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Abstract 

 

Late Cretaceous Turbidites, Heidrun Field, Norwegian Continental 

Shelf 

 

 

 

 

Sarika Kala Ramnarine, M.A. 

The University of Texas at Austin, 2011 

 

Supervisor:  Dr. Lorena Moscardelli 

 

The Heidrun field is located in the Halten Terrace of the Mid-Norwegian 

Continental Shelf and is one of the first giant oil fields found on the Norwegian Sea. 

Modern 3D seismic reflection data acquired over the field, as well as well data were used 

to define the key structural and stratigraphic elements within the study area. The basic 

geologic history of the Heidrun field is typical of most North Sea plays, and includes 

Triassic rift sequences that are masked by the reactivation of bounding faults that were 

active during the Jurassic rift phase. This rifting phase was followed by deposition of 

marine black shales and subsequent carbonaceous shales during the Latest Jurassic to 

Earliest Cretaceous. The next sequence was characterized by the deposition of Paleocene-

Eocene boundary tuffs, which were formed due to volcanism associated with a rifting 

event that separated Norway and Greenland. Finally, an Eocene to present passive margin 
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marine sequence is dominant over the study area that is mainly composed by glacial 

deposits. Traditional reservoir intervals within the Heidrun field are located within the 

Jurassic age inter-rift sequence. However, most recently Cretaceous-age turbidites have 

been explored in the Norwegian and North Sea as possible targets with some success. 

These Cretaceous turbidites are traditionally found as basin floor fan deposits within 

rifted deeps along the Norwegian continental shelf and are believed to be sourced from 

localized erosion of Jurassic- age rifted highs. Data within our study area revealed the 

existence of a deep-water Cretaceous age wedge located within the downthrown hanging 

wall of several smaller half-grabens formed on the Halten Terrace. Seismic attribute 

extractions taken within this Cretaceous wedge show the presence of several elongate to 

lobate bodies that seem to cascade over fault-bounded terraces associated with the rifted 

structures. These high amplitude elongated bodies are interpreted as proximal 

sedimentary conduits that are time equivalent to the Cretaceous basin floor fans located 

in more distal portions of the basin to the west. Several wells penetrate the updip, tilted 

half-graben hanging walls which are believed to be sourcing these turbidite systems. 

These half graben fills have the potential to contain high quality Cretaceous sandstones 

that might represent a potential new reservoir interval within the Heidrun field. 
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CHAPTER I: INTRODUCTION 

1.1 INTRODUCTION 

The Vøring and Møre basins are located on the mid-Norway continental shelf and 

slope (Figures 1.1 and 3.1). During the period between 1959 and 1969, magnetic and 

gravity surveys, as well as seismic refraction data were used to estimate the thickness and 

distribution of sediments within the Vøring and More basins (Bukovics and Ziegler 

1985).Exploration for oil and gas in the Mid-Norwegian continental shelf began in 1979 

and it was initially concentrated on the Halten Terrace area (Bukovics and Ziegler 1985). 

The study area, located on the eastern shoulder of the Greater Vøring Basin, has highly 

productive reservoirs associated with Jurassic footwall highs. However, these traditional 

reservoir targets are considered to be too deep in the central part of the Vøring basin to be 

viable targets. The Heidrun Field is located within the Halten Terrace (Figures 1.1 and 

3.1) and it was initially discovered in 1985 by exploration well 6507/7-2. The Heidrun 

Field was one of the first giant oil fields found on the Halten Terrace (Figure 1.1) and at 

the time of discovery, it was the most northerly field in Norway (Figure 1.1).  

Traditional reservoirs in the Norway offshore acreage are located within heavily 

faulted blocks that are the product of multiple rifting episodes. Sedimentary rocks 

associated with these Jurassic reservoirs are mainly composed of shallow marine inter-rift 

sediments (Whitley 1990). The majority of these Jurassic reservoirs have already been 

discovered and produced over the last decades (Fugelli and Olsen 2005). The declining 

production, associated with the depletion of Jurassic reservoirs in the study area, has 

recently encouraged exploration efforts within the younger Cretaceous succession. 

Despite the renewed exploration interest on the Cretaceous interval, this unit still remains 

poorly understood from a geological perspective. The main objective of this study is to 

characterize the Cretaceous stratigraphic section within the Heidrun Field to understand 
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its tectonostratigraphic significance, paleoenvironmental configuration and reservoir 

potential.
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Figure 1.1: Location of the Mid-Norwegian Continental Shelf and Heidrun Field (white star) on inset map
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1.2 OBJECTIVES 

The primary purpose of this study is to understand the tectonostratigraphic 

significance, paleoenvironmental connotation and reservoir potential of the Cretaceous 

stratigraphic succession within the Heidrun field. This was accomplished by completing 

the following objectives:  

1. Establishing the tectonostratigraphic evolution of the Heidrun field, with special 

emphasis on the Cretaceous-aged syn-rift (Cromer Knoll Group) and post-rift 

(Shetland Group) tectonosequences. 

2. Performing a detailed seismic geomorphological characterization of the 

Cretaceous half-graben margin that is located within the southeastern portion of 

the study area. 

3. Defining the character of sediment distribution within the syn-rift Cretaceous 

wedge (Cromer Knoll Group), and its relationship with potential slope and basin 

floor fan systems located in the more distal portions of the Greater Vøring Basin 

4. Exploring the viability of reservoir presence within the syn-rift stratigraphic 

succession (Cromer Knoll Group) and the sealing capacity of the younger post-rift 

sequence (Shetland Group). 

 These objectives were achieved through the integration of 3D seismic data with 

well information. 

The main results of this thesis are organized in the following six chapters: 

 Chapter 1 provides the location and an introduction to the study area, and lists the 

objectives for this study. 

Chapter 2 discusses the regional geology and the tectonostratigraphic relevance of 

the main geologic units that are present in the Heidrun area. Seven tectonosequences 
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were identified, and are discussed in terms of their seismic character, geomorphology and 

stratigraphic characteristics. 

Chapter 3 briefly describes the details associated with the 3D seismic survey and 

well logs that were used in this study. Additionally, this chapter describes how the 

different data sets were calibrated and integrated. 

Chapter 4 details the analysis of the syn-rift group (Spekk Formation and Cromer 

Knoll Group), including its seismic character, geomorphology, well log response and 

paleoenvironmental interpretation. The reservoir potential of this group is also discussed 

in this section. 

Chapter 5 examines the post-rift Shetland group. The morphology and reservoir 

potential for this group is discussed, as well as its sealing capacity. 

Chapter 6 states the major conclusions for this study.  

 

1.3 PREVIOUS WORK 

The Norwegian continental margin has a relatively short hydrocarbon exploration 

history compared to other basins around the world (Bukovics and Ziegler 1985). 

Exploration in the Norwegian Sea began shortly before the first offshore oil field 

(Ekofisk) was discovered in 1980; therefore the majority of studies on the mid-

Norwegian continental shelf have only been performed during the last thirty (30) years.  

Many of the current studies in the Mid-Norwegian continental shelf are regional 

studies aimed at unraveling the complex tectonic evolution of the area. Bukovics and 

Ziegler (1985) were one of the first authors to propose a model for the tectonic evolution 

of the Mid-Norway continental margin. This study focused on the major tectonic events 

and the delineation of the sub-basins created on the Norwegian Continental Shelf. 
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Subsequently, several different authors proposed different tectonic models that conflicted 

in the proposed ages of the multitude of tectonic events (Bukovics and Ziegler 1985; 

Whitley 1990; Doré, Lundin et al. 1999; Nøttvedt 2000; Gabrielsen, Kyrkjebø et al. 2001; 

Færseth and Lien 2002; Gómez, Vergés et al. 2004; Fugelli and Olsen 2005). This 

conflict was especially noticeable in the definition of the Cretaceous period, which is the 

subject of study in this work. 

More detail on the Heidrun field and Halten Terrace was noted in Whitley’s 1990 

publication, where additional structural detail and the elements of the petroleum system 

for the Norwegian continental shelf were discussed. Whitley’s study also included a 

significant amount of detail on the Jurassic reservoir petrophysics.  

