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The Tarbert Formation in the Oseberg-Brage area consists of shoreline sandstones and lower delta-plain heterolithics which 
basinward interdigitate with offshore sediments of the lower Heather Formation and landward with fluvio-deltaic deposits 
of the upper Ness Formation. The Late Bajocian-Tarbert and lower Heather Formations form three wedge-shaped, 
regressive-transgressive sequences which constitute offset, landward-stepping shoreline prisms. Initial gentle rotational extensional 
faulting occurred during the deposition of the uppermost Ness Formation and resulted in basinfloor subsidence and flooding across 
the Brent delta. Subsequent extensional faulting exerted the major control on the drainage development, basin physiography, the 
large-scale stacking pattem, i.e. the progradational-to-backstepping nature of the sequences, as well as on the contained facies 
tracts and higher-order stacking pattem in the regressive and transgressive segments. Progradation occurred during repetitive 
tectonic dormant stages, whereas the successive transgressive segments are coupled against intervening periods with higher rates of 
rotational faulting and overall basinal subsidence. Axial drainage dominated during the successive tectonic dormant stages. 
Transverse drainage increased in influence during the intermittent rotational tilt stages, but only as small, local (fault block) 
hanging-wall and footwall sedimentary lobes. Rotational extensional faulting was accompanied by footwall uplift which resulted in 
erosion of older Brent Group deposits on the footwall highs. Several unconformity strands, which are coupled against intervening 
periods of rotational faulting or stepwise rotation, are mapped in the footwall of the Oseberg and Brage Faults. The individual 
unconformity strands merge into a composite unconformity in an updip direction on the fault blocks. The uppermost Ness, 
Tarbert and lower Heather Formations represent the initial to an early phase of the Middle Jurassic rifting. The intermediate-scale 
syn-rift sedimentary architecture of a single rift phase in such a mixed non-marine-marine rift basin is a threefold 
sandstone-mudstone-sandstone lithology motif. This motif also applies to shorter-term rotational tilt events superimposed on 
longer duration rifting events such as the Late Bajocian-Early Bathonian rift phase. 
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Introduction 

During the Mesozoic the Northern North Sea rift basin 
(Fig. l )  was moulded by two episodes of lithospheric 
stretching dated as? Permian-Early Triassic and Middle 
Jurassic-earliest Cretaceous, respectively, followed by pe

riods of post-rift thermal relaxation and subsidence (e.g. 
Eynon 1981; Badley et al. 1984, 1988; Giltner 1987; 
Gabrielsen et al. 1990; Stewart et al. 1992; Yielding· et al. 
1992; Steel 1993). Although the general rift-basin devel
opment during the second rift episode is fairly well 
known (e.g. Gabrielsen et al. 1990; Yielding et al. 1992; 
Rattey & Hayward 1993), the details are still a matter of 
controversy. In particular, the timing and cause(s) of its 
initiation are a subject of continuing debate (e.g. Badley 
et al. 1988; Ziegler 1990a, b; Helland-Hansen et al. 1992; 
Underhill & Partington 1993; Færseth et al. 1995; Johan
nessen et al. 1995). 

Traditionally, the Aalenian-Bathonian Brent Group 
has been included in the post-rift succession with respect 
to Permian-Triassic rifting (e.g. Yielding et al. 1992). 

Other studies have suggested that the initiation of Mid
d1e Jurassic stretching pre-dates the Late Bathonian and 
have included parts of the Brent Group in the Middle 
Jurassic-earliest Cretaceous syn-rift succession (Helland
Hansen et al. 1992; Mitchener et al. 1992; Johannessen et 
al. 1995; Fjellanger et al. 1996). Recently, Nøttvedt et al. 
(1995) have argued that the Brent Group, on structural 
grounds, should be regarded as related to Middle-Late 
Jurassic rifting rather than to the earlier post-rift inter
val, and suggested that this megasequence (sensu Steel 
1993) should formally be referred to as 'proto-rift' de
posits. In a subsequent study, Færseth & Ravnås (in 
press) argue that there was a gradual transition from the 
Early-earliest Middle Jurassic pre- or post-rift period, 
which itself was characterized by mild extension, through 
the Middle Jurassic 'proto-rift' stage to the Middle-Late 
Jurassic 'main-rift' stage. Based on a change from domi
nantly non-rotational to rotational extensional faulting, 
the transition was, dated to the latest Early-Late Bajo
cian, and the upper part of the Brent Group was related 
to a Bajocian-Bathonian rifting acme. 
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Fig. l. Map showing main structural elements of Northem North Sea area. 

Herein we discuss the sedimentary architecture of lat
est Early Bajocian-Bathonian strata in the Oseberg
Brage area, presenting sedimentological and stratigraphic 
data in support of a Bajocian-Bathonian rifting acme. 
Our main intentions are threefold: First, we want to 
illustrate and suggest possible controlling factors on the 
latest Early Bajocian-Bathonian sequential evolution of 
the Brent delta, i.e. during the transition from the 'proto
rift' stage through an early phase of the Middle Jurassic 
stretching. Secondly, we demonstrate how a detailed 
knowledge of the sedimentation history can be used to 
further decipher the sequential basin development and 
changes in structural styles in areas where the sedimen
tary succession is dose to or below seismic resolution. 
Thirdly, we discuss how knowledge of the complex inter
play between extensional tectonics and sedimentation in 
subbasins bordering the Viking Graben can be used to 
further predict the presence and stacking pattern of 
time-equivalent strata in the graben area proper. 

Models for Brent delta retreat 

The Brent Group consists of the Broom, Oseberg, Ran
noch, Etive, Ness and Tarbert Formations. The Oseberg 
and Broom Formations are interpreted to represent lat-
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eral infill from the Norwegian and UK hinterlands, 
respectively (Graue et al. 1987; Helland Hansen et al. 
1992), a phase of infilling more related to the underlying 
Dunlin Group than to the subsequent Brent delta (Steel 
1993). The remaining formations form a major regressive 
to transgressive, clastic wedge (Graue et al. 1987, their 
Fig. 15), which represents the advance and retreat of an 
extensive deltaic complex, the so-called Brent delta. 

Since the early 1990s the improvement in our under
standing of the Brent delta evolution has been signifi
cant, regarding the architecture and the extent of the 
early lateral infill, as well as the detailed nature of the 
progradational and backstepping stages (e.g. see papers 
in Morton et al. 1992). Improved biostratigraphical reso
lution and more precise dating have allowed the defini
tion of time lines which, more than anything else, have 
advanced the regional correlations of the Brent Group 
(Graue et al. 1987; Falt et al. 1989; Helland-Hansen et al. 
1992; Mitchener et al. 1992; Whitaker et al. 1992; Wil
liams 1992). In essence, the delta built out in an overall 
northward direction (see especially Falt & Stee1 1989) as 
a response to a thermally induced domal uplift in the 
central North Sea (Eynon 1981; Ziegler 1990a, b; Hel
land-Hansen et al. 1992; Mitchener et al. 1992), as well 
as due to high sediment flux from the basin's lateral 
hinterlands (Richards et al. 1988; Milton 1993; Steel 
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1993). An increase in the rate of relative sea-level rise in 

the 1atest Early Bajocian led to a gradua1 drowning and 

retreat of the Brent delta. Graue et al. (1987) argued that 

the Brent delta during the backstepping stage developed 

as an overall transgressive series of landward-stepping, 

progradational prisms. Subsequently, Falt et al. (1989) 

recognized six such prisms ranging in age from Bajocian 

through Callovian. 

When considering possib1e controlling factors on the 

larger scale stacking pattern on the upper, backstepping 

part of the Brent Group, two parameters are important: 

First, a marked increase in tectonic subsidence rate has 

been argued as the major controlling factor on relative 

sea-level rises, with subsequent rate decreases causing 

clastic wedge progradation (Steel 1993). Secondly, there 

is growing consensus that the Middle Jurassic stretching 

commenced as early as the Bathonian (Badley et al. 1984, 

1988; Gabrielsen et al. 1990; Stewart et al. 1992; Rattey 

& Hayward 1993; Færseth et al. 1995; see, however, 

Underhill & Partington (1993), for an alternative view). 

Nevertheless, two contrasting views are still advocated 

as the main cause(s) of the retreat of the Brent delta: 

although recognizing differential subsidence across major 

faults during deposition of the Brent Group, Yielding et 

al. (1992) argued that the coeval extension was negligible 

(ca. 1% over a 200-km profile across the northern North 

Sea basin) and maintained that regarding the Brent 

Group as a syn-rift unit was misleading. This is in 

keeping with the suggestions of Brown et al. (1987) and 

Falt et al. (1989), who favoured eustasy in combination 

with regional subsidence as the major controlling agents 

in the generation of the transgressions across the Brent 

delta coastal plains. An alternative view was provided by 

Muto & Steel (1992) who, based on simulation mod

elling, demonstrated that during a period of steadily 

rising relative sea level and constant sediment supply, an 

over-extension of the Brent delta front inevitably led to 

retreat of the deltaic system. 

In opposition to this view, a growing number of 

studies indicate that the retreat of the Brent delta may 

have commenced at a time of slight fault-block tilting, 

with increasing tectonic activity during the backstepping 
part of the delta development (Helland-Hansen et al. 
1992; Mitchener et al. 1992; Johannessen et al. 1995; 
Fjellanger et al. 1996). This was manifested by enhanced 
differential subsidence across faults and by early rota
tional uplift of some fault blocks. The observed Tarbert 
Formation regressive pulses were unable to be repro
duced by global eustatic sea-level falls, so it was argued 
that variable sediment supply and/or tectonic subsidence 

rates had to be invoked (Helland-Hansen et al. 1989). 

The large-scale transgressive trend of the upper part of 

the Brent Group was due mainly to the inability of 

sediment supply to keep pace with increasing basinal 

subsidence rates; again, partly related to the effects of 

initial stretching and rifting (Mitchener et al. 1992). It is 
also noteworthy that Johannessen et al. (1995) in a study 

of the Brent Group in the northern part of the Viking 

Graben, concluded that the transition from the pre-rift 

(pre-uppermost Ness Formation) to the initial syn-rift 

stage was accompanied by a change from an axial to a 

transverse drainage. 

