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Preface

The publication of map sheet Vll and Vlll by the Netherlands lnstitute of Applied Geoscience TNO - Natíonal

Geological Survey marks a continuation of the map sheets constituting the Geological Atlas of the

Subsurface of the Netherlands. ln this series, unique map sheets of the subsurface of the Netherlands

are made available, presenting an overall picture of its potential exploitation. With broad-based

regional-geological knowledge of the subsurface of the Netherlands and surrounding countries at its

disposal, the TN0-NITG has clearly enhanced the quality of these publications, which far exceeds that

of routine mapping.

Reporting of information to the general public on the deeper subsurface geology (deeper than 500 m) was

limited because of the status of the data required. These data are acquired from seismic investigations

and deep drilling which are nearly exclusively carried out by oil companies. Because of the considerable

commercial interests involved for the oil industry these data are classified, but are made available to the

TNO-NITG as delineated in the mining act.

The existing mining legislation that applies to the Netherlands 0nshore area, does not permit the general

release of this classified information. Agreement with industry concerning the use of these data enables

the TNO-NITG to compile and publish this information, provided the data are older than 10 years. An

exception is made for data from concession areas, with a restriction of 5 years. This agreement enables

the TNO-NITG to bring the geological structure of the subsurface of the Netherlands to wider attention.

The Noordwijk-Rotterdam and Amsterdam-Gorinchem map sheets of the Geological Atlas of the Sub-

surface of the Netherlands are the eleventh and twelfth sheets to be published in the framework of the

systematic mapping of the subsurface of the Netherlands, for which purpose the Netherlands has been

divided into 15 map sheets published on a scale of 1:250000 (see figure 1.1 for an overview of the area

of the map sheets).

Each map sheet has its own features. The map sheets in question outline the geology of the largest part

of the province of Zuid-Holland and of parts of the provinces of Noord-Holland, Utrecht, Flevoland and

Gelderland. Maps and sections reveal that the present geological pattern of these provinces is dominated

by two Mesozoic NW-SE-oriented basins, the West Netherlands Basin and the Central Netherlands Basin.

During the Kimmerian tectonic phases, these basins experienced a period of rapid subsidence, marked

by the deposition of a comparatively complete succession of Triassic, Jurassic and Early Cretaceous

sediments. ln the West Netherlands Basin in particular, these deposits constitute rocks with good reservoir

characteristics both for oil and gas and for the Posidonia Shale Formation, the economically important

oil-source rock. This has resulted in the presence of several oil and gas fields in the West Netherlands

Basin, their geographic location presenting the unique situation of petroleum exploration and exploita-

tion in the highly urbanised western part ofthe Netherlands.

The text broadly comprises three parts. The first part explains the research set up (Chapter 1 ), followed

by an account of the exploration of hydrocarbons (Chapter 2) and the structural framework (Chapter 3).

The second part consists of a lithostratigraphic description ofthe rocks (Chapters 4 - 12) and the geological

history of the map sheet area (Chapter 13). The lithostratigraphic descriptions emphasise the variation

and extent of the different groups, formations and members, which are related to the major structural

elements of the map sheet area. Each chapter devotes one section to the depositional environment and

the palaeogeography. ln the third part (Chapter 14), special attention is given to various applied geologi-

cal aspects, such as petroleum systems, thermal energy and COrstorage in the deeper subsurface.

The TNO-NITG anticipates that these map sheets, together with those already published or in progress,

will contribute to a greater understanding of the structure and composition of the subsurface of the
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Netherlands. This is important not only to companies who are active in the fields of exploration and

exploitation for mineral and natural resources, but also various governmental institutions and other

interested parties. The maps now published may also be viewed digitally, The TNO-NITG has developed

a 3D viewer enabling the maps to be viewed in three dimensions (see: http://dinoloket.nitg.tno.nl),

As well as those people acknowledged in the credit column who are directly responsible for compiling

this map sheet, many other employees of the TNO-NITG have been involved, whose efforts are all

greatly appreciated. Special thanks are due to the companies which provided exploration data used in

these map sheets and in particular to the Nederlandse Aardolie Maatschappij for making the various

reservoir-geological data and unique historical photographs available.

Utrecht, November 2002
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1 Research set up

1,1 Extent of area studied

The area covered by map sheets Vll (Noordwijk-Rotterdam) and Vlll (Amsterdam-Gorinchem) of the

Geological Atlas ofthe Subsurface ofthe Netherlands comprises the greater part ofthe province of

Zuid-Holland and parts ofthe provinces of Noord-Holland, Utrecht, Flevoland and Gelderland (fig. 1.1).