There are many studies that have been performed during the last ten (10) years 

within the Jurassic interval where most of the known reservoir levels are located, 

however interest in the syn-rift Cretaceous (Cromer Knoll Group) section has increased 

considerably lately. Fugelli and Olsen (2005, 2007) documented the presence of 

Cretaceous reservoir fairways in the Norwegian Sea, while Morton and Chenery (2009) 

performed provenance studies for these Cretaceous sandstones.  

Despite renewed interest on the Cretaceous interval within the study area, the 

Cretaceous post-rift unit (Shetland Group) still remains understudied. Fugelli and Olsen’s 

study of the Cretaceous Norwegian Continental shelf slightly mentioned the significance 

of the post-rift Shetland Group, but observations about this unit remain a minor part of 

their reservoir fairway study. A better understanding of the character and nature of the 

Shetland Group is required (Skar and Beekman in press) since this unit must act as an 

effective seal if intervals within the older Cromer Knoll Group are to be considered as 

potential reservoirs in the future. The pursue of new studies within the Shetland Group 

that can relate seal integrity to tectonism and tectonic stresses are critical in areas like the 
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Norwegian continental margin where a complex tectonic history could compromise the 

sealing capacity of this unit. In this work, a preliminary examination and analysis of the 

Shetland Group and its sealing capacities is also presented. 
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2.1.2 Well Data 

 

Figure 2.2: Basemap for study area. Faults are shown in brown. The green represents 
the current size of the field. The red line denotes the cross-section A-A’ 
shown in Figure 2.5 

The initial well dataset was made up of five wells that contained a variety of well 

logs and velocity data. Upon request to the Norwegian Petroleum Directorate, five (5) 

additional wells were incorporated into the database containing well completion logs and 

well file data. Eight wells were used in this study and are shown in Figure 2.2 

These wells came with a full suite of well logs, including: 

 Gamma Ray 

 Resistivity 

A 

A’ 
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 Density and Neutron 

 Photoelectric factor 

 Sonic 

 Checkshots and Vertical Seismic Profiles 

 

2.2 DATA INTEGRATION AND CALIBRATION 

2.2.1 Seismic-Well Calibration 

A synthetic seismogram was generated using the density and sonic logs for well 

6507/8-7. This was the only well that had both logs for the entire drilled section and it 

was used to tight the well information (in depth) to the seismic data (TWTT) (Figure 2.3).  

 

Figure 2.3: Full suite of logs for Well 6507/8-7, including the Synthetic Seismogram 
generated for the well. Orange line denotes change in correlation between 
Synthetic Seismogram and the seismic dataset.  

There appears to be a relatively good correlation between the synthetic and the 

seismic volume (Figure 2.3) below the orange line in Figure 2.3. Above this line, the 



 11

correlation is poor. It was noted that there is a shift in the gamma ray and density logs in 

this depth interval (see orange line on Figure 2.3). The density log is used to generate the 

synthetic and erroneous measurements will directly impact its accuracy.  

It is believed that the log quality above the orange line (Figure 2.3) is 

compromised by the presence of barite in the well. Barite can artificially reduce the 

electron density and gamma count that are recorded by the density and gamma ray logs, 

respectively. This shift in both logs, is seen in Figure 2.3 at the orange line. There is a 

corresponding shift in the impedance curve at this point, showing that this directly affects 

the quality of the synthetic seismogram above the orange line. 

 

2.2.2 Seismic Interpretation 

Seven tectonosequences were identified within the study area based on their 

seismic facies characteristics and reflector terminations. Figure 2.4 shows the main 

tectonosequences that were identified within the study area, the base and top of each 

tectonosequence were mapped across the entire 3D seismic survey. 

The top of T1 is a high amplitude unconformable reflector that truncates older 

stratigraphic units. This tectonosequence was also characterized by major offsets in 

reflectors associated with multiple phases of rifting (Figure 2.4). Normal faulting is 

constrained to this Jurassic rift unit that includes intervals from the Båt, Fangst and 

Viking groups.  

Tectonosequence T2 presents clear onlaps against the top boundary of T1. This 

unit is a stratigraphic wedge that is restricted to the southeastern portion of the data set in 

the half graben area. Reflectors within this unit present low to moderate amplitudes but 

the top of the unit is defined by high amplitude continuous reflectors that onlap against 
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the horst structure located to the west. Tectonosequence T2 is representative of the syn-

rift Cromer Knoll group and Spekk formation. 

Tectonosequence T3 is characterized by poorly continuous to discontinuous 

reflectors and weak to almost transparent seismic amplitudes. The acute contrast between 

T3 seismic facies and the seismic response of the units above and below is the best 

criteria to identify the top and base of T3. This tectonosequence contains the post-rift 

stratigraphic unit associated with the Shetland Group. 

Tectonosequence T4 is thin and it contains very high amplitude reflectors 

associated with volcaniclastic deposits. This unit represents a significant tectonic event in 

the basin and it contains the Rogaland Group. The high reflectivity of the top of this 

sequence masked any internal stratification or geometry within this unit. 

Tectonosequence T5 has a very characteristic polygonal faulting pattern that can 

be clearly appreciated in plan view. This particular faulting pattern is believed to be 

associated with fluid flow processes that affected the post-rift Brygge Formation.  

Tectonosequence T6 contains relatively bright, continuous and parallel reflectors 

containing the post-rift Kai Formation. The top of this unit was defined as a downlap 

surface. 

T7 is made up of five (5) different sequences, shown in Figure 2.4 as T7a through 

T7e, from youngest to oldest respectively. The T7 unit is believed to represent the distal 

bottomset portion of a broader clinoform package that is not completely imaged by the 

3D seismic survey that was used in this study. The T7 tectonosequence contains units 

associated with the Naust Formation and its top boundary is defined by the modern sea 

floor.  
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Figure 2.4: Seismic interpretation of the Heidrun seismic dataset. 

 

2.2.3 Well log Interpretation 

Since there was no biostratigraphic data available, formation picks were obtained 

from well information files and completion logs. Well log correlation of these picks was 

difficult and was heavily influenced by the seismic interpretation and seismic-well ties. 

These formation picks were tied to the seismic horizons that were mapped across the 

study area as shown in Figure 2.4. 

Reservoir levels in the study area are located within the Jurassic section and the 

well logs, specially the gamma ray logs, were borehole environmentally corrected to 

improve the log responses in the targeted intervals. Since the Cretaceous section was not 

TWTT 
(ms) 
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part of the original targets, borehole corrections were not applied to this unit and as a an 

interval of interest, a series of conspicuous shifts can be observed within the logs. The 

lack of well log correction on the Cretaceous section caused suppression of the gamma 

ray counts within parts of the section that are known to contain a high percentage of 

shales (e.g.: Shetland Group). This situation also affected the quality of the density logs 

that were used to generate the synthetic seismograms (Figure 2.3). In order to mitigate 

this situation, well logs were examined within the Cretaceous section and curves were 

manually shifted to redefine the base line for shales so that the well logs would better 

represent the lithological characteristics of the formation. This same procedure was 

applied to the Neogene section (Kai and Naust formations) and it was highly influenced 

by the drill cutting descriptions in the completion logs. 

In addition, three of the wells contained the photoelectric factor log (PEF) as part 

of the logging suites. This log is useful because it can identify the effect of barite in the 

drilling fluid. Barite is a heavy mineral that is used to increase the mud weight while 

drilling but its presence can absorb the natural radiation from the formation and suppress 

the gamma ray count. The PEF log was used to identify this effect on the gamma ray logs 

and restore the counts to their true readings.  

Information about the type of well logging method that was used when the data 

was acquired was not available for this study. However, from direct examination of the 

well logs, it was possible to identify several areas where the log suite seemed to be 

affected by the presence of casing points. This well data was independent of well headers, 

which would have indicated whether these logs were acquired while drilling (LWD), 

open hole wireline or cased hole wireline. It is possible that these logs were run LWD 

while drilling the open hole section of the Jurassic reservoir interval, but measured the 
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cased hole section uphole, above the Jurassic. The presence of casing can affect the log 

quality and negate any quantitative analysis that could be done on the logs.
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Figure 2.5: Well log correlation section A-A’, shown in Figure 2.2. Observations on well log quality are noted on the 
sections. 

