PanTerra-TNO Jurassic report

The PanTerra-TNO study of the Dutch Central Graben  Finalized
INTRODUCTION

The PanTerra-TNO multi-client study of the Dutch Central Graben covers an
area of approximately 6,500 km? offshore the Netherlands. It focuses on the
Dutch part of the large Jurassic rift system of the Central North Sea. Thirteen 3D
seismic surveys were included, covering a total of more than 7,000 km? in and
near the study area. For areas that are not covered by 3D seismic, more than
100 lines of 2D seismic were available and loaded. 78 wells within the study area
were selected and loaded into the project. For 42 out of these 78 wells a
petrophysical evaluation was performed.

A detailed biostratigraphy framework was developed by TNO and aided the
lithostratigraphic and seismic correlations. The Upper Jurassic of a total of 27
wells were analyzed and subdivided into palynozones in order to deliver a robust
correlation framework.
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Figure 1. Schematic cross-section (after de Jager 2  007) across the central part of
the Dutch Central Graben (see next figure for locat  ion). A major boundary occurs
between the marine Lower and shallow marine to cont  inental Upper Jurassic. This

boundary marks the start of the Late Jurassic rift phase. Most of the Middle
Jurassic is absent, either due to erosion or due to non-deposition. The Posidonia
source rock in the upper part of the Lower Jurassic is indicated. Reservoir rocks

are mainly in the Upper Jurassic, there is one Chal  k oil field in the Dutch offshore.
REGIONAL GEOLOGY

The Jurassic succession in the Netherlands may be subdivided into three main
sequences.

The first sequence was characterized by deposition of dominantly marine shales
that blanket the Netherlands and large parts of northern Europe. In the Dutch
Central Graben these are included in the Altena Group, which consists of the
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Aalburg, Sleen, Posidonia and Werkendam Formations The Posidonia formation
is the main oil source rock in the Dutch Central Graben area.

The second sequence was a period of tectonic activity. Due to the uplift of the
Central North Sea Dome, most of the previously deposited shales were eroded.
However, these shales were mostly preserved in the Dutch Central Graben as

the result of the onset of rifting.
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Figure 2. The Dutch Central Graben, offsetting high s (Cleaver Bank & Schill Grund
Highs) and minor basins. The red line is the line o  f section of the Figure above
showing a cross-section through the Central Graben. (Figure from De Jager, 2007)

During the third Jurassic sequence the important reservoir and seal formations
within the Dutch Central Graben were deposited. In general, it was a
transgressional setting showing a change through time from continental to

marginal-marine to open- and deep-marine deposition.
Later mainly Cretaceous compressional events deformed and inverted the

central parts of the Late Jurassic Graben.

PETROLEUM SYSTEM
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The petroleum is present of the Dutch Central Graben is working and proven.
Several hydrocarbon accumulations were discovered during the last decades.
The Central Graben is characterized by the occurrence of several levels of
reservoir quality rocks as well as multiple seal horizons. A mature source rock,
The Posidonia Formation is present in many parts of the Dutch Central Graben
but detailed seismic mapping was necessary to determine its actual distribution.
In addition to the source rocks, many other horizons, including the main
reservoirs were mapped (Figure 4).

Figure 3: TWT map of the Posidonia
seismic marker. The original map is A0
format.
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Figure 4: Scheme illustrating relations between Upp  er Jurassic Formations in the
Northern part of the Dutch Central Graben and strat  igraphic position of mapped
seismic horizons.

CONTENTS AND ORGANIZATION OF THE REPORT
The report contains the following chapters:

Introduction

Available data

Upper Jurassic and Lower Cretaceous Lithostratigraphy of the Dutch
Central Graben

Biostratigraphy

Age assessment and Palynozonation

Seismic Mapping of the Dutch Central Graben

Petrophysical Analyses

Petroleum System of the Central Graben, Source rocks, Seals and
Pressures

Petroleum System: Basin modeling and maturity assessment of the
Posidonia Formation

Leads

Summary Dry Hole Analyses

Conclusions & outlook

The main report contains some 233 pages text.
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In addition there are appendices with supporting data:

Appendix 1 literature

Appendix 2 Field resumes

Appendix 3 TNO palynological studies

Appendix 4 Dry hole analyses

Appendix 5 Petrophysics

Appendix 6 Legal documents regarding the Dutch offshore

There are some 25 Enclosures with seismic maps and 13 Enclosures with
stratigraphic cross-sections. The report is well illustrated; some examples are
shown below.

The report will be delivered in digital format and with one hard copy. In addition
the project is loaded in Petrel. The Petrel database includes all the seismic data,
the wells and the interpretations.
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Figure 5. Map showing locations of cross-sections
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PRICING OF THE REPORT

The report is available for Euro 60,000. For more information, please contact
Greg van der Bilt, Bert Dijksman or Andrew van de Weerd at PanTerra
Geoconsultants B.V. (info@panterra.nl).
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Figure 6: Example of an AO format stratigraphic cro  ss-section illustrating the
stratigraphy of the fill of the Dutch Central Grabe  n.



Figure 7: Detall
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Figure 8: Biostratigraphic Zonation scheme for the
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Figure 9: E-W section showing the LO1 sub-basin. No te the truncation at
the base of the Rijnland Group.
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Figure 10: Stratigraphic framework showing the rese rvoir intervals (with *).
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Figure 11: Burial history diagrams and hydrocarbon phases for two wells.

Figure 12: Example of a dry hole analysis.
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Figure 13: Example of a figure illustrating a dry h
Central Graben.
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