The area is bordered to the west by the Dutch Continental Shelf, This explanation covers two map

sheets; where the term 'map sheet area' is used, the area encompassing both map sheets is intended.

1.2 Data base

The mapping of the map sheet area has made use of seismic and well data acquired by industry.

For map sheet Vll, predominant use of 3D seismics was made, whereas the mapping of map sheet Vlll had

to rely less on 3D seismics (fig. 1.2). A total of 144 boreholes were selected for the map sheets (fig. 1.3).

Where a cluster of boreholes was placed, only one of the wells was used for mapping purposed'

Figure 1.1 Subdivision ofthe

regional map sheet areas of the

subsurface ofthe Netherlands and

geographical position of map

sheets Vll and Vlll.
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1.3 Geologicalresearch

The geological research focused on the lithostratigraphic succession of the rock formations present

in the map sheet area (fig. 1.5) and their geological history placed in a regional-geolog¡cal context,

Use was made of the seismic and well-log data previously referred to. The lithostratigraphic units, which

are indicated in figure 1.5, are discussed in greater detail in each chapter.

1.4 Seismic mapp-ng

Virtually all the available seismic records were used in the mapping. The seismics used were shot

between 1970 and 1995. A large part of the map sheet area was covered with 3D seismics and the

remainder with 2D seismics; with the exception of the urban agglomerational areas of Haarlem, Utrecht,

Hilversum and Amersfoort, where few seismic lines were shot (fig. 1.2, Appendix A). An interpretation

was made of a total of over 3100 km2 of 3D seismics and over 3000 km of 2D seismics.

The mapped reflectors form the boundaries between the lithostratigraphic units (groups and forma-

tions). Calibration of the seismic data was performed by means of acoustic logs and check-shot

surveys. The time-depth conversion of the seismic data was canied out per layer (the so-called layer-

cake method). For this, a linear equation between the velocity and the depth of the layer was taken

(table 1.1).

To guarantee consistency between adjacent map sheets, a countrywide seismic velocity equation was

formulated, for application to all the map sheets ofthe Geological Atlas ofthe Subsurface ofthe

Figure 1.2 Location ofthe seismic

lines used. Appendix A contâins

additional information on the

owner and the year of the various

surveys,

Area with 3-D seismic surveys
0 20km
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Netherlands. The parameters of this equation were determined from the acoustic data from 61 represen-

tative wells located throughout the Netherlands. Application of this velocity distribution, howeveç gave

rise to large deviations in the depths of the base of the Rijnland, Altena and the Lower Germanic Trias

Groups, particularly in the inverted areas, and consequently the equation was revised. A regional velocity

distribution (TNO-NlTG, 2001c) was determined from the acoustic data from over 600 wells located in

the Netherlands. With respect to the map sheet area, this produced the velocity equation given in Table 1'1'

As the adjacent map sheet lV was mapped using a different velocity equation, minor corrections were

required for this map sheet boundary.

The seismically Interpreted horizons are delineated by the bases of lithostratigraphic groups, namely the

upper North sea Group, the North sea supergroup, the chalk, the Rijnland, the schieland, the Altena

and the Lower and Upper Germanic Trias Groups (fig. 1.4). ln addition, an interpretation has been made

of the Posidonia Shale Formation, as it is generally clearly identifiable on seismic logs as a low-frequency

band. This formation is also an important oil-source rock in this area.

The Upper North Sea Group is the youngest seismic unit and is characterised by typical seismo- strati-

graphic phenomena such as downlaps, toplaps and onlaps, associated with a prograding sedimentary

system. The Lower and Middle North Sea Groups constitute a comparatively uniform unit, with clear

continuous reflectors. This unit is absent in parts of map sheet Vll, where the Upper North Sea Group

lies upon older, inverted Mesozoic rocks.

The base of the Chalk Group is in general difficult to identify, because no clear reflection is visible. Within

the Chalk Group itsell virtually no reflections occur.