Geological setting 

Structura/ framework 

The Oseberg-Brage area, located offshore western Nor

way, contains a series of eastward dipping fault blocks of 

various sizes (Figs. l & 2; Færseth & Ravnås in press). 

The Brage area forms the western margin of the Horda 

Platform. It is separated from the Oseberg Fault Block 

by the west-dipping, normal Brage Fa:ult. The Oseberg 

Fault Block forms an up to 16 km wide, eastward 

dipping (6-8°) fault block. It is bounded to the west by 

the west-dipping, normal Oseberg Fault. The smaller 

fault blocks west of the Oseberg Fault form parts of a 
larger terrace area which constitute the eastern fiank of 

the present Viking Graben. The terrace area is separated 

from the Viking Graben proper by a major fault complex 

located between 2°30'E and 2°40'E (Fig. 2). The Ose

berg-Brage area is transected by three dominant fault 

trends. Normal faults with an overall N-S orientation 

outline the main structural elements. NE-SW and NW

SE oblique trends are evident either as individual faults 

or as segments on major N-S trending faults. Locally, 

an E-W structural grain is evident. 

Prior to the Late Bajocian (pre-Tarbert Formation), 

syn-depositional fault activity appears to have been re

stricted to N-S trending segments of the Brage Fault, 
the Oseberg Fault and possibly the fault complex located 

at 2°30'-2°40'E. During this period the Oseberg area can 
be considered as forming terraces on the westward-slop

ing, fiexured eastern margin of a broad and asymmetric, 

primitive Viking Graben (Færseth & Ravnås in press). 

Aalenian-Early Bajocian basin development 

The Brent Group increases in thickness towards the west 
from about 50 m in the Brage area, to between 50 and 
130 m on the Oseberg Fault Block, and to nearly 500 m 
on the smaller downfaulted fault blocks of the western 

terrace area (Fig. 3). The sequential evolution recorded 
by the progradational, lower part of the Brent Group in 
the Oseberg-Brage area has been the topic of several 
studies (e.g. Graue et al. 1987; Ryseth 1989; Helland 

Hansen et al. 1992; Ryseth & Fjellbirkeland 1995). The 
Oseberg, Rannoch, Etive and lower Ness Formations 
jointly form near-tabular packages within individual 

fault blocks, but with pronounced stepwise westward 

thickening across the major faults (e.g. the Brage and 
Oseberg Faults, Fig. 3). Locally, on the Brage Horst and 

on crestal areas of the Oseberg Fault Block and on some 
of the fault blocks of the terrace area, the Brent Group 

is absent because of subsequent erosion (Fig. 4). 
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Fig. 2. Map of the study area with well database and 
location panels shown in Fig. 13 (modified from L_ ____ __L. ___ .L__ ____ _j_ ________ ---�.. __ _. 60'15' 
Færseth & Ravnås in press). 

Both transverse and axial infill is evident during the 
progradational development of the Brent delta in the 
Oseberg area. The early (Aalenian) transverse infill of 
the Oseberg Formation developed as a response to an 
important relative sea-level fall, argued to have been 
generated by tectonic uplift of the Horda Platform and 
the Norwegian hinterland (Helland-Hansen et al. 1992). 
Fan-deltaic sediments built out towards the west and the 

northwest, and backfilled the previously emergent areas 
during the subsequent relative sea-leve! rise. Following 

the drowning of the sandy Oseberg system in the latest 
Aalenian-earliest Bajocian, the Brent delta proper, i.e. 
the Rannoch-Etive-Ness system, advanced northwards 

during the ?latest Aalenian and Early Bajocian (Graue 
et al. 1987; Ryseth 1989; Helland-Hansen et al. 1992). 
Syn-depositional faulting exerted an increasing control 

on the thickness distribution of the progradational part 

of the Brent Group (Fig. 3; Graue et aL 1987; Helland
Hansen et aL 1992; see also Rønning & Steel 1987; 

Livera 1989). 

Late Bajocian-Bathonian basin development 

The northward progradation of the Brent delta termi
nated in the latest Early Bajocian (Helland-Hansen et al. 
1992). This means that while transgression had started 
across the northern reaches of the Brent delta, continen
tal (Ness Formation) deposition in a transgressive setting 
prevailed in the Oseberg area. In the Oseberg area the 
retreat of the Brent delta (upper Ness, Tarbert and lower 
Heather Formations) continued during the Late Bajocian 
and Bathonian. This period was characterized by gener
ally increased, but contrasting styles of fault-related sub
sidence: on the Oseberg Fault Block the uppermost Ness 
and Tarbert Formations form wedge-shaped stratal 
packages which thicken slightly downdip or eastwards. 
Latest Bajocian-Bathonian strata, referred to as the 
lower Heather member in main parts of the Brage area 
and on the Oseberg Fault Block and as the Tarbert 
Formation in the terrace area, form a lithostratigraphic 
unit which thickens more pronouncedly in a downdip 
direction (Fig. 3). The wedge-shaped geometry of the 
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Fig. 3. Well correlation panel of the Brent Group from the Brage area across the Oseberg Fault Block to the terrace area. 

stratal packages is related to the combined effects of 

syn-depostional erosion and differential subsidence. This 

indicates that initial rotational faulting then had com

menced as argued by Helland-Hansen et aL (1992). How

ever, rifting rates and fault activity were not uniform or 

synchronous, but instead appear to have varied but 

temporally and spatially as discussed below (see also 

Færseth & Ravnås in press). 

Facies associations and depositional 
en vironmen ts 

Tarbert and Heather Formation lithostratigraphic 
definitions 

The Tarbert Formation (Vollset & Dore 1984) is recog
nized by the presence of shoreline sediments (delta-front 

or shoreface-to-foreshore) in the upper part of the Brent 
Group, generally above and laterally equivalent to allu

vial deposits of the Ness Formation landwards (Figs. 3 & 
5). The Heather Formation consists of Bathonian-Kim
meridgian offshore mudstones forming the basinward 
equivalent to and the younger capping of the backstep

ping, upper part of the Brent Group (Vollset & Dore 
1984; Helland-Hansen et aL 1992). 

In the Oseberg- Brage area where the upper part of the 

Brent Group constitutes one or several progradational
to-aggradational shoreline packages separated by conti

nental, lower delta-plain and/or offshore deposits, the 
above definitions become difficult to enforce. In our 

opinion the Tarbert Formation represents shoreline de

posits associated with the overall retreat of the Brent 

delta, and its lower boundary should accordingly be put 

at the base of the first clearly marine sandstones above 

the Ness Formation delta plain deposits, as argued by 
Rønning & Steel (1987). Accordingly, we propose, for 
practical reasons, that also thinner units of offshore and 
continental deposits should be included in the Tarbert 
Formation. However, when the intervening offshore or 
continental deposits have significant thicknesses (e.g. 
more than tens of metres) , an interfingering relationship 
with vertical repetition of formations should be estab
lished and indicated (Fig. 5). 

Lithofacies, facies associations and depositional 
environments 

Fifteen lithofacies have been defined (Table l )  which are 
grouped together in eight main associations (Table 2). 

The facies associations are : anaerobic offshore clay-
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Table I. Lithofacies of the Tarbert and lower Heather Forrnations, Oseberg-Brage area: description and depositional processes. Ichnofabric types refers to 
Bockelie (1991). 

Lithofacies 

Facies I 

Facies Il 
Bioturbated 
mudstones and 
siltstones 

Facies Ill 

Hummocky 
cross-stratified 
(HCS) 
sandstones 

Facies IV 

Planar, parallel 
stratified 
sandstones 

Facies V 

Ripple cross
laminated 
sandstones 

Facies VI 

Trough cross
stratified 
sandstones 

Facies VII 

Planar cross
stratified 
sandstones 

Facies VIII 

Massive 
sandstones 

Facies IX 

Lenticularily 
bedded 
heterolithics 

Facies X 

Wavy-bedded 
heterolithics 

Facies XI 

Flaser-bedded 
heterolithics 

Main Characteristics 

Variant A: Dark grey to black, carbonaceous claystones. 
Abundant pyrite and/or ferruginous ooids. Scattered belemnites. 
Thin, norrnally graded mud- and siltstone stringers. Rare 
Chondrites. 

Variant B: Dark grey to black, carbonaceous (coaly) claystones. 
Abundant spores. Locally abundant pyrite. Thin ripple 
cross-laminated sandstone strata and lenses. Rare Dip/ocraterion. 

Bioturbated mudstones, siltstones and very fine sandstones. 
Belemnites and disarticulate bivalve fragments. Carbonate and 
pyrite nodules and aggregates. Indistinct wavy (undulatory) 
and/or planar parallel stratification. Commonly Helminthoida, 

Anchonichnus or Pa/aeophycus ichnofabric. 

Erosive, sharp-based, ungraded or slightly normally graded very 
fine to fine sandstones. Base undulatory or planar. Basal part 
may be structureless. Wavy (undulatory) stratification with gentle, 
form-discordant, convex-upward lamination which sometimes 
ftatten upward within beds/sets. lnternal, commonly low-relief 
truncation surfaces define set boundaries. Sometimes ripple 
cross-laminated uppermost part. Belemnite and disarticulate 
bivalve fragments. Low degree of bioturbation. 

Erosive, sharp-based, plane to slightly wavy (undulatory) 
parallel-stratified, fine to coarse sandstones. Lower set/bed 
boundaries form low-angle truncations. Sets/beds are ungraded 
or slightly normally graded, but stack to form coarsening-upward 
motifs. Scattered belemnite fragments and carbonate nodules. 

Fine to very coarse, ripple cross-laminated sandstones. Ripple 
forms vary from asymmetrical to nearly symmetrical. 
Cross-lamina are steep, tangential or angular. Opposing 
palaeocurrent direction sometimes present in vertically stacked 
sets. Low degree of bioturbation. 

Medium to coarse, trough cross-stratified sandstones. Trough 
varies between few centimetres and a few !ens of centimetres in 
height. Basal, curved truncation surface commonly have a low 
angle to the general bedding, occasional with very coarse sands or 
granules strewn along the surface; dips increase progressively 
upwards within sets. Low degree of bioturbation. 

