Summary of Tubåen formation facies association. 

Facies 
Association 

Interpreted 
Depositional 
Environment 

Facies 
Included 

Interpreted 
Sub-
environment 

Geological Features 

FA5 Lower delta 
plain 

F8 
F9 

Braided 
distributary 
channel 

Coarse grains with varying clast 
sizes. 

5.3 Well 7324/9-1 (Mercury) 

Well core 7324/9-1 includes the Fruholmen, Nordmela and Stø formations (Figure 5.8). The 

Fruholmen Formation is 13.5m thick of sandy unit with grain size ranging from very fine to 

fine sand. Nordmela Formation is 4m thick of massive medium grained quartz-rich sandstone. 

Stø Formation has a total thickness of 9.m which can be divided into two distinct units. The 

lower unit is very-fine grained sandstone with high bioturbation, while the upper unit is a fine-

grained quartz-rich sandstone with thin coal leaves. The Triassic – Jurassic boundary is at the 

depth of approximately 710m. The interpreted overall depositional environment is shallow 

marine to coastal environment dominated by channels.  
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Figure 5.8. Core log of well 7324/9-1 (Line et al., in prep). 
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6 Petrographic Analysis Results 

6.1 Introduction 

The main objective of the petrographic analysis is to determine whether the Triassic and 

Jurassic sands have the same provenance by investigating mineralogical composition, textural 

properties and intergranular volume of the formations present in each of the three well cores.  

This chapter presents the results acquired from the petrographic methods such as point counting, 

bulk XRD analysis and SEM. The mineralogy, textural properties and intergranular volume of 

each present formation are discussed as average. Individual sample results from the point 

counting, grain size and sorting, and bulk XRD analyses are presented in Appendix F. 

6.2 Well 7124/3-1 (Bamse) 

6.2.1 Mineralogy 

Well 7124/3-1 contains the Snadd, Fruholmen and Tubåen formations. This section presents 

the mineralogical composition of each formation. Through point counting, the average mineral 

composition of each formation within the well 7124/3-1 is presented in Figure 6.1. Since point 

counting should not be used as a stand-alone method in determining mineralogy, results from 

the bulk XRD analysis can provide supports in the findings. Figure 6.2 shows the result from 

bulk XRD analysis for this well.  
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Figure 6.1. Mineralogy in well 7123/3-1 from point counting results. 

 
 

Figure 6.2. Bulk XRD result for well 7124/3-1. 
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6.2.1.1. Snadd Formation 

Three samples (L1 – L3) represent the Snadd Formation in this well. The point counting results 

shows that the framework grains constitute a total average of 64% of the samples leaving 36% 

as intergranular volume (IGV) which includes clay, cements and primary porosity. Quartz is 

the most abundant mineral with an average composition of 56% with majority of it being 

monocrystalline. Feldspar constitutes 7% of the framework grains while only 1% represents 

micas. Quartz being the most abundant mineral followed by feldspar is congruent in both the 

point counting and XRD results. The detected calcite cement in the point counting result is 

grouping all the carbonate cements observed. XRD results show that siderite and ankerite are 

the main carbonate cements present along with small amount of calcite and magnesite.  

6.2.1.2. Fruholmen Formations 

There are four samples (L4 – L7) representing the Fruholmen Formation. Samples L4-L7 

represents the Reke member while L7 represents the Krabbe member. The Reke member has a 

total average of 73% framework grain and 27% IGV. The Krabbe member has 76% framework 

grain and 24% IGV. Quartz is the most dominant framework grain mineral followed by 

muscovite and plagioclase feldspar. Monocrystalline quartz is relatively more abundant than 

polycrystalline quartz. Point counting results show a decrease in primary porosity, while XRD 

results show an increase kaolinite composition upwards. The observed carbonate cements in 

the Snadd Formation, such as ankerite and siderite, are not present in the Fruholmen Formation.  

6.2.1.3. Tubåen Formation 

The Tubåen Formation is represented by three samples (L8 – L9). The framework grain has an 

average of 83% with quartz being the most prevalent mineral. Small amounts of muscovite and 

feldspar are present. Similar to the other formations, monocrystalline quartz is more abundant 

than polycrystalline. The XRD results supports the presence of quartz as the main mineralogy 

of the framework grains. The XRD also shows that the Tubåen Formation has significantly 

smaller amount of kaolinite when compared to the amount found in the Fruholmen Formation.  
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6.2.1.4. Sandstone Classification 

The framework mineralogy of Snadd, Fruholmen and Tubåen Formations from the point 

counting results were plotted into the Dott’s sandstone classification scheme (Figure 6.3). 

Snadd formation is classified as subarkose while the Fruholmen’s Reke member and Tubåen 

Formation are classified as quartz arenite. It should be noted that Fruholmen’s Krabbe member 

plots as sublithic arenite. However, this result is not a good representative for the whole Krabbe 

member since there is only a single sample. 

 
 

Figure 6.3. Classification of Snadd, Fruholmen and Tubåen sandstones present in well 7124/3-1. 

6.2.2 Textural Properties 

Textural properties such as grain size, sorting, roundness, sphericity and contact from point 

counting and grain size analysis are presented in this section. These properties can further aid 

in investigating sediment provenance. Figure 6.4 presents the results from grain size and sorting 

analysis. The left axis shows the grain size in phi value and corresponding Wentworth grain 

size class, while the right axis shows the phi standard deviation value and corresponding Folk 

grain sorting class. The average phi value for each sample is represented by the colour coded 

bar graph while the average phi standard deviation is represented by the grey markers. Figure 

6.5 shows the results for grain roundness, Figure 6.6 shows the results of grain sphericity and 

Figure 6.7 shows the results for grain contact. 
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Figure 6.4. Grain size and sorting of Snadd, Fruholmen and Tubåen formations in well 7124/3-1. 

 
 

Figure 6.5. Grain roundness of Snadd, Fruholmen and Tubåen formations in well 7124/3-1. 
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Figure 6.6. Grain sphericity of Snadd, Fruholmen and Tubåen formations in well 7124/3-1. 

 
 

Figure 6.7. Grain contact of Snadd, Fruholmen and Tubåen formations in well 7124/3-1. 
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6.2.2.1 Snadd Formation 

The grain size in Snadd Formation appears to vary from coarse silt to coarse sand. The smallest 

grain size is at the lower part of the well core, while the middle section represented by sample 

L2 has a grain size of medium sand. From the middle to the upper part of the unit, there is a 

decrease in grain size from medium sand to very fine sand. The average sorting for the Snadd 

formation was determined to be well sorted as two out of the three samples fall into this sorting 

class. Majority of the grains in the Snadd formation are considerably sub-rounded followed by 

sub-angular, rounded and angular. Not a single grain exhibits any of the extreme ends of the 

roundness spectrum which are very rounded and very angular. Most of the grains exhibits low 

sphericity and long grain contact. 

6.2.2.2 Fruholmen Formation 

There is a predominantly decrease in grain size within the Fruholmen Formation starting from 

medium to fine sand to very fine sand. Sample L7 represents the heterolithic member of the 

Fruholmen Formation and has the smallest grain size. The average sorting is well sorted as three 

out of the four samples falls into this well sorting class. The grains are mostly sub-rounded 

followed by sub-angular roundness. There is no observable trend on the changes of textural 

properties for each of the members. These grains greatly exhibit low sphericity and long grain 

contacts.  

6.2.2.3 Tubåen Formation 

The grain size of Tubåen Formation is generally increasing from fine to coarse sand. There is 

no general trend in the grain sorting. The lower part is well sorted while the middle section is 

poorly sorted, and the upper part is moderately well sorted. Most of the grains in the Tubåen 

formations are sub-rounded followed by sub-angular. Sample L10, which is located at the top 

interval of Tubåen, shows that the second degree of grain roundness is rounded. The grains 

have low sphericity and long contact type. 
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6.2.3 Intergranular Volume 

This section presents the observed intergranular volume for each formation which includes 

primary porosity, matrix and cement. The results presented in Figure 6.8 are mainly from point 

counting method.  

 
 

Figure 6.8. Intergranular volume in well 7124/3-1. 

6.2.3.1 Snadd Formation 

The average intergranular volume of the Snadd Formation is 36%. Calcite cement is 17% of 

the intergranular volume and is pore filling (Figure 6.9). The next highest component is the 

primary porosity with an average of 10%. Pore-filling clay in the matrix accounts for 9% of the 

volume while quartz and kaolinite cements only accounts for small percentage, 1% and 0.2% 

respectively. 
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Figure 6.9. SEM photo of the Snadd Formation (sample L3) showing the framework grains (a) and elemental 
map of the pore-filling carbonate cements (b). 

6.2.3.2 Fruholmen Formation 

Intergranular volume in the Fruholmen Formation is estimated to be 26%. Primary porosity 

constitutes 18% of the intergranular volume.  The second highest component is the pore-filling 

clay matrix with an estimated average of 6%. Kaolinite has an average 2% composition while 

quartz cement only has 1%. The kaolinite is pore-filling (Figure 6.10.a) and is forming from 

the dissolution of muscovite grains (Figure 6.10.b). 
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Figure 6.10. SEM picture of the kaolinite in the pores (a) of the Fruholmen formation (sample L7). Note the 
formation of kaolinite from the muscovite grain (b). 