A A’ 
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CHAPTER III: REGIONAL GEOLOGY AND 
TECTONOSTRATIGRAPHY 

The Mid-Norwegian continental margin has experienced a long history of basin 

evolution starting as a Middle Devonian-Late Carboniferous intramontane basin, 

evolving into several phases of rifting from the Carboniferous to the Paleocene (including 

a recorded sea-floor spreading event), and most recently culminating as a high-latitude, 

glacially-influenced passive margin (McNeill, Østmo et al. 1998).The basement of the 

mid-Norway basin is inferred to be composed of Caledonian metamorphic and intrusive 

rocks (Bukovics and Ziegler 1985). This repeated overprinting of basins allowed for the 

accumulation of thousands of meters of sediments in the Norwegian-Greenland area. 

The data set (3D seismic and well logs) that is available in the Heidrun field only 

records the tectonic events that affected this part of the mid Norwegian continental 

margin from the Permo-Triassic to the Present (Figure 3.3). Figure 3.3 shows a composite 

chart that showcases the different tectonic phases or tectonosequences that were 

identified within the Heidrun field as part of this study. The geology of the study area has 

been strongly influenced by several rifting events that have been described by a multitude 

of authors (Bukovics and Ziegler 1985; Swiecicki, Gibbs et al. 1998; Doré, Lundin et al. 

1999; Færseth and Lien 2002), however the work of Fugelli and Olsen (2005) is used 

here as the reference work to contextualize these events since it presents a comprehensive 

geologic evolution for the Vøring Basin. 
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3.1 REGIONAL GEOLOGIC SETTING 

 

Figure 3.1: Structural Provinces in  the Offshore Norway area. (Edited from Fugelli and 
Olsen, 2005) 
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Figure 3.1 shows the main structural provinces that are present in the mid 

Norwegian Continental Margin and that include the Cretaceous Vøring and Møre basins, 

the Trøndelag Platform and the Nordland High. These structures formed by the 

overprinting of many different tectonic regimes that have affected the offshore area of 

Norway through geologic time (Figure 3.3). The Heidrun field is located within the 

Halten Terrace, this terrace represents a rotate rifted block that is located on the eastern 

flank of the Greater Vøring Basin (Fugelli and Olsen, 2005) (Figure 3.1). The eastern 

boundary of the Vøring Basin is defined by the Nordland High and the Trøndelag 

Platform while the southern boundary is defined by the strike-slip Jan Mayen Lineament 

(Figure 3.1).  
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Figure 3.2: Regional stratigraphic and structural cross-section across the Vøring Basin (Modified from Dore et al., 1999), 
showing the location of the Heidrun study area relative to the entire Vøring Basin. 
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Figure 3.2 shows a northwest-southeast regional cross section that illustrates the 

main structural elements that are contained within the Vøring Basin (see Figure 3.1 for 

location of cross section). The Heidrun field is located within the Halten Terrace, that 

represents the southern equivalent of the Dønna Terrace, both structurally and 

stratigraphically. Figure 3.2 shows the typical stratigraphy of the study area and its 

location with respect to the Greater Vøring Basin. 

In much of the Norwegian offshore area, the traditional reservoir facies are 

located within the Jurassic inter-rift sediments. However, most of these Jurassic 

reservoirs are depleted and as a consequence the exploration focus has shifted to the 

Cretaceous stratigraphic section (e.g.: Cromer Knoll Group). The maximum thickness of 

the Cretaceous stratigraphic succession can reach 8 km to the west of the study area in the 

axis of the Vøring and Møre basins (Nøttvedt 2000). However, the stratigraphic 

equivalent of this Cretaceous succession thins toward the east as it onlaps against the 

rotated and faulted blocks associated with the Dønna and Halten terraces (Figure 3.2). 

The structural configuration associated with these rifted terrains (Halten and Dønna 

Terraces) positioned reservoir levels associated with both the Jurassic and Cretaceous 

succession at attainable depths in this area while equivalent intervals are out of reach to 

the west (axis of the Voring Basin) (Figure 3.2) (Nøttvedt 2000). This makes exploration 

within the Cretaceous succession on the mid Norwegian continental shelf even more 

critical. 

 

3.2 TECTONOSTRATIGRAPHIC INTERPRETATION FOR THE HEIDRUN FIELD 

Seven tectonosequences were identified within the Heidrun study area using the 

available 3D seismic and well data sets. The tectonosequences were differentiated based 
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on seismic character, reflector terminations, general reflectivity, well log response and 

age control as reported in well files. Figure 3.3 showcases the seismic character; well log 

response, age and formation equivalence for each of the tectonosequences defined within 

the Halten Terrace in this study. 
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Figure 3.3: Tectonostratigraphic column for the Heidrun field  
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3.2.1 Tectonosequence T1: Pre Jurassic Rifting 

 

Figure 3.4: a) Time Structure Map on the top of Tectonosequence T1, b) seismic section 
showing features of Tectonosequence T1 

The top of tectonosequence T1 is defined by the Late Jurassic unconformity 

(Figure 3.4). The equivalent horizon for this surface was mapped using the 3D seismic 

survey, and the associated time structural map is shown on Figure 3.4a. Tectonosequence 

T1 is the thickest unit within the study area making up the lower half of the vertical 

section of the Heidrun seismic dataset. T1 includes the pre-Triassic pre-rift and the 

Triassic and Jurassic syn- and inter-rift sequences (Figures 3.3 and 3.4b). Bukovics and 

Ziegler (1985) reported, based on well information from the Trøndelag Platform, that 

lithologies associated with this tectonosequence include Triassic continental redbeds and 

halite, as well as Jurassic shallow marine clastic units that contain reservoir quality 

intervals. The Triassic halite is interpreted to be the weak, relatively continuous reflector 

in the Heidrun dataset (Figure 3.4b).  

a) 

b) 
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Reservoirs in the mid Norwegian continental shelf and North Sea are contained 

within this Jurassic section (T1). The Jurassic shallow marine siliciclastic units that 

define these reservoirs are part of the Fangst and Båt Groups in the Heidrun Field and are 

equivalent to the Brent Group on the North Sea (Swiecicki, Gibbs et al. 1998). The Ǻre 

formation (Båt Group - Middle Jurassic) contains thick coal beds that generate high 

amplitude seismic reflections that can be clearly observed on the 3D seismic volume and 

that can be used as a correlation marker (Figure 3.4b). These coal beds associated with 

the Ǻre formation are also interpreted as a secondary gas-prone source rock (Swiecicki, 

Gibbs et al. 1998). 

Bukovics and Ziegler (1985) document crustal extension and continental rifting in 

the Norwegian-Greenland Sea that accelerated into the Early Triassic and propagated 

south into the North Sea. The Triassic and Jurassic inter-rift sediments are highly faulted 

in the study area as evident on the seismic sections (Figure 3.4). The thick-skinned rift 

faults that were set up in the Triassic followed a generally northeast-southwest orientation 

(Figure 3.4a, b). The Jurassic rifting event reactivated some of these Triassic normal 

faults and it generated additional northwest-southeast antithetic faults that help 

accommodate the increased rates of extension (Figure 3.4). The Triassic halite acted as a 

detachment surface during the Jurassic reactivation and accommodated some of the slip 

on the synthetic and antithetic normal faults (Skar and Beekman in press). These normal 

faults, associated with multiple rifting events, form the dominant structural trap and 

migration pathways for the hydrocarbon accumulation in the Heidrun field and other 

fields throughout the Mid Norwegian continental shelf and North Sea. 
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3.2.2 Tectonosequence T2: Early Cretaceous Syn-rift (Spekk formation and Cromer 
Knoll Group) 

 

Figure 3.5: a) Time Structure Map of the top of Tectonosequence T2, b) Isochron Map 
of Tectonosequence T2 

This tectonosequence represents the syn-rift sedimentation that occurred during 

the Late Jurassic to Early Cretaceous rifting event. The isopach map for this interval, 

Figure 3.5b, shows a general thickening to the southeast, with the reactivated Triassic rift 

fault being the major structural control on the stratigraphic pinch out of the syn-rift 

wedge to the west. The geometric arrangement shown by the isopach map is typical of 

most syn-rift deposits (Figure 3.5b). The Nøttvedt et al. (1995) model of rift basin fill 

stratigraphy documents the syn-rift interval (shown in Figure 3.6 as the Rift Stage) as 

being deposited in the rifted deeps created by the continued rotation and subsidence of 

rift blocks on the shoulders and axis of the basin. This creates wedge-shaped geometries 

in cross-section view (Figure 3.3). 