Cross-stratified granulefvery coarse to medium sandstones, 
20-100 cm thick. Cross strata are steep, tangential or planar, 
rarely sigmoidal. The cross-strata are defined by subtle grain-size 
variations, by alternations of massive and normally graded strata, 
and/or by mud-rich lamina, the latter sometimes containing 
abundant coal material. 

Structureless, fine to very coarse sandstones, occasionally with 
scattered granules. Sometimes slightly bioturbated. 

Ripple cross-laminated, nearly symmetrical sandstone lenses, 
dispersed in a massive or laminated mudstone background 
sediment. Height of lenses commonly less than a few centimetres; 
width varies from a few centimetres to > l O  cm. Lenses may be 
connected by thin laminated 'necks'. Ptygmatically folded, thin, 
subvertical sandstone dikes are locally abundant. Low degree of 
bioturbation. 

Interbedded stratified sandstones and laminated mudstones. 
Sandstones have sharp, loaded or scoured bases, are normally 
graded, and have sharp undulatory tops. Internal structures 
include parallel lamination, current- and wave-ripple 
cross-lamination. Cross-lamination sometimes show opposing 
palaeocurrent directions. Low degree of bioturbation. Coexists with 
Facies IX. 

Small-scale trough cross-stratified and tangential to sigmoidal 
current-ripple cross-laminated, fine to medium sandstones. 
Cross-stratified sets are separated by thin, simple or bifurcated, 
wavy mud- and claystone partings. Cross-stratification aften 
shows opposing palaeocurrent directions. Low to intermediate 
degree of bioturbation, commonly of Skolithos ichnofabric. 

Depositional process(es) and bedform morphology 

Variant A: Suspension fall-out in offshore settings; rare incursions 
of low-density turbidity currents. 

Variant B: Suspension fall-out (as above); lacustrine (lake or pond) 
lill with distal portions' of crevasse splays or subdeltas. 

Reworked offshore (shelfal) deposits. Minor constituent in 
embayment and lagoonal fill, and as tida! mouth-bar or sandftat 
deposits. 

Hummocky (HCS) and possibly swaley (SCS) cross stratification; 
shallow-marine (offshore-transition-zone to shoreface) storm 
stratification. Low relief (low amplitude), broad 3 D bars and 
scours. 

Upper ftow-regime flat -bed lamination resulting from high-energy 
waves in and beyond the surf zone and possibly wash-backwash 
processes on the beach face. 

Small to intermediate ripplesfmegaripples; represent current-ripples 
(asymmetrical variant) and wave-ripples (symmetrical variant). 

Small to intermediate size ripples, megaripples and small bars. 
Extreme low-angle troughs (interbedded with Facies Ill and/or IV 
sandstones) may represent swaley cross-stratification. 

Large sandy bedforms. Sandstone cross-strata formed by sand 
avalanching down the lee-side of the bedform. Mudstone partings 

represent slack-water draping. 

Variable; dependent on the associated sandstone facies. 

Suspension fall-out followed by (storm-)wave reworking of the 
sand-sized sediment. Sandstones dikes reftect infilling of syneresis 
cracks; subsequent falding due to compaction. 

The coexistence with Facies IX suggests deposition from and 
reworking by tida! currents and occasional waves in the more distal 
reaches of tidally inftuenced deltas and/or sand-ftats. 

Small-scale ripples migrating across tida! sand-ftats or being deposited 
in the upper part of tidally inftuenced ftuvial mouth-bars. 
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Table l. (continued). 

Lithofacies Main Characteristics Depositional process(es) and hedform morphology 

Facies XII 
Mudstone
sandstone 
heterolithics 

Finely laminated mudstones to very fine and fine, wave- and 
current-ripple cross-laminated, HCS, and plane and wavy 
(undulatory) parallel-laminated sandstones. Abundant coal 
fragments, plant debris, and rooted horizons. Coarsening-upward, 
fining-upward, and ungraded successions. Intermediate to high 
degree of bioturbation; dominantly by Diplocraterion and 
Planolites. 

Small-scale bedforms formed waves and unidirectional currents; 
represent mouth-bar or crevasse subdeltas (coarsening-upward units), 
crevasse splays (ungraded units) and crevasse subchannels 
(fining-upward units). 

Facies XIII 
Coals 

Coal and muddy coals, ranging in thickness from 15 to 310 cm. 
Occasional interbedded clay and silt stringers. Pyrite nodules and 
aggregates are common, usually overlying rooted horizons. 

Peat accumulation in coastal (lacustrine) swamps; deaner coals 
represent central swamp areas. 

Facies XIV 
Disorganized, 
poorly sorted 
sediments 

Variant A: Disorganized to stratified few centimetres to 50-cm
thick layers of matrix- to clast-supported, normally graded 
conglomerates and/or pebbly sandstones. Pebble material consists 
of rounded to subrounded quartz-quartzite, basement lithologies, 
deformed ('soft-sediment') mudstone intraclasts and belernnites. 

Variant A: Ravinement lag deposits developed over transgressive 
surfaces (trucker intervals rna y contain remnants of ?fluvial sediments 
along their base). 

Variant B: Poorly sorted, thick, structureless (or indistinct parallel 
stratification), locally ooid-bearing sandstones, often with a high 
content of mud-sized material. Bioturbation varies between Jow 
and high, commonly represented by Skolithos ichnofabric. 

Variant B: Transgressive marine sandstones. Local low mud content is 
attributed to winnowing and resuspension of this material by burrowing 
organisms. 

Facies XV 
Calcareous 
sandstones 

Ooid-bearing (calcareous and ferruginous ooids) and belernnite 
and bivalve rich deposits; carbonate matrix often comprises a 
large portion of the sediment. 

stones, offshore mudstones, offshore transition-zone 

deposits, 1ower-midd1e shoreface deposits, upper shore

face-foreshore deposits, back-barrier and embayment 

deposits, 1ower delta p1ain overbank, swamp and 1acus

trine heterolithics, and reworked shoreline-shelf deposits 

(Table 2, Fig. 6). For a detailed description and interpre

tation of facies from the upper Ness Formation, the 

reader is referred to Ryseth (1989). Candidates for chan

nellized deposits in the Tarbert Formation can be inter

preted in terms of either fluvia1 or tida1 origin. The latter 

notion is supported by dipmeter and Formation Micro 

Scanner (FMS) data, which often suggest landward di

rected pa1aeocurrent directions. Accordingly, these 

should be assigned to the lower delta plain, back-barrier 

or shallow embayment environment, respectively. 

The depositional environments recorded by the differ

ent facies associations form gradual transitions from 

offshore settings with possible larger palaeowater depths 
than 60 m, as suggested by anaerobic marine claystones 
in the lower Heather (see Tyson & Pearson 199 1), 

through oxygenated offshore and storm-influenced shelf

al environments, indicative of pa1aeowater depths in the 

range of 15-40 m (Swift et al. 1983), and to a variety of 

shoreface, nearshore and paralic environments in the 

Tarbert Formation. The shallow-marine depositional en

vironment varied considerably from a fluvial-wave inter

action type, to a storm-wave dominated type and to a 

strongly tidally influenced type, both laterally along an 

individual shoreline and through time. The variations in 

the shallow-marine regime mainly seem to reflect spatia! 

and tempora! changes in basin physiography and topog

raphy. The paralic to marine sediments of the Oseberg

Brage area are coeval with continental Ness and Sleipner 

Formation deposits southwards. 

Transgressive shelf deposits; high carbonate content suggests 
deprivation of siliciclastic sediment. 

Regressive-to-transgressive sequences 

In wells with thick Late Bajocian and Bathonian succes

sions, i.e. in fault block downdip wells, the Tarbert 

Formation and lower Heather member together form 

three progradational- aggradational-backstepping or re

gressive-transgressive sequences. Each regressive-trans

gressive sequence corresponds to one of the previously 

established Tarbert Formation offset backstepping, 

shoreline prisms (Graue et al. 1987; Falt et al. 1989). The 

three regressive-to-transgressive sequences are dated to 

the Late Bajocian (sequence I), the Late Bajocian to 

Early Bathonian (sequence Il) and the Middle-Late 

Bathonianjearliest Callovian (sequence Ill). The upper

most Ness and basal Tarbert Formations, when present, 

form the transgressive part of yet another regressive-to

transgressive sequence (sequence O; latest Early Bajo

cian). Sequences are chosen to have a regressive

to-transgressive configuration because of convenience 
(ease of definition). They are thus bounded at their bases 
and tops by easily recognizable marine flooding intervals. 
The sequences span some 1.5- 3.5 My and thus compare 

with 3rd-order depositional cycles (e.g. Prothero 1989). 
The subdivision of the upper Ness, Tarbert and lower 

Heather Formations into chronostratigraphic units is 
based on detailed quantitative biostratigraphy, which has 
resulted in the recognition of seven time lines within the 

interval. The succession of time lines, their boundary 

criteria and their ages are summarized in Fig. 7. The 

time-lines have been tied to the established ammonite 

zonation (Harland et al. 1990) and their position is 

shown in Fig. 5 and in the constructed well correlation 

panels (Figs. 8 & 9). 

As advocated below, the Late Bajocian- Bathonian 
was characterized by a series of rotational tilt events 
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Table 2. Facies association and depositional environments recorded by the Tarbert and lower Heather Formations, Oseberg-Brage area. Ichnofabric types refers 
to Bockelie ( 199 1 ). 

Facies association 

Facies association A: 
Anaerobic offshore 
claystones 

Outer-middle shelf 

Facies association B: 
Offshore mudstones 

Middle-inner shelf 

Facies association C: 
Shallow-marine silt
and sandstones 

Offshore-transition
zone deposits 

Facies association D: 
Shoreface sandstones 

Lower-middle 
shoreface deposits 

Facies association E: 
Shoreface-?beach 
sandstones 
Upper shoreface
foreshore deposits 

Facies association F: 
Paralic deposits 
Back-barrier and 
embayment deposits 

Facies association G: 
Lower delta plain 
Overbank, swamp and 
lacustrine heterolithics 

Facies association H: 
Shallow marine 
sediments 

Transgressive 
shore-line-shelf 

Component lithofacies and ichnofabric; lithofacies stacking 
pattem 

Marine claystones (Facies I, variant A), with thin silty turbidites. 
Turbidite content increase downdip on fault blocks. 

Claystones commonly have high organic content implying at !east 
partial anoxia near the sea bottom. 

Bioturbated mudstones, siltstones and very fine, offshore 
sandstones (Facies Il) with thin indistinctly stratified or massive 
sandstones. Helminthoida or Anchonichnus ichnofabric. 

Component member of fining-upward (deepening-upward), 
ungraded and coarsening-upward (shallowing-upward) successions. 

Intercalated bioturbated siltstones and very fine sandstones 
(Facies Il) and hummocky cross-stratified (HCS) sandstones 
(Facies III). Anchonichnus or Pa/aeophycus ichnofabric. 

Form parts of coarsening-upward (shallowing-upward) 
successions. 

Amalgamated HCS sandstone units (Facies Ill) forming packages 
>50 m thick. Individual beds may have wave-rippled upper part 
(Facies V). 

Genetic units and depositional environment 

Offshore; sediment-starved ?outer-middle shelf. Claystone drape 
during marine flooding events. 

Partial anoxia suggests restricted water circulation; implies 
depositional water depths of > 60 m (Tyson & Pearson 199 1 ). 

Offshore, open-marine, middle-inner shelf; occasional incursions of 
shelfal turbiditesjtempestites. 

Form part of both progradational (regressive), aggradational and 
retrogradational (transgressive) shallow-marine successions. 

Aggradational offshore sediments are associated with significant 
marine flooding intervals. 

Offshore-transition-zone in front of storm-influenced, 
progradational shorelines. 

Based on the example of modem shelves, HCS occurs in water 
depths of 15-40 m (Swift et al. 1983). 

Lower-middle shoreface of a storm-dominated shoreline. 

Commonly form (part of) coarsening-upward (shallowing-upward) Form thick progradational-aggradational and parts of 
and ungraded successions. Less common in fining-upward progradational (regressive) shoreline successions. 
( deepening-upward) sucessions. 

Variant A: Hummocky, ?swaley and trough cross-stratified and 
plane parallel-stratified sandstones (Facies Ill, IV and VI) 
arranged in coarsening-upward units. Coarsening-upward 
trends generally are accompanied by a vertical change in 
predominance of structures from HCS to SCS, trough 
cross-stratification and plane parallel-stratification. 

Variant B: Coarse to medium sandstone sets with a vertical 
transition from tabular cross-stratified, to trough cross-stratified 
and current ripple cross-laminated sandstones (Facies V, VI and 
VII). Sets are arranged in coarsening-upward units, commonly 
with abrupt grain-size variations across set boundaries. 

Variant A: Stacked coarsening-to-fining upward (CUFU) and 
coarsening-upward (CU) units consisting of a combination of 
laminated, lenticularily and wavy bedded heterolithics; and HCS, 
trough cross-stratified and parallel-stratified sandstones (Facies 
IV, VI, IX, X and XII). Finer lithologies show Dip/ocraterion 
ichnofabric, whereas Sko/it hos j Ophiomorpha ichnofabric is present 
in the sandier varieties. Sandier variants show outward 
(landward) tining and interfingering with lagoonal shales. 

Variant B: Stacked coarsening-upward (CU) units comprising a 
combination of wavy and flaser bedded heterolithics; and 
current-ripple (wjreversed palaeocurrent directions) and trough 
cross-stratified sandstones (Facies X, XI, V and VI respectively). 
Diplocraterion and Skolithos ichnofabric. 

Stacked coarsening-upward (CU), coarsening-to-fining upward 
(CUFU), ungraded and fining-upward (FU) units of Facies XIII 
capped by coal horizons or lacustrine claystones (Facies XIII and 
IB respectively). Rooted horizons occur throughout. CU and 
CUFU units are common1y less than 10m, whereas the ungraded 
and FU units rare1y exceed a few metres. 

Variant A. Fining-upward successions of wavy and lenticularily 
bedded heterolithics resting (above ravinement surface) on Ness 
Formation delta-plain deposits. 

Variant B: Fining upward successions of conglomerates and 
sandstones (Facies XIV). 

Variant C: Calcareous sediments (Facies XV) showing upward 
increase in carbonate content. 

Variant A: Upper shoreface to ?foreshore of a wave- and 
storm-dominate, progradational shoreline. 

Variant B: Stacked fluvial mouth-bars (laterally equivalent to the 
upper shoreface/foreshore deposits of variant A). 

Variant A: Vertically stacked CUFU/CU units reflect the successive 
advance of minor mouth-bars and/or crevasse subde1tas, possibly 
representing smaller bay-head or back-barrier deltas. The sandier 
variants are, based on the landward fining and interfingering with 
lagoonal shales, interpreted to represent washover fans and/or 
flood-tidal deltas. 

Variant B: Stacked, tidally influenced mouth-bars or 
shoaling-upward sand-flat units, sometimes present southward 
(landward) of washover fans/tida! deltas or variant A. The overall 
setting is thus related to a tidally influenced embayment, 1ower 
delta plain or estuary. 

Stacked mouth-bar or crevasse subdeltas (CUFU/CU units), 
crevasse splays (ungraded units) and crevasse subchannels (FU 
units) separated by lower delta plain lacustrine infill and swamp 
accumulations. 

Variant A: Transgressive reworking of (lower) delta-p1ain deposits. 

Variant B: Transgressive reworking of siliclastic shoreline/shelf 
deposits. 

Variant C: Transgressive reworking of shelf starved of siliciclastic 
sediment. 
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Fig. 4. Generalized chronostratigraphic diagram. Summa ry of the stratigraphy and tectonic events for the la test Aalenian-Middle Callovian interval of the 
Oseberg-Brage area. The short-term sea-levet curve is from Haq et al. (1987), and has been transferred into Harland et al. (1989) ages. 

separated by teconically quieter intervals. These tempora! 

variations in tectonic activity strongly inftuenced the 

behaviour of the rift-marginal as well as the development 

of localized, fault block restricted depositional systems. 

It should be noted that the regressive-transgressive na

ture of sequences refers only to the rift-marginal shore

line or the Brent delta proper and not to the behaviour 
of the local, fault block restricted shoreline. 

The sequence development is described in a chrono

logic order, i.e. from Sequence O to Ill, and a geographic 

order, i.e. from the Brage area to the Oseberg Fault 

Block and to the terrace area (Fig. 4), with reference to 

selected well correlations (Figs. 8 & 9) and constructed 

palaeogeographical maps (Fig. 10). Correlation between 

individual fault blocks was guided and strongly im

proved by the established time lines. Interpretation of the 

complex sedimentary architecture of fault block updip 

areas and correlations between fault block updip and 
downdip areas were possible largely owing to the dense 

well grid (a total of ca. 90 exploration and production 

wells have been used in this study). 

Sequence O - latest Early Bajocian 

Transgressive segment. - Downdip on the Oseberg Fault 

Block and in the terrace area the transgressive segment 
of sequence O (Fig. l Oa) consists of a fining-upward 

succession of lower delta plain heterolithics (uppermost 
Ness Formation), capped by embayment heterolithics or 
lower shoreface deposits of the lowermost Tarbert For
mation. To the north (basinwards) on the fault block 
metre scale, coarsening-to-fining-upwards units are ar

ranged in a backstepping or overall fining-upward man

ner. On the Oseberg Fault Block, transgressive sand

stones abruptly overlie continental Ness Formation de

posits in mid-block positions. Further updip, the segment 

pinches out against and is correlated with a locally 

developed unconformity (see truncation of time line 9 in 

Fig. 8 and thinning of the interval between time lines 9 

and 10 in Fig. 9b). The segment is commonly absent in 

the Brage area. Possible candidates are thin transgressive 

sandstones. 

The transgressive segment is capped by lower 

shoreface heterolithics which are interpreted to represent 

deposition along a protected shoreline or in marine 

embayments. In the Oseberg area these heterolithics 

mark a pronounced marine ftooding interval (time line 

10 in Figs. 8 & 9). The heterolithics wedge out landwards 

(southwards) and in an updip direction (westwards) on 

individual fault blocks. 

Sequence I - Late Bajocian 

Regressive segment. - On the Oseberg Fault Block and 

in the terrace area this segment consists of coarsening

upward, lower-middle shoreface deposits overlain by 

upper shoreface deposits of mouth-bar and possibly bar

rier or beach-ridge shoreline o ri gin (Fig. l Ob ) . The shore

line sediments are, in turn, capped by coal-bearing lower 
delta plain heterolithics (Fig. l Oe). The segment is absent 

in the Brage area, possibly due to subsequent erosion. 
Updip on the Oseberg Fault Block the shoreface sedi

ments rest unconformably and often with a sharp contact 

on Ness Formation delta-plain deposits. In E-W sec
tions the regressive segment shows a relatively uniform 

thickness distribution in downdip to mid-block positions. 
The unit wedges progressively out in an updip direction 
(Fig. 8), probably due to a combination of depositional 
thinning ( onlap) and subsequent erosion. Variable N - S  
thickening -thinning trends are observed dependent on 
structural position (compare Figs. 9b, c). Downdip, the 
segment thickens from the north and south towards the 

central part of the fault block (Fig. 9b ) . The opposite 

trend is observed on updip areas : in such settings the 

segment is thin or absent across the central part of the 

fault block and thickens to the north and south (Fig. 9c). 

In the terrace area the shoreface lithosomes show a 

rather uniform thickness distribution of similar magni
tude to their equivalents on the Oseberg Fault Block. 

The overlying delta-plain deposits, however, thicken 
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I!IIIIII!.Q Alluvial .- estuarine deposils 
� regressrJeltransgreSSMI -MRS Surface of maximum regression 
� Shal� marine �ones 
� regressiVeltransgreSSIVEI -MFS Surface of maximum transgression 

Ill Offshore mudstones �AS Ravinement surface 

�T rbidij regressive � u es transgressive -<[� Timeline 

Fig. 5. Schematic S-N section through the uppermost Ness, Tar bert and lower Heath er Formations in the fault block down di p areas. See Fig. 7 for the definition 
of time lines. 

westwards (Fig. 8b ), i.e. towards the Viking Gra ben. On 

the present fault blocks this is, notably, in an updip 

direction. 

