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Abstract

Middle Jurassic - Early Cretaceous strata are a target for oil and gas exploration in the Dutch offshore. During the initial stages of the ‘Late Jurassic’
offshore exploration, various oil fields and a few gas fields were discovered of which only one, the F3-FB field, proved to be economically viable.
In the Northern Offshore of the Netherlands, latest Middle Jurassic (Callovian) - earliest Cretaceous (Ryazanian) strata are mostly limited to the
Dutch Central Graben and Terschelling basins. Outside the Dutch Central Graben and the Terschelling Basin only thin veneers of these strata occur
on the fringing highs such as the Schill Grund High and the Step Graben. The geology of this non-marine to shallow marine succession is complex.
The combination of lateral facies changes, repetitive log and facies characteristics in time, sea-level and climate changes, salt tectonics and
structural compartmentalisation hamper straightforward seismic interpretation and log correlation. The large number of lithostratigraphic units
defined in the Stratigraphic Nomenclature of the Netherlands illustrates the complexity of this time-interval.

In recent years, new biostratigraphic techniques and newly acquired stratigraphic data led to the identification of a series of events which can
be related to the tectonic, climatic, environmental and stratigraphic development of the ‘Late Jurassic’ in the Dutch Central Graben and Terschelling
basins. Based on these data, three stratigraphic sequences can be recognized. Sequence 1 (Callovian - earliest Kimmeridgian) records the initiation
of the Dutch Central Graben, Sequence 2 (early Kimmeridgian - early Portlandian) that of the initiation of the Terschelling Basin. During
sequence 3 (late Portlandian - Ryazanian) the Dutch offshore was draped by a regional transgression. These insights have directly impact on the
exploration potential, which is discussed in two play concepts. The first is a strat-trap play in the fluvial/paralic sediments of Sequence 1 in the
lows between the graben boundary and salt domes. The second example is the Spiculite play, which comprises a bioclastic sandstone reservoir
at the top of a dome with a 4-way dip closure. These two examples highlight the necessity of understanding the paleoenvironment and geography

for assessing the future exploration potential.
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[ Introduction

In the Northern Offshore of the Netherlands territorial waters
the distribution of the Upper Jurassic - Early Cretaceous strata,
more specifically of the Schieland and Scruff Groups, is limited
to the Dutch Central Graben and Terschelling Basin (Figure 1).
Outside the Dutch Central Graben and the Terschelling Basin,
only thin veneers of these strata occur on fringing highs such
as the Schill Grund High and the Step Graben.
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Late Jurassic - Early Cretaceous strata are a target for oil
and gas exploration. In the early days of the Dutch offshore
exploration history various oil fields and some gas fields were
discovered. Only the F3-FB field proved to be economic. Other
oil fields, such as F14-A an F17-FA for example, have been,
until now, not economic due to complex reservoir architecture
predicting a low recovery. Interest in the exploration of the
Late Jurassic - Early Cretaceous play ceased in the 1980's.

Renewed interest in this play came in the 7th round (1989) -
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Table 1. Summary of Upper Jurassic — Lower Cretaceous oil and gas fields in the study area.

Field Discovery well Discovery date Stratigraphy Sequence Fluid Remark

B18-FA  B18-03 1982 Lower Graben Fm. Seq. 1 0il stranded

F03-FA  F03-01 (type well) (F03-08) 1971 (1982) Lower Graben Fm. &. Scruff Greensand Seq. 1&3  Gas stranded

F03-FB  F03-03 (F3-FB-101) (type well) 1974 (1992) Lower, Middle and Upper Graben Fm. Seq. 1 0il & gas producing

FO3-EC' ' F03-07 1981 Scruff Greensand Seq. 1 " oil stranded

F14-A F14-05 1986 Lower Graben Fm. Seq. 1 0il stranded

F17-FA  F17-03 1982 Schieland Group Seq. 1 0il & gas stranded

F17-FB  F17-04 (type well) 1982 Schieland Group Seq. 1 0il stranded

F18-FA lF18-01 (type well) 1970 Schieland Group Seq. 2 0il stranded

G16-FA  G16-01 1985 Scruff/Zechstein Seq. 3&1  Gas Production planned
L0O1-FB  L01-03 1985 Schieland Group Seq. 1 0il stranded

LO5-FA  L05-05 1988 Terschelling Sandstone Mb. Seq. 1 0il stranded

L06-FA  L06-02 1990 Terschelling Sandstone Mb. Seq. 2 Gas Production planned

Age interpretation

The age interpretations are based on palynology. Due to the
dominance of clastic sediments and the shallow to non-marine
character of the sediments, other fossil groups are of limited
use. The palynostratigraphy is according to Riding & Thomas
(1992), Duxbury et al. (1999) and Herngreen et al. (2000) for
the dinoflagellate cysts, and according to Abbink (1998) and
Herngreen et al. (2000) for the sporomorphs.

Paleoenvironmental and paleoclimatic interpretations

The majority of the paleoenvironmental interpretations are
based on palynological data. Based on a paleoecological model,
several Sporomorph EcoGroups (SEGs) can be recognized (for
further explanation see Abbink, 1998; Abbink 2004a, b). The
SEG model allows the recognition of sea-level fluctuations and
climate, based on palynology, in the very shallow to non-
marine environments of the Late Jurassic (Abbink, 1998;
Abbink et al., 2004a and b). Support for the age interpreta-
tions is based on the detailed climate reconstruction by Abbink
et al. (2001). This reconstruction recognizes a number of
relatively distinct climate shifts expressed by the quantitative
sporomorph data. These shifts form the boundaries of specific
climate intervals and are considered isochronous for the Dutch
territory.

In addition, core descriptions and, if present, ichnofossil
descriptions were used (Werver, 1996, 1997).

Sea-level fluctuations

The common acceptance of sequence stratigraphic concepts
has led to a major role for sea-level changes in describing and
explaining basin development. After the publication by Haq et
al. (1988) several studies were conducted concerning the sea-
level fluctuations of the Callovian - Ryazanian in Northwest
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Europe. Partington et al. (1993) defined and calibrated maxi-
mum flooding surfaces across the North Sea basin. Rioult et al.
(1991), DeGraciansky et al. (1999) and Jacquin et al. (1999)
revised the Hagq et al. (1988) curve.

In our study, we have followed the concepts of Vail (e.g.
Vail et al., 1991) complemented with the MFS scheme by
Partington et al. (1993). The SEG model (Abbink et al., 2004a,
b) allows the correlation of MFS into terrestrial settings.
Together with the high resolution climate shifts, the MFS form
a reliable and consistent correlation tool. An overview of the
followed stratigraphy is given in Figure 2.

| ‘Late Jurassic’ stratigraphic sequences

The presence of three well recognizable unconformities or
their correlatable conformities has led to the recognition of
three major stratigraphic sequences in the ‘Late Jurassic’
interval and one in the overlying Early Cretaceous interval.
These sequences, if preserved, are identifiable throughout the
study area. A schematic diagram of the four sequences with
their key lithostratigraphic units is given in Figure 3. The
lithostratigraphy (Van Adrichem Boogaert & Kouwe, 1993),
with matching colours, is given in Table 2. Sequence 4
(Valanginian and younger) is not discussed in detail, as it falls
outside the ‘Late Jurassic’ interval.

Late Jurassic — earliest Cretaceous tectonic activity

Large scale continental movements occurred throughout the
Middle and Late Jurassic. These movements were related to the
break-up of Pangea. For the North Sea region, several, so
called Cimmerian, tectonic phases, are described (e.g. Ziegler,
1990), which significantly affected the Northern Dutch Offshore
(Herngreen & Wong, 1989). During the Middle Jurassic, a doming
event in the North Sea occurred (Mid Cimmerian phase). The

southern extension of this Central North Sea Dome reached -

















