Figure 1.3 Location ofthe wells

used for the mapping. For the num-

bering, reference should be made

to Appendix B where the name,

ownet final depth and year of the

well are given.
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Table 1.1 Applied veloc¡ty d¡str¡but¡on

The velocity distribution in the map sheet area is based on V, = Vo 1 ¡.2

V,: average velocity at depth z (m/s)

Vo: theoretical velocity at depth z = 0 (m/s)

k specific constant (Us)

z: depth (m)

Unit vo

North Sea Supergroup

Chalk Group

Rijnland Group

Schieland Group

Altena Group

Lower and Upper Germanic Trias Groups

1696

2156

2026

2770

2451

3097

0.47

1.03

0.73

0.53

0.44

0.47

ln the southeastern part ofthe map sheet area. the base ofthe Rijnland Group is manifested as a clear

angular unconformity. Here, the Rijnland Group comprises the Holland Formation. In map sheet Vll, the

base of the Rijnland Group is often not easy to trace. Sometimes there is a clear reflection, but generally

this horizon is vague and indistinct. The base of the Rijnland Group contains the sand bodies of the

Vlieland and the Nieuwerkerk Formations, which are each other's lateral equivalent. The lowest part of

the Schieland Group is a unit with a large number of continuous reflectors. The base of the Schieland

Group can sometimes be identified as an angular unconformity.

ln the Altena Group, from top to bottom, three seismic units are identifiable: a unit with several reflectors

frequently characterised at the base by a low-frequency band and two virtually transparent units is

transected by a low-frequency band (the Posidonia Shale Formation). The base of the Altena Group

is generally a prominent, continuous reflector.

The Permian-Triassic groups have been interpreted as a single unit often containing several continuous

reflectors. The Zechstein and the Upper Rotliegend Groups are so th¡n in the map sheet area that they

cannot be identified on the seismic profiles. 0nly in the northeastern part ofthe map sheet area are

these groups thick enough to be seismically resolved. The thickness maps of both groups are therefore

principally based on well-log data and knowledge ofthe regional geology. The base ofthe Permo-

Triassic groups is usually difficultto interpret, butthis horizon can sometimes be recognised as a clear

angular unconformity

B¡ostrat¡graphic research

To supportthe geological research, use was made of a large number of biostratigraphic reports prepared

within the framework of other research (RGD, 1986a,b,c,d; RGD, 1987, RGD, '1990a,b,c; RGD, 1995a,b,c,d,e;

RGD, 1996a,b,c,d,e; NITG-TN0, 1999).

Petrophys-cal research

The petrophysical reservoir rock characteristics within the map sheet area have also been taken into

account. Well-log data and core analysis results have been processed from one well (Pernis-West-1)

1.5

1.6
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for the calculation of porosity; these have been categorised in appendix C. Appendix D exhibits a number

of test data.

1,7 Maps and sect¡ons

The results of the mapping are shown on a scale of 1:250 000 in a series of depth maps and thickness

maps of the lithostratigraphic units, on subcrop maps and in three sections (Maps 1 to 19). An overview

ofthese units is given in figure 1.4. Depth maps have been plotted ofthe bases ofthe Upper Rotliegend,

the Zechstein, the Lower Germanic Trias, the Altena, the Schieland, the Rijnland and the Chalk Groups,

and ofthe Nofth Sea Supergroup and the Upper North Sea Group.

Virtually throughout the map sheet area, the Upper Rotliegend and Zechstein Groups are only thinly

developed (0-50 m). The intervals have not been mapped separately by seismics. For the depth maps of

the base of these groups, the base of the Lower Germanic Trias Group has therefore been taken, to

which the combined thicknesses of the Zechstein Group and Upper Rotliegend Group have been added.

Thickness maps were made of the Zechstein, the Lower and Upper Germanic Trias, the Altena, the

Schieland, the Rijnland and the Chalk Groups. The depth and thickness maps only depict wells that have

fully penetrated the interval in question.
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Figure 1.5 Diagram of the lithostrat¡graphic units and the main tectonic events for the geological development ofthe
map sheet area,
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Fígure 1.6 Geological timetable as used in the explanation based on Harland et al., 1990. The other chronostraticraphic

timetables used in this Explanation are all based on this timetable. The tectonic phases which are referred to have been

indicated in the figure.
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Subcrop maps have been made of the major unconformities at the bases of the Schieland, the Rijnland

Groups and of the North Sea Supergroup, providing an impression of the degree of erosion preceding

the deposition of these groups.

Finally, for both map sheet Vll and Vlll, three structural sections have been given (Maps Vll-19 and Vlll-19).