6.2.3.3 Tubåen Formation 

In the Tubåen Formation, primary porosity is the main component of the 17% intergranular 

volume with an average of 13 % between all three representing samples, L8 – L10.  The second 

biggest component is the clay matrix with an average of 3%. It should also be noted that here 

is a 1% kaolinite cement observed in the upper most sample L10. Under the SEM, the evidence 

of muscovite dissolution and the beginning stages of kaolinite formation within the Tubåen 

Formation were observed (Figure 6.11). 
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Figure 6.11. SEM of the Tubåen formation (sample L8) showing smaller kaolinite grains and dissolution of 
muscovite. 

6.3 Well 7220/7-2 S (Skavl) 

6.3.1 Mineralogy 

The mineralogical composition for the Reke member of the Fruholmen Formation and Tubåen 

Formation in well 7220/7-2 S are presented in this section. Figure 6.12 shows the average 

mineral composition of Fruholmen and Tubåen Formations through the point counting method. 

Figure 6.13 shows the bulk XRD analysis results to support the findings from the point counting 

method.  
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Figure 6.12. Mineralogy in well 7220/7-2 S from point counting results. 

 
 

Figure 6.13. Bulk XRD result for well 7220/7-2 S. 
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6.3.1.1 Fruholmen Formation – Reke Member 

The Reke member is composed of 68% framework grains and 32% intergranular volume. The 

main mineralogical composition of the framework grains is quartz with 61% composition 

followed by plagioclase feldspar with 5% composition. The quartz grains observed are mostly 

monocrystalline. Rock fragments such as micas and mudrock are present in some samples. 

XRD further shows the micas present are muscovite and biotite. The initially thought to be as 

mudrock is found to be pyrite. XRD also shows significant amount of kaolinite, and small 

amount of siderite and halite. Within the Fruholmen Formation, the point counting result shows 

a decrease in primary porosity towards the top (Triassic – Jurassic boundary), while the bulk 

XRD result show an increase of kaolinite composition. SEM analysis shows a banding of heavy 

material (Figure 6.14.a) which includes small amount of zircon, monazite, rutile and ilmenite 

grains (Figure 6.14.b).  

 
 

Figure 6.14.  Banding of heavy minerals in the Reke member (sample D4) under SEM. 



69 
 

6.3.1.2 Tubåen Formation 

The Tubåen Formation is represented by samples D8 – D11. The framework grain has an 

average of 73% and intergranular volume average of 27%. Similar to the Reke member, the 

main mineralogical composition of the Tubåen Formation is quartz with an average of 72 % 

composition from the point counting method. 1% accounts for the small amount of feldspar and 

micas constituting the framework grains. Both point counting and bulk XRD results shows 

smaller amounts of feldspar and micas in the Tubåen Formation when compared to the 

Fruholmen Formation. Moreover, kaolinite does not occur in the Tubåen Formation and 

allogenic clay is significantly less than the Fruholmen Formation. The primary porosity also 

has significantly increased across the Triassic – Jurassic boundary. 

6.3.1.3 Sandstone Classification 

To classify the sandstones, the framework mineralogy of Reke member and Tubåen Formation 

were plotted using the Dott’s sandstone classification scheme (Figure 6.15). The Reke member 

has a wider distribution encompassing both subarkose and sublitharenite. However, it can be 

considered that the Reke member is a subarkose since most of the representing samples plots 

within the range. On the other hand, all representing samples of the Tubåen Formation plots 

within the quartz arenite. Thereby, Tubåen Formation is classified as quartz arenite.  

 
 

Figure 6.15. Classification of the Reke member in Fruholmen formation and the Tubåen formation sandstones 
present in well 7220/7-2 S. 
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6.3.2 Textural Properties 

Results from the point counting and grain size analysis on textural properties are presented in 

this section. The grain size and sorting analysis are presented in Figure 6.16 in which the grain 

size in phi value and corresponding Wentworth grain size class are presented in the left axis 

and the phi standard deviation value and corresponding Folk grain sorting class are in the right 

axis. The colour coded bar graph represents the average phi value for each sample while the 

grey marker represents the average phi standard deviation. The grain roundness, sphericity and 

contacts are also presented in Figures 6.17, 6.18 and 6.19 respectively. 

 
 

Figure 6.16. Grain size and sorting of the Fruholmen and Tubåen formations sandstones present in well 7220/7-
2 S. 
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Figure 6.17. Grain roundness of the Fruholmen and Tubåen formations sandstones present in well 7220/7-2 S. 

 

 
 

Figure 6.18. Grain sphericity of the Fruholmen and Tubåen formations sandstones present in well 7220/7-2 S. 
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Figure 6.19. Grain contact of the Fruholmen and Tubåen formations sandstones present in well 7220/7-2 S. 

6.3.2.1 Fruholmen Formation – Reke Member 

The grains in the Reke member has a grain size of very fine with an average sorting of well 

sorted. The grains are majority sub-rounded followed by sub-angular. Most grains are 

exhibiting low sphericity. The most observed type of contact is long followed by tangential. 

The abundance of grains exhibiting tangential contact decreases up the interval. The grain size 

of the Fruholmen Formation in this well is finer than in well 7124/3-1. 

6.3.2.2 Tubåen Formation 

The grain size of the Tubåen Formation decreases from medium to fine. There is an observable 

decrease in sorting going upwards in the well core. It starts of as well sorted and then turns into 

moderately well sorted. The first degree of grain roundness is sub-rounded followed by 

rounded. There is a higher abundance of rounded grains in this well when compared to the 

Tubåen interval in well 7124/3-1. Most of the grains have low sphericity and long contacts 

followed by tangential contacts. There is an immediate change in the abundance of grains 

exhibiting tangential contact from the Reke member to the Tubåen Formation. There are no 

grains exhibiting sutured contact however, some are observed as floating.  
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6.3.3 Intergranular Volume 

The intergranular volume from the point counting method are presented in Figure 6.20. The 

primary porosity, cement and clay matrix for each formation are discussed.  

 
 

Figure 6.20. Intergranular volume in well 7220/7-2 S. 

6.3.3.1 Fruholmen Formation – Reke Member 

The average intergranular volume in the Fruholmen Formation is estimated to be 32%. In which 

the highest component is the primary porosity making up 18% of the volume. Clay matrix and 

kaolinite cement are the second highest components. Clay is estimated to be 7% while kaolinite 

cement is 6%. Other cements are also present in small amount such as calcite and quartz 

cements. 

6.3.3.2 Tubåen Formation 

The average intergranular volume of the Tubåen Formation is approximately 27%. Similar to 

the Fruholmen Formation, the main component is porosity with an average of 24%. Clay matrix, 

calcite and quartz cements have composition of 1% each.  
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6.4 Well 7324/9-1 (Mercury) 

6.4.1 Mineralogy 

Well 7324/9-1 contains the Fruholmen, Nordmela and Stø formations. This section presents the 

mineralogical composition of each formation from both point counting (Figure 6.21) and XRD 

methods (Figure 6.22). The sandstones are then classified thereafter. 

 
 

Figure 6.21. Mineralogy in well 7324/9-1 from point counting results.  
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Figure 6.22. Bulk XRD result for well 7324/9-1. 

6.4.1.1 Fruholmen Formation 

From the point counting results, the Fruholmen Formation consists of an average 72% 

framework grains and 28% intergranular volume. The main mineralogy of the framework grains 

is quartz with an estimated composition of 58% in which most of it are in the form of 

monocrystalline quartz. Plagioclase feldspar is the second highest framework grain mineral 

with an average of 9%. From the point counting results, the feldspar composition decreases 

upwards. The rock fragment, consisting of muscovite and biotite, has an average of 5%. XRD 

results show the presence of kaolinite, chlorite, calcite, magnesite, siderite, and pyrite. The 

chlorite and siderite occur at the lower interval of the Fruholmen Formation and are missing at 

the top. SEM analysis shows framboidal pyrite (Figure 6.23.a) and pore-filling kaolinite mix 

with small amount of illite (Figure 6.23.b). XRD result shows chlorite and siderite occurring at 

the lower interval of the Fruholmen Formation. 
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Figure 6.23. SEM photomicrograph of the Fruholmen formation (sample C3) showing presence of little amount 
of illite (a) and framboidal pyrite (b). 

6.4.1.2 Nordmela Formation 

The Nordmela Formation consists of 73% framework grains and 27% intergranular volume. 

Quartz is the highest mineralogical composition with an average of 66%. While both feldspar 

and rock fragments are estimated to have an average of 4% composition each. XRD results 

shows that the mineralogy of the rock fragments is mostly muscovite with small amount of 

biotite. There are two visible trends of the framework grain composition decreasing and 

kaolinite composition increasing. In comparison to the Fruholmen Formation, there are no 
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carbonate cement present. SEM shows pore-filling kaolinite along with framboidal pyrite 

(Figure 6.24.a). Pore-filling pyrite was also observed (Figure 6.24.b). 