Transgressive segment. - The segment (Fig. l Od) is 

present to the north in the Brage area where it comprises 

tidal sand-flat deposits capped by embayment het
erolithics. Downdip on the Oseberg Fault Block it is thin 
and consists of stacked ?tidally influenced mouth-bar 
units arranged in a backstepping manner (Figs. 8 & 9). 
Shoreface sandstones are present in mid-block positions 
to the north on the fault block. The segment is absent in 
updip areas. 

In the terrace area the segment is fairly thick, but 

variably developed (Fig. 8). A slight westward (updip) 

thinning is seen from well 30/9-8 to well 30/9-7, possibly 

associated with the presence of a hiatus in the latter well. 

There is an abrupt increase in thickness across the intra

terrace fault separating the combined omega-B and G

structures. The thickening is associated with a shift in 

facies from tidally influenced sediments on the combined 
omega-B structure to wave-dominated back-barrier and 

embayment deposits  on the G-structure. On both struc

tures, there is a vertical transition from washover fan or 
tidal-deltaic deposits to more open marine embayment 

deposits, indicating stronger marine influence upwards 

(Figs 6b & 8). 

The transgressive segment contains coastal-plain and 

?estuarine facies implying that sediment supply nearly 

balanced the increasing rate of relative sea-level rise. It is 

capped by embayment and/or offshore-transition-zone 

deposits downdip on the Oseberg Fault Block and in the 

terrace area. 

Sequence Il - Late Bajocian-Early Bathonian 

Regressive segment. - This segment consists of stacked 
storm-wave dominated lower-middle shoreface sedi
ments (Fig. l Oe). It shows a pronounced westward in
crease in thickness over the Brage, Oseberg and 

intra-terrace faults (Fig. 8). Superimposed on this west

ward thickening trend, there is an updip thinning on 

individual fault blocks. This is attributed to a combina

tion of depositional thinning (onlap), non-deposition and 

subsequent erosion (see below). 

On the Oseberg Fault Block the segment is present only 

in downdip areas and to the north. On this fault block the 

unit is thin and the shoreface sediments are usually 

bioturbated. The high degree of bioturbation is attributed 

to deposition in a protected shoreline environment, possi

ble a wave-storm-influenced marine embayment. In the 

terrace area thick lower-middle shoreface sediments 

stack in an overall progradational-to-aggradational man-
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ner. The predominance of storm-generated structures 

and the general Jack of bioturbation suggest deposition 

along a high-energy, storm and wave-dominated shore
line. 

Transgressive segment. - This segment (Fig. l Ot) shows a 

strongly variable development in the study area. In the 

Brage area it is present as thin (few metres thick) trans

gressive sandstones which define a backstepping pattern 
towards the Brage Horst or as ravinement lags only. The 

segment rests unconformably on eroded Brent or Dunlin 

Groups. Notably, the substrate shows progressively 

deeper truncation towards the central crestal area (Fig. 

Sa). 

On the Oseberg Fault Block the segment is represented 
by asymmetrical forestepping-to-backstepping units 

(Figs. 6c, d, 8 & 9). Commonly the units have a thinner 

lower, progradational part, and a thicker, fining-upward, 

backstepping part. Downdip on the fault block these 

probably represent ?tidally infiuenced fan-deltaic sedi-

TIME- EVE NT LINE 

1 4  <!• C.hyalina 

1 3  �· Dissiliodinium willei 

1 2  fl Dissiliodinium willei 

1 1  
�· A.australis 

fl• ESCHARISPHAERIDA spp. 

1 0  
<!• C.macroverrucosus 

fl ESCHARISPHAERIDA spp. 

9 �· COROLLINA spp. 

8 fl• COROLLINA spp. 

7 �- NANNOCERATOPSIS spp. 

.6  �· SPHAEROMORPHS 

5 
�· SPHAEROMORPHS 

</ L.spinosum 

� Last stratigraphical occurrence 

fl First stratigraphical occurrence 

• Common - abundant occurence 

AG E 

EARL Y 
CALLOVIAN 

EARL Y 
BATHONIAN 

EARL Y 
BATHONIAN 

LATE 
BAJOCIAN 

EARL Y-LATE 
BAJOCIAN 

EARL Y 
BAJOCIAN 

EARL Y 
BAJOCIAN 

LATE 
AALEN IAN 

EARL Y 
TOARCIAN 

LATE ST 
PLI ENS-

BACHIAN 

Fig. 7. Boundary criteria for the established time lines. For a precise definition of 
the time lines, see Helland-Hansen et al. (1992). Dissiliodinium willei corresponds 
to Cyste B/C of Helland-Hansen et al. (1992). 
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ments, derived largely by erosion of the footwall of the 

Brage Fault (see below). Tidally infiuenced shoreline or 

mouth-bar deposits are present in mid-block positions on 

the hanging wall. Higher up on the hanging wall, only 

the backstepping part is developed. In updip reaches, the 

segment is present as thin transgressive sandstones or 

ravinement lags only. The transgressive sandstone defines 

a backstepping trend towards a progressively deeper 

truncated crestal area (Fig. 8). 

In the terrace area the segment is present downdip on 
the fault blocks as thick transgressive lower shoreface, 

offshore-transition-zone and offshore successions which 

terminate with carbonate-rich, condensed offshore sedi

ments. In updip reaches of the smaller fault blocks (well 

30/9-7; Fig. 8), a blocky interval which probably rests 

unconformably on eroded deposits of regressive sequence 

Il, is tentatively correlated with the downdip transgres

sive unit. Again, there is pronounced westward thicken

ing of the unit across the fault separating the combined 

omega-B and G-structures. 

Earl y-?Middle Bathonian offshore mudstones appear 

to have blanketed most of the study area, possibly 

excluding some palaeohighs in the footwall of the Ose

berg Fault. These mudstones, forming a significant 

marine fiooding interval, probably represent a relatively 
prolonged period of sediment starvation. 

Sequence Ill - Middle-Late Bathonianjearliest 
Callovian 

Regressive segment. - This segment is similar to the 

regressive segment of sequence Il although some impor

tant differences are noted ( compare Fig l Oe and l Og) : it 

is present across the entire Brage area as well as the 

larger part of the Oseberg Fault Block. However, it is 

distinctively finer grained and consists predominantly of 

offshore-transition-zone and offshore deposits. Lower

middle shoreface sediments are present only to the south 
and locally in mid-block positions along the Oseberg 

Fault Block (Fig. 8). South in the Brage area it is defined 
seismically by a series of clinoforms (Fig. 11), possibly 
representing the ?structurally controlled formation and 
progradation of a beach spit along previously formed 
highs. 

In the terrace area it consists of lower-middle 

shoreface and offshore-transition-zone deposits which 

fine out towards the west and north, i.e .  in a basinward 

direction. On each smaller fault block, shoreface sedi

ments of approximately equal thicknesses (compare wells 
30/9-8 and 30/9-13S in Fig. 8b) form stratal packages 

which wedge out in an updip or westward direction. 

Transgressive segment. - In the Brage area the segment is 

thin, usually consisting of sandy siltstones. Transgressive 

shoreline sandstones are possibly present south on the 

structure (Fig. l Oh). Here the segment is defined seismi

cally by thin clinoforms. The stacking of clinoforms 

suggests retreat of the shoreline towards the Brage Fault. 
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The backstepping clinoform packages is separated from 
the substrate by an unconformity which cuts progres
sively deeper in the updip direction. 

On the Oseberg Fault Block and in the terrace area the 
segment is represented by relatively thick, calcareous 

(a) N 
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offshore mudstones and sandstones-siltstones, respec
tively, which show a fining-upwards trend. Transgressive 
sandstones, sometimes ooidal, and bivalve and belem
nite-bearing are present updip on the Oseberg Fault 
Block (Fig. llh) and locally also in footwall highs in the 
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Fig. 9. N-S (strike parallel) well correlation panels. (a) Oseberg Fault Block, downdip reaches. (b) Oseberg Fault Block, midoblock to updip positions. 

terrace area. In such areas the segments usually have an 
erosive basal boundary. 

The transgressive segment is capped by dys- to anaero
bic offshore claystones which probably blanketed the 
complete study area (Figs. 8 & 9). According to Tyson & 
Pearson (1991), dys- to anaerobic claystones indicate 
significant ( > 60 m) palaeowater depths. This implies 
considerable palaeowater depths also over former foot
wall highs by the end of Bathonian. 

Late Bajocian-Bathonian sequence 
development - controls on their stacking 
pattern 
Large-scale regressive-to-transgressive configuration 

Based on the orientation of facies association beits, the 
regressive segments define a fairly simple north- and 
northwestward progradational pattem (Figs Il b, c, e, g). 
There are, however, large variations in thicknesses across 
major faults. These variations are even more pronounced 
in the transgressive segments, which also show large 

spatia! variations in the presence of hiatal surfaces, stack
ing pattems and facies associations, both within and 

between individual fault blocks (Figs lOa, d, f, h; see 

discussion below). Particularly important is the presence 

of local, footwall unconformities which formed concomit

tantly with deposition of relatively thick transgressive 
units in downdip settings, indicating continuous deepen
ing or relative sea-level rise in such areas. In combination 
these features strongly suggest a component of fault-block 
tilting in addition to differential, fault-related subsidence, 
especially during the transgressive stages. 

The sedimentary architecture of the wedges together 
with the vertical stacking of a series of regressive-trans
gressive wedges, cannot be explained by a uniform fault

block rotation rate with superimposed variations in 

sediment supply and/or sea-level fluctuations, nor by 
regional upliftjsubsidence variations. The implication of 

linking the rate of relative sea-level change predomi

nantly to variations in tectonic style and subsidence rate 

rather than eustatic changes is that the regressive seg

ments characteristically developed during periods of rela

tively low tectonic subsidence, when sediment supply 
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Fig. 13. Schematic dip-parallel section of a regressive-transgressive sequence. 

outpaced the rate of accommodation generation. Con
versely, the transgressive segment of any sequence devel
oped during periods when the sediment supply was not 
able to keep pace with increasing basinal subsidence, 
leading to a drowning and retreat of the Brent delta 
shoreline southwards along the early Viking Graben. 
The correlation of the transgressive segments with peri
ods of high tectonic subsidence and rotational faulting 
suggests a pulsatory or stepwise nature for the exten
sional faulting (Fig. 4). 

Increasing rates of fault-related, basinal subsidence of 
the primitive Viking Graben during the late Early Bajo
cian pro to-rift (or late pre-rift) period (Graue et al. 
1987; Rønning & Steel 1987; Livera 1989; Helland
Hansen et al. 1989, 1992; Mitchener et al. 1992; Johan
nessen et al. 1995; Nøttvedt et al. 1995), halted the 
northward, axial progradation of the Brent delta. The 
first pronounced flooding across the low-lying delta 
plain in the primitive graben and flanking terraces re
sulted from increased subsidence rates during the initial 
rifting stages. Subsequent progradational stages were 
punctuated by new rotational tilt events, each resulting 
in a progressively farther landward retreat of the Brent 
delta. It is therefore postulated that the stacking pattern 
and sedimentary architecture of the Tarbert Formation 
shoreline prisms reflect mainly the increasing, but tem
porally variable rates of basinal subsidence related to 
the effects of initial rifting (see also papers by Graue et 
al. 1987; Helland-Hansen et al. 1989, 1992; Mitchener et 
al. 1992; Johannessen et al. 1995). Variations in sedi-

Potential ravinement 
surtace 

Forestepping 
part 

ment supply and/or eustatic sea-level fluctuations may 
also have contributed, but their effects are believed to 
have been subordinate. 

Characteristics of the regressive segments 

Following each rotational tilt event, lower rates of ex
tensional faulting, possibly coupled with increased sedi
ment supply, facilitated the renewed advance of the 
Brent delta and the creation of the regressive part of the 
sequences. The inferred increase in sediment supply 

probably reflects a progressive evolution of the local, 
fault-block drainage, which upon linking together down
stream resulted in the establishment of a regional, 
through-flowing drainage. In the terrace area and on the 
Oseberg Fault Block, repeated northward (axial) 
progradation resulted in complete infill of the inherited 
halfgraben topography (Figs. 12a & 13a). 

The south-to-north facies and thickness distribution 
trends are attributed to a combination of topographic 
variations along the strike of the fault blocks, an in

ferred northward dipping, ?subregional palaeoslope, and 
how far the delta was able to prograde during the 
successive shoreline advances. The latter reflects the 
competition between continuous high sediment supply 
rates, which promoted progradation, and the northward 

progradation into progressively deeper waters which, 
coupled with an increase in tectonic subsidence rate, 
eventually initiated renewed retreat of the Brent delta. 
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The development of the regressive shorelines with 
end-members interpreted in terms of barrier-beach 
ridge and fluvial mouth-bar deposits is attributed to 
the competition between basinal processes (waves) and 
fluvial outflow and supply. Moreover, lateral variations 
tended to occur along individual shorelines. Fluvial 
dominated shorelines and protected regressive beach 
environments, e.g. regressive segments of sequences I 
and Il on the Oseberg Fault Block, respectively, ap
pear to have developed behind footwall islands or 
peninsulas that were created during the preceding peri
od(s) of rotational faulting. Estuarine conditions pre
vailed in the southern (landward) end of the Viking 
Graben also during the early progradational stages. 
Storm- and wave-dominated shoreline-beach environ
ments, e.g. regressive segment of sequences Il and Ill 
in the terrace area, developed in areas exposed contin
uously to the basinal energy (Fig. 12a). These latter 
units are characteristically dominated by an aggrada
tional stacking pattern. 

A northward shift from estuarine or fluvial to storm
and wave-dominated beach environments, e.g. regres
sive segment of sequence I on the Oseberg Fault 
Block, suggests that the shoreline eventually had ad
vanced beyond the structural barriers and that basinal 
processes were again instrumental in distributing the 
sediment. Spatia! variations in the shoreline configura
tion are thus attributed to the basin morphology and 
to the varying effects of basinal and fluvial processes. 

Characteristics of the transgressive segments 

Increased stretching rates resulted in increased rates of 
fault-related subsidence, and increased rates of fault 
block rotation. Associated footwall uplift along major 
faults further enhanced the serrated basinal halfgraben 
topography by the creation or widening of existing 
footwall islands and peninsulas, and submarine highs 
(Fig. 12b). Similar to the regressive stages, differences 
in basinal processes and fluvial supply were controlled 
by the topography and physiography of individual sub
basins. Tida! influence appears to have been stronger 
in shallower and landward parts of halfgrabens. Waves 
appear to have been of greater importance in redis
tributing the sediment along the larger and possibly 
deeper embayment forming the early Viking Graben. 
The rift-basin morphology, consisting of a series of 
elongate, funnel-shaped embayments, probably am
plified any prevalent tida! currents. 

Sediment was supplied from transverse, fault block 
restricted, footwall and hanging-wall drainage systems 
(Fig. 12b). Because of the limited footwall erosion dur
ing the early tilt events, the thick transgressive seg
ments in the terrace area imply that additional 
source(s) for sediment were present. The high sediment 
supply was probably maintained by a nearby rift-mar
ginal shoreline, most likely a tidal-deltaic system lo-
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cated to the south and southwest of the Oseberg area 
(see also Mitchener et al. 1992; Fjellanger et al. 
1996). 

The sedimentary infill of the halfgraben downdip areas 
are characterized by relatively thick, fining-upward or 
coarsening-to-fining upward successions, the prograda
tional part usually being the thinner (Figs. 12b & 13b). 
The coarsening-upward, lower parts of the latter reflect 
renewed minor advance of any axial and/or transverse, 
footwall-derived depositional systems during low, but 
increasing subsidence rates. The basal mud-prone inter
val is interpreted to represent a rapid drowning of 
downdip areas and suggests that there was some re
sponse time of the depositional systems to the increased 
rate of faulting. The fining-upward, upper part reflects 
the periods of maximum basinal subsidence. The vari
ably developed coarsening-to-fining upward units in 
mid-block positions reflect the (re-)establishment of 
hanging-wall depositional systems. The maximum extent 
of updip unconformities is correlated with maximum 
downdip progradation of the local hanging-wall shore
line (Fig. 13b ). 

Updip areas, in contrast, are dominated by small-scale 
backstepping units, suggesting that the relative sea-level 
rise was too rapid to allow for any subsequent shoreline 
progadation, and instead enhanced the tendency for the 
supplied sediment to be stored proximally. Crestal areas 
are often characterized by thin, transgressive deposits 
which rest unconformably upon an occasionally deeply 
truncated substrate. This implies that the background 
subsidence was sufficient to cancel out and suppress the 
effect of footwall uplift during the subsequent periods of 
waning rates of extensional faulting. This is evidenced by 
the progressive drowning of the footwall islands and 
consequent retreat of the hanging-wall depositional sys
tem. In some cases, complete drowning of the footwall 
islands resulted in cut-off of intrabasinal sediment sup
ply. This led to the rare deposition of condensed, same
times anaerobic, offshore mudstones, commonly in 
downdip areas but sometimes also as cappings of crestal 
areas of adjacent fault blocks, e.g. the Early Bathonian 
and la test Bathonian -earliest Callovian claystones (Fig. 
8). 

Regressive-transgressive turnaround 

In downdip, basinal settings the transition from a 
progradational to a backstepping stacking pattern is 
recognized by an aggrading interval, e.g. the coal-bearing 
interval in sequence SI and the thick shoreline lithosomes 
in sequences Sil and SIII. This suggests that there was a 
gradual change from lower to· higher rates of fault-re
lated subsidence, during which the sediment supply bal
anced the subsidence rates. The aggradation of thick 
shoreline lithosomes may have led to oversteepening of 
the delta front. In such a scenario, excess sediment may 
have been transported down-slope by gravitational mass-
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transport process in a similar manner to that described 
by Helland-Hansen & Gjelberg (1994). Finally, the in
creased basinal subsidence outpaced the sediment supply, 
and renewed drowning and retreat of the delta occurred. 

In updip areas, the regressive and transgressive seg
ments are usually separated by an unconformity or 
ravinement surface. These unconformities correlate with 
the aggradational and most of the backstepping units 
in downdip areas. Hence the regressive-transgressive 
turnaround of the rift-marginal shoreline in fault block 
downdip settings is correlated with a hiatal surface re
lated to a relative sea-level fall in fault block updip areas. 

Development of unconformities 

Footwall unconformities on the Oseberg Fault Block 
appear to have developed during the backstepping stages 
of all four sequences (0-Ill). Updip on the fault block 
the individual unconformity strands merge into a single, 
composite unconformity which spans the entire Late 
Bajocian-Bathonian (Fig. 4). The development of each 
unconformity strand is correlated with periods of higher 

rates of rotational faulting and associated footwall uplift 

(Figs. 4 & 13b). Higher tilt rates led to rejuvenation of 
the topography. As a consequence, the footwall islands 
or peninsulas updip on the fault block were probably 
wider and had a higher relief during periods dominated 
by rotational faulting. As these islands and peninsulas 
probably were not completely peneplaned until the Late 
Bathonian, they are interpreted to have formed intrabasi
nal sediment sources also during intervening periods with 
lower rates of extensional faulting (Figs. l Ob, c, e, g & 
l2a). This is particularly well expressed by the continued 
deposition of shoreline sediments in mid-block positions 
to the north on the Oseberg Fault Block (Fig. 9b), which 
formed contemporaneously with the deposition of pro
tected shoreline and deeper-water sediments in downdip 
reaches. Jointly, this suggests that the updip area of the 
present Oseberg Fault Block was continuously exposed 
throughout the Late Bajocian and Bathonian (Fig. 10). 

Footwall islands in the terrace area and along the 
Brage Fault seem to have been less resistant, and period

ically became completely submerged. The most impor
tant phase of footwall uplift and associated erosion along 
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30/7-7 Tarbert Formation and lower Heather member 

Depth Lithology 

Fig. 16. Reinterpretation of the deep Viking Graben well 30/7-7. 

the Brage Fault, appears to have been during the Early 
Bathonian (Fig. 4; sequence Il - transgressive stage ) . 

Significant volumes of Brent Group sediments were 
eroded, transported down the hanging-wall and rede
posited to the east of the Brage area, and down the fault 
scarp itself, forming footwall-derived fans on the hang
ing-wall of the Oseberg Fault Block (Fig. !Of). Possible 
older (Bajocian) erosional events are masked by this 
Early Bathonian event. This was the last period of 
erosion of pre-Viking Gro up deposits in the Brage area 
as evidenced by the presence of regressive sequence Ill 
across the entire Brage Horst. The general lack of deeply 
truncating or laterally continuous unconformities in the 
terrace area suggests overall subsidence of this area 
during the initial and early rift stage. 

Although the individual footwall unconformity 
strands are correlated with distinct rotational tilt 
events, their maximum extent may have formed after 
peak uplift rate. Continued footwall uplift and erosion 
during the following period with waning stretching 
rates, may in some instances have led to a maximum 
width of the exposed area in the late syn-rotational 
substage. As footwall islands became progressively 
drowned during subsequent periods with low tilt rates, 
it is likely that the ravinement processes resulted in 
further erosion. Hence, most footwall unconformities 
should be regarded as combined subaerial unconformi
ties and ravinement surfaces. In some instances the 
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footwall unconformity may have been formed entirely 
as a result of submarine erosion, e.g. the SIII uncon
formities north on the Brage Horst and in the terrace 
area. 

A. 

B. 
Fault-block unconformities 

/1 � 

� Unconformities 
D Initial syn-rift strata 

Fig. 17. Schematic figure to illustrate possible interpretations of Sequence O 
unconformity: (a) 'Sub-regional' nature as a result of broad rift-shoulder uplift, 

and (b) local distribution as a result of footwall uplift along halfgraben boundary 

faults. Note the difference in gross sedimentary architecture of coeval sediments: 

near-tabular in low-accommodation settings on the rift-shoulder margin in (a), 

and wedge-shaped due to initial fault block tilting in (b). Both scenarios imply 

thick initial syn-rift strata along the early rift-axis, i.e. in the Viking Graben 

proper. 
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Tectonic significance of stratigraphic signature 
Pre-rift to syn-rift transition 

An increase in thickness per time unit across the Oseberg 
Fault of the upper part of the Ness Formation compared 
to the lower Ness and Rannoch-Etive Formations sug
gests increasing rates of differential tectonic subsidence 
during the Early Bajocian. A change in tectonic style to 
initial rotational faulting occurred during deposition of 
the uppermost Ness Formation, as has already been 
argued by Johannessen et al. (1995). The transition was, 
however, rather gradual (Færseth & Ravnås in press). 
This is suggested by the continuous and increasing subsi
dence of the terrace area which occurred coeval with 
retarded subsidence of the Oseberg Fault Block during 
the late Early Bajocian (Ryseth & Fjellbirkeland 1995) 
and the change to rotational faulting and slight uplift of 
the fault block's updip areas in the latest Early Bajocian. 
By using the criteria that the syn-rift period should be 
characterized by rotational faulting, the pre- to syn-rift 
or 'proto'- to 'main-rift' transition, in the Oseberg-Brage 
area can be dated to the latest Early Bajocian. The 
'pro to'- to 'main-rift' transition suggested herein is ear
lier than has been reported in other recent studies (e.g. 
Mitchener et al. 1992; Johannessen et al. 1995; Fjellanger 
et al. 1996). In our opinion, this discrepancy reflects 
different dating of bioevents and contrasting biozonation 
schemes rather than spatia! variations in the initiation of 
rifting or conflicting interpretations. 

The apparently conflicting views presented by Yielding 
et al. (1992), who documented low syn-Brent Group 
stretching factors on a basinwide scale, suggest that 
extensional faulting during the Bajocian-Bathonian was 
distributed mainly along the present graben area and its 
adjacent flanks (Færseth & Ravnås in press). Higher 
stretching factors therefore should be expected across 
these areas. This notion is in accordance with the postu
lated spatia! variable timing in the onset of rifting (e.g. 
see Badley et al. 1988; Rattey & Hayward 1993). The 
initial to early syn-rift tilting was, however, gentle, prob
ably totalling only some 0.5-1 o and l -1.SO during Late 
Bajocian-Early Bathonian and Midd1e-Late Bathonian, 
respectively. Nevertheless, it was sufficient to create foot
wall uplift and the formation of an early syn-rift uncon
formity. 

Dating of fault movements 

As discussed above, the sedimentary architecture of the 
regressive-transgressive sequences provides a sensitive 
tool for dating of tectonic events as well as for reading 
the detailed sequential basin development. The latter is 
illustrated in Fig. 14. Differential subsidence across the 
Oseberg Fault was probably initiated in the Late Triassic 
or Early Jurassic (Færseth & Ravnås in press). The 
Oseberg Fault continued to act as a prominent structure, 
forming the eastern basin-bounding fault to the early 
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Viking Graben at !east until the Early Bathonian. The 
updip thickening of the regressive part of sequence I in 
the terrace area (Fig. 8), is interpreted to reflect a west
ward tilt of the early graben area due to comparatively 
higher subsidence rates along the western graben-bound
ing fault (Færseth & Ravnås in press; ter Voorde et al. 
1997). 

Decoupling of the G-structure from the combined 
omega-B structure was probably initiated during the 
transgressive stage of sequence I, i.e. in the Late Bajocian 
(Fig. 14, B-B'). Evidence of such initial intra-terrace 
faulting is provided by the abrupt thickness increase 
from the B structure (well 30/9-7) to the G-structure 
(well 30/9-13S) (Fig. 8), as well as by the spatia! varia
tions in depositional environment; from a tidally influ
enced on the combined omega-B structure to a 
wave-dominated back-barrier and embayment on the 
G-structure. An increase in tectonic activity is inferred 
for the transgressive development of sequence Il. During 
this stage rotationa1 faulting and associated footwall 
up1ift possibly resulted in the emergence and erosion of 
crestal areas of the smaller fault blocks. 

The Brage Fault formed in the ?Aalenian-Bajocian 
(Færseth & Ravnås . in press). First clear evidence of 
significant differential subsidence across the fault is, 
however, dated to the Early Bathonian (Fig 14). This is 
suggested by the pronounced increase in thickness of 
sequence Ill across the fault, the Early and Late Batho
nian footwall unconformities in the Brage area (Fig. 4), 
and the development of an inferred footwall-derived 
fan-delta on the Oseberg Fault Block during deposition 
of the transgressive segment of sequence Il (Fig. 8). 

Less differential subsidence along the intra-terrace 
and Oseberg Faults is interpreted for the Middle-Late 
Bathonian, after which these faults became partly dor
mant. Fault activity was instead accentuated along 
faults to the west of the study area (see also Færseth 
& Ravnås in press; Ravnås & Bondevik 1997). The 
development of footwall unconformities in the western 
terrace area wells suggest that the the terrace area then 
had shifted structural position from basina1, either as 
downdip on separate fault-blocks or as part of the 
early, broad graben area, to the uplifted margin of a 
narrower rift-structure. 

In summary this suggests that rotational faulting was 
initiated along the present graben area and its flanks. 
Progressive compartmentalization of the eastern flank 
of the present graben area occured during the early 
stretching stage. Subsequent fault activity was trans
ferred to certain more prominent structures, whereas 
others became partly dormant. This resulted in a nar
rowing of the graben area, the eastern boundary fault 
shifting westwards from the Oseberg Fault to the fault 
complex located at ca. 2°30'E, and an eastward shift of 
the western boundary of the Horda Platform from the 
Oseberg Fault to the Brage Fault. As a corollary, the 
large Oseberg megafault block (see Færseth & Ravnås 
in press) formed as a prominent structure along the 
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eastern flank of the Viking Graben, bounded by the 
Brage Fault and the fault complex located at 2°30'E. 

Regional correlations and implications 
Regional high subsidence rates related to the Late Bajo
cian-Bathonian rift phase resulted in the southward 
retreat of the Brent delta. Rotational faulting accompa
nied by footwall uplift locally reversed the overall land
ward recession and produced a complex and dissected, 
mixed non-marine and marine rift basin. This early rift 
basin formed a large embayment which widened into a 
deeper and more open basin to the north (Helland
Hansen et al . 1992, their Figs. 1 1  & 1 2), and of which the 
Hild (Rønning & Steel 1987) and Oseberg-Brage areas 
formed the opposing western and eastern margins, re
spectively. The notion that the western graben-bounding 
fault formed the boundary fault to an early, asymmetri
ca! Viking Graben (Færseth & Ravnås, in press) is 
suggested by the thicker and more comp1ete sequences in 
the graben area wells (Fig. 1 5), and the presence of 
deeper marine facies in central Viking Graben wells 
compared with time-equivalent strata in wells on the 
flanking structures. Bathonian deeper marine facies is 
represented by offshore mudstones (well 30/4- 1 ,  Fig. 1 5) 
with interbedded turbidites (well 30/7-7, Fig. 1 6) .  Owing 
to the incomplete stratigraphy in the latter well, it 
is difficult to determine the stratigraphic position of 
these turbidites, although transgressive sequence Il 
and/or regressive sequence Ill is tentatively suggested 
(Fig. 5). 

Thick successions of shoreline and paralic, Late Bajo
cian-Bathonian sediments in wells to the south and 
southwest of the Oseberg area (blocks 30/10  and 30/1 1), 
backed by delta-plain and alluvial strata in the southern 
Viking Graben (e.g. Mitchener et al . 1992; Fjellanger et 
al. 1996), suggest that axial sediment supply from the 
retreating Brent-delta prevailed also during the early 
syn-rift period. Longitudina1 sediment transport and dis
persal predominated during the periods with lower rates 
of extensional faulting and overall tectonic subsidence 
(Fig. 1 2a). Although transverse systems certainly were 
present, they were either loca1ized and subordinate with 
respect to the total sediment budget, or became redi
rected axially as a part of the through-flowing Brent
delta. Transverse depositional systems gained importance 
during periods with higher stretching rates, but then as 
small, local sedimentary lobes derived from rift-interior, 
emergent areas such as footwall islands or peninsulas 
(Fig. 1 2b ). Extensive, transverse rift-marginal deposi
tional systems, such as those represented by the Batho
nian Krossfjord Formation (Vollset & Dore 1984; Steel 
1993), apparently did not reach the Oseberg-Brage area 
during this period. This picture contrasts with that inter
preted for the northern Viking Graben by Johannessen et 
al. ( 1 995), who favoured high sediment supply from 
laterally extensive, rift-marginal depositional systems to 
that area. 

During the Bajocian tilt events, sediment supply ap
pears to have nearly balanced the increasing basinal 
subsidence rates, resulting in vertical stacking of aggra
dational to slightly backstepping sand-prone units (Fig. 
5). The establishment of fully marine conditions in basi
nal areas during the Bathonian events, despite the locally 
large thicknesses of sequences Il and Ill transgressive 
segments, suggests rapid and complete drowning of the 
graben-axial delta. This, in turn, is interpreted to reflect 
higher tectonic subsidence of the early graben in the 
Bathonian compared with the preceding Bajocian events. 
Hence, periods of stronger tectonic activity along the 
early Viking Graben can be dated to the Early and 
?Middle-Late Bathonian, respectively. On the flanking 
Horda Platform, only Early Bathonian pronounced 
flooding is recorded (e.g. Helland-Hansen et al . 1992; 
Steel 1993). The wider implications are that Early Batho
nian tectonic activity was significant also on the Horda 
P1atform, and that distinct Middle-Late Bathonian rota
tional faulting was accentuated along the Viking Graben 
proper. The Middle- Late Bathonian event resulted in 
the final retreat of the Brent-delta (or the 'Vestland 
delta', see Fjellanger et al. 1 996) from the Oseberg
Brage area, leaving the area completely submerged and 
starved of clastic sediment supply, as evidenced by the 
capping of latest Bathonian-ear1iest Callovian offshore 
claystones .  

These conclusions are in line with those already pre
sented by Helland-Hansen et al. ( 1 992), Mitchener et 
al. ( 1 992) and Fjellanger et a1. ( 1 996) . The main differ
ence is that we propose tempora! variations in subsi
dence and rank fault block tilt rates as the main 
controlling mechanism on the formation, stacking pat
tern and sedimentary architecture of the upper Brent 
Group shoreline prisms. A reinterpretation of the Mid
dle Jurassic succession in well 30/4- 1 leads to similar 
thickness of the Upper Bajocian-Bathonian in the 
northern Viking Graben (ca. 425 m, Fig. 1 5) to that 
observed in the central segment of the Viking Graben, 
i .e .  Norwegian Blocks 30/ 10  and 30/1 1 .  This notion is 
supported by available seismic data (Færseth & Ravnås 
in press). It should also be noted that redating and 
reinterpretation of well 30/7-7 (Fig. 1 6) suggest that 
turbidites formerly ascribed to the Cook Formation 
(Vollset & Dore 1 984, their Fig. 14) should instead be 
correlated with the Tarbert Formation or included in 
the Heather Formation as lower Heather sandstones. 

The erosional surface or sequence boundary argued 
to correlate with the maximum northward regression of 
the Brent delta by Johannessen et al. ( 1 995) correlates 
with the latest Early Bajocian-earliest Late Bajocian 
(sequence O) unconformity, which in the Oseberg
Brage area is coupled to the latest Early Bajocian ini
tiation of rifting. This implies that while there was an 
increase in tectonic subsidence rate along the early 
northern Viking Graben, a strong regressive event is 
postulated along its flank(s). This argues against a 
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basin-wide regressive event at that time. The supposed 
subregional regressive nature of this event may accord
ingly reflect broad rift shoulder uplift. Alternatively, the 
sequence O unconformity can be attributed solely to the 
effects of local footwall uplift along the early riftbasin's 
boundary faults . The two alternatives will have contrast
ing implications with respect to the dating and extent of 
the maximum northward progradation of the Brent delta 
(see discussion in Helland-Hansen et al. 1 992; Johan
nessen et al . 1 995), and also to the architecture and 
geometry of the correlative deposits (Fig. 1 7) .  

fault-block rotation compared to the subsequent ones, 
and are thus interpreted as minor precursor events re
lated to the Early Bathonian rift climax. The Early 
Bathonian rift climax is represented by a transgressive 
segment of sequence Il, and the overlying ftooding inter
val . During this substage the rift-marginal Brent delta 
had retreated to the east on the Horda Platform and 
southwards towards the southern Viking Graben (Hel
land-Hansen et al . 1 992; Mitchener et al. 1 992; Fjel
langer et al. 1996), and supply of coarse siliciclastic 
sediment was from intra-basinal highs. The upper, coars
ening-upward part, i .e .  the regressive segment of se
quence Ill, reftects renewed progradation of the 
rift-marginal Brent delta (or the 'Vestland delta' of 
Fjellanger et al. 1996) attributable to lower basinal subsi
dence rates and increased sediment supply during the 
Early-Middle Bathonian late syn-rift substage (Fig. 5). 

Stratigraphic signature of the late 
Bajocian-Bathonian rift phase 
The overall syn-rift motif of the Late Bajocian-Early 
Bathonian rift phase is a threefold, sandstone-mud
stone-sandstone signature (Fig. 1 8) .  The lower, fining
upward part reftects increasing rates of stretching during 
the early syn-rift substage. The landward backstepping 
pattern of sequences O and I is, as stated above, related 
to minor rotational tilt events. These Bajocian tilt events 
are interpreted to have resulted in less subsidence and 

As presented above, the proposed threefold syn-rift 
motif represents the entire rift phase. However, it can 
also be applied to the shorter-term rotational tilt events .  
In either cases it  should be noted that the threefold 
syn-rift lithology motif only applies to basinal settings. 
On intrabasinal highs the syn-rift interval is usually 
represented by successive footwall unconformity strands 

Commonly 
several 
10's or 
>100m 

Late 
stage 

Tectonic quiescence 

Late stage: 

Waning rate of fault·related subsidence. 
Aggradational·to-progradational stacking pattem. 
Progradation of locaHy sourced transverse and axial 
sedinnentary lobes; renewed progradation of 
basins-margin attached depos�ional systems. 
Tectonlc subsidence < sediment supply. 

Climax stage: 
High rate of fau�·related subsidence. 
Overall aggradetional·to-backstepping stacking 
pattem. Hanging·wall progradation-to-backstepping 
around footwall Islands. lsolated randomly stacked 
basinal lobes. 
Tectonic subsidence »sediment supply. 

Earfy stage: 

lncreasing rate of fault-related subsidence. 
Widenl;,g of basin and rejuvenation of relief. 
Retreat of baSin-margin attached depositional 
systems; establishment of locally sourced 
transverse and axial sedimentary lobes. 
Overall aggradatiOnal·to-backstepping 
stacking pattem. 
Tectonic subsidence > sediment supply. 

Overall fining-upward to coarsenlng-upward rift signature. Fig. 18. Typical stratigraphic signature of intervals 

with high rates of extensional faulting. 
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or composite unconformities. Notably, the basinal 'rift
climax' flooding surfaces correlate with the fault-block 
footwall unconformity strands. 

Middle-Late Bathonian faulting possibly represents a 
separate, second rift phase (see also Mitchener et al. 
1992; Fjellanger et al. 1996), which shows a twofold, 
sandstone-mudstones syn-rift lithology motif (see dis
cussion in Ravnås & Bondevik 1997). 

Conclusions 
The Late Bajocian-Bathonian basin evolution of the 
Oseberg-Brage area has been documented using a se
quence stratigraphic framework. In the Oseberg-Brage 
area the paralic to marine Tarbert and lower Heather 
Formations have been subdivided into three wedge
shaped, regressive-transgressive sequences (Sl- SIII), 
with the uppermost Ness Formation representing the 
transgressive segment of yet another sequence (SO) . The 
wedge-shaped sequences show downdip thickening on 
individual fault blocks and commonly abrupt westward 
thickening across the major faults separating fault-block 
subbasins.  

The upper Ness, Tarbert and lower Heather Forma
tions, representing the southward or axial retreat and 
drowning of the Brent delta across the northern Viking 
Graben, record the transition from the pre-rift stage to 
an early phase of Middle Jurassic rifting. Rift processes 
were not uniform, however, and both spatia! and tempo
ra! variations in the structural expression of the early rift 
basin are recorded. These variations are reflected in the 
timing of the initiation, propagation, cessation and mi
gratien of fault movements, and the proposed temporally 
variable stretching rates. 

The progradational-to-backstepping nature of each of 
the regressive-transgressive sequences is attributed to 
varying rates of fault-block tilting and basinal, fault-re
lated subsidence: the lower, regressive segment of each 
sequence refiects the renewed, predominantly axial 
(northward) advance of the Brent delta along the early 
Viking Graben during periods of relative tectonic quies
cence. Two end-member types of regressive coastline are 
recognized: fluvially dominated coasts, which are be
lieved to have developed in the shade of previously 
formed structural barriers such as footwall islands and 
peninsulas, and wave- and storm-dominated coasts 
which developed in areas exposed to basinal processes. 
The upper, overall transgressive segment of each se
quence was deposited during periods of increased exten
sional faulting which resulted in renewed basin-margin 
uplift, fault block rotation and associated halfgraben 
subsidence. This stepwise rotational faulting resulted in 
the stepwise landward retreat of the rift-marginal Brent 
delta. Coeval footwall uplift widened or created footwall 
islands and peninsulas, and thereby resulted in the reju
venation of intrabasinal provenance areas. This resulted, 

in turn, in supply predominantly from transverse, hang
ing-wall and footwall sources during the rotational tilt 
stages. Notably, the transgressive segments reflect depo
sition in estuaries or wave-dominated marine embay
ments, commonly with pronounced lateral variations in 
thicknesses and depositional environments. Thus pro
tected, isolated subbasins separated by emergent footwall 
highs characterized the transgressive intervals .  Accord
ingly, the shoreline configuration, i .e . the basin topogra
phy, as well as the basin physiography appear to have 
changed as a response to variable rates of extensional 
faulting and the absence or presence of structural barri
ers. 

The sedimentary signature related to a single rift phase 
in a mixed non-marine and marine rift basin, such as the 
Late Bajocian-Bathonian Viking Graben, is one of a 
threefold sandstone-mudstone-sandstone lithology motif. 
This threefold motif can also be recognized in smaller
scale units related to shorter-term rotational tilt events. 
The latest Bathonian-earliest Callovian establishment of 
an extensive marine basin is attributed to sediment sup
ply being unable to keep pace with the overall increasing 
basinal subsidence rate. 
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