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Preface 
This thesis entitled “Reservoir quality of the Upper Triassic to Lower Jurassic sediments, NW 
Barents Shelf: understanding porosity evolution through diagenesis and sedimentology” has 
been submitted to the Department of Geosciences at the University of Oslo in agreement with 
the requirements for the degree of Philosophia Doctor. This PhD study was completed as part 
of a three year Trias North project. A group of geologist from different Universities in 
collaboration with international experts from foreign Universities established Trias North 
project. This project was framed under the working title “Reconstructing the Triassic Northern 
Barents shelf, basin infill patterns controlled by gentle sags and faults”. The project was funded 
by the research Council of Norway (RCN). Tullow Oil Norge, Lundin Norway, Statoil 
Petroleum, Edison Norge and RWE Dea Norge have also provided financial support. This thesis 
is part of the larger Trias North project in particular associated with work package two 
concerning assessment of sedimentary systems. 

The aims of the study reported herein were: 1) to evaluate the effect of diagenesis on reservoir 
quality and constrain thermal history, 2) to establish characteristic depositional sedimentary 
facies based on outcrops and link them to diagenesis, 3) evaluate the controlling factor for the 
modes of occurrences and abundances of clay minerals in sedimentary sequences (grain 
coatings or pore-filling), 4) analyze the nature and extent of grain coatings with effects on the 
chemical compaction (quartz cementation), and 5) to evaluate the impact of sill-induced 
diagenesis on reservoir quality of the Upper Triassic to Lower Jurassic sandstones of the NW 
Barents Sea. 

This article-based PhD thesis is organized into two parts: (I) introduction and (II) manuscripts. 
The introduction part of the thesis is encompassed by a brief description of the scope and 
objectives, the study area and methods, scientific background information on the parameters 
controlling diagenesis of clastic sandstones and ultimately reservoir quality followed by a 
summary of the manuscripts and lastly some concluding remarks and implications of the key 
findings of this study on the exploration activity in the Barents Sea region. 
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Introduction 
Scope and objectives 

This thesis presents the main factors controlling reservoir quality of the outcropping 

sedimentary successions of the Upper Triassic De Geerdalen Formation and Lower Jurassic 

Wilhelmøya Subgroup in the Svalbard archipelago, NW Barents Shelf. The De Geerdalen 

Formation and Wilhelmøya Subgroup comprise fluvial, deltaic and shallow marine deposits 

(Mørk et al., 1982). These sediments are time equivalent to potentially hydrocarbon prone 

sedimentary successions in the Barents Sea area to the south. Reservoir quality of the studied 

rocks can be attributed to a number of factors including, but not limited to, diagenesis and 

depositional setting (Fig. 1). Diagenesis modifies the reservoir quality subsequent to sediment 

deposition. Reservoir quality is a function of the framework primary textural and mineralogical 

composition, thermal and burial history, provenance and depositional processes (Bjørlykke, 

2014; Morad et al., 2010). These factors dictate burial diagenetic pathways. Sediment structure 

and texture bear the imprint of initial processes and the depositional setting which to a high 

degree are attributed to depositional energy and shallow burial diagenetic processes. These 

factors eventually constrain subsequent burial diagenesis products and hence the evolution of 

rock physical properties. These factors combined control reservoir quality through the 

distribution of reservoir geometry, porosity and permeability.  An understanding of the factors 

that control the diagenesis and porosity evolution of reservoir rocks is thus helpful for 

improving the predictability in oil and gas exploration. 
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Figure 1: Diagram showing a complex array of interrelated variables controlling diagenesis and 

ultimately reservoir quality (modified from Morad et al. (2012) and Stonecipher et al. (1984)).

Interrelated parameters lead to complicated reservoir quality distributions in sedimentary rocks. 

These parameters include the depositional environment and diagenesis, as well as tectonics and 

the burial/thermal evolution of the basin. Substantial variations in the reservoir quality 

distribution is challenging for the optimisation of hydrocarbon production and recovery. 

As indicated above, diagenesis is affected by a complex array of parameters, and to 

understand how diagenesis has affected a given system demands integrating a variety of 

methods. This implies that diagenesis research must be a multidisciplinary effort extended 

beyond sedimentology and sequence stratigraphy and should include experimental diagenesis, 

organic geochemistry and mineralogy. Linking diagenesis with sedimentology and other 

disciplines is still at an immature stage. This integrated approach is however getting increased 

attention (Al-Ramadan et al., 2005; De Ros et al., 2012; Hiatt and Kyser, 2000; Ketzer et al., 

2003; Kordi et al., 2011; Mansurbeg, 2017; McKay et al., 1995; Morad et al., 2010).  
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This study used an integrated approach in order to gain an improved understanding of 

variables controlling the spatial distribution of diagenetic features of the late Triassic rocks in 

the NW Barents Shelf. Factors controlling diagenesis such as temperature, primary textural and 

mineralogical sediment composition, depositional facies, hydrothermal convective fluid flow 

due to igneous sill emplacement, and grain-coating clay minerals, have been evaluated.  

To accomplish this, the outcrop samples were analysed with regard to thermal history 

using Rock-Eval pyrolysis-related parameters, vitrinite reflectance, fluid inclusions in quartz 

and calcite cements, and oxygen and carbon isotopes in calcite cements. Specific depositional 

facies within the sedimentary sequence were described mainly based on parameters such as 

sedimentary structures, grain size, unit thickness, bioturbation and organic content. Texture and 

mineralogy of the samples were examined, identified and quantified by X-ray diffraction, X-

ray elemental mapping, petrographic point counting and scanning electron microscopy. 

Subsequently, cathodoluminescence imaging in the scanning electron microscopy was used to 

distinguishing detrital quartz from authigenic quartz. Moreover, experimental diagenesis was 

performed in the laboratory to increase the knowledge about the mechanisms resulting in grain-

coating clay minerals, since such coatings have significant effect in preserving anomalously 

high porosity and permeability in deeply buried sandstone reservoirs.  

At a regional scale, the results provide insights into the reservoir quality development 

of offshore equivalent Triassic to Lower Jurassic rocks in the Barents Sea. In a broader sense, 

results are also applicable to sedimentary basins elsewhere with comparable geological settings, 

typically sandstones with similar framework mineralogical composition and depositional 

environment. 

This work has been funded in part by the Trias North project “Reconstructing the 

Triassic Northern Barents shelf; basin infill patterns controlled by gentle sags and faults” 

(www.mn.uio.no/triasnorth/) under grant 234152 from the Research Council of Norway (RCN). 

Tullow Oil Norge, Lundin Norway, Statoil Petroleum, Edison Norge and RWE Dea Norge have 

also provided financial support. 
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The primary research objectives were to: 

Find out whether or not the formation of grain-coating clay minerals on clean detrital 

quartz and feldspar surfaces without precursor clay minerals is possible under laboratory 

experimental conditions (Paper I). 