 
 

Figure 6.24. Framboidal pyrite (a) and pore filling pyrite observed in the Nordmela formation (sample C6) (b) 
under SEM. 

6.4.1.3 Stø Formation 

The Stø Formation has 66% framework grain and 34% intergranular volume according to the 

point counting results. The mineralogy of the framework grains is 63% quartz, 0.3% feldspar 

and 3% rock fragments which is mostly muscovite. The XRD results show presence of calcite, 

magnesite and siderite mainly located at the lower interval of the Stø Formation. In comparison 
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to the formation below, these carbonate cements do not occur in the Fruholmen Formation. The 

point counting results show an increase in primary porosity.  

6.4.1.4 Sandstone Classification 

By plotting the mineralogical composition from the point counting method, the sandstones are 

classified using Dott’s scheme (Figure 6.25). The Fruholmen Formation has wider distribution 

therefore plotting as both subarkose and sublitharenite. Nordmela Formation also has wider 

distribution plotting as quartz arenite, subarkose and sublitharenite. However, majority of the 

samples plots as quartz arenite. Stø can be classified as quartz arenite as there is only one sample 

deviating from the data cluster. 

 
 

Figure 6.25. Classification of the Fruholmen, Nordmela and Stø formation sandstones in well 7324/9-1. 

6.4.2 Textural Properties 

Textural properties from point counting and grain size analysis are presented in this section. 

Figure 6.26 shows the grain size and sorting analysis results in which the colour coded bar 

graph represents the average phi value for each sample while the grey marker represents the 

average phi standard deviation. The left axis has the grain size in phi scale and corresponding 

Wentworth grain size class while the right axis has the phi standard deviation scale and 
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corresponding Folk grain sorting class. Figure 6.27, 6.28 and 6.29 presents the grain roundness, 

sphericity and grain contacts result data. 

 
 

Figure 6.26. Grain size and sorting of the Fruholmen, Nordmela and Stø formations sandstones in well 7324/9-
1. 

 
 

Figure 6.27. Grain roundness of the Fruholmen, Nordmela and Stø formations sandstones in well 7324/9-1. 
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Figure 6.28. Grain sphericity of the Fruholmen, Nordmela and Stø formations sandstones in well 7324/9-1. 

 
 

Figure 6.29. Grain contact of the Fruholmen, Nordmela and Stø formations sandstones in well 7324/9-1. 
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6.4.2.1 Fruholmen Formation 

The Fruholmen Formation exhibits an increase in grain size from very fine to fine, while the 

sorting decreases from very well sorted to well sorted going up the well core. The grains are 

mostly sub-rounded and switches to sub-angular at the top of the unit. At the bottom part of the 

unit, the grains mostly exhibit low sphericity and long grain contacts. However, the top part 

exhibits high sphericity and tangential grain contacts. 

6.4.2.2 Nordmela Formation 

The Nordmela Formation has a grain size average of fine and classified to be well sorted. The 

grain roundness has high higher variance but mostly within the range of sub-rounded and sub-

angular. Majority of the grain shows low sphericity at the bottom and top of the unit. High 

sphericity dominates the middle part. Long grain contacts are mostly observed at the bottom 

unit while tangential contacts are observed at the upper part. 

6.4.2.3 Stø Formation 

The average grain size of the Stø Formation is fine. There is a decrease in sorting from well 

sorted to moderately well sorted going up the interval. The grains exhibit mostly sub-rounded 

and sub-angular roundness. The uppermost sample has very rounded grains. The grains have 

low sphericity and mostly has a tangential grain contact. 

6.4.3 Intergranular Volume 

Primary porosity, cement and clay matrix are all constituent of the intergranular volume. The 

quantification of these properties from point counting analysis are presented in Figure 6.30 and 

discussed for each of the formation. 
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Figure 6.30. Intergranular volume in well 7324/9-1. 

6.4.3.1 Fruholmen Formation 

The average intergranular volume from all four samples representing the Fruholmen Formation 

is estimated to be 28%. The highest component of the intergranular volume is the clay matrix 

with average of 17% composition. It is then followed by the porosity with an average of 10%. 

Only 1% accounts for the presence of the quartz cement. There is also a small count of calcite 

cement. XRD and SEM results show the presence of pore-filling kaolinite. Moreover, the small 

amount of calcite observed in point counting is found to be siderite from the XRD results.  

6.4.3.2 Nordmela Formation  

The Nordmela Formation has an average intergranular volume of 27% between the five 

representing samples. 15% of that intergranular is primary porosity, 9% is clay matrix and 3% 

is quartz cement. SEM further shows various size of pore-filling kaolinite along with small 

fragments of muscovite (Figure 6.31). 
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Figure 6.31. Photomicrograph of the Nordmela formation (sample C6) showingcpore-filling kaolinite.  

6.4.3.3 Stø Formation 

Between the five representing samples of Stø Formation, the average intergranular volume was 

estimated to be 34%. This volume is made up of 12% calcite cement, 11% porosity, 10% clay 

matrix and 1% quartz cement. XRD results supports the presence of calcite cement. However, 

it also presents the occurrence of siderite and magnesite as cement. SEM shows the formation 

of kaolinite where quartz grains are being dissolved, and siderite cement filling the pores 

(Figure 6.32).   
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Figure 6.32. SEM photo of Stø Formation (sample C12).  
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7 Petrophysical Analysis Results 

7.1 Introduction 

The results of the petrophysical analysis presented in this chapter determines lithology, 

estimates shale volume, porosity, and investigates compaction trends. In addition, these results 

supplement the results from sedimentological and petrographical analyses.  

7.2 Lithology Characterization 

By applying gamma ray cut-off suitable for each well, lithofacies logs were created and 

presented in track 2 of Figure 7.1. In wells 7124/3-1 and 7220/7-2 S, the Tubåen Formation and 

Reke member of the Fruholmen Formation are predominantly sandy while Reke and Akkar 

members are more shaly. In Well 7324/9-1, Stø, Nordmela and the upper portion of the 

Fruholmen Formation are considerably sandy. The lithofacies log congruently reflects the 

calculated shale volume. 

Track 3 and track 5 of Figure 7.1 presents the calculated shale volume exploring both linear 

and Larionov for older rocks non-linear response respectively. Both results have overall similar 

trends without any visible differences. However, by calculating the average shale volume for 

each formation and member, Larionov calculation result is axiomatically lower than the linear 

response. This is to be expected as the linear response typically overestimates as it is the most 

optimistic method for calculating shale volume. Overall, the Well 7220/7-2 has relatively more 

shale volume compared to the other two wells. Moreover, the Fruholmen Formation, 

specifically the Krabbe and Akkar members, have high shale volume which is to be likely since 

the lithofacies log has distinguished these as shale intervals. In contrast, Stø, Nordmela, Tubåen 

formations and Reke member have relatively low shale volume. Stø is considerably the cleanest 

sandstone out of all the formations with only 2% shale associated. These results correlate well 

with the lithofacies log.  
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Figure 7.1. Lithofacies logs and calculated shale volume.
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7.3 Porosity Estimation 

The porosity was calculated using the bulk density log and set density values for the matrix and 

drilling fluids. The third track of Figure 7.2 shows the result of the density porosity calculation 

along with core plug porosity. Table 7.1 summarizes the average porosity of each formation 

from the density porosity well log calculation and core plug porosity. 

Table 7.1. Summary of the average calculated density porosity and core plug porosity of each formation. 

Formation Average Calculated 
Density Porosity (%) 

Average Core Plug 
Porosity (%) 

Fr
uh

ol
m

en
 

Krabbe 23 18 

Reke 27 20 

Tubåen 36 25 

Nordmela 25 18 

Stø 29 20 

From the density porosity calculation, the clean sandstone of Tubåen Formation has the highest 

porosity of 36% followed by Stø Formation with 29% and Nordmela Formation with 25%. By 

taking the average porosity of each of the members in the Fruholmen Formation in wells 

7124/3-1 and 7220/7-2S, it was deduced that Reke member also has considerably good porosity 

at 27%. Meanwhile, the Krabbe member has a porosity of has 23% porosity which is higher 

than the 14% porosity of the Akkar member. This is expected as Akkar member contains more 

clay than Krabbe member. 

The core plug porosity values are lower than the calculated density porosity (Figure 7.2), but it 

follows the general trend of the curve. It is typical that porosity measurements between core 

plug, thin section and well log analyses are not in agreement. This is due to the variety in the 
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scale of measurements.  Core plug measurements are considered to be in the mesoscopic scale 

which can often have a low degree of representation for the entire formation. This is can be due 

to the bias of sample picking. In contrast, petrophysical well log analysis is a measurement in 

macroscopic scale which represents the entirety of the formation. Hence, it measures total 

porosity rather than effective porosity 

The porosity and permeability data from the core plug analysis were also plotted (Figure 7.3). 

All three wells exhibit the typical relationship between porosity and permeability, in which 

permeability increases with porosity. The Krabbe member in well 7124/3-1 has a wide 

distribution and does not follow the typical porosity and permeability relationship.  This can be 

due to heterogeneity of the Krabbe member and the core plug sampling. 
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Figure 7.2. Calculated density porosity (DPhi) with core plug porosity plotted in red dots. 
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Figure 7.3. Core plug porosity-permeability crossplots. 
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7.4 Compaction Trends 

7.3.1 Geothermal Gradient Estimation 

Geothermal gradient was only calculated for well 7124/3-1 as there are no bottom hole 

temperatures available for the other two wells (Equation 7.1). It has been calculated to be 33.2 
oC/km. This result fits with Smelror's (2009) estimated average geothermal gradient of the 

southwestern Barents Sea of  approximately 31-38 oC.  

Equation 7.1.   !" = 	 %&%°()	*°(
*+,-.)(0+,.10,.) ∗ 1000 

With the geothermal gradient calculated in well 7124/3-1, temperature of the Fruholmen 

Formation at present-day and during the maximum burial depth can be deduced. The present-

day depth of Fruholmen Formation is at 1303 m with a temperature of 43.3 oC while the 

formation has a temperature of 89.7 oC at the maximum burial depth of 2703 m.  

7.3.2 Uplift Estimation 

The sand and shale trends for each well were segregated using the set gamma ray cut-offs (Table 

4.3). The p-wave velocity of the shale trend was plotted and used to estimate the uplift in each 

well (Figure 7.4). Mondol's (2009) 50:50 silt and kaolinite mixture compaction trend was used 

as the reference line in which the interpreted transition zone was adjusted accordingly. The 

western side of the study area seems to have experienced the most uplift as well 7220/7-2 S has 

the biggest estimated uplift of approximately 1700 m. The northern well represented by well 

7324/9-1 has approximately 1600 m uplift while the southern well represented by well 7124/3-

1 has an estimated uplift of 1400 m. Baig (2016) did a Cenozoic exhumation analysis using 

sonic logs, shot gathers and thermal maturity. The estimated uplift for each well is overlain into 

Baig’s arithmetic average net exhumation map (Figure 7.5). The estimated uplift for well 

7220/7-2 S and 7124/3-1 overestimates while the estimated uplift for well 7324/9-1 

underestimates. The discrepancy should be noted, and it is suggested to use vitrinite reflectance 

data to further improve uplift estimation. 
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Figure 7.4. Estimated uplift and transition zone for each well.  
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Figure 7.5. Estimated uplift using p-wave velocity and Mondol's (2009) 50:50 silt and kaolinite mixture 
compaction trend overlain into Baig's (2016) average net exhumation map. 
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8 Discussion 

8.1 Introduction 

The aim of this thesis is to characterize the reservoir properties of the Jurassic and Triassic 

reservoirs of the Realgrunnen Subgroups in wells 7324/9-1, 7220/7-2 S and 7124/3-1 located 

in the southwest Barents Sea. Porosity and permeability are the two main properties that defines 

reservoir quality which are controlled by climate, sediment provenance and diagenesis. This 

chapter introduces and discusses published studies followed by the discussion on the results 

obtained from sedimentological, petrographic and petrophysical methods to gain insight on the 

aforementioned geological processes controlling the reservoir quality. As an ending remark in 

how these processes have influenced the reservoir quality, porosity of each formation will be 

discussed at the end. 

8.2 Paleoclimate 

Climate plays an important role in weathering and early diagenesis of minerals. One of the 

numerous implications in which a humid climate can affect sediments is that it increases annual 

precipitation. Large annual precipitation leads to higher fluvial discharge and overcapacity of 

river system. Subsequently, the high precipitation can cause for the ground water table to rise 

than its typical height. This results to increase in meteoric water flow which reinforces 

dissolution of unstable minerals and neomineralization (Bergan and Knarud, 1993) at shallow 

depth. Meteoric flushing commonly causes feldspar and micas to be dissolved and precipitate 

as kaolinite (Equations 3.1 and 3.2). 

Ryseth (2014) suggests that the increase in climatic humidity along with decrease in subsidence 

rate cause the significant change in grain size observed across the Triassic and Jurassic 

boundary. Assuming that the Triassic and Jurassic sandstones have the same initial 

mineralogical composition coming from the same sediment provenance, it is then expected for 

the Jurassic sandstone to have a lower feldspar content and high kaolinite content.  However, 

the results of this study show that it is not the case.  
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There is an overall decrease of feldspar and mica (primarily muscovite) content in all three 

wells across the Triassic-Jurassic boundary from both XRD and point counting quantification 

methods (Table 8.1). The kaolinite composition does not increase across the boundary which is 

expected in a more humid climate due to increase of leaching process. There are three 

possibilities that this might occur: (1) reworking of sediments can eliminate the precipitated 

kaolinite, (2) there is a change in the sediment provenance or (3) both processes. 

Table 8.1. Feldspar, mica and kaolinite average composition (in percentage) across the Triassic-Jurassic boundary 
from both point counting and XRD results in each well. 

W
el

l 

A
ve

ra
ge

 

Point Counting Result XRD Result Combined 

Felds Mica Kao Felds Mica Kao Felds Mica Kao 

71
24

/3
-1

 

Triassic  3.4 1.9 1.0 7.5 2.6 8.3 5.5 2.3 4.7 

Jurassic  0.0 0.1 0.2 0.5 0 2.6 0.3 0.1 1.4 

72
20

/7
-2

S  Triassic  5.1 0.2 6.0 19.0 4.1 11.5 12.1 2.2 8.8 

Jurassic  0.4 0.1 0.0 3.2 0.0 0.4 1.8 0.1 0.2 

73
24

/9
-1

 

Triassic  8.9 2.0 0.0 13.5 5.2 9.1 11.2 3.6 4.6 

Jurassic  2.1 0.5 0.1 5.0 1.7 5.8 3.6 1.1 3.0 

During the Triassic, the rapid subsidence would have deposited first generation sediments 

whereas the decrease in subsidence rate during the Jurassic resulted to decrease in 

accommodation space. The limited accommodation reinforces reworking of sediments leading 

to mineralogical maturation (Bergan and Knarud, 1993). In contrast, a change in sediment 

provenance will have primary mineral assemblages different before commencement of 

weathering. The drainage pattern that the sediment follows can incorporate the reworking of 

previously deposited sediments along the way with the new sediment input. 
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8.3 Sediment Provenance 

The observable difference in mineralogy and textural properties from the analyses across the 

Triassic-Jurassic boundary will be discussed to investigate potential variance in sediment 

provenance. 

 
 

Figure 8.1. Five most important sediment provenance during the Triassic and Jurassic (from Pozer Bue and 
Andresen, 2013). 

Pozer Bue and Andresen (2013), and  Klausen et al. (2017) has conducted provenance studies 

by analyzing detrital zircons of the Triassic to Lower Jurassic successions. Figure 8.1 shows a 

pre-Paleocene paleogeographic map with the five most important sediment provenance areas 

during the Triassic and Jurassic. Pozer Bue and Andresen (2013) concluded that the Upper 

Triassic succession has a provenance from the northern Uralides with a small amount of 

sediment influx from the Timanide, while the Lower Jurassic succession reflects reworking of 

sediments due to the inclusion of younger detrital zircon ages found in Lower to Upper Triassic 

along with small input from the Northern Greenland. Klausen et al. (2017) also concluded that 
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the Uralides can be the sediment provenance for the Triassic successions (Fruholmen and 

Tubåen formations), and that the Lower Jurassic Nordmela Formation samples reflected 

sediment reworking and yielded detrital zircon ages younger than Fruholmen Formation. 

Ryseth (2014) predicated that the Upper Triassic – Lower Jurassic uplift and erosion of 

Caledonides served as a potential new sediment provenance in which inclusion of younger 

detrital zircon is plausible. Smelror and Basov (2009) supports the change in sediment 

provenance during the Early Jurassic as the paleogeographic reconstruction shows that both the 

North and South Barents Sea basins developed a marine embayment that potentially impeded 

the sediment influx from the Uralides. Mørk (1999) confers with findings of Pozer Bue and 

Andresen (2013), and  Klausen et al. (2017) from the detrital zircon analysis, in which the 

distinct increase in the sandstone maturity across the Upper Triassic to Lower Jurassic is 

potentially caused by extensive reworking of sediments connected with a regional transgression 

and sea-level rise.  

8.3.1 Triassic Lithostratigraphy 

The Snadd and Fruholmen formations represent the Triassic succession in the study area. 

Fleming et al. (2016) deduced that the Triassic sandstones is dominated by sand types found in 

the Uralides using petrographic and heavy mineral geochemistry analyses. The Uralian sand is 

characterized by low maturity and high sedimentary rock fragments composition. This is a key 

characteristic of the deposits coming from the Uralian hinterland according to Mørk (1999). 

The Triassic sandstones samples from all three wells plot as subarkose and sublitharenite in the 

Dott’s sandstone classification ternary diagram. The higher feldspar and rock fragment 

composition signifies that the Triassic sandstones are relatively mineralogical immature 

compared to the Jurassic sandstones. This coincides with Uralian sand characteristic established 

by Fleming et al. (2016). Textural properties of the Triassic sandstones exhibit fine sub-rounded 

sand grains that are well sorted. These properties are notably different from the Jurassic 

sandstones. The grain size of the Fruholmen Formation in well 7124/3-1, which is the 

southeastern well of the study area, is notably coarser than the Fruholmen Formation in well 

7220/7-2S and 7324/9-1. This can be due to the well 7124/3-1 closer proximity to the Uralides 

source.  
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8.3.2 Triassic – Jurassic Boundary 

In wells 7124/3-1 and 7220/7-2 S, the Triassic – Jurassic boundary coincides with the formation 

boundary between the Fruholmen and Tubåen formations. The placement of the boundary 

corresponds well with the mineralogical trend observed in the XRD results and some key 

textural properties observed in the point counting and grain size analysis of this study (Figure 

6.2 and 6.13). The main mineralogical difference across the boundary is the amount of kaolinite 

and feldspar in which significantly decreases across the boundary. Moreover, the sandstone 

classification ternary diagrams (Figure 6.3 and 6.25) exhibits the difference in mineralogical 

maturity across the boundary, in which the Jurassic succession is more mature than the Triassic. 

Texturally, the grain size and the abundance of rounded grains across the boundary increases. 

The abrupt shift in mineralogy and textural properties observed in wells 7124/3-1 and 7220/7-

2 S correlates well with the current placement of the Triassic – Jurassic boundary. 

In well 7324/9-1, the Triassic – Jurassic boundary is proposed to be shifted down and the 

Nordmela – Stø boundary to be shifted up in correlation with the mineralogical trend and 

textural properties observed in this well. The core log (Figure 5.8) places the Triassic – Jurassic 

and Nordmela – Stø boundaries at depths of 710.5m and 706.5m, respectively. It is proposed 

that the Triassic – Jurassic boundary to shifted down to the depth of 716m, and the Nordmela – 

Stø boundary shifted up to the depth of 704m. XRD results (Figure 6.22) show that the proposed 

Triassic – Jurassic boundary correlates well with the occurrence of chlorite and siderite in the 

Fruholmen Formation and the absence in the Nordmela Formation. The proposed Nordmela – 

Stø boundary also correlates on the abrupt presence of carbonate cements, such as calcite, 

magnesite and siderite, and the capping of the increase in kaolinite composition seen within the 

Nordmela Formation. The shift of both boundaries will define the two increasing kaolinite 

composition trends observed within the Nordmela Formation. Texturally, the Nordmela 

Formation will have a clear outline on its higher grain shape diversity, even abundance of low 

and high spherical grains and dominance of long and tangential grain contacts.  
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8.3.3 Jurassic Lithostratigraphy 

The Jurassic succession is composed of the Tubåen, Nordmela and Stø sandstones. The Dott 

sandstone classification scheme identifies the Jurassic sandstones as quartz arenites. This 

signifies that the Jurassic sandstones are more mineralogical mature than the Triassic 

sandstones. Fleming et al. (2016) characterizes Caledonides sourced sand to have high degree 

of maturity, low rock fragment composition and good reservoir quality. This implies that the 

sediment provenance changed from the Uralides to the Caledonides across the Triassic-Jurassic 

boundary. The evidence for sediment reworking is visible with the textural properties. The 

sorting class of the Jurassic sandstones is significantly poorer than the Triassic sandstones 

which can be considered an evidence of sediment reworking and possibly sediment mixing. 

The sand grains are significantly coarser and has grain roundness ranging from sub-rounded to 

sub-angular. This abrupt change in grain size across the Triassic-Jurassic boundary can also be 

an evidence of change in sediment provenance. 

8.4 Depositional Environment 

The sedimentological analysis conducted through core logging gives an understanding of the 

depositional environment in which the reservoirs are deposited. From the facies analysis of well 

core 7124/3-1, the regional depositional environment has been deduced to be shallow deltaic 

environment. Typically, there are three main sub-environments (Figures 8.2) in a delta: delta 

plain, delta front and prodelta (Bhattacharya, 2010). Delta plain is commonly dominated by 

river and distributary channels. Lower delta plain is typically influenced by salt-water incursion 

as tides increases. Bayline separates the lower delta plain from the upper delta plain which is 

fluvial dominated. The delta front is the intertidal shoreline with sand mostly dominating along 

with some mud influences. Prodelta is mud dominated in which the mud and silt settles down. 
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Figure 8.2. Schematic plan view of delta sub-environments (from Bhattacharya, 2010). 

There are two facies association (FA1 and FA2) deduced that comprises Snadd Formation as 

discussed in Chapter 5. Overall, Snadd Formation is deposited in the delta plain. Upper 

shoreface and tidal flat deposits (FA2) were interpreted to be deposited at the lower part of the 

delta plain closer to shallow marine while channel and floodplain deposits (FA1) were 

interpreted to be deposited at the upper delta plain. Transgression caps off the deposition of 

Snadd Formation.  

The Fruholmen Formation has two interpreted facies association (FA3 and FA4) as well. FA3 

constitutes of prodelta and tidal flat deposits located at the lower portion of the Fruholmen 

Formation. It is deduced to be deposited at the delta front. FA4 is composed of stacked channels 

and overbank deposits that are interpreted to be deposited at the lower delta plain. Pyrite was 

also observed in the Fruholmen Formation through the petrographic analyses. Pyrite formation 

occurs at the sulfidic zone of an anoxic environment at shallow burial depths (Berner, 1980). 

The iron typically comes from terrestrial sediments that are high in organic matter while sulfur 

commonly comes from the seawater. Another requirement for pyrite formation is a system in 

which the product of the chemical reaction can be removed out of the system like tidal flushing. 

This petrographic result supports the interpreted depositional environment as prodelta and tidal 
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flat generally contains organic matter and are subjected to exposure to seawater during the tide 

movement. 

The Tubåen Formation has only one facies association (FA5). It is mainly dominated by coarse 

grained sandstones and has poor sorting that are typical of braided river deposits. These 

sediments are interpreted to be deposited at the lower delta plain in which distributary channels 

are dominant. Petrographic results show evidences of shallow burial as kaolinite precipitation 

is commonly observed within the samples.  

8.5 Diagenesis 

Depositional reservoir properties such as porosity and permeability are typically altered by 

diagenetic processes. The influence of early diagenesis, mechanical compaction and chemical 

compaction to the reservoir properties can be observed through mineralogical and textural 

properties which are discussed in this section. 

8.5.1 Early Diagenesis 

There are several chemical reactions presented in Chapter 2.2 that typically occurs in a shallow 

open system. These reactions are limited to affect sediments that are 10m from the surface 

(Bjørlykke and Jahren, 2015). Kaolinite precipitation and carbonate cementation are two of the 

early diagenetic processes observed. 

Kaolinite precipitation is the most observed early diagenetic process in all three wells. Kaolinite 

forms through the dissolution of k-feldspar or micas during meteoric water infiltration close to 

the sediment surface. Thus, the initial mineral assemblage should include feldspar and micas to 

initiate the reaction. Meteoric water flushing is also crucial as it removes cations such as Na+, 

K+ and silica from the dissolved feldspar and micas out of the open system promoting kaolinite 

precipitation (Bjørlykke, 1998). Porosity and permeability decrease as kaolinite volume 

increases. The Triassic sandstones has more kaolinite content in all three wells than the Jurassic 

sandstones. Moreover, kaolinite content decreases across the Triassic-Jurassic boundary. This 

implies that the Triassic sandstones has experienced meteoric leaching. In contrast, the Jurassic 
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sandstones could have extensive leaching as well due to the decrease in feldspar content. 

However, the increase in kaolinite composition was not observed. The precipitated kaolinite 

could have been lost from the sediment reworking. Kaolinite composition can be linked to the 

sequence boundary and sea level changes. A relative sea level fall causes an increase in 

hydrodynamic head driving the meteoric water into the basin. Evidence of early diagenesis, 

such as increase in kaolinite composition, can be indicator of a sequence boundary. Increase in 

kaolinite composition in well 7220/7-2 S towards the Triassic – Jurassic boundary indicates 

regression during Fruholmen Formation deposition. In well 7324/9-1, there are two distinctive 

increases in kaolinite composition within the Nordmela Formation. These two trends suggest 

two periods of regression at the time of deposition. 

Carbonate cement was also observed few samples. Carbonate cementation typically occurs in 

marine sandstones, and forms from the dissolution of biogenic carbonate sediments that are 

deposited with siliciclastic materials and then precipitated within the pores. This reduces 

porosity and permeability at early stage of sediment burial and will be carried out through burial 

affecting the overall reservoir quality. The carbonate cements observed in the samples are 

calcite, magnesite and siderite. The Triassic sandstones has an average of 3.9% carbonate 

cement, while the Jurassic sandstones has an average of 2.0% across all three wells. This implies 

that the Triassic sandstones has more biogenic carbonate sediments deposited than the Jurassic 

sandstones. 

8.5.2 Mechanical Compaction 

Mechanical compaction is the rearrangement of sand grains due to the effective stress 

experienced by the sediments during burial. The magnitude of porosity loss caused by 

mechanical compaction can be determined by investigating the intergranular volume (IGV). 

The intergranular volume (IGV) is the sum of intergranular porosity, cements and matrix. Using 

the fully carbonate cemented samples of the Stø Formation (C11 and C12), the initial IGV is 

estimated to be 39.2%. This estimated initial IGV is used in calculating the porosity lost caused 

by mechanical compaction (MC) in the Triassic and Jurassic sandstones in each well (Table 

8.2). The Triassic succession has an average intergranular volume of 30.2%, while the Jurassic 

succession has 24.7%. Primary porosity is the major component of the intergranular volume 

followed by clay matrix then cement. The Triassic succession has an average porosity loss of 
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9.0% due to mechanical compaction, while the Jurassic succession has an average porosity loss 

of 14.5% across all three wells. Comparing the porosity loss due to mechanical compaction to 

IGV components, it can be deduced that the mechanical compaction has more implication on 

the reservoir quality than early diagenetic processes.  

Table 8.2. Average intergranular volume (in percentage) from point counting analysis and estimated porosity loss 
caused by mechanical compaction (assuming initial IGV of 39.2%) of Triassic and Jurassic sandstones in each 
well. 

Well Average Clay 
Matrix Cement  Primary 

Porosity  IGV Porosity 
Loss 

71
24

/3
-1

 

Triassic 6.9 9 14.6 30.5 8.7 

Jurassic 3.2 0.2 13.3 16.8 22.4 

72
20

/7
-

2S
 Triassic 6.8 6.9 18.2 32.0 7.2 

Jurassic 1.4 1.7 24.1 27.2 12.0 

73
24

/9
-1

 

Triassic 16.9 1.2 10.1 28.1 11.1 

Jurassic 9.2 8.1 12.9 30.2 9.0 

Textural properties can provide further insight to mechanical compaction that the sediments 

have experienced. The Triassic sandstones has a mean grain size of fine sand and mean sorting 

of well-sorted. The grains have roundness ranging from sub-rounded to sub-angular. Most of 

the grains have low sphericity and has the contact type of long. The Triassic sandstones is 

slightly more texturally mature compared to the Jurassic sandstones. This is due to the Jurassic 

sandstones having grain size ranging from fine to medium sand and has mean sorting 

moderately well-sorted. The Jurassic sandstones’ grain roundness, sphericity and contact type 

are very similar to the Triassic sandstones, in which the grains are sub-rounded to sub-angular 

with low sphericity and long contact. type of contact can be indicative of the degree of 

mechanical compaction. Grains that have floating type of contact implies no exposure to 

mechanical compaction. In contrast, grains that have sutured contact are evidences mechanical 

compaction. Mechanical compaction reduces intergranular porosity resulting to the grains to 

increase of grain-to-grain contact. As the grains are tightly compacted, the grains will flatten in 
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response to the exerted effective stress. Both the Triassic and Jurassic sandstones have low 

spherical grains with long contact which are textural evidences of mechanical compaction. 

8.5.3 Chemical Compaction 

Unlike early diagenesis which occurs in an open system, chemical reactions within the realms 

of chemical compactions occur in a closed system that are mainly driven thermodynamically 

(Bjørlykke, 1998). The two common chemical reactions are quartz cementation and illitization. 

Quartz cementation starts at approximately 70-80oC in which the precipitation rates increases 

exponentially with temperature. Quartz grains are dissolved and precipitated as overgrowths on 

quartz surfaces. The volume of quartz cement precipitated is determined by the sandstones’ 

temperature history and amount of quartz surface area where quartz overgrowth can form 

(Bjørlykke & Jahren, 2015). The estimated maximum burial temperature for Fruholmen in well 

7124/3-1 is 89.7oC which indicates that quartz cementation most likely occurred within the 

formation. Point counting results support this finding. Quartz cements were observed in several 

samples, but it is more prevalent in the Triassic sandstones than in the Jurassic sandstones. This 

implies that the Triassic sandstones experienced higher temperature which encourages quartz 

cementation for a short period of time.  

Illitization is a process during deep burial which commences typically at temperatures around 

130oC. The kaolinite dissolves and illite precipitates assuming that potassium source such as 

K-feldspar is present in the system. XRD bulk analysis and point counting method failed to 

determine the presence of illite however SEM analysis shows a miniscule amount which can 

be considered negligible overall. Using the bottom hole temperature of well 7124/3-1, the 

geothermal gradient was calculated to be 33.2oC/km. The estimated uplift for this well is 

1400m. Together with the calculated geothermal gradient and estimated uplift, the maximum 

burial of the Fruholmen Formation is depicted to be approximately 2703m at an estimated 

temperature of 89.7oC. This suggests that illitization of kaolinite did not occur in the Fruholmen 

Formation as the maximum burial temperature does not exceed 130oC. In addition, estimating 

the maximum burial and geothermal gradient is important as source rock maturation and 

hydrocarbon generation are dependent on temperature and pressure. It is also essential as 

increase in burial depth and temperature can change mineral stability of a reservoir. 
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8.6 Reservoir Quality Analysis  

Reservoir quality is characterized by effective porosity and permeability which is indicative of 

its storage and fluid flow capacity, respectively. This section compares porosity estimation from 

petrophysical well logs and core plug analyses (Chapter 7.3) with the primary porosity 

estimation from the point counting method.  

The average porosity of each formation from point counting method has lower values than the 

core plug and well logs porosity (Table 7.1). Both the Reke and Krabbe member of the 

Fruholmen Formation has an average point counting porosity of 16%. The Tubåen Formation 

has the highest point counting porosity of 19% followed by Nordmela Formation with 14% and 

Stø Formation with 11% porosity. The variance of porosity values from the three different 

methods is expected as each method measures porosity in different scale as discussed in Chapter 

7.3. The combined results from the three different methods of estimating porosity (Table 8.3) 

ranks Tubåen Formation to have the highest reservoir quality which corresponds to having the 

highest porosity. Reke member ranks second followed by Stø Formation, Nordmela Formation. 

Even though Reke member has the same combined porosity percentage as Normela, it is ranked 

last to exhibits good reservoir quality due to its heterogeneity observed during the 

sedimentological analysis.  

Table 8.3. The porosity of each formation from the density porosity (DPhi) calculation, core plug porosity data 
and point counting analysis. The average for all three results were combined and used in ranking the formation on 
its the reservoir quality. 

Formation Calculated 
DPHI (%) 

Core Plug 
Porosity 

(%) 

Point 
Counting 
Porosity 

(%) 

Combined 
Porosity 

(%) 

Reservoir 
Quality 
Ranking 

Fr
uh

ol
m

en
 

Krabbe 23 18 16 19 5 

Reke 27 20 16 21 2 

Tubåen 36 25 19 40 1 

Nordmela 25 18 14 19 4 
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Stø 29 20 11 20 3 

Plotting porosity and permeability from core plug analysis is also one of the effective methods 

in determining which formation can be regarded as good reservoirs. Most sandstone reservoirs 

exhibit porosity proportionality to permeability. A good reservoir typically has high porosity 

and permeability that clusters at the end of the crossplot trend. The crossplots (Figure 7.3) 

support the reservoir quality ranking since the Tubåen, Stø, Reke and Nordmela formations 

plots at the end of the crossplots diagonal trend showing high porosity and permeability 

correlation.  

Investigating the lateral variation of the reservoir quality, the Tubåen Formation has the highest 

reservoir quality in the southeastern well (well 7124/3-1) followed by the Reke member (Figure 

7.2 and 7.3).  In the western well (well 7220/7-2S), the Tubåen Formation has the best reservoir 

quality although the estimated density porosity is lower than in the southern well. In the 

northern part of the study area, represented by well 7324/9-1, the Stø Formation has the highest 

reservoir quality. There are several geological processes that implicates reservoir quality 

causing variation of the reservoir properties throughout the study area. Sediment provenance 

affects the initial mineralogical composition that will determine early diagenetic processes that 

will occur and the degree of mechanical compaction. Moreover, the early diagenetic processes 

affect the primary porosity. Subsequently, 
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9 Conclusion 

The aim of this thesis is to characterize the reservoir properties and gain insights on the 

implications of geological processes such as sediment provenance and diagenesis to the 

reservoir quality of the Jurassic and Triassic reservoirs of the Realgrunnen Subgroup in wells 

7324/9-1, 7220/7-2 S and 7124/3-1 in the southwest Barents Sea through sedimentological, 

petrographic and petrophysical analyses. Sedimentological analysis through well core logging 

provides insight on the depositional environment of the reservoir sandstones. Petrographic 

analyses such as point counting, XRD and SEM methods were conducted to examine 

mineralogical composition and textural grain properties which gives acumen to the diagenetic 

processes. Petrophysical analysis was conducted to estimates uplift, geothermal gradient and 

porosity of the sandstone reservoirs. The following conclusion can be derived from the 

collectively acquired results of the study: 

• It has been found that there are less feldspar, mica and kaolinite compositions in the 

Jurassic sandstones than in the Triassic sandstones. This does not comply with a more 

humid paleoclimate of the Jurassic which promotes leaching process. Therefore, this 

finding suggests the it can be due to reworking of sediments, change in sediment 

provenance or both.  

• The Triassic sandstones are less mineralogically mature and contains more rock 

fragments than the Jurassic sandstones. These observed properties coincide with the 

characterization of Uralian type sand. 

• It is proposed that the Triassic – Jurassic boundary be shifted down to the depth of 716m 

and the Nordmela – Stø boundary to be shifted up to the depth of 704m in well 7324/9-

1 to correlate the mineralogical trend and textural properties observed.  

• The Jurassic sandstones are more mature and contains less rock fragment which is 

consistent with the characteristic of Caledonian sand. There are evidence of sediment 

reworking from investigating textural. 
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• The depositional environment for the Triassic and Jurassic sandstones is deduced to be 

shallow marine deltaic environment in which several transgression and regression 

occurences has happened.  

• The primary reducing reservoir quality factor is mechanical compaction. Using the IGV 

of 39.2% from the carbonate fully cemented samples of the Stø Formation (C11 and 

C12), the estimated porosity lost through mechanical compaction is greater than the 

porosity lost from early diagenesis and chemical compaction.  

• The secondary reducing reservoir quality factor is early diagenesis, specifically 

kaolinite precipitation and calcite cementation. Moreover, the increase in kaolinite 

volume observed in the petrographic analysis can be related to the relative sea level 

changes that are not observed in the sedimentological analysis. 

• Estimated geothermal gradient in well 7124/3-1 suggest that the Triassic sandstones has 

a maximum burial temperature of 89.7oC. This suggests that quartz cementation 

initiated and illitization did not. Petrographic results show small amount of quartz 

cementation for a short period of time since the amount of quartz cement observed is 

very small.  

• Uplift estimation suggests that the most western well 7220/7-2S has the highest uplift 

of 1700m followed by the northern well 7324/9-1 of 1600m uplift and the southern well 

7124/3-1 of 1400m uplift. 

• Comparing porosity from petrographic and petrophysical methods and integrating 

permeability data from the core plug analysis suggests that Jurassic sandstones Tubåen, 

Stø and Nordmela to have promising good reservoir quality. Reke member of the 

Fruholmen formation also shows indication of good porosity and permeability. 
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10 Further Work 

To further characterize reservoir properties of the Triassic and Jurassic reservoir sandstones, 

the following supplementary analyses are suggested: 

• Heavy mineral analysis to increase knowledge on sediment provenance and 

paleogeographic drainage. 

• Clay XRD analysis to determine the type of clay present in each formation.  

• Cathodoluminesence analysis to investigate quartz cementation in distinguishing 

between detrital quartz grains and cements which subsequently increases accuracy of 

the intergranular volume estimation.  

• Vitrinite reflectance analysis to estimate uplift more accurately. 
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Appendix A 

Summary of well data used in this thesis (compiled from NPD, 2018). 

 7324/9-1 7220/7-2S 7124/3-1 

Discovery Mercury Skavl Bamse 

Latitude and Longitude 
Coordinates 

73° 19' 29.28'' N 

24° 50' 24.24'' E 

72° 26' 55.1'' N 

20° 18' 25.9'' E 

71° 45' 36.03'' N 

24° 46' 49.99'' E 

UTM Zone 35 33 35 

UTM Coordinates 
8138186.78 NS 

430830.80 EW 

8047081.53 NS 

678433.66 EW 

7963806.28 NS 

422476.34 EW 

Structure Element Mercurius High Bjørnøyrenna Fault 
Complex 

Nysleppen Fault 
Complex 

Spud Date 22.07.2014 02.10.2013 29.05.1987 

Completion Date 07.08.2014 16.12.2013 20.10.1987 

KB Elevation [m] 40 31 23 

Water Depth [m] 414 349 273 

Total Depth (MD) [mRKB] 1100 1855 4730 

Final Vertical Depth (TVD) [m 
RKB] 1100 1761 4727 

Max Inclination [o] --- 32 4.7 

Bottom Hole Temp (oC) --- --- 151 

Core Sample MD Interval [m] 696.5-723.4 1130-1423.6 1288-1407.7 

Core Sample Formation 
Interval 

Stø-Fruholmen 
Formation 

Tubåen-Fruholmen 
Formation 

Tubåen-Fruholmen 
Formation 

Content Gas Oil/Gas Oil/Gas 
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Appendix B 

Summary of samples with its depth and petrographic analysis carried out. 

Well Formation MD [m] Sample 
code 

Petrographic Analysis 
Bulk 
XRD 

Thin 
section 

Grain 
size SEM 

71
24

/3
-1

 (B
am

se
) 

Snadd 
1395.30 L1 X X X  
1383.20 L2 X X X  
1377.60 L3 X X X X 

Fruholmen 
(Reke Mbr.) 

1355.50 L4 X X X  
1347.30 L5 X X X  
1333.50 L6 X X X  

F – Krabbe 1313.40 L7 X X X X 

Tubåen 
1298.50 L8 X X X X 
1296.50 L9 X X X  
1289.35 L10 X X X  

72
20

/7
-2

 S
 (S

ka
vl

)  Fruholmen 
(Reke Mbr.) 

1380.52 D1 X X X  
1351.26 D2 X X X  
1306.50 D3 X X X  
1213.68 D4 X X X X 
1203.73 D5 X X X  
1199.48 D6 X X X  
1193.74 D7 X X X  

Tubåen 

1188.71 D8 X    
1184.74 D9 X X X  
1173.40 D10 X X X  
1148.43 D11 X  X  

73
24

/9
- 1

 (M
er

cu
ry

) 

Fruholmen 

721.76 C1 X X X  
717.54 C2 X X X  
715.47 C3 X  X X 
714.80 C4 X    

Nordmela 

711.63 C5 X X X  
710.90 C6 X   X 
709.85 C7 X    
708.86 C8 X    
707.79 C9 X    

Stø 

704.14 C10 X    
703.82 C11 X X X  
703.45 C12 X X X X 
701.70 C13 X X   
697.88 C14 X    
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Appendix C 

Summary of petrophysical well logs that were available for petrophysical analysis. 

Well Log Well 7124/3-1 
(Bamse) 

Well 7220/7-2S 
(Skavl) 

Well 7324/9-1 
(Mercury) 

Caliper X X X 

Bit Size  X X 

Gamma Ray X X X 

Neutron  X X 

Bulk Density X X X 

Deep Resistivity X X X 

Medium Resistivity X X X 

Shallow Resistivity X X  

Micro Resistivity   X 

Sonic Compressional X X X 

Sonic Shear   X 

Photoelectric Factor  X X 

Density Correction  X X 

Rate of Penetration  X X 
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Appendix D 

XRD Analytical Parameters 

Diffractometer:  Bruker D8 ADVANCE diffractometer 

Detector:  Lynxeye 1-dimensional position-sensitive detector (PSD) 

Generator:   CuKα at 40mA, 40kV 

Application:  Bulk - 0.01º/0.3s; 2º -65º (2θ) 

   Clay Air Dried - 0.01º/0.3s; 2º -66º (2θ) 

Clay Treated - 0.01º/0.3s; 2º -34º (2θ) 
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Appendix E 

Sedimentological Core Log of Well 7124/3-1 (Line et al., in prep). 
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Appendix F 

Table 1. Grain size analysis and sorting results for wells 7124/3-1, 7220/7-2S and 7324/9-1. 

Well 
Sample 
Code 

Phi 
Average 

Wentworth Size 
Class 

Phi 
Standard 
Deviation 

Folk Sorting Class 

71
24

/3
-1

 

L1 4.93 Coarse silt 0.49 Well 
L2 1.85 Medium 0.68 Moderately well 
L3 3.96 Very fine 0.41 Well 
L4 2.07 Fine 0.40 Well 
L5 2.01 Fine 0.53 Moderately well 
L6 3.17 Very fine 0.45 Moderately well 
L7 3.68 Very fine 0.39 Well 
L8 2.23 Fine 0.37 Well 
L9 1.77 Medium 1.20 Poorly 

L10 1.66 Medium 0.64 Well 

72
20

/7
- 2

 S
 

D1 3.05 Very fine 0.47 Well 
D2 3.51 Very fine 0.37 Well 
D3 3.17 Very fine 0.40 Well 
D4 3.54 Very fine 0.41 Well 
D5 3.51 Very fine 0.44 Well 
D6 3.59 Very fine 0.48 Well 
D7 3.62 Very fine 0.47 Well 
D9 1.87 Medium 0.39 Well 
D10 1.32 Medium 0.59 Moderately well 
D11 2.55 Fine 0.55 Moderately well 

73
24

/9
- 1

 

C1 3.93 Very fine 0.35 Very well 
C2 3.69 Very fine 0.40 Well 
C3 2.23 Fine 0.44 Well 
C5 2.53 Fine 0.38 Well 

C11 2.67 Fine 0.50 Moderately well 
C12 2.54 Fine 0.63 Moderately well 
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Table 2. Point counting results for wells 7124/3-1, 7220/7-2S and 7324/9-1. Values are presented as percentage of the total 300 points counted. 
W

el
l 

Sa
m

pl
e 

C
od

e  
Framework Grains Intergranular Volume 

Quartz Feldspar Rock Fragments Matrix Cements 

Pr
im

ar
y 

po
ro

sit
y 

M
on

o 

Po
ly

 