1.a Explanation

The explanation supplements the information provided by the geological maps and sections to form

as complete a picture as possible of the geological structure and history of the map sheet area,

ln chapters 4-12, a description is given ofthe lithological successions, including an account of the litho-

stratigraphy and the sedimentary development, Chapter 13 focuses on the geological history ofthe area:

the basin development and the tectonic events in the context of the regional tectonics, ln chapter 1 4,

special attention is given to various applied geological aspects, such as oil, gas, thermal energy and

C02storage,

Unless stated otherwise, the lithostratigraphy and age of the units applied conforms to the "Stratigraphic

nomenclature of the Netherlands, revision and update by RGD and NOGEPA" (Van Adrichem Boogaert

& Kouwe, 1993-1997). The lithostratigraphic descriptions emphasise the variation and extent of the

different groups, formations and members. The distribution is generally related to the major structural

elements of the map sheet area, which are described in chapter 3, The geological timetable used in this

publication and the main tectonic phases are displayed in figure 1.6.

The Ouaternary deposits are only described briefly in this explanation. A detailed description was pub-

lished in the Toelichtingen bij de Geologische kaart van Nederland 1:50 000, map sheets Gorinchem

East, Rotterdam West, Tel West and East, Utrecht East and Gorinchem West (Rijks Geologische Dienst,

1970, 1979,1984, 1989 and 1995 resp.),
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2 Exploration history

2.1 ¡ntroduct¡on

The presence of hydrocarbons in the map sheet area was demonstrated for the first time in an explo-

ration drilling at De Mient in The Hague in 1938, Hydrocarbon exploration was not the drilling target

but the purpose was to demonstrate drilling techniques at an exhibition on petroleum exploration in

the former Dutch East lndies (fig. 2.1). The N.V, Bataafsche Petroleum Maatschappij (the predecessor

of the present-day Shell) had not only provided a complete drilling rig but, for the first time ever in

the Netherlands, had set up an oilfield pump jack, The rig was a light Rotary type, permitting drilling

to a depth of approximately 500 m. A secondary objective was to gain an understanding of the shallow

subsurface beneath The Hague. The Shell magazine of the time ('De Bron' cited in Borghuis, 1988),

printed the following extract referring to the proposed drilling: 'As there is no oil below The Hague,

there is no reason to suppose that the drilling bit will ever come across an oil horizon, The subsurface

below The Hague has never been explored to great depth, but the geological structure is so well docu-

mented that the likelihood of encountering an oil horizon may be ruled out.' Great was the amazement

when one Saturday afternoon, at a depth of 464 m, traces of oil were found in the cores taken. At that

moment, there were no experts available able to provide an explanation of this strike. ln the end, they

managed to get through to one of the 'bosses' who set off for the drilling site with all due speed. The

official core report refers to 'black traces of high viscous asphalt with light-brown impregnations in drill

cuttings.'The find proved to be of no commercial importance, and consequently the well was plugged

and the drilling rig plus equipment left on display for a while longer.

The fact that traces of oil had been found in De Mient well instigated further exploration of the West

Netherlands Basin and culminated in the first gravimetric survey in this part of the Netherlands.

This was followed by an extensive seismic survey, which was canied out after the war (1947), These

exploration activities revealed a number of structures that might potentially contain hydrocarbons.

During the war years, a few exploration boreholes had already been drilled, one of which (Delft-1, 1944)

provided a second indication of the presence of oïl in the Lower Cretaceous sandstones of this area.

Figure 2.1 Historical photograph of operating drills¡te at De Mient The Hague in 1938 (after Borghuis, 1988).
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Following the discovery of several Upper Jurassic and Lower Cretaceous oil and gas fields in the fifties

and sixties, the NAM successfully focused its exploration activities on the deeper Triassic reservoir rocks

(the Main Buntsandstein Subgroup and the Röt Fringe Sandstone Member). These horizons currently

form the principal exploration objectives, containing predominantly gas (and a little oil). The Upper

Jurassic to Lower Cretaceous sandstone reservoirs of the Schieland and Rijnland Groups not only

usually contain oil, but also significant quantities of gas. Secondary reservoir objectives are also to

be found in the Zechstein Fringe Sandstone members. the Middle Werkendam Member, the Brabant

Formatlon, the Chalk Group and the Basal Dongen Sand Member (De Jager et al, 1996; Geluk et al, 1996).

Chapter 14 discusses the generation and sourcing of the hydrocarbons in this map sheet in greater

detail.