Examine how diagenesis and reservoir quality are linked to depositional facies (Paper 

II). 

Investigate the factors controlling the abundance and occurrences of clay minerals in 

sediments (Papers II and I). 

Understand the impacts of the volume of clay fraction on the mode of occurrence of 

detrital grain-coating Fe-rich chlorite (Paper II). 

Evaluate the thermal history of the Triassic rocks by applying multi-method approaches 

such as chemical indices, the authigenic mineral assemblage, and fluid inclusion 

microthermometry (Paper III). 

Discriminate sill-induced diagenesis from normal diagenesis through burial-heating 

using carbon and oxygen isotopes, diagenetic signatures, Rock-Eval pyrolysis Tmax 

and other associated parameters, fluid inclusion microthermometry and vitrinite 

reflectance (Papers III and IV). 

Study the effect of sill-induced diagenesis on sandstone reservoir properties (Paper IV). 

Study area and data  
The study area is located in NW parts of the Barents Shelf, and comprises outcrop belts of De 

Geerdalen Formation on Edgeøya, and De Geerdalen Formation and Wilhelmøya Subgroup at 

Wilhelmøya (Figs. 2 and 3). Edgeøya and Wilhelmøya are located within the eastern part of 

Svalbard (Fig. 2), which represents a part of the Barents Sea uplifted during Cenozoic times 

(Faleide et al., 1993; Worsley, 2008). The exposed Triassic successions are divided into the 

Lower-Middle Triassic Sassendalen Group and the Upper Triassic Kapp Toscana Group (Mørk 

et al., 1999). The Sassendalen Group comprises Vikinghøgda and Botneheia formations while 

the Kapp Toscana Group includes sediments categorised into the Tschermakfjellet Formation, 

the De Geerdalen Formation and the Wilhelmøya Subgroup (Fig. 3). Onshore sedimentological 

and sequence stratigraphic investigations have been conducted on Edgeøya and Wilhelmøya 

because they encompass excellent outcrop analogues to potential petroleum reservoirs in the

Barents Sea (Lord et al., 2017; Lord et al., 2014; Mørk et al., 1999). The De Geerdalen 

Formation and the Wilhelmøya Subgroup are considered useful analogues to the Barents Sea 
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Snadd Formation and Realgrunnen Subgroup sandstones, respectively. These sandstones are 

known for their potential as reservoir rocks (Klausen et al., 2015; Mørk et al., 1999).  

The sedimentary successions exposed on Edgeøya and Wilhelmøya were intruded by 

dolerite sills in Early Cretaceous times (Nejbert et al., 2011). The exposed outcrops are 

therefore considered a natural laboratory for examining the impact of the Early Cretaceous 

magmatism and the Cenozoic uplift, and subsequent erosion, on reservoir quality and source 

rock maturity (Faleide et al., 1996; Henriksen et al., 2011; Maher Jr, 2001; Nejbert et al., 2011; 

Senger et al., 2014b). The uncertainty in source rock, reservoir rock and cap rock quality and 

distribution for the NW Barents shelf is high compared to the SW Barents Shelf (NPD, 2017).  

For that reason, there is a common consensus among academic institutions, oil companies and 

governmental organisations to collect more data and to increase our understanding of this 

petroleum exploration target region (Abay et al., 2017; Blaich et al., 2017; Gautier et al., 2009; 

Henriksen et al., 2011; Johansen et al., 1992; Lerch et al., 2016; NPD, 2017; Ohm et al., 2008; 

Worsley, 2008). Furthermore, new discoveries in recent years, such as Johan Castberg, Wisting 

and Alta/Gotha, bring optimism and encourage petroleum exploration activity. 50 % of the 

undiscovered Norwegian petroleum resources on the Norwegian Continental Shelf are still 

expected to be in the Barents Sea (NPD, 2016).  

This study is based on two field surveys carried out in 2014 and 2015 at the outcrops of 

De Geerdalen Formation and Wilhelmøya Subgroup sediments in NW Barents Shelf, Svalbard. 

A total of 153 samples were collected from 17 localities on Edgeøya and Wilhelmøya and 

conventional sediment logs were recorded from nine localities. Apart from the reservoir rocks, 

samples also include rocks rich in organic matter from the Botneheia and Tschermakfjellet 

formations and coal samples from the De Geerdalen Formation. 
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Figure 2: A) The geological map of Svalbard shows the major stratigraphic units. Edgeøya and 

Wilhelmøya, the focus of this study, are marked with red rectangular boxes. B) Inset map 

showing an overview of the position of Svalbard in relation to the Barents Sea. Svalbard is 



7 

outlined by the yellow rectangle in the inset map. The inset map is modified from Henriksen et 

al. (2011). 

Figure 3: Generalised lithostratigraphy of the Triassic to middle Jurassic successions at various 

locations across Svalbard and the Barents Sea. Modified from Mørk et al. (1999).

Scientific background 

The world energy market is currently in a transition from fossil-fuel based into renewable, but 

an increasing global population and rapid development in emerging economies will still require 

supply of oil and gas in the decades to come (Dorian et al., 2006). The energy demand is the 

key driver for studying diagenesis in coarse siliciclastic sediments within both academia and 

industry. Diagenetic processes and products significantly influence the reservoir quality in 

sandstones at shallow and deep burial depth. Depositional processes, modes of occurrences of 

clay minerals, thermal history of the basin, provenance, initial sediment texture, and 

composition, determine the initial porosity and permeability. The initial porosity and 

permeability of the rocks generally decrease with increasing intensity of diagenesis during 

progressive burial as a function of primary depositional environment. Appropriate 

interpretation of depositional environment of the reservoir rocks that employ various observable 
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things including sedimentary structures is thus very important. Sedimentary structures recorded 

in the rock provide information about the extent and geometry of the reservoir. Moreover, the 

arrangement pattern of framework grains into specific sedimentary structures affects reservoir 

quality. These depositional structures are also modified by diagenesis, starting at the onset of 

deposition. Understanding this complex array of interrelationships (Fig. 1) between these 

attributes, reservoir quality, diagenesis and depositional environment, contributes to the 

characterisation of reservoirs and for the prediction of their quality before drilling. In the 

following section, these reservoir quality-controlling parameters will be discussed in detail.  