Pl
ag

 

K
-f

el
d 

C
he

rt
 

M
ic

a 

M
ud

ro
ck

 

O
th

er
 

In
fil

tr
at

io
n 

Po
re

-f
ill

 

G
ra

in
 

co
at

in
g 

C
hl

or
ite

 

K
ao

lin
ite

 

C
al

ci
te

 

Q
ua

rt
z 

71
24

/3
-1

 

L1 46.0 3.0 7.3 0.0 0.0 2.3 0.0 0.0 0.0 10.7 0.0 0.0 0.0 25.3 0.0 5.3 

L2 53.0 14.7 4.7 0.0 0.0 0.0 0.0 0.0 0.0 3.7 0.0 0.0 0.7 3.3 2.7 17.3 

L3 48.0 3.7 8.7 0.0 0.0 0.3 0.0 0.0 0.0 11.7 0.0 0.0 0.0 21.3 0.0 6.3 

L4 64.3 10.3 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 24.7 

L5 68.7 9.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 22.0 

L6 50.3 10.0 2.7 0.0 0.0 3.0 0.0 0.0 0.0 14.3 0.0 0.0 6.3 0.0 3.7 9.7 

L7 67.7 0.7 0.0 0.0 0.0 7.3 0.0 0.0 3.7 4.0 0.0 0.0 0.0 0.0 0.0 16.7 

L8 72.3 8.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.0 0.0 0.0 0.0 0.0 0.0 15.7 

L9 61.0 30.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 2.3 0.7 0.0 0.0 0.0 0.0 5.7 

L10 70.3 7.7 0.0 0.0 0.0 0.0 0.0 0.0 0.3 2.3 0.0 0.0 0.7 0.0 0.0 18.7 

72
20

/7
- 2

 S
 D1 39.0 9.0 5.3 0.0 10.0 0.0 0.0 0.0 0.0 5.3 0.7 0.0 0.0 0.0 0.0 30.7 

D2 54.0 8.7 9.7 0.0 0.0 0.0 0.0 0.0 0.0 4.0 0.0 0.0 6.3 0.3 0.0 17.0 

D3 59.7 9.3 4.0 0.0 0.0 0.3 0.0 0.0 0.0 1.0 0.0 0.0 0.3 0.0 0.0 25.3 

D4 57.7 4.0 4.3 0.3 0.0 0.7 1.7 3.0 0.7 3.0 0.0 0.0 2.7 0.0 0.0 22.0 

D5 50.7 7.7 4.3 0.0 0.0 0.0 0.0 0.3 2.3 6.7 1.3 0.0 11.3 1.3 0.0 14.0 



124 
 

 

 
 
 

D6 50.7 6.7 4.0 0.0 0.0 0.3 0.0 0.0 2.3 15.0 1.3 0.0 9.0 0.0 0.3 10.3 

D7 59.3 7.3 3.7 0.0 0.0 0.0 0.3 0.3 0.3 3.3 0.0 0.0 12.7 1.7 2.7 8.3 

D9 70.0 5.3 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 24.0 

D10 65.0 7.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 27.3 

73
24

/9
-1

 

C1 53.5 5.3 15.3 0.3 0.3 1.0 0.0 0.0 0.3 14.0 0.0 0.9 0.0 0.1 0.0 8.3 

C2 49.8 7.3 10.6 0.0 0.0 6.3 0.0 0.0 0.0 17.9 0.0 0.0 0.0 0.0 0.0 7.7 

C5 56.0 10.7 7.0 0.0 0.0 0.0 0.0 0.0 0.3 8.6 0.0 0.0 0.0 0.0 6.7 10.7 

C11 68.3 1.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 26.3 0.3 3.7 

C12 51.7 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10.0 0.0 0.0 0.0 25.7 0.0 12.3 

C13 67.7 1.3 0.0 0.0 0.0 0.0 4.3 0.0 0.0 8.3 1.3 0.0 0.0 0.0 0.0 17.0 



125 
 

 
Table 3. Bulk XRD results for wells 7124/3-1, 7220/7-2S and 7324/9-1. Values are presented as percentage of the total sample volume. 
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A
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H
al

ite
 

Ba
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te
 

Sy
lv

ite
 

Py
ri

te
 

So
da

lit
e  

71
24

/3
- 1

 

L1 30.9 5.4 1.2 - 53.5 3.6 - 0.0 - 5.0 0.0 0.0 - 0.4 - 
L2 42.8 3.1 0.0 - 53.9 0.0 - 0.0 - 0.0 0.1 0.0 - 0.0 - 
L3 16.1 2.8 1.0 - 73.8 2.3 - 2.5 - 1.3 0.2 0.0 - 0.0 - 
L4 99.9 0.0 0.0 - 0.0 0.0 - 0.0 - 0.0 0.1 0.0 - 0.0 - 
L5 93.9 5.7 0.0 - 0.0 0.0 - 0.0 - 0.0 0.4 0.0 - 0.0 - 
L6 45.5 2.3 0.0 - 47.9 0.0 - 0.0 - 0.0 1.0 0.0 - 0.0 - 
L7 35.0 2.0 4.2 - 5.8 0.0 - 0.0 - 0.0 0.0 0.0 - 0.0 - 
L8 20.5 0.0 0.0 - 79.4 0.0 - 0.0 - 0.0 0.0 0.0 - 0.0 - 
L9 50.7 0.1 0.0 - 49.1 0.0 - 0.0 - 0.0 0.1 0.0 - 0.0 - 

L10 54.9 0.0 0.0 - 44.2 0.0 - 0.0 - 0.0 0.0 1.0 - 0.0 - 

72
20

/7
- 2

 S
 

D1 33.6 13.3 1.4 0.3 51.5 - - 0.0 - - 0.0 0.0 0.0 0.0 - 
D2 39.1 14.9 2.2 0.0 43.7 - - 0.0 - - 0.2 0.0 0.0 0.0 - 
D3 79.9 14.0 0.0 0.0 5.9 - - 0.0 - - 0.2 0.0 0.0 0.0 - 
D4 45.2 2.9 0.4 0.0 51.3 - - 0.0 - - 0.2 0.0 0.0 0.0 - 
D5 32.2 9.5 3.5 0.0 54.3 - - 0.0 - - 0.6 0.0 0.0 0.0 - 
D6 24.3 6.6 3.1 0.0 64.6 - - 0.4 - - 0.0 0.0 0.0 1.0 - 
D7 25.8 7.0 3.6 0.2 63.0 - - 0.0 - - 0.1 0.0 0.0 0.4 - 
D8 94.9 1.4 0.0 0.0 1.6 - - 0.0 - - 0.0 1.2 1.0 0.0 - 
D9 92.7 6.4 0.0 0.0 0.0 - - 0.0 - - 0.0 0.9 0.0 0.0 - 
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D10 97.1 0.6 0.0 0.0 0.0 - - 0.0 - - 0.2 0.9 1.2 0.0 - 
D11 94.7 4.3 0.0 0.0 0.0 - - 0.0 - - 0.3 0.0 0.7 0.0 - 

73
24

/9
-1

 
C1 25.0 6.9 2.9 0.7 55.1 4.8 0.0 4.3 0.0 - 0.0 - 0.0 0.3 0.0 
C2 27.3 6.1 2.9 0.0 54.2 3.6 0.0 5.9 0.0 - 0.0 - 0.0 0.0 0.0 
C3 44.7 7.9 1.8 0.0 45.5 0.0 0.0 0.0 0.0 - 0.1 - 0.0 0.0 0.0 
C4 43.1 6.8 2.0 0.0 48.0 0.0 0.0 0.0 0.0 - 0.1 - 0.0 0.0 0.0 
C5 37.4 6.5 2.0 0.0 53.9 0.0 0.0 0.0 0.0 - 0.2 - 0.0 0.0 0.0 
C6 39.1 9.9 1.7 0.3 52.2 0.5 0.0 0.0 0.0 - 0.3 - 0.0 0.0 0.0 
C7 52.7 0.8 0.0 0.0 46.4 0.0 0.0 0.0 0.0 - 0.1 - 0.0 0.0 0.0 
C8 49.6 1.4 0.0 0.0 49.1 0.0 0.0 0.0 0.0 - 0.0 - 0.0 0.0 0.0 
C9 52.3 1.3 0.0 0.0 46.2 0.0 0.0 0.0 0.0 - 0.1 - 0.0 0.0 0.0 

C10 40.7 2.1 4.1 0.4 51.1 1.1 0.0 0.0 0.0 - 0.2 - 0.0 0.3 0.0 
C11 21.1 0.0 0.0 0.0 68.5 0.0 8.4 0.0 2.0 - 0.0 - 0.0 0.0 0.0 
C12 30.3 0.0 0.0 0.0 63.5 0.0 0.0 5.8 0.0 - 0.2 - 0.0 0.0 0.2 
C13 53.0 0.2 0.0 0.0 46.2 0.0 0.0 0.0 0.0 - 0.0 - 0.0 0.6 0.0 
C14 98.3 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 - 1.1 0.0 0.0 

 