 
 
 
 
 
 

a) b) 
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Figure 3.6: Schematic of the Tectonostratigraphic stages in rift basin evolution (from 
Nøttvedt et al., 1995) 

Tectonosequence T2 contains the Spekk Formation (Late Jurassic) and the 

Cromer Knoll Group (Early Cretaceous). The Spekk Formation is the Kimmeridgian Clay 

equivalent in the Norwegian Sea, and is the primary oil and gas bearing source rock in 

the Mid-Norwegian continental shelf. The Spekk formation boasts an average Total 

Organic Content (TOC) of 6 to 8% (Swiecicki, Gibbs et al. 1998).  
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The Cromer Knoll Group is made up of the Lysing, Lange and Lyr formations, 

which are all lower Cretaceous in age. This interval is being aggressively explored in the 

Vøring basin, to the west of the study area (Fugelli and Olsen 2005). 

Since the Jurassic reservoir levels are depleted in this region, the reservoir 

potential of the Upper Jurassic and Lower Cretaceous stratigraphic intervals that are 

contained within this tectonosequence are been currently evaluated. This interval will be 

discussed in greater detail in Chapter 4. 

 

3.2.3 Tectonosequence T3: Late Cretaceous Post-rift (Shetland Group) 

 

Figure 3.7: a) Time Structure Map at the top of Tectonosequence T3, b) Isochron for 
Tectonosequence T3 

The top of tectonosequence T3 defines the top of the Cretaceous and it is easily 

recognizable on the seismic volume as a high amplitude continuous reflector (Figure 3.3). 

This group was deposited during the post-rift period following the Jurassic rift phase and 

it contains the Shetland Group (Figure 3.3). The isochron map for tectonosequence T3 

(Figure 3.7b) shows the interval thickening away from the Jurassic highs. This is 

a) b) 
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congruent with Nøttvedt’s model where the post-rift group infills the pre-existing syn-rift 

topography (Figure 3.6). 

The Shetland group is made up of the Kvitnos, Nise and Springar formations. The 

seismic character for this interval is generally transparent with very little amplitude 

contrast (Figure 3.3). Drill cutting descriptions on completion and composite logs from 

the wells in the study area state that the Shetland Group is made up primarily of 

calcareous shales and claystones with trace amounts of sandstone. The significance of 

tectonosequence T3 will be discussed in further detail in Chapter 5. 

 

3.2.4 Tectonosequence T4: Paleocene Seafloor Spreading (Rogaland Group) 

 

Figure 3.8: a) Time Structure Map on the top of Tectonosequence T4, b) Isochron for 
Tectonosequence T4 

The top of tectonosequence T4 is also defined by a high amplitude-continuous 

reflector that represents the Paleocene-Eocene boundary within the study area (Figure 

3.3). Tectonosequence T4 contains the Rogaland Group (Tare and Tang formations) and 

as the isochron map illustrates, it represents the thinnest interval within the study area 

(Figures 3.3 and 3.8b). Thickness variations within T4 are minimal, even though there is 

a) b) 
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a slight thickening of the unit toward the west (Figure 3.8b). This thin interval represents 

the entire Paleocene stratigraphic succession and it is indicative of a period where low 

sedimentation supply was dominant.  

The Tare formation is made up of hemipelagic clays, indicating a deep marine 

environment. The Tang Formation is composed of tuffaceous sandstone, as stated in the 

cuttings descriptions for the wells in the dataset. The volcaniclastic nature of the Tang 

formation explains the high seismic reflectivity observed on the seismic (Figure 3.3). The 

Tang formation was formed by lithification of volcanic ash that was formed by explosive 

volcanic activity due to the combination of sea floor spreading and marine flooding 

(Swiecicki, Gibbs et al. 1998). 

The isopach map for T4 (Figure 3.8b) shows generally a constant thickness with 

slight thickening to the northwest. During this period, there was a renewed pulse of 

rifting that allowed Greenland to migrate further from Norway (Doré, Lundin et al. 

1999). Since the crust was already severely thinned from previous rifting episodes, sea-

floor spreading and active volcanism was initiated in this rift episode. Several authors 

document the presence of volcanic intrusive bodies in the Vøring Basin to the west of the 

study area (Doré, Lundin et al. 1999; Nøttvedt 2000). The gradual thickening to the west 

is attributed to the inclusion of heavy mafic intrusive bodies into already attenuated 

continental crust. This may have induced flexural subsidence to the west closer to the 

spreading center (Bukovics and Ziegler 1985).  
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3.2.5 Tectonosequence T5: Eocene-Oligocene Post-rift (Brygge Formation) 

 

Figure 3.9: a) Time Structure Map on the top of Tectonosequence T5, b) Isochron for 
Tectonosequence T5 

The top of tectonosequence T5 is defined by a moderate to low amplitude 

continuous reflector that is often difficult to map on the 3D seismic volume (Figure 3.3). 

The isopach map for this tectonosequence shows an overall constant thickness across the 

study area with minor local variations (Figure 3.9b). In cross section, seismic facies 

associated with T5 show areas of undulated but continuous high amplitude reflectors that 

seem to be affected by intraformational faulting (Figure 3.10). In plan view, the seismic 

facies associated with T5 show a very characteristic polygonal pattern that can be clearly 

appreciated on figure 3.10. 

Tectonosequence T5 contains units associated with the Brygge Formation which 

is Eocene to Oligocene in age and that is made up primarily of hemipelagic sediments 

(Berndt, Bünz et al. 2003). During the Eocene and Oligocene, the mid Norwegian 

continental shelf experienced lithospheric cooling and thermal subsidence, combined 

with compressional deformations due to transform movements along the Jan Mayen 

Fracture Zone (Bukovics and Ziegler 1985). However, it appears that the Heidrun area 

a) b) 
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was not affected by compressional deformation at this time since evidence for tectonic 

inversion is not appreciable on the seismic data.  

The polygonal faulting pattern that was observed on the plan view maps of 

tectonosequence T5 (Figure 3.10) are a common feature in the mid Norwegian 

continental shelf area. However, these polygonal features are most commonly observed 

in Oligocene to Miocene intervals and are not typically present within the Brygge 

Formation. It has been postulated that these polygons are dewatering structures that 

formed by fluid expulsion at the time of deposition (Berndt, Bünz et al. 2003). In some 

cases, this type of fluid flow can be seen on the seismic manifesting as pipe structures 

that cut through the stratigraphy and reaching the seafloor (Berndt, Bünz et al. 2003). In 

the case of the Heidrun field, the polygonal faulting is constrained to tectonosequence T5 

suggesting that this dewatering was only active at the time the Brygge Formation was 

deposited.  

 

 

Figure 3.10: Seismic amplitude data volume showing polygonal faulting in the Brygge 
Formation along the upper surface and its corresponding vertical section. 
Faults are in yellow. 
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3.2.6 Tectonosequence T6: Miocene to late Pliocene Post-rift (Kai formation) 

 

Figure 3.11: a) Time Structure Map on the top of Tectonosequence T6, b) Isochron for 
Tectonosequence T6. 

The Kai Formation is the main constituent of tectonosequence T6. In general, 

tectonosequence T6 dips toward the northwest (Figure 3.11a) and is approximately 

1000ms below the seafloor (Figure 3.3). In the more distal regions of the Norwegian 

Continental Margin, the Kai formation sub-crops onto the seafloor (Berndt, Bünz et al. 

2003). The isopach map for the Kai Formation (Figure 3.11b) shows a general thickening 

toward the northwest. Even though, polygonal faulting was not observed on the study 

area within tectonosequence T6, these features have been documented on other parts of 

the mid Norwegian continental shelf for this unit (Berndt, Bünz et al. 2003). 

The Kai formation is dominantly composed by hemipelagic sediments, calcareous 

and clayey silicieous oozes (McNeill, Østmo et al. 1998). Poole and Vorren (1993) 

attribute the presence of these siliceous oozes to a transgressive event that encouraged an 

upwelling of nutrients, thereby increasing the biological productivity during the Miocene. 

The elevated levels of decaying organic matter in the water column made it acidic, 

allowing the dissolution of calcareous organisms and the preferential preservation of 

siliceous organisms. 

a) b) 
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3.2.7 Tectonosequence T7: Pliocene to Recent Compression and Reactivation (Naust 
formation) 

Tectonosequence T7 contains the Naust Formation and it is Pliocene to Recent in age. 

Five separate subunits were identified and mapped within tectonosequence T7. Figure 

3.12 shows the isopach maps of these units that have been named from Naust Member 1 

(oldest) to Naust Member 5 (youngest). The isopach maps associated with the different 

T7 subunits show clear variations on the character and location of the main depocenter 

through time (Figure 3.12). At the time of Naust 1 deposition (oldest subunit), the 

thickest portion of the subunit was located to the southeast (Figure 3.12b i), however 

there was an abrupt shift of depocenter location toward the northwest for the remaining 

units (Naust 2 to Naust 5) (Figure 3.12b). This abrupt change on depocenter location 

might be related to a period of structural reactivation that caused a tilt on the basin. 

Seismic reflections within tectonosequence T7 (Figure 3.3) and structural maps 

show that beds generally dip toward the northwest (Figure 3.12).  For subunit Naust 1, 

the isopach map shows thinning toward the northwest (Figure 3.12b i) and seismic cross 

sections reveal downlap relationships against the base of the subunit (Figure 3.3). These 

observations suggest that the Naust 1 subunit might correspond with the distal portion of 

a westward prograding wedge (Bukovics and Ziegler, 1985). The successive intervals 

(Naust 2-4) can be interpreted as prograding clinothems as well, but this interpretation is 

supported by the seismic cross sections but not by the isopach maps. This discrepancy 

might suggest that the criteria that were initially used to map the upper and lower 

boundaries of these subunits should be revisited for potential adjustments. Subunit Naust 

5 shows discrete thicks and thins that may be attributed to scours created by migrating 

icebergs. Tectonosequence T7 represents the onset of glaciations in the Mid-Norwegian 
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continental shelf area (Swiecicki, Gibbs et al. 1998). The Naust formation is made up 

mainly of glacial deposits, specifically interbedded clays and siltstones. It is also 

characterized by the prevalence of debris flows, the most recent of which is the Storregga 

Slide (McNeill, Østmo et al. 1998). 
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3.3 PALEOENVIRONMENTAL INTERPRETATION 

The paleoenvironmental interpretation for each tectonosequence is presented in 

Table 3.1 below. There are many studies on the morphology and depositional 

environmental interpretation of the Jurassic Fangst and Båt Groups. These two groups 

make up the reservoir interval on the Mid-Norwegian continental shelf. Recently, there 

has been more interest in the Cretaceous interval (Swiecicki, Gibbs et al. 1998; Fugelli 

and Olsen 2005; Fugelli and Olsen 2005; Fugelli and Olsen 2007), but few studies have 

focused on the stratigraphic section that is younger than the Cretaceous. 

Lithologies for each of these units have been well documented and there have 

been attempts to propose depositional environments of the Tertiary-aged units. 

Biostratigraphic analysis was done by Poole and Vorren (1993) using drill cuttings from 

three wells on the Norwegian Continental shelf.  

In the absence of biostratigraphic data in the dataset wells, paleoenvironmental 

interpretations are proposed (where not published) based on reported lithologies, 

lithologies recorded in the cuttings descriptions from the wells and the prevailing tectonic 

regime. 
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Tectono- 
sequence 

Formation/ 
Group Lithology Paleoenvironment Source 

T7 Naust Fm Interbedded silts 
and claystones 

High latitude, 
glacial deposits 

(Poole and Vorren 
1993; McNeill, 

Østmo et al. 1998)

T6 Kai Fm 

Hemipelagic clays, 
calcareous to 

clayey siliceous 
ooze 

Open marine (Poole and Vorren 
1993) 

T5 Brygge Rm Hemipelagic clays Open marine  

T4 Rogaland 
Group 

Tuffaceous 
sandstones and 

hemipelagic clays 

Ashfall or 
pyroclastic flow, 

marine 
 

T3 Shetland 
Group 

Claystones, 
argillaceous shales 

Anoxic marine, 
Continental slope 

(Shanmugam, 
Lehtonen et al. 

1994) 

T2 
Cromer Knoll 

Group and 
Spekk Fm 

Organic rich shales, 
claystones, 
siltstones, 
sandstones 

Anoxic deep 
marine  

(Shanmugam, 
Lehtonen et al. 

1994) 

T1 

Jurassic 
Fangst, Båt 
Groups and 

Triassic 

Medium to coarse 
grained sandstones, 

interbedded with 
shales and coals 

Shallow marine to 
shoreface to fluvial (Harris 1989) 

Table 3.1: Summary of Paleoenvironmental Interpretations, categorized by 
tectonosequence 

  
  



 39

CHAPTER IV: ANALYSIS OF THE SYN-RIFT GROUP 

4.1  SEISMIC CHARACTER 

The syn-rift group is present in the southeastern part of the 3D survey, as shown 

in the isochron map in Figure 4.1b. This interval is a stratigraphic wedge sitting in a half 

graben created by Jurassic rift faulting. The syn-rift wedge is made up of reflectors that 

onlap and downlap onto the Jurassic angular unconformity (Figure 4.3). The reflectors 

are of medium to high amplitude with the top and base reflectors having higher 

amplitudes that the rest of the unit. Figure 4.3 shows a typical seismic section through the 

syn-rift interval in a dip direction. 

 

4.2 STRUCTURAL AND ISOCHRON MAPS 

 

Figure 4.1: a) Time Structure map on the top of the Syn-rift Group, b) Isochron for the 
Syn-rift group 

The time structure map on the top of the syn-rift group (Figure 4.1a) shows a 

general dip to the southeast (Figure 4.1a). The isochron map shows that the syn-rift 

wedge is strongly controlled by the presence of the previous rift faults (Figure 4.1b). 

According to the rift basin fill model of Nøttvedt et al. (1995) (Figure 3.6), grabens and 

a) b) 
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half grabens are generated when rift faulting  and rotated blocks generate lows that are 

later on filled in with sediments that are derived from the structural highs. The nature of 

the sediment infill on the half graben low observed in the Heidrun area will be discussed 

in this chapter. 

 

4.3 WELL LOG RESPONSE 

 

Figure 4.2: Well log response for the syn-rift group highlighted in gray, from the well 
log for well 6507/8-7 
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There was only one well in the dataset that penetrated the Cretaceous syn-rift 

group (T2). Figure 4.2 shows the gamma ray and resistivity log responses for the syn-rift 

group (highlighted in gray). The gamma ray log within the Cretaceous syn-rift unit shows 

high value counts suggesting that this interval is dominated by the presence of shales, 

however there are some intervals in which the gamma ray values decrease indicating the 

presence of interbedded siltstones and very thin sandstones.  The Spekk Formation has 

unusually high gamma count (250gAPI); this is attributed to its high organic content, 

since it is the primary source rock in the Norwegian continental shelf area. 
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4.4 GEOMORPHOLOGICAL ANALYSIS 
 

 

Figure 4.3: Seismic section showing well 6507/8-7 and stratal slices within syn-rift 
wedge 

Seismic attribute analysis was conducted for the Cretaceous syn-rift interval. The 

syn-rift wedge was proportionally sliced into 12 stratal slices (Zeng et al. 1998) such that 

the maximum thickness of each slice was equivalent to half of a seismic wavelength. At 

this depth, half of a seismic wavelength is equivalent to 34 m or 103 ft. Root-mean-

square (RMS) amplitude extractions were conducted for each slice and the results are 

presented on figure 4.4. 
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Figure 4.4: Root mean squared amplitude extractions of stratal slices 11 (oldest)-6 
(youngest), as seen in Figure 4.3 
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Figure 4.5: Root mean squared amplitude extractions of stratal slices 5 (oldest)-0 
(youngest), as seen in Figure 4.3  
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In general, the RMS amplitude extraction maps show two very distinguishable 

trends. The first trend can be observed on strata slices 10 through 5 (Figures 4.4 and 4.5) 

where a combination of low and high amplitude patterns that at first seem to be scattered 

through the data set can be appreciated (Figure 4.4). However, a closer examination of 

the amplitude maps for this interval suggests that some of the high amplitude responses 

seem to be arranged in northwest-southeast linear configurations that are parallel to the 

strike direction of the main normal fault located to the west (Figure 4.4). The second 

pattern can be observed on the younger stratigraphic section (strata slices 4 through 0) 

where there is an increase in the intensity of the seismic amplitudes (Figure 4.5). RMS 

amplitude maps for this younger interval show high amplitude lobes that seem to be 

progressively evolving from slice 4 to slice 0 (Figure 4.5). These lobe-like features 

increased in size through time, the lobes seem to be point sourced fed and their main axis 

seem to be perpendicular to the strike orientation of the main normal fault to the west 

(Figure 4.5). These high amplitude features seem to extend beyond the boundaries of the 

3D seismic survey toward the southeast, and it’s most likely that they overall geometry is 

more elongated than originally thought.   

 

4.5 PALEOGEOGRAPHICAL AND ENVIRONMENTAL INTERPRETATION 

The Cretaceous syn-rift group (Spekk Formation and Cromer Knoll Group) is 

mostly made up of shales with thin interbedded siltstones and sandstones. Anoxic 

conditions at the time of deposition have been interpreted for this interval based on the 

identification of pyrite in the drill cutting descriptions. Zoophycos and Chrondrites 

ichnofossils were also noted in this interval confirming deposition in an oxygen-depleted 

zone (Shanmugam, Lehtonen et al. 1994; Mutterlose, Brumsack et al. 2003). These 
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indicators suggest that the Cretaceous syn-rift group was deposited in a deep marine 

environment. 

It is unusual for syn-rift sequences, deposited in deep marine settings to reach 

thicknesses of 300 m (Ravnås and Steel 1998) (Figure 4.2). Typically these deep marine 

syn-rift stratigraphic sequences are very thin (less than 100 m thick) and tend to be shale 

prone (Ravnås and Steel 1998). Provenance data would aid in explaining the disparity 

between the model and the well data (next section). 

 

4.5.1 Provenance 
 

 

Figure 4.6: a) Samples taken within the study area for detrital mineral analysis, b) 
Cretaceous plate reconstruction with location of mineral assemblages found 
in study area, indicated by blue arrows. Both are from Morton and Grant 
(1998)  

a) b) 
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Traditional rift models (Ravnås and Steel 1998) have suggested that syn-rift 

sequences receive sediments from the erosion of neighboring footwall highs. However, 

studies that have been performed on the Cretaceous stratigraphic succession of the Mid-

Norwegian continental shelf indicate that there might be multiple sources of sediments 

for these syn-rift units (Morton and Grant 1998; Morton and Chenery 2009).Figure 4.6a 

shows the location of samples used in Morton’s heavy mineral studies. Two of the 

samples used in their study came from the Heidrun area. Morton and Grant (1998) found 

that Cretaceous sandstones from these two sample sites contained two distinct detrital 

mineral assemblages that they called K1 and K2. These assemblages were tied to two 

different igneous terrains. The first assemblage (denoted K1) was correlated to the 

Nordland High and the Lofoten islands indicating provenance from the rift interior 

(eroded footwalls) and from the rift margin area (Norway land mass). The second 

assemblage K2 was correlated to provenance areas on northeastern Greenland. Figure 

4.6b shows a plate reconstruction of the Norway-Greenland Sea during Cretaceous time 

when Greenland was closer to the Norwegian continental shelf. The blue arrows on 

Figure 4.6b indicate the provenance of the sediments that are found within the Cretaceous 

succession of the Heidrun field. Provenance studies and the tectonic plate reconstruction 

illustrate how different source areas could have contributed to the deposition of a relative 

thicker syn-rift Cretaceous stratigraphic succession within the study area.  

 

4.5.2 Cromer Knoll Group 

Detailed mapping of the amplitude anomalies presented in strata slices 9 through 

0 (Figures 4.4 and 4.5) shows the progressive development of the Cromer Knoll group 

through time. Strata slices 4 through 0 (Figure 4.5) show the evolution of the lobate, high 
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amplitude body. As we get younger in the section (from slice 4 to 0) there is an increase 

in the number of lobes seen on each extraction. Map slice 4 has one lobe, and map slice 0 

has four lobes. This may indicate an increase in sediment supply throughout time. 

There was a southerly shift in the primary highest amplitude lobe from map slices 

4 to 0. It was also noticed that, while there was an increasing number of lobes as the 

section got younger, these lobes had a tendency to flow more to the south. In strata slices 

2-0 there is a low amplitude halo that is asymmetrical about the main high amplitude 

body. This asymmetry is to the south. 

If we can correlate high amplitude to coarse sediment, then we can correlate this 

low amplitude halo to finer grained sediment. It appears that there is a southerly flowing, 

axial current within the half graben that is causing this asymmetry. This current could 

also influence the migration of successive lobes to the southwest (as seen in strata slices 4 

through 0).  

All of the lobate amplitude anomalies seen appear to be point sourced. Strata slice 

4 (Figure 4.5) shows a point sourced amplitude anomaly that appears to be sourced from 

just north of the Heidrun seismic dataset. Map slices 2 through 0 show amplitude lobes 

that are point sourced from the footwall block. These lower amplitude lobes point 

towards fault scarps that exist on the footwall block and were formed by minor antithetic 

faulting (indicated as secondary fault on Figure 4.5). Sediment was most likely 

transported across the footwall and was funneled by these fault scarps, before being 

deposited in the half graben. 
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Figure 4.7: a) RMS amplitude extraction from the Dønna Terrace showing model for 
the syn-rift sequence b) Amplitude anomalies in the syn-rift group, Heidrun 
dataset, shown with the Jurassic unconformity surface as the terrace area. 

Figure 4.7a) shows an amplitude extraction from the Dønna Terrace (Fugelli and 

Olsen 2005) and the interpreted depositional model for the syn-rift sequence on the 

Dønna Terrace. Fugelli and Olsen (2005) have interpreted these high amplitudes as 

sedimentary conduits that cascade over fault-bound terraces and that are feeding basin 

floor fans located in the distal portions of the basin. These high amplitude lobes are 10 to 

20 km wide and laterally stack to create huge deposits of reservoir quality rock.  

The high amplitude lobes that are seen in Figures 4.4 and 4.5 are only 2.5 km 

wide. Considering the scale of the Heidrun dataset, Figure 4.7a shows where the Heidrun 

anomalies fit into the Dønna Terrace model. The seismic amplitude anomalies on the 

Cretaceous stratigraphic succession in the Heidrun field have been interpreted to 

a) b) 
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represent the infill of sediment pathways that point to more distal basin floor fan deposits 

on the Greater Voring Basin. These sediment fairways point toward potential reservoir 

units in distal parts of the basin but can also contain reservoir quality intervals. It is 

believed that the geometry of the amplitude anomalies, may be affected by the edge of 

the survey, giving them a false lobate appearance and that these features are in fact more 

elongate in plan view. 

 

4.5.3 Spekk Formation 

The Spekk Formation is covered in map slices 11 and 10 (Figure 4.4). These 

slices show both lobate-traverse and linear-axial trends. Strata slice 11 shows high 

amplitudes that have been correlated to coarser grained facies that have been penetrated 

by well 6507/8-7. These coarser grained facies intercalate with fine-grained intervals that 

manifest on the RMS amplitude extraction maps as zones of low amplitude response. The 

Spekk Formation has been identified as a source rock but if this particular interval is 

within the oil window, it might be a chance that the coarser grained facies could be 

charged and represent potential reservoir levels.  
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4.5 INTERNAL ARCHITECTURE AND IMPLICATIONS FOR HYDROCARBON MIGRATION 
AND ENTRAPMENT 

 

Figure 4.8: a) Dip sections through syn-right wedge, b) interpreted dip sections through 
syn-rift wedge 

Figure 4.9: a) Strike sections through syn-rift wedge, b) interpreted strike sections 
through syn-rift wedge 

 

It was noticed that the syn-rift interval showed interesting internal reflector 

geometry (Figures 4.8 and 4.9). The geometries were divided into two groups and are 

a) b) 

a) b) 
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shown in Figures 4.8b and 4.9b, in pink and green. These two groups correlated to the 

Cromer Knoll Group and the Spekk formation, respectively. 

The Spekk formation (green reflectors) shows onlapping and downlapping 

geometries. The interval commensurately thickens to the south with deepening of the half 

graben structure. Amplitude anomalies in this interval show axial transport within the 

half graben (Figure 4.4)(Færseth and Lien 2002).  

The Cromer Knoll group (pink reflectors) shows onlapping reflectors with 

apparent downlap and toplap. In 3 dimensions, the Cromer Knoll Group shows 

backfilling architecture in the half graben. This group of sediments fills the central to 

marginal regions, filling accommodation to the southeast before stepping northwestward 

and onlapping the underlying Spekk Formation. 

The difference in stratal architecture between these two groups is critical for 

charging potential reservoirs in the Cromer Knoll Group. The Spekk Formation (source 

rock) drapes the lows in the half graben. The Cromer Knoll downlaps onto the source 

rock and this architecture allows for migration away from the graben margins (Figure 

4.8b). Amplitude anomalies within the Cromer Knoll show lobate features that improve 

in amplitude strength and sediment caliber away from the margins of the graben. This 

provides evidence for significant exploration potential in the central parts of the graben. 

Both migration pathways and trap geometry are dictated by the internal geometry of the 

Cromer Knoll group. 
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CHAPTER V. ANALYSIS OF THE POST-RIFT GROUP 

5.1 SEISMIC CHARACTER 

The post rift group is made up of the Upper Cretaceous Shetland group (T3). The 

seismic character of this unit was generally transparent, with very little amplitude 

contrast (Figure 3.3). RMS amplitude extraction maps taken in this interval did not show 

any particular architecture associated with depositional patterns. The lack of amplitude 

contrast suggests an acoustically homogenous lithology. The gamma ray log signature 

indicates that this unit is mainly composed of shales; this observation is in agreement 

with the poor amplitude response that was observed on the RMS amplitude maps. 

 

5.2 STRUCTURAL AND ISOCHRON MAPS 

 

Figure 5.1: a) Time Structure map at the top of the Shetland group, b) Isochron map for 
the Shetland group. 

Isostatically, the post-rift is characterized by thermal subsidence (Nøttvedt et al., 

1995). According to Nottvedt’s model of rift sequences, post-rift fills typically level the 

existing topography (Figure 3.6). The isochron map (Figure 5.1b) shows that the Shetland 

group thickens away from the Jurassic highs. This illustrates infill of the existing 

a) b) 
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structure. The structural map on the top of the Shetland group still shows some remnants 

of the underlying Jurassic topography (Figure 5.1a). This may be an indication of low 

sediment supply in the basin. It is possible that the sediment supply was not sufficient to 

fill all the available accommodation space, allowing the older Jurassic structural profile 

to be visible.  

In traditional models, the post–rift is the last sequence deposited in a rift basin, 

meaning that sediment accumulation tends to be uninterrupted. However, the offshore 

Mid-Norwegian continental margin experienced a couple of subsequent tectonic phases 

after the Late Cretaceous post-rift event. An alternative hypothesis to explain the uneven 

thicknesses observed on the isochron map of the Shetland Group might be related to the 

fact that there was not enough time for the sediment fill to completely eliminate the pre-

existing topography before the next tectonic event altered the mid Norwegian continental 

margin architecture. 

Conversely, the apparent relief could be an effect of the small scale of the dataset. 

Currently, the difference in relief across the surface is 90ms, which equates to 153m. On 

a more regional scale, the anticlinal structure may not be visible, or may be part of a 

much larger structure.  

 

5.3 WELL LOG RESPONSE AND LITHOLOGY 

Figure 2.5 shows the well log correlation for the Shetland Group for the wells in 

the dataset. Generally, the gamma ray log signature shows that the unit is mainly 

composed of shale. This was confirmed by drill cutting descriptions for the wells in the 

dataset.  
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5.4 PALEOGEOGRAPHIC AND ENVIRONMENTAL INTERPRETATION 

Seismic cross-sections show a noticeable incision toward the top of the Shetland 

Group (Figure 5.4c). This incision was mapped using the 3D seismic volume and it 

shows a strong continuous and sinuous character on plan view (Figure 5.4b). This was 

interpreted to be a sinuous, shale-filled submarine channel, which was up to 650 m wide 

and possibly a few kilometers long. It appears that this channel flowed to the south. 

The mapped channel appears to be part of a much larger channel complex, with 

the mapped profile being the final channel position. The channel complex seemed to have 

developed throughout the latest Cretaceous. It was also noticed that this channel complex 

formed along the trace of the major Jurassic rift fault in the area (Figure 5.4a). It is 

common for channels, both fluvial and submarine, to flow along lines of structural 

weakness. The sediment conduit for the modern day La Jolla fan, California trends along 

the trace of a pre-existing strike slip fault (Graham and Bachman, 1983). In the 

Norwegian Barents Sea, Hunt et al. (2010) noted the affinity for submarine canyons to 

follow through the Paleozoic structural fabric. 

 In cross section, the linear amplitude feature showed a typical channel profile 

(concave upwards), with lateral accretion drapes (Figure 5.4c ii), confirming its sinuous 

planform and implying that this channel migrated laterally across the Late Cretaceous sea 

floor.   
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Figure 5.2: Schematic showing how a submarine channel complex evolves (Kolla et al., 
2007) 

Kolla et al. (2007) proposed a model describing the evolution of submarine 

channel fills. Turbiditic currents are not continuously flowing entities. Rather, they occur 

in pulses, for example when a river is in flood annually. Figure 5.2 shows how the fill in 

a submarine channel can reflect multiple phases of deposition (shown here as I, II, III), 

described as cut and fill. It appears that the mapped channel and lateral accretion drapes, 

seen in the Shetland channel complex are the record of the last turbiditic pulse (cut and 

fill episode) that the Shetland channel complex experienced. The entire channel complex 

(Figure 5.4ci and iii) may exhibit similar cut and fill geometries as described by Figure 

5.2, but these appear to be beyond the seismic resolution of the Heidrun dataset. 

Kolla et al. (2007) was also able to assign different sedimentological processes 

and energy conditions to different morphological features seen in submarine channel fill 

complexes (Figure 5.3). He interpreted lateral accretion geometries to be formed by 

sediment bypass, which occurred when there were high and low energy flows of short 

duration. There is no amplitude contrast between the channel fill and the rest of the 

Shetland. This suggests that this channel is shale filled, since the channel fill has the same 

acoustic impedance of the greater Shetland interval. This is consistent with Kolla’s model 
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(Figure 5.3) where the presence of lateral accretion in submarine channels is attributed to 

bypass. It seems sedimentary bypass prevented deposition of coarse grained deposits in 

the channel, resulting in the shaley Shetland channel. Since there was sediment bypass, 

coarse grained material transported by this channel would be deposited in a 

stratigraphically downdip position, to the south. 

 

Figure 5.3: Triangle diagram showing relationship between sedimentary process and 
geomorphological product (Kolla et al., 2007) 

 

I would like to propose that the Shetland group in the Heidrun area was deposited 

on the continental slope of Cretaceous Norway. This interval is being actively cross cut 

by shaley, sinuous submarine channels that flow along lines of pre-existing structural 

weakness. 
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Figure 5.4: a) Mapped channel following trace of Jurassic fault, b) Seismic geobody that outlined the channel, c) Seismic 
sections across channel

a) 

b) 

c i) 

c iii) 

c ii) 
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5.5 RESERVOIR POTENTIAL 

Fugelli and Olsen (2005) have documented the presence of reservoir (basin floor 

fans) in the Springar formation equivalent in the Vøring Basin. These are shown in 

Figure 5.4. It was noted that these reservoirs were located in a very specific structural 

setting, as seen in A and B in Figure 5.3. These locations are characterized by the 

Shetland (in light green) directly onlapping a Jurassic footwall high (in purple). This 

allows direct sourcing of coarse grained, reservoir facies from the erosion of the Jurassic 

footwall highs.  The Heidrun dataset does not have this prerequisite structural 

arrangement to allow for deposition of similar types of reservoir facies. The synrift 

section in the Heidrun dataset completely filled the half graben and does not allow for the 

post-rift Shetland to onlap the Jurassic footwall high.  

Unfortunately, the seismic amplitudes are unrevealing, in spite of the proximity of 

the study area to a potential sediment source (Nordland High). This lack of seismic 

amplitude response may be due to the presence of thin sandstone packages that are below 

seismic resolution. 

 

Figure 5.5: Schematic structural crossection showing structural setting of reservoir 
facies in the Upper Cretaceous 
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Figure 5.6: Examples of reservoir facies in the Vøring Basin, located in setting A or B 
in Figure 5.3
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5.6 SEALING CAPACITY 

 

Figure 5.7: Map of Tertiary and Cretaceous reservoir fairways in Offshore Mid-
Norway, edited from Fugelli and Olsen (2005), Regional Cross section A-B 
shown in Figure 3.2 

Figure 5.7 from Fugelli and Olsen (2005) shows the distribution of Tertiary and 

Cretaceous reservoirs in the Mid Norwegian Continental Shelf Area. These reservoirs are 

stratigraphically and structurally above the Shetland group. 

 In the North Sea, the Shetland group forms the regional seal over the Jurassic 

petroleum system. For these Tertiary reservoirs to be charged, the Shetland Group seal 

A 

B 
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must have been breached, as there is no organic-rich, potential source rock that is 

younger than the Upper Cretaceous Shetland formation.  

Compressional tectonics in the Tertiary resulted in major faulting that cuts 

through the Shetland. This is seen in the Regional Cross Section (Figure 3.2), in the 

region called the Helland-Hansen Arch. The formation of this arch resulted in doming of 

the overlying Tertiary sediments. These structures form the major trap geometries for 

Tertiary reservoirs.The faults that cut through the Shetland act as migration pathways, 

allowing charging of younger reservoirs. 

Seismic interpretation did not reveal any faulting in the Shetland unit in the 

Heidrun dataset. The well logs were then examined, specifically the relationship between 

the sonic and caliper logs. 

It is common for the sonic log to reflect the compaction trend in the subsurface. 

This is especially typical in shales, since they experience the most compaction. 

Compaction increases the hardness of a rock and thus decreases the slowness of the rock. 

This property (inverse of velocity) is what is measured by the sonic log. In well 6507/8-7, 

it was noticed that there were washouts (seen on Caliper log) that were associated with 

changes in the slope (linear compaction trend with depth) on the sonic curve (Figure 5.6). 

The gamma ray logs did not indicate any permeable beds in this region, so the washouts 

were attributed to the presence of faults. 

This technique was applied to two other wells with sonic logs through the 

Shetland Group (Figure 5.6). It was found that there were multiple intervals where there 

were changes in compaction trendabove and below the washout zones. In well 6507/8-1, 

the sonic log did not cover the entire Shetland interval, but the method was extrapolated 

to predict possible faults. The three wells presented in Figure 5.8 were the only wells 

with sonic logs in the dataset. 
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This geomechanicalmethod may be used to detect sub-seimic faulting in the 

Shetland interval. There are major implications for these faults. It was noted that the 

presence of faults in the Shetland resulted in breaching of the seal and leakage of 

hydrocarbons into younger reservoirs.The presence of faults increases the risk of a 

compromised seal, but further analysis of shale gouge should be conducted to strengthen 

the case for a breached seal. 
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Figure 5.8: Analysis of sonic and caliper logs in the Shetland interval. 
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CHAPTER VI: CONCLUSIONS 

The Norwegian continental shelf has experienced a long and complex tectonic 

evolution. This multitude of tectonic events allowed the setup of a prolific Jurassic 

petroleum system, not unlike its neighbor, the North Sea. Both the North Sea and 

Norwegian continental shelf have reached the limit of exploration in the Jurassic and now 

exploration trends are looking at the Cretaceous for new reservoirs. 

The Heidrun area shows a typical stratigraphic column for the Vøring Basin. 

Seven tectonosequences were identified, which record the tectonic evolution of the 

Heidrun area: 

 T1 incorporates the sediments deposited before the Late Jurassic rift episode. This 

unit covers the Jurassic inter-rift reservoirs, as well as the Triassic syn and pre-rift 

sediments. These are interpreted to be deposited on shallow marine to fluvial 

(Jurassic) and non-marine (Triassic) environments 

 T2 is contemporaneous with the Jurassic rift episode. This syn-rift sequence was 

structurally restricted to a half graben that was present in the southeast of the 

study area. This is a very prospective interval, as it contains potential reservoirs as 

well as the source rock (Spekk Formation and Cromer Knoll Group).  

 T3 is made up of the Upper Cretaceous Shetland Group. This interval is being 

actively explored in the deeper Vøring Basin, but this study determined that this 

interval is not prospective for reservoir in the Heidrun area.  

 T4 is a volcaniclastic deposit that was formed by the volcanic activity at the sea 

floor spreading center between Greenland and Norway. It is a significant event, 

since it marks the Paleocene-Eocene boundary. 
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 T5 is a hemipelagic clay that is characterized by polygonal faulting. This clay is 

named the Brygge formation and is Eocene to Oligocene in age 

 T6 is made up of hemipelagic clays and siliceous ooze. This interval was 

deposited in the Miocene to late Pliocene and marked a period of nutrient 

upwelling and high productivity in the Norwegian water column. 

 T7 marks the final phase of the Norwegian continental shelf, a high latitude, 

glacially influenced passive margin. This is made up of the Naust formation that 

forms the current morphology of the Norwegian shelf. 

 

The syn-rift Cretaceous in the Heidrun study area appears to be the most 

prospective for charged reservoir. Amplitude extractions revealed linear high amplitude 

trends that were interpreted to be the sediment conduits for distal basin floor fans, as the 

main reservoir facies. The internal architecture of the syn-rift package allows for 

migration and entrapment of hydrocarbons in the syn-rift interval. 

Although there are documented penetrations of reservoir facies in the Cretaceous 

post-rift interval, the Sheltand group does not appear to be prospective in the Heidrun 

area. The seismically homogenous section and shaley well log signature in this interval 

was pivotal in this conclusion. 

It was also found that the Sheltand group is not an effective seal in all areas of the 

Norwegian continental shelf area. Tertiary tectonics that are unique to the Norwegian 

area (compared to the North Sea) faulted this seal and allowed for leakage of 

hydrocarbons into Tertiary reservoirs. Although the Heidrun seismic dataset did not 

reveal faulting in this interval, sub-seismic faulting was detected by using the sonic and 

caliper logs. There is potential for leakage in the Heidrun area. 
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