Sedimentology and facies analysis

Sedimentology is primarily associated with the identification of sediment depositional 

processes and thus categorisation of depositional environments from recorded evidences in the 

rock record. Sedimentology and analyses of sedimentary facies are fundamental to recognising 

and mapping sedimentary environments. The description of sedimentary strata into facies and 

facies associations and characterisation of stratigraphic intervals is used to interpret 

depositional environments. This aids in developing the sequence stratigraphic framework to 

better understand reservoir quality development. Depositional environment preserved in the 

sedimentary record is recognized based on sedimentary structures, trace fossils, colour, 

lithology, composition, bedding characteristics, biogenic content and grain size. Sedimentary 

facies studies include identification of visually distinguishable lithological components of 

sedimentary deposits and sedimentary structures to examine the vertical and lateral extent of a 

sediment body. The relative dominant depositional processes such as fluvial, tidal and wave 

considerably affect the morphology and distribution of sand bodies within a given depositional 

environment, leading to variations in depositional facies (Figs. 4 and 5).  

The various sedimentation processes, sedimentary facies characteristics and sand-body 

geometry are useful to depict the diagenetic processes controlling reservoir quality (Bjørlykke, 

2014; Morad et al., 2000; Nyberg and Howell, 2016; Worden, 2000). First and foremost, 

understanding how these sedimentary facies packages or stacking patterns formed in a 

stratigraphic record is essential.  
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Figure 4: Schematic representations of various depositional environments. Variations in 

depositional facies due to the prevailing sedimentary processes and parent material can 

characteristically result in significant differences in the intensity of burial diagenetic reactions 

and ultimately reservoir quality distribution within a sandstone sequence (modified from 

Bjørlykke, 2014).   

Figure 5 shows an example of the distribution of different types of diagenetic alteration of 

sedimentary rocks in a deltaic setting. The spatial distribution patterns of diagenetic alterations 

and reservoir quality vary as a function of discrete depositional facies. This indicates that 

breaking down the gross depositional environment strengthens our current capabilities to make 

predictions of siliciclastic rock properties in the subsurface (Bjørlykke, 2014).  
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Figure 5: Representation of the distribution of diagenetic signatures, specific depositional 

environments and sediment composition in a deltaic setting. It shows the advantage of breaking 

down the gross depositional environment of a deltaic setting for predicting reservoir quality 

distribution (Haile et al., 2017).   

Diagenesis  

Diagenesis refers to mechanical, chemical and biological processes that transform sediments 

into consolidated rock at the onset of sediment deposition. A complex array of geological 

parameters controls diagenesis: parent material, sediment primary composition, climate, 

depositional environment, and temperature, to mention some among many (Figs. 1 and 6). The 

depositional setting probably exerts the most substantial control on sediment composition and 

therefore the diagenetic progression from early to deep burial diagenesis (Fig. 6).  The 

sedimentation rate, depositional water chemistry, rock texture, biogenic activity and 



11 

depositional facies strongly dictate burial diagenesis pathways. This implies that knowledge 

obtained from linking different parameters controlling diagenesis will facilitate our capability 

of predicting changes in reservoir rock properties during progressive burial of the sediments. 

Mechanical and chemical compaction significantly influence the porosity development 

in reservoir sandstones. These processes result in considerable modification of reservoir quality 

in part or all of the sedimentary succession and thus greatly influence exploration activity. The 

driving force for mechanical compaction of sediments is the vertical effective stress which is 

imposed by overburden strata. Mechanical compaction leads to porosity decline and bulk 

density and velocity increases. Rock physical properties at shallow burial depth up to ~2-3 km 

are mainly dictated by mechanical compaction, however early carbonate cementation may 

cause total or partial porosity loss leading to lithification of siliciclastic sediments (Bjørlykke, 

2014; Bjørlykke and Jahren, 2015). The depth could be less/greater than suggested here because 

it is temperature controlled and thus depends on the geothermal gradient and burial history 

(Bjørlykke and Høeg, 1997).  

Chemical compaction becomes prevalent over mechanical compaction at burial depths 

of approximately 2-3 km and at temperatures of 60-80 ºC. Quartz cementation and a stiffening 

of the rock preventing further mechanical compaction lead to a sharp transition into a domain 

dominated by chemical compaction. The quartz cementation is associated with other diagenetic 

reactions occurring at the same time, such as illitisation or chloritisation of smectite, albitisation 

of K-feldspar, etc. (Walderhaug, 2000; Worden and Morad, 2000). Thermodynamics and 

mineral kinetics control the chemical compaction process and hence cement distribution in 

sedimentary basins. Burial diagenesis products are expressions of the depositional environment, 

primary sediment composition, parent rock (Figs. 4-6) and climate (Bjørlykke, 2014; Cox and 

Lowe, 1995; Johnsson, 1993). Studying the properties of sediments in the framework of the 

architecture of sedimentary facies is indispensable in order to understand the interrelationships 

between these complex arrays of parameters that influence burial diagenesis.   

The relative importance of compaction versus cementation in porosity loss is evaluated by 

measuring the intergranular volume (IGV) (Houseknecht, 1987). IGV is the sum of 

intergranular porosity and cement as measured by point counting standard petrographic thin 

sections (Paxton et al., 2002).  It is a useful method for describing the porosity evolution of 

sandstone reservoirs as a function of diagenetic changes. The only uncertainty linked to this 

method is the reference value of the original porosity. This initial porosity is largely dependent 
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on the dynamics of the depositional process and textural characteristic such as sorting, size and 

shape of the grains. Even though some uncertainty is related to the standard initial porosity, the 

method has been proven to give reasonably reliable and reproducible results (Ehrenberg, 1995). 

As illustrated above, diagenesis and porosity have very complex relationships indicating that 

this problem demands an integrated approach (Morad et al., 2012).  

Figure 6: Burial diagenesis is typically programmed by parent material, sedimentary processes 

at various depositional environments, primary sediment composition and shallow burial 

diagenesis. (RS, RI, and RD = reaction at shallow, intermediate and deep burial environments, 

respectively, and FO = flux out) 
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Quartz cementation and grain coatings  

Diagenetic processes such as mechanical compaction and quartz cementation are the most 

significant porosity reducing processes as function of depth through time in reservoir 

sandstones.  Understanding porosity deterioration and factors that can preserve porosity to great 

burial depth is one of the major aims of diagenetic studies. Precipitation of quartz cement on 

detrital quartz grains is mostly considered as the most important porosity-occluding process in 

quartz-rich sandstones at elevated temperatures and greater burial depths.  

Grain-coating materials may impede or prevent the nucleation of syntaxial quartz 

overgrowths on detrital sandstone grains, and hence preserve reservoir quality. The common 

grain coating clay minerals are chlorite, smectite and illite (Aagaard et al., 2000; Dowey et al., 

2017; Ehrenberg, 1993; Haile et al., 2015; Line, 2015; Storvoll et al., 2002; Wooldridge et al., 

2017). These grain-coating clay minerals play a central role for the presence of anomalously 

high porosity/permeability in deeply buried sandstones (Bloch et al., 2002; Warren and Pulham, 

2001). Microcrystalline quartz coatings on detrital quartz grains, like clay minerals, has been 

known to preserve high porosity in deeply buried Upper Jurassic sandstones of the Central 

Graben area of the southern North Sea, Norway (Aase et al., 1996).  

Grain-coating precursor berthierine or odinite and precursor clay minerals containing 

Fe and Mg like smectite are predominantly found in fluvio-deltaic sandstones (Dowey et al., 

2012). Fe-rich precursor clay minerals are transformed into the most commonly reported grain 

coating chlorite at >90  ºC (Aagaard et al., 2000). This chlorite coating preserves reservoir 

quality by inhibiting the growth of quartz (Dowey et al., 2012; Ehrenberg, 1993). Sedimentary 

successions with high amount of mud intraclasts are susceptible to porosity and permeability 

reduction due to ductile deformation. In such type of sandstones, the clay mineral coatings do 

not have any significant effect on porosity preservation. It is thus crucial to understand the type, 

origin and abundance of these clay minerals as a function of sedimentary facies in sedimentary 

basins, and examine what will be the governing factors for their mode of occurrence, as either 

coatings or pore-filling, and hence whether they preserve or degrade reservoir quality. Coupling 

the presence of clay mineral coatings and other diagenetic signatures to depositional facies 

improves our ability to predict reservoir quality evolution and identification of the controlling 

parameters on reservoir quality and heterogeneity (Morad et al., 2010).  
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Experimental diagenesis 

Knowledge about clay mineral diagenesis in sedimentary basins is key for understanding rock 

physical properties (Bjørlykke, 1998). Understanding the type, origin, abundance and 

occurrence of clay minerals in sedimentary basins is therefore crucial to predict where the good 

reservoir rocks can be found. Hydrocarbon exploration activity has produced huge amounts of 

data about the geology of sedimentary basins since the birth of sequence and seismic 

stratigraphy (Vail et al., 1977). Despite this vast dataset, our understanding of reservoir quality 

development in the light of clay mineral diagenesis in the sedimentary rocks is often very 

limited (Bjørlykke, 2014).  

The subsurface diagenetic reactions can be simulated by performing experimental 

diagenesis in order to gain understanding about these multicomponent geochemical reactions. 

However, we need to be careful interpreting experimental results since experiments will not 

completely mimic natural conditions, but only provide useful realistic constraints and clues 

about complex and multicomponent geochemical systems. The data obtained from this type of 

study can be employed as input in geochemical modelling to enhance subsurface data and 

knowledge about the distribution and quality of potential reservoir sedimentary sequences 

before drilling.  

Chlorite, illite, mixed layer illite/smectite and smectite coatings on detrital sediment 

grains are observed in natural settings (Dowey et al., 2012; Hansen et al., 2017; McKinley et 

al., 2003; Storvoll et al., 2002), but the reaction mechanisms and the main controlling 

parameters are still poorly understood. For that reason, a few experimental studies have been 

performed to complement natural observation and to understand the mechanism of clay mineral 

coatings at the surface of detrital sediment grains (Aagaard et al., 2000; Haile et al., 2015; 

Nadeau, 1998; Needham et al., 2005; Small et al., 1992). Furthermore, results from 

experimental diagenesis can be coupled with diagenetic modelling to understand more about 

the variables that control the mechanism of clay mineral coatings at the surface of detrital grains 

in the natural environment.  

The morphology of experimentally formed clay coatings resemble naturally formed 

ones, indicating similar mechanisms responsible for their formation (Small et al., 1992). This 

has important implications. Firstly a cautionary signal, particularly when analyzing authigenic 

clay minerals forming in sedimentary basins. These authigenic clay minerals may have formed 
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due to normal burial heating or high temperature induced heating. This may have considerable 

consequence in using temperature sensitive diagenetic signatures because clay mineral 

diagenesis is used to acquire information on the burial and thermal history of sedimentary rocks 

(Cathelineau and Nieva, 1985; Pollastro, 1993). Secondly, if properly performed, experimental 

diagenesis can be used to identify more accurately and in a definitive manner the main factors 

controlling the processes of formation of clay coating on the surface of detrital grains (Small et 

al., 1992). Such a study will help to identify the major controlling element for the formation of 

clay mineral coatings on the surface of grains.  

Magmatic heat induced diagenesis 

Intrusive sill complexes have impacts on petroleum systems both at regional and local scales 

(Aarnes et al., 2010; Senger et al., 2014b). Triassic sedimentary rocks in NW and East Barents 

shelf are intruded by varying thickness of Cretaceous igneous sills (Nejbert et al., 2011; Polteau 

et al., 2016; Senger et al., 2014a). This magmatic activity covers approximately 900,000 km2

in these parts of the Shelf (Fig. 7) and hence presents an important geological risk in petroleum 

exploration activity (Polteau et al., 2016).  
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Figure 7: Map showing the distribution of the Cretaceous igneous sills both onshore and 

offshore in the Barents Sea Shelf.  Modified from Polteau et al. (2016). 

The increasing shift in the focus of hydrocarbon exploration from the southwestern Barents 

Shelf towards the northwestern and eastern Barents Shelf demands a better understanding of 

the impact of this magmatic activity on the quality and distribution of source rocks rather than 

reservoir rocks in this area (Abay et al., 2017; Brekke et al., 2014). Therefore, an improved 
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understanding of whether the impacts of igneous activity on both reservoir and source rocks are 

beneficial or detrimental is important for reducing exploration uncertainties. 

The influence of igneous intrusion in sedimentary basins on the maturity of source rocks 

and the quality of reservoir rocks, is associated in most of the literature with contact 

metamorphism (Brekke et al., 2014; Mckinley et al., 2001; Senger et al., 2014a). However, a 

few studies have indicated that intrusion of igneous rocks into the prospective sedimentary 

basins has resulted in the formation of hydrothermal convection cells that have possibly affected 

reservoir quality (Einsele et al., 1980; González-Acebrón et al., 2011; Holford et al., 2013). 

Predicting the spatial and temporal distribution of diagenetic alterations in siliciclastic 

successions, and separating the contributions of normal burial heating from those induced by 

the sill intrusions, is a challenging exercise (González-Acebrón et al., 2011). Sill intrusions can 

also result in compartmentalisation of significant volumes of basin stratigraphy. Examples of 

igneous intrusions within the Triassic and Permian section recorded in seismic data from the 

Barents Shelf is shown in Figure 8. Compartmentalisation can significantly influence fluid 

migration pathways in sedimentary basins, in addition to affecting source rock maturity and 

reservoir quality. 
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Figure 8: The seismic profile across the central Barents monocline, southeast Barents Basin and 

central Zemlya Basin. See Fig. 7 for location. This seismic line illustrates the spatial and 

temporal distribution of extensive igneous sills in the Mesozoic sedimentary strata. Modified 

from Polteau et al. (2016). 

General descriptions of the work 

This thesis contains four papers that deal with chemical diagenesis and how it links to the 

depositional environment. The first paper presents an experimental diagenesis study on the 

formation of clay coatings on clean surfaces of quartz and feldspar, i.e. without precursor clay 

phases. The second paper presents links between diagenesis and sedimentology to reveal 

reservoir quality evolution and the factors that control the formation of clay mineral coatings 

in a natural diagenesis setting. The third paper presents the importance of linking source and 
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reservoir rock geothermometers in the stratigraphic record for unravelling the thermal history. 

The last paper investigates the implication of sill-induced diagenesis on reservoir quality.  

Papers details 

The following section summarises the main findings and conclusions presented in the papers. 

A complete version of each paper is included in enclosures 1-4. 

Paper I  

Experimental nucleation and growth of smectites and chlorite coatings on clean feldspar 

and quartz grains surfaces (published in Marine and Petroleum Geology) 

This paper presents laboratory experimental evidence of the formation of grain-coating 

smectites and chlorites on clean quartz and feldspar grains. Authigenic chlorite and smectite 

are common authigenic minerals in sandstones. It is known that the presence of such types of 

clay minerals in the form of coatings inhibit quartz overgrowths in siliciclastic sandstones. They 

hence act to preserve anomalously high porosity at deep burial depth. Many studies have looked 

at the origin of authigenic clay formation, but the required conditions and mechanisms of 

formation are still not fully understood. Most studies have suggested that alteration of precursor 

clay minerals is required for the formation of the chlorites and smectites, whereas formation on 

clean sandstone grains has been found unlikely.  

The aim of this study was to experimentally investigate if direct nucleation and growth 

of smectites and chlorites on clean feldspar and quartz surfaces was possible. The experiments 

were performed at 100 and 150 °C using artificial formation waters with Mg-concentrations in 

the upper range of North Sea brines and with varied pH and carbonate content. The experiments 

were run for 21-50 days in batch reactors.  Raman spectroscopy and SEM/EDS were used to 

examine the clay-coats and the geochemistry software PHREEQC v3 was used to calculate in 

situ mineral saturation indices. The experiments suggest that the silica activity is the main factor 

determining whether grain-coating smectites or chlorite form. The clay minerals formed easily 

both on clean quartz and feldspar surfaces, but chlorite coatings were formed only on feldspar 

surfaces while smectite coatings were formed on both feldspar and quartz. The chlorite 

morphology varies between honeycomb, edge-to-face and rosette patterns, while all smectite 

formed with honeycomb-like textures. The secondary clay coatings are morphologically similar 
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to naturally occurring diagenetic clay minerals. The study suggests that the nucleation of clay 

coatings in nature may be possible even on clean quartz and feldspar surfaces. There may 

however be a possibility that pre-existing clay minerals in natural systems prevent high aqueous 

supersaturations and thereby reduce or inhibit the formation of the grain-coating phases on 

clean reservoir minerals. This must be further examined. 

Main findings and conclusions: 

The experimental results strongly indicate that clay mineral coatings can be formed on 

the surface of different substrates by varying the pH, temperature and supersaturation. 

In natural sediments and sedimentary rocks, it is commonly believed that the formation 

of clay coatings is promoted by pre-existing clay mineral drapings on the mineral grains. 

However, this study demonstrates that grain-coating smectites and chlorites can form 

on clean feldspar and quartz surfaces at 100-150 ºC, given sufficient supersaturation and 

time. 

K-feldspar was the source of Al and silica for clay mineral overgrowths. Excess supply 

of silica due to quartz dissolution in addition to feldspar facilitated the growth of 

smectite rather than chlorite. 

The hydrothermally formed clay coatings, smecite and chlorite, have similar 

morphology to naturally occurring clay coatings. This suggests similarity in the reaction 

mechanism for the development of clay coatings in the hydrothermal and burial heated 

systems. This indicates the importance of performing laboratory experiments to 

characterise clay coat formations in sedimentary basins. Moreover, this improves our 

knowledge related to the variables controlling clay overgrowths in sedimentary 

environments.  

The effects of the substrates were two-fold: (1) providing surface areas for nucleation 

of the clay particles; and (2) providing elements required for the clay growth such as 

Al, Si and K. The low solubility of aluminum around neutral pH conditions suggests 

that local supply rates of aluminum and spatial diffusive transport may control clay 

growth in sedimentary rocks. 
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Paper II  

How are diagenesis and reservoir quality linked to depositional facies? A deltaic 

succession, Edgeøya, Svalbard (published online November 16, 2017 in the Journal of Marine 

and Petroleum Geology) 

The relationship between depositional facies and diagenesis in a deltaic succession of Triassic 

reservoir sandstones at Edgeøya, Svalbard, was investigated. This succession consists of time-

equivalent rocks to those in the Barents Sea. It has been difficult to predict the reservoir quality 

of these Barents Sea sandstones. Investigating the distribution of diagenetic alteration in a 

depositional facies context is seen as vital to improve the predictability. Our study improves the 

current understanding of reservoir potential within deltaic sandstones by linking depositional 

facies with diagenesis and their impact on reservoir quality.  

Mechanical compaction was the main cause of porosity destruction in the channel, 

shallow marine and floodplain samples, while early carbonate cementation occludes the 

intergranular volume in the prodelta samples. Depositional setting within a deltaic to shallow 

marine system does not exert a strong control on the abundance of chlorite, but it does influence 

whether the chlorite is pore-filling or grain-coating and porosity-preserving. Efficient chlorite 

coating has aided in preserving porosities up to 32% in the well sorted medium grained 

sandstones deposited in fluvially dominated channels. 

Main findings and conclusions: 

Diagenetic signatures that control the quality of reservoir rocks vary systematically as 

a function of depositional facies. This is because the sediments that belong to different 

depositional facies respond differently to burial diagenesis. 

Mechanical and chemical compaction is conspicuous in the floodplain, channel and 

shallow marine depositional facies. However, mechanical compaction was the main 

cause of porosity destruction in these facies. 

Carbonate cements are the prevalent porosity-occluding cements in prodelta 

depositional facies and occasionally also in the shallow marine facies. Quartz cements 

and locally carbonates principally occlude the porosity of the shallow marine 

depositional facies.  
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In general, variation in the extent of chlorite coatings is noted as a function of 

depositional facies, grain size, sorting, and percentage of clay fraction. Chlorite is 

abundant in comparable concentrations in all of the depositional facies, but its mode of 

occurrence varies markedly. The well to very well sorted, medium to fine-grained 

channel depositional facies sediments are noticeably characterised by well-developed 

continuous grain-coating chlorite, whereas the floodplain sediments have only minor 

and patchy coatings. Grain coatings are absent in the shallow marine and prodelta 

sediments.  

This study shows that sorting does not exert a strong control on the abundance of 

chlorite but it does on the mode of occurrence. The well to very well sorted medium to 

fine-grained sediments of the channel depositional facies display the best reservoir 

quality (  = 18 % to 32 %). 

In general, sedimentary depositional processes influence sediment grain size and sorting 

and consequently the modes of occurrence of chlorite in the sediments, and finally the 

reservoir quality. 

In general, this study illustrates that predicting reservoir quality of sediments in a deltaic 

setting can be better delineated by linking diagenesis with depositional facies. 

Paper III 

Thermal history of a Triassic sedimentary sequence verified by a multi-method approach: 

Edgeøya, Svalbard, Norway (in press, accepted manuscript in the Journal of Basin Research) 

This study offered a new and improved thermal history evaluation of Triassic rocks from 

Edgeøya, Svalbard. Previous burial estimates of the Triassic rocks on Svalbard are based solely 

on source rock maturation data. The source rock maturation may have been affected by late 

Mesozoic magmatism, and there is therefore uncertainty in estimated burial depths and later 

uplift. The aim of this project was to provide more accurate temperature estimates by utilising 

a broader data set including source rock maturity parameters, reservoir rock diagenesis 

overprints, and fluid inclusion microthermometry in diagenetic quartz. Rock-Eval pyrolysis 

data indicates that the De Geerdalen Formation experienced burial temperatures of  92 °C. 
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This is further supported by the presence of a mixture of authigenic kaolinite and dickite, 

implying that the sediments have been subjected to temperatures > 90 oC. The underlying strata, 

Tschermakfjellet and Botneheia formations, experienced burial temperatures of about >124-

138 °C. Fluid inclusions in authigenic quartz indicated that De Geerdalen Formation sandstones 

have been subjected to a maximum burial temperature of around 124 oC. This is consistent with 

the absence of illlite formation associated with kaolinite since the temperature did not exceed 

130 oC. This study illustrates that fully integrating chemical indices, mineral indices and fluid 

inclusion data will aid in assessing the quality of temperature proxies and thus constrain the 

thermal history of any basin.  

Main findings and conclusions: 

The indicators of thermal maturation, HI and Tmax (430-455 ºC) and the calculated 

vitrinite reflectance (0.58-1.03) indicate that all the Triassic source rocks were within 

the oil generation window during maximum burial. This is consistent with the 

identification of temperature sensitive intermediate burial depth authigenic minerals in 

the studied succession such as dickite, ankerite, illite from smectite, and chlorite. 

Production index related to Rock-Eval Tmax are appropriate thermal elements to 

discriminate igneous sill induced thermal impacts from burial heating. Unlike the study 

area, sill induced thermal signatures were recorded in the samples obtained from the 

Reddikeidet and Muen sections located in the northwestern part of Edgeøya. 

Kaolinite to dickite transformation indicates that De Geerdalen Formation sandstones 

have been subjected to temperatures above 90 ºC but  124 ºC based on the fluid 

inclusion temperature in quartz. Likewise, the sedimentary rocks do not reveal any 

evidence of diagenetic reactions like kaolinite to illite occurring above 120-130 ºC.  

Chemical indices coupled with mineral indices showed a very good match. This implies 

that even though the sedimentary basin has been subjected to magmatic activity and 

multiple uplift and consequent erosion, it is possible to constrain its thermal history 

reliably. Furthermore, this multi-method approach provides the best cross-checking and 

testing platforms between different geothermometers regarding the trustworthiness of 

each method. Such type of an integrated approach is also very beneficial for analysing 
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the thermal history of a basin, especially when sedimentary strata with organic matter 

are present butt lack vitrinite for reflectance measurements. 

Results of this study suggested that magmatism could have significant effect on the 

maturation of organic material, while little or no effect on the diagenetic products such 

as quartz cementation associated with reservoir rocks. Therefore, authigenic quartz 

overgrowth can be used to distinguish normal burial temperatures from magmatic heat. 

This may be due to quartz cementation being too slow to record the effects of the 

relatively short magmatic heating event, compared to the organic matter. 

Paper IV  

Hydrothermally induced diagenesis: Evidence from shallow marine-deltaic sediments, 

Wilhelmøya, Svalbard (in press, accepted manuscript in Geoscience Frontiers) 

This study represents new insights about hydrothermally driven diagenetic changes due to the 

emplacement of magmatic sills into potential reservoir sediments at Wilhelmøya (Svalbard) 

and its implications in reservoir quality evolution. This locality is an excellent natural laboratory 

to study the effect of sill intruding permeable, largely uncompacted and unconsolidated, 

sediments. Dolerite sill intrusions in the studied area are of limited vertical extent, ~12 metres 

thick, but there are indications that they created localised hydrothermal convection cells 

affecting sediments at considerable distance from the intrusions such as more than five times 

the thickness of the sill.  

Based on the evidence presented in this study, the sedimentary sequence can be divided 

into two thermal regions: 1) burial heating with a maximum burial temperature lower than 60-

70°C; and 2) sill-induced heating within and below thinner carbonate cemented intervals that 

have experienced hydrothermal temperatures around 140°C. Hydrothermally induced high 

temperature diagenetic alteration products affecting the porosity and hence reservoir quality 

were not detected in the burial heating region of the reservoir intervals. However, sill induced 

diagenesis was distinguished preferentially along calcite cemented flow baffles. These layers 
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revealed high temperature hydrothermal induced reactions such as recrystallisation of carbonate 

cements, localised sericitisation of feldspars, albitisation of both K-feldspar and plagioclase, 

and formation of fibrous illite nucleated on kaolinite. These sill induced diagenetic signals infer 

hydrothermal alteration at T >120-140 °C at distances considerably further away than expected 

from dissipation of heat by conduction only, which commonly affect sediments up to twice the 

thickness of the sill intrusion.  

Main findings and conclusions: 

Magmatic sill intrusions have affected the carbonate cemented sandstone intervals both 

close to the sill ~1 m and ~65 m away from the sill intrusion. High temperature igneous 

sill induced diagenesis signatures were recorded in these thin carbonate cemented 

sedimentary intervals considerably further away, up to more than five time the thickness 

of the sill, than expected by conduction only. Heat dissipation by conduction commonly 

affects sediments up to twice the thickness of the sill intrusion. The carbonate layers are 

interpreted to represent original flow baffles controlling and focusing convective hot 

brine mobilised by the magmatic heat.  

Hydrothermal fluids selectively influence reservoir quality. The sedimentary strata 

under investigation showed diagenetic signature stratification: 1) burial diagenesis 

lower than about 60-70 °C; and 2) sill induced diagenesis around 140 °C due to 

hydrothermal fluid flow. The sill induced hydrothermal fluid does not appear to affect 

the reservoir quality of the sedimentary sequence outside the thin calcite cemented 

sedimentary layers.  

The sedimentary succession on Wilhelmøya has never been deeply buried. The effects 

of the hydrothermal alteration were therefore easily distinguished from the background 

low-temperature diagenesis alteration. This study thus provides information of how 

hydrothermal alterations can be discriminated from burial diagenetic alterations in 

sandstones.
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Summary and Main messages 

There are many excellent published works that describe the Triassic sedimentary sequences on 

the Barents Shelf in terms of sedimentology, sequence stratigraphy, tectonic and depositional 

environments (Glørstad-Clark et al., 2011; Glørstad-Clark et al., 2010; Klausen and Mørk, 

2014; Lord et al., 2017; Lord et al., 2014). However, this work presents for the first time a 

detailed and comprehensive study of the diagenesis and reservoir quality evolution of the De 

Geerdalen Formation and Wilhelmøya Subgroup from Edgeøya and Wilhelmøya. Major factors 

controlling diagenesis and ultimately reservoir quality evolution in a deltaic setting were 

investigated. These factors include depositional facies, temperature, primary sediment 

composition, magmatic activity, and grain-coating clay minerals. The results of this thesis 

demonstrate that integration of sedimentology and diagenesis can be used to better understand 

reservoir quality evolution in sandstones as a function of burial. 

Experimental diagenesis was performed to add information in order to develop a better 

understanding of clay mineral formation in relation to available substrates (Paper I). The study 

clearly indicated the possibility of forming clay mineral coatings on the surface of clean detrital 

grains without precursor clay phases (Paper I). The formation of clay mineral coatings was 

controlled by silica activity and the pH of the solution (Paper I). This result illustrates the need 

to investigate thoroughly and cautiously the mechanism of clay coating formation in natural 

settings. Even though clay minerals are present only in small amounts of the total rock volume, 

they may have profound impact on reservoir quality evolution either positively or negatively, 

depending on their mode of occurrence (Paper II).  

The distribution of diagenetic patterns and styles is constrained by breaking down the 

deltaic depositional setting into its component parts or sub-environments rather than 

considering the gross depositional environment (Paper II). This clearly provides a powerful 

tool to predict clay mineral distribution, modes of occurrences of clay minerals as pore-filling 

or pore-lining and distribution of diagenetic alterations controlling reservoir heterogeneity and 

quality across a given depositional system. In order to better understand the interlinking 

between depositional facies and modes of occurrences of chlorite coatings in sandstones more 

case studies should be performed. The integration of depositional facies and diagenesis will 

clearly improve our capability to predict the evolution of clay minerals during burial resulting 

into either deterioration or preservation of anomalously high porosity. However, such studies 
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should be associated with well-constrained thermal history investigations (Paper III) and 

knowledge of initial rock composition and early burial diagenetic alterations (Paper II). 

In this work systematic variation in diagenetic signatures as a function of depositional facies 

was observed (Paper II). This indicates that the best reservoir quality in a deltaic setting could 

be predicted with knowledge on the distribution of diagenetic signatures, specific depositional 

facies, and primary sediment composition (Paper II). The clay mineral contents and the volume 

percentage of clay fraction differences found within each depositional facies may have resulted 

in facies-dependent differences in mechanical and chemical compaction processes during burial 

and thus reservoir porosity variations (Paper II). 

The effect of sill induced hydrothermal convecting fluids with respect to alteration 

involving the framework grains is an important factor to consider for predicting porosity 

evolution in sedimentary basins. Such sill induced diagenesis was observed in parts of the 

sedimentary sequence of Wilhelmøya (Paper IV). Based on all the evidence, two diagenetic 

stratigraphic zones were distinguished: 1) uncemented layers which had experienced burial 

temperatures of around 60-70 °C; and 2) thinner carbonate-cemented layers which had 

experienced hydrothermal temperatures of around 140 °C, based on their respective diagenetic 

signatures (Paper IV). The study presented here suggests that sill intrusions may affect the 

sediments by means of localised hydrothermal circulation systems at a considerably greater 

distance from sill intrusions than is the case with contact metamorphism or conduction. 

Conduction may affect sediments up to twice the thickness of the magmatic intrusion. This 

result is new. The bulk properties of the reservoir rocks, however, were not influenced as only 

pre-existing flow-baffles were affected by hydrothermal circulation (Paper IV). 

To constrain the thermal history of a sedimentary layer with an integrated approach is 

important because temperature is the prime control on the quality of reservoir rocks and 

hydrocarbon maturation potential in source rocks.  Knowledge of the thermal history of the 

basin is fundamental to reconstruct basin evolution. Moreover, it is required to calibrate and 

verify the modelled burial history trend curves in a given sedimentary basin.  With regard to 

this matter, the maximum burial temperature (  124 ºC) for the De Geerdalen Formation at 

Edgeøya was determined using different independent analytical methods. These methods 

included mineral indices, chemical indices, and fluid inclusion microthermometry in quartz 

overgrowth (Paper III). This temperature corresponds to about 2 to 2.5 km of uplift in the study 

area, which is in agreement with previous studies of regional uplift trends in the region.
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Implications for hydrocarbon exploration in the Barents Sea  

The Barents Sea Shelf represents a novel region for exploration in the Arctic. The geology of 

Svalbard is a window into the Barents Sea hydrocarbon province (Dallmann et al., 1993; 

Harland et al., 1997). This is because Svalbard has subaerially exposed Triassic successions 

that can serve as analogues for subsurface successions of the Barents Sea (Lundschien et al., 

2014). This scenario seems likely since the De Geerdalen Formation at Hopen was a good 

analogue to the upper part of the Triassic Snadd Formation in the Barents Sea (Klausen and 

Mørk, 2014). Similarly, the sedimentary facies observed at Hopen are also similar to those 

observed at Edgeøya (Lord et al., 2014; Rød et al., 2014). Furthermore, the sandstone channel 

bodies recorded at Hopen are relatable to those observed in the Barents Sea Snadd Formation 

(Klausen and Mørk, 2014; Lord et al., 2014). Additionally, reconstruction of the deltaic 

environment during late Triassic showed the large-scale prograding deltaic system that 

gradually filled the present-day Barents Sea Shelf with sediments mainly sourced from the 

Uralian mountain chain (Bue and Andresen, 2014; Klausen et al., 2017; Klausen et al., 2015). 

To sum up, the sedimentary sequences found onshore are analogues deposited in similar 

depositional environments and have similar sediment composition to the sequences found in 

the subsurface further to the south. Depositional environments and sediment composition are 

the most critical factors in order to use outcrops as analogues for subsurface successions 

(Bjørlykke, 2014). The aforementioned studies therefore suggested that the knowledge obtained 

from this study regarding the distribution of diagenetic alterations as a function of depositional 

facies in the Triassic sequences are likely comparable with the diagenesis found in the Snadd 

Formation located in the subsurface Barents Sea area.  