2.2 0¡l

Although the first exploration wells initially achieved little commercial success, they at least provided

indications as to the presence of oil in the Upper Jurassic - Lower Cretaceous sediments (Delft-1; 1944,

Delft-Z;1947 and Berkel-l; 1952). However, this concept eventually proved successful when, in 1953, the

Rijswijk-1 well revealed the first oil field in the west of the Netherlands. This field was less than 8 km

from the headquarters of Royal Dutch/Shell Group of Companies, Based on this oil find, the Rijswijk

concession. 16,650 ha, was granted in 1955. This concession comprised the Rijswijk, Pijnacker, Delft and

Berkel structures. Additional oil finds led to considerable enlargements in the concession in the course

of time (fig. 2.2l. Alolal of ten productive oil fields (fig. 2.3) were discovered (initial reserve approx,

68 x 106 m3). The majority of these fields have since been abandoned. 0nly the Berkel and Rotterdam

Figure 2.2 Overview of the conces-

sion areas within the map sheet

area. l= Riiswijk (NAM), ll = Botlek

(NAM), lll = Beiierland (NAM),

lV = Bergen (BP), V = Middelie

(NAM), Vl = Waalwiik (Clyde).

0 20km
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fields are still under exploitation, These fields are not very large, but their position in the highly indus-

trialised western part of the Netherlands was an important economic argument in favour of proceeding

to production.

Exploration activities in this area targeted at the deeper potential reservoir rocks of the Triassic led to the

discovery of oil in these horizons in the eighties (for example in the Pernis West-1 and Ottoland-1 wells).

The oil occunences in the Triassic are found in tilted fault blocks formed during the Late Jurassic rifting

followed by further modification during the Late Cretaceous - Middle-Tertiary inversion.

A future challenge in the Rijswijk Concession is the possible production of the approximately 90 x 106 m3

oil that has proven to be in the poor reservoir rocks ofthe De Lier and Holland Greensand Members

(Lower Cretaceous). New developments in drilling technology may well contribute to the exploitation

ofthis oil (Racero-Baena & Drake, 1996).

2.3 Gas

The first wells to encounter occurrences of oil in the Delfland and the Vlieland Subgroups also revealed

the presence of gas in this section. Here, the gas occurs in the form of a cap to the oil-bearing horizons.

The majority of this gas was generated by the Posidonia Shale, but the Pernis and"De Lier gas fields are

also thought likely to contain gas from Westphalian source rocks (De Jager et al., 1996), The estimated

initial reserves in this play are approximately 5 x 10e m3.

Oil Fields

1. Berkel
2. lJsselmonde
3. De Lier

4. Moerkapelle
5. ottoland
6. Pernis
7. Pernis-West
L Pijnacker
9. Rotterdam
10. Riiswiik
1 1. Wassenaar
12. Wassenaar-Zee
13. Zoetermeer

E
E
I

Upper Jurassic and Lower Cretaceous

Jurassic

Triassic

Figure 2.3 overview of the gas fields areas within the map sheet area.
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Exploration in the area to the south and east of the Rilswijk concession in the eighties resulted in a gas

find at Botlek and subsequent gas finds in the Barendrecht-Ziedewij-l, Spijkenisse-Oost-1, Papekop-1 and

Andel-6 wells. ln '1991, the Botlek concession was granted (fig, 2,4), followed in 1996 by the Beijerland

concession.

The Triassic structures contain predominantly gas, whether or not associated with oil (De Jager et al.,

1996), ln some cases, these reservoirs occur below the oil fields, as for example in Wassenaar, but the

Pernis-West and Ofioland gas fields to the southwest of the Wassenaar field have no overlying oil field

(fig. 2.3). The coal-bearing strata of the Westphalien is the principal source rock of the gas, but recent

modelling studies (see chapter 1 4) suggest that part of the gas occurrences derive from a Namurian

source rock. With its initial reserves of 65 x 10e m3, the Triassic gas play is the major exploration objective

in the West Netherlands Basin.

Gas fields

1. Berkel
2. Barendrecht
3. Barendrecht-Ziedewij
4. Botlek
5. Gaag

6. Hekelingen
7. lJsselmonde
L De Lier

9. Moerkapelle
10. Monster
ll. Maasdijk
12- Noorderdam
13. 0ud-Beiierland-Zuid
1 5. Papekop
'16. Pilnacker
17. Pernis

18. Pernis-West
19. Reedijk

20. Riiswiik
21. 's-Gravenzande

22. Spijkenisse-0ost
23. Spijkenisse-West
24. Wassenaar
25. Zoeteirmeer

ffiil r.ni.ry

f-l.l Jur.r.i.

\\16 
e

)0

K ,,,r..,.
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3 Structural lrarnework

ln this chapter, the structural elements differentiated in the map sheet area (fig.3.1) are illustrated in the

order of sequence of their formation. The structural history is largely determined by the Variscan and

Alpine orogenies, but a significant number of the structural elements present were, however, formed

during the Caledonian 0rogeny.

The Brabant Massif is a Caledonian structural element in the southwest ofthe Netherlands and the

northwest of Belgium, comprising folded deposits of Cambro-Silurian age. 0n the top of this regional

high, the Chalk Group rests immediately upon Early Palaeozoic deposits. The Brabant Massif was a

moderate high during the Devonian and Carboniferous, with little significance in terms of sediment

supply (Bless et al., 1980).

%";:1,

{"""

Palaeozoic (Carboniferous) Palaeozoic (Rotliegend)

Cenozoic (Tertiary)
0 20km

*ä

Mesozoic (Jurassic)

Figure 3.1 overview of the development of structural elements in the map sheet area.
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To the north of the Brabant Massif is the Campine Basin. 0wing to the considerable burial depth, little

is known about structural structures of the Early Carboniferous and earlier. The Campine Basin was

probably formed during the Middle Devonian as a result of Early Variscan tectonics (Bless et al., 1980).

The present form of the basin is presumed to have originated already during the Late Carboniferous

and Early Permian owing to uplift of the flanks.

The northern boundary of the Campine Basis is defined by the Zandvoort-Krefeld High, a series

of horst structures (Bless et al., 1980), which continued to be a major structural zone until during the

Tertiary. To the north of the high was a precursor of the Central Netherlands Basin, flanked on its

northern side by the Texel-lJsselmeer High.

During the Mesozoic, the map sheet area was characterised by two NW-SE oriented basins: the

West Netherlands Basin and the Cent¡al Netherlands Basin. These basins were separated by

the Zandvoort Ridge and the Maasbommel High. Both highs lie on the same trend as the Palaeozoic

Zandvoort-Krefeld High and, during the Mesozoic, were characterised by differential movements

(NITG-TNO.2001a). During the Kimmerian tectonic phases, the Mesozoic basins underwent a period of

rapid subsidence, including the deposition of a fairly complete succession of Triassic, Jurassic and Early

Cretaceous sediments. To the west of the Central Netherlands Basin is the narrow Gouwzee Trough,

which is characterised by a thick sequence of Jurassic sediment. Differential subsidence of both the

Central Netherlands Basin and the West Netherlands Basin occurred as early as the Late Permian.

The Rotliegend sedimentation pattern demonstrates the conspicuous presence of the Zandvoort Ridge

in this period. However, the principal period of subsidence of the Mesozoic basins occurred during the

Late Kimmerian phase (Late Jurassic to Early Cretaceousl.

ln the southeast of the map sheet area, the West Netherlands Basin runs into the Roer Valley Graben,

which is associated with a change in orientation of the boundary faults from NW-SE to NNW-SSE.

The tectonic history ofthe Roer Valley Graben is characterised by periods of pronounced differential

subsidence during the Triassic, the Jurassic and from the Oligocene on. Uplift of the Mesozoic succession

in the graben occurred during the Sub-Hercynian inversion phase in the Late Cretaceöus, rbsulting

locally in erosion as far down as the Triassic.

The Zandvoort Ridge, together with the lJmuiden High, the Maasbommel High, the Peel Block, the Venlo

Block and the Krefeld High, forms a lineament of highs that with respect to the Palaeozoic is known

as the Zandvoort-Krefeld High (Bless et al., 1980), ln a previous publication, this lineament of highs

was referred to as the Mid Netherlands Fault Zone (Van Adrichem Boogaart & Kouwe, 1993-1997).

ln the present publication, this name is reserved for the front of reverse faults, which was a result of the

Sub-Hercynian inversion (Late Cretaceous) along the Zandvoort-Krefeld High (fig. 3.21.

During the Late Kimmerian phases, the individual highs between Zandvoort and Krefeld (Germany), which

formed the basin margins of the West Netherlands Basin, the Central Netherlands Basin and the Roer

Valley Graben, were characterised by severe erosion due to tilting and uplift. The reverse fault tectonics

during the Late Cretaceous, which concentrated along the boundary faults of the Mesozoic basins,

prompted a subsequent phase of uplift and intense erosion. Consequently, the Chalk Group is absent in

the Central Netherlands Basin and for the most part in the West Netherlands Basin. During the inversion,

certa¡n parts of the former basin margins were characterised by pronounced subsidence, resulting in a

thick sequence of the Chalk Group on the Zandvoort Ridge, Maasbommