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Abstract  

Triassic reservoir potential in the grater Oda and Ula fields area, North sea 

 

Birgitte Kverneland, MSc 

The University of Stavanger, 2019 

 

Supervisor:  Alejandro Escalona and Lars Aamodt 
 

The objective of this thesis is to improve the understanding of the lateral distribution of the 

sandstones of the Skagerrak Fm, by using 3D seismic data and wells in the greater Oda and 

Ula field area. The Oda and Ula fields are located in the salt province in the Central Graben. 

Consequently, salt tectonics played an important role in the deposition of the Skagerrak Fm 

sands, resulting in a large lateral variation in thickness and facies. The composition of the salt 

also has a large impact on the supra-salt structural style, and furthermore the sedimentation of 

the Skagerrak Fm. 

The interaction between salt tectonics and sedimentation is investigated in order to understand 

how salt related subsidence or uplift acted as depocenters for sedimentation. The main aim is 

to understand the facies distribution, to further build a conceptual model for sandstone 

fairways, and ultimately point to areas where there can be good quality reservoir potential in 

the Triassic.  

Most wells in the salt province are placed in an interpod setting where the Skagerrak Fm is 

very thin or absent, since it has not traditionally been the main target. However, it is a proven 

working play, and is being produced in the Ula Field. It is therefore likely that there are 

commercial accumulations of oil other places as well in the Triassic section in the area.  

Two different salt regimes has been defined, where one salt unit is mobile and halite-

dominated. The other salt unit is interbedded with carbonates and anhydrite, and consequently 

a lot more viscous and non-mobile. The two salt regimes result in different subsalt structural 

style. The mobile salt unit result in a pod-area where accommodation space is created next to 

large salt structures, where the Skagerrak Fm sandstone can be deposited and preserved. In 

contrast, in the area of the non-mobile unit the Triassic thickness is relatively constant and the 

Top Triassic surface has a gentle topography. 
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The Skagerrak Fm is a part of a regional fluvial alluvial system, and is locally interpreted to 

be in a braided streams depositional environment with ephemeral lakes. Rivers have been 

directed into the pods, where there has been accommodation space for sediments to be 

deposited, and it is suggested that there is a good Triassic reservoir potential within the pods. 

The interpod area is farther away from the channel feeder, well logs show less developed sand 

packages and has possibly lower reservoir potential. 
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1. Introduction  

1.1 Motivation  

The study area is located in the Central Graben in the North Sea, where important structural 

elements are the Cod Terrace and the Sørvestlandet High (Figure 1). This area has been 

studied in several decades, since the 1970ôs when petroleum exploration started in this area. 

Traditionally, the exploration has been targeting the Ula sandstone Fm of Late Jurassic Age, 

the Chalk formations Tor and Ekofisk, of Late Cretaceous to early Paleocene age, and the 

Forties Fm of Paleocene age (Gowers, 1995). 

The Triassic has rarely been the main target, but the Triassic Skagerrak Fm play model was 

proven on the Ula Field in 1981, and recent well results have confirmed the Skagerrak Fm 

sandstones as potential reservoir in the area. Several discoveries in the UK sector close to the 

study area have proven oil or gas condensate from Late Triassic sandstones of the Skagerrak 

Fm (Figure 1) (Fisher and Mudge, 1998). 

Figure 1: Approximate location of study area and the main structural elements in the neighborhood. Triassic fields and 
discoveries are shown in pink. Modified after NPD factpages and Evans et al., (2003). 

Relatively little effort has been invested in understanding the Triassic stratigraphy on the 

Norwegian sector (Evans et al., 2003). The lateral distribution of the Skagerrak Sandstone is 

poorly understood and it is probably underexplored, on the NCS in this area. Figure 2 is a 

lithostratigraphic correlation of the Skagerrak Fm showing variations in thickness and GR log 

character. In well 8/10-4 S, the Triassic consists of shales only, while in the other wells good 
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quality sandstone packages up to 20 meters are present. These variations are a result of the 

paleogeography, likely to be controlled by salt tectonics and faulting in the area. 

Given the focus on the Ula Fm and chalk plays, most of the wells in the Central Graben on the 

Norwegian sector targeting the Skagerrak Fm have been placed in an interpod setting, on top 

of salt structures or very close to salt structures. Most wells have shown that the Triassic is 

very thin or absent. However, there are dramatic changes in thickness, and the Triassic is 

much thicker further away from the salt structures (Figure 3). The thickness changes are most 

likely related to salt movement, and are indicating that salt may have played an important role 

in controlling the depositional system and the distribution of sandstone and shale. 

A seismic section and the corresponding geo-section are given in Figure 3. The wells shown 

are located in a typical interpod setting, from the Ula field, where the trap is a fault-bound dip 

closure and from the Oda field, placed on the flank of a diapir, where the Triassic pinches out 

onto the piercing diapir. Note also how the Triassic varies dramatically in thickness along the 

section, from the interpods where it is thin or absent to several hundred meters in the adjacent 

mini-basins. The Skagerrak Fm is thicker and more constant in thickness on the Ula field, 

compared to the Oda field where it is thinning towards the salt diapir. There were no 

indications of hydrocarbons in the thin Skagerrak interval in the Oda well 8/10-4 S, but in the 

Ula well 7/12-6 hydrocarbons were proven (NPD fact pages) (Figure 3). 

Fisher and Mudge (1998) stated that the limited success obtained in the Triassic of the Central 

North Sea reflects lack of confidence in predicting a good reservoir, rather than lack of 

competent trapping and sourcing mechanisms. Thus, it is important to focus on research and 

studies on the reservoir distribution. 

1.2 Objectives 

The objective of this thesis is to improve the understanding of the lateral distribution of the 

sandstones of the Skagerrak Fm within the study area, by using 3D seismic data and wells in 

the greater Oda and Ula field area. The interaction between salt tectonics and Triassic 

sedimentation is investigate in order to understand how salt related subsidence or uplift acted 

as depocenters for sedimentation, and impacted the deposition of sand and clay in the 

Triassic. To further build a conceptual model for sandstone fairways. This will provide the 

basis for better predict the presence of the reservoir in this formation and set up the study area 

into the regional context for future more detailed studies. 
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Figure 2: Lithostratigraphic correlation of the Skagerrak Fm, showing its heterogeneity and thicknesses. 
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Figure 3: A) Seismic line from seismic cube FP17M02 going through well 7/12-6 on the Ula field and 8/10-4 S on the Oda 
field, showing salt structures and pods. B) Same seismic line with the salt filled with color and interpretation of Top 
Skagerrak Fm. 
Note that it is not the real Top Rotliegend under the salt diapir, but a seismic velocity pull-up effect. 
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2. Previous  work  

2.1 Geological setting of the Ula and Oda field area 

The tectonic framework of north-western Europe was developed in pre-Devonian. In Silurian, 

Baltica collided with Laurentia, and major low-angle thrusts formed the Scottish and 

Norwegian Caledonides, resulting in closure of the northern Iapetus Ocean (Evans et al., 

2003). This was followed by rifting in the latest Devonian time to Middle Carboniferous times 

(Brekke et al., 2001). The crustal lineaments from pre-Permian time have acted as zones of 

crustal weaknesses, affecting the North Sea rift system (Evans et al., 2003). 

The Pangea supercontinent was completely broken up in the period from the Late Permian to 

the Early Triassic. This period was the first rift phase, and it is likely that the Central Graben 

in the North Sea was formed at this time (Bell et al., 2014). The direction of the crustal 

extension is assumed to have been east west, resulting in faults trending north-south to 

northeast southwest (Figure 4a) (Færseth, 1996). The rifting period was followed by a period 

of thermal relaxation and differential subsidence of the graben floor in Late Triassic to Early 

Jurassic. Triassic sediments have accumulated in these subsiding areas with thickness of up to 

4000 m. (Brekke et al., 2001; Lippmann, 2012; Ziegler, 1975) (Figure 4b). 

 

Figure 4: a) Structural map modified after Evans et al., (2003) b) Map of the distribution of the Triassic red beds, modified 
after Lippmann (2012) 

A later rifting event took place from the Middle Jurassic to Early Cretaceous. This rift event is 

proposed to be related to rise and collapse of a thermal dome in the Forties region, caused by 
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volcanism (Bell et al., 2014) (Figure 5). The faults created and/or reactivated during this rift 

period have the same strike as the earlier rift phase; north-south and northeast-southwest (Bell 

et al., 2014). The rifting caused uplift and erosion of footwalls, resulting in removal of large 

parts of the Triassic sediments (Evans et al., 2003) and decrease in the Triassic thickness. 

The period from the Cretaceous to the Cenozoic was characterized by thermal subsidence and 

pulses of tectonic inversion. Another important event in the Cenozoic is the regional uplift of 

the basin margins, which lead to widespread erosion of the Triassic and Jurassic strata (Evans 

et al., 2003). 

2.2 Depositional environment 

2.2.1 Lithostratigraphy  

The general lithostratigraphic column for the Sørvestlandet High and the Cod Terrace in the 

southern Central Graben is shown in Figure 5. The Triassic succession in the study area is 

composed of the fluvial to lacustrine Smith Bank Fm mudstones, followed by the heterolithic 

fluvial dominated Skagerrak Fm. This formation consists of interbedded conglomerates, 

sandstones, siltstones and shales (Figure 5) (Deegan and Scull, 1977). 

The boundary between the two formations is considered to be diachronous, meaning that the 

Skagerrak Fm in some areas represents the lateral facies equivalent of the Smith Bank Fm and 

in other areas the Smith Bank does not exist and the Skagerrak Fm directly overlies the 

Zechstein Group (Fisher and Mudge, 1990). However, the fine-grained Smith Bank is the 

dominating formation in the early Triassic (Induan-Olenekian) (Evans et al., 2003). 
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Figure 5: Lithostratigraphic column and main tectonic events for the study area, modified after (Volleset and Dorè, 1984) 
and Evans et al., (2003). 
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2.2.3 Climate and paleogeograph y 

The climate in the Triassic was arid to semi-arid (Weibel et al., 2017). Due to northwards 

continental drifting, there was a gradual cooling of the climate and the humidity was in 

general increasing between Late Permian and Early Jurassic times (Evans et al., 2003). These 

climate changes together with changes in the base level had large impact on the regional 

depositional environments and lithologies. 

According to Evans et.al, (2003) the Early Triassic Smith Bank Fm was deposited in a 

widespread lacustrine/floodplain environment under continental playa conditions (Figure 6). 

The playa muds are widespread representing the Early Triassic. The mud-prone deposits 

represent low-energy deposition, and the period is generally dominated by high water tables 

and low sand supply (McKie, 2014) (Figure 7). 

Larger grain sizes in the Skagerrak Fm indicate that this formation was deposited in a higher 

energy system compared to the shaly Smith Bank Fm. The Skagerrak Fm was deposited as 

sheet flood and braided-stream sands on an extensive alluvial plain (Figure 6) (Evans et al., 

2003). Coarse fluvial material was deposited along the rift margins, grading into finer fluvial- 

and lake deposits into the center of the basins (NPD, 2014). The fluvial sands were able to 

expand across the basin during periods of pluvial events with reduced aridity, and reached its 

maximum basinward extent in the Central North Sea during the Ladinian (Figure 7) (McKie, 

2014, McKie and Williams, 2009). 

The transport direction of the Skagerrak Fm fluvial and sheet flood sandstones is shown in 

Figure 8. The system interacted with both axial and transverse systems draining off the 

Scottish highlands and the Fennoscandia Shield hinterland. From here the eroded material 

flowed southward, past the study area, into the northern margin of the Southern Permian basin 

(McKie, 2014) 

In the late Triassic the fluvial environment was replaced by vegetated floodplains (Figure 7) 

(McKie and Williams, 2009). There was a notable change from deposition of continental 

sandstones and mudstones to shallow- to deep-marine mudstones (Figure 6) (Evans et al., 

2003). 
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Figure 6: Depositional environment maps for North Sea Triassic, divided into six time sequences. The white arrows show 
how the sediments were sourced from the basement highs. The sediment transport direction was influenced by the 
active extensional faults (Evans et al., 2003). 

 

 

 


























































































