In the deltaic depositional environment at Edgeøya, the main diagenetic alterations 

recorded were early siderite and calcite cements and late ankerite cementation, quartz 

cementation, pore-filling kaolinite formation due to leaching of both feldspar and mica, 

kaolinite dickitisation, and chloritisation. Similarly, the occurrence of burial-diagenetic quartz, 

chlorite, and ankerite that has been reported from the Snadd Formation has been buried to 

depths appropriate to lead to temperatures sufficient to form these phases (Line, 2015). Chlorite 

coatings preserving anomalously high porosity have been documented from the Snadd 

Formation (Line, 2015) although the occurrence of chlorite coatings in De Geerdalen Formation 

has not been highlighted previously. Late diagenetic chlorite is a phenomenon in the Snadd 
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Formation, related to the channel depositional facies (Line, 2015). Likewise, chlorite coating is 

noted in the channel depositional facies of the De Geerdalen Formation (Paper II). 

It is thus worth speculating briefly on what the Snadd Formation would look like in 

terms of diagenesis and reservoir properties in sections both in shallow to deeply buried settings 

compared to in the DGF. Similarities observed regarding temperature sensitive diagenetic 

signatures lead to an inference that the Snadd Formation (~3.3 km ) corresponding to well 

7228/7-1A from Nordkapp Basin (Line, 2015) has been subjected to burial depth relatively 

similar to that of the De Geerdalen Formation (~3.1 km) from Edgeøya (Paper III).  

Increasing the depth of the above sections by several hundred to a thousand meters may 

have relatively little effect on porosity and permeability in the chlorite coated channel facies 

sequences. This indicates that the chlorite coats would impose a significant effect in preserving 

anomalously high porosity in samples buried much more than the Snadd  Formation’s present 

day depth (Ehrenberg, 1993). There would be less ankerite than siderite and calcite in the less 

deeply buried sections, though the total quantity of carbonate likely be close to the amount 

found in the above-described studies. Decreasing the depth of section by several hundred to a 

thousand meters may have relatively little effect on average porosity and permeability since 

they are largely controlled by early diagenetic and depositional factors. However, the reduced 

volume of quartz cement would allow the cleanest sandstones perhaps to have higher 

permeability values than those found in the De Geerdalen Formation. 

The northerwestern Barents Sea had been influenced by the extensive Cretaceous age 

magmatic activity of ~80-130 Ma (Nejbert et al., 2011; Senger et al., 2014b). Sill intrusions 

from that are common on both Svalbard and larger parts of Barents Sea North area. Therefore, 

a study investigating this phenomenon has significance for the exploration activity targeting the 

Triassic and Jurassic sedimentary sequences in the northwest Barents Sea. The results obtained 

regarding the effect of sill-induced diagenesis on reservoir quality from Wilhelmøya indicate 

that rock volumes further away than conventionally believed as due to convection may be 

affected by heat transfer when a sill is emplaced in a sedimentary sequence. Despite the 

indications of convective heat and fluid transport, the flow is only affecting a minor part of the 

reservoir i.e. the flow baffles and focused flow channels, and the effect on the bulk 

porosity/permeability is therefore likely low. However, this process requires more investigation 

from different localities to better constrain the vertical and lateral changes in the rock property 

around sill intrusions. If the hydrothermal convection cell heat dissipation mechanism as found 
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at Wilhelmøya is also present at other localities in the area, care should be taken during 

exploration to quantify the effect of sills on expected reservoir properties not only in the Triassic 

strata at which sills are predominantly emplaced but also in the potential reservoir rocks of the 

overlying Jurassic strata.  

Further Work  

Several research questions were encountered during the course of this three-year PhD project; 

however, not all of them could be fully explored in this study. Therefore, some parameters 

controlling diagenesis and ultimately reservoir quality evolution of the clastic sediments studied 

should be addressed in future work: 

Chlorite coating: As has been shown in this study, clay minerals certainly play an important 

role in sandstone diagenesis, and ultimately in reservoir quality evolution. Grain-coating clay 

minerals have a positive effect on porosity preservation while pore-filling clay minerals have a 

negative role. Understanding the mode of occurrence and abundance of these clay minerals and 

the controlling factors on the mode of occurrence and abundances at a given depositional 

environment are significant for clastic reservoir exploration. However, the major controlling 

factors for the modes of occurrences of these clay minerals, i.e. either pore-filling or grain-

coating, are still poorly understood and hence this requires further investigation. This signals 

the need to perform more experimental work on the mechanism of clay coat formation using 

both chemical (Paper I) and mechanical (Matlack et al; 1989) methods. 

Sill induced diagenesis: The NW Barents shelf is potentially a future hydrocarbon exploration 

frontier, but there is evidence for past intrusive igneous activity, likely constraining the 

distribution and quality of both reservoir (Paper IV) and source rocks (Abay et al., 2017; 

Brekke et al., 2014). What is the dominant heat transfer mechanism in the highly porous 

sedimentary sequences?  How does sill intrusion affect reservoir quality? In contrast to what 

has been suggested earlier in the literature, diagenetic alterations in sill induced clastic 

sedimentary sequences are not mediated merely by conduction, but by hydrothermal convection 

cell formation (Paper IV). Hydrothermal convection cell impact is evidenced in carbonate-

cemented intervals approximately up to five times the thickness of the sill away (Paper IV). 

Still the result from this case study is preliminary and it requires more isotope, vitrinite 

reflectance and fluid inclusion data to better constrain the thermal history and rigorous study 

regarding hot fluid flow pathways backed by field observation and more data collection. 
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Porewater chemistry: it is important to constrain the porewater chemistry and sedimentary 

facies since both control diagenetic reactions in sandstones. Processes in the depositional 

environment has significant control on the initial porewater composition and diagenetic styles 

in sandstones. Porewater chemistry is an essential input in chemical equilibrium models to 

predict fluid-rock interactions. Obtaining data regarding porewater composition will thus aid 

the modelling of geochemical reactions. The diagenetic reaction products obtained from the 

model can be compared with diagenetic reactions observed from petrographic and geochemical 

studies. If similar results are obtained, predicting diagenetic patterns in a similar geological 

setting will likely be performed before drilling. Moreover, since porewater chemistry and 

depositional environment are highly interrelated, it would also enhance depositional 

environment interpretations (Mansurbeg, 2017). Therefore, performing stable carbon, hydrogen 

and oxygen isotope analyses and LA-ICPMS fluid inclusion microanalysis is suggested to 

obtain porewater chemistry that would: (i) validate outcrops as testing platforms to allow an 

alternative approach to use numerical models of fluid-rock interaction to predict diagenetic 

alteration patterns in the subsurface before drilling and (ii) enhance reliable identification of 

depositional environments. 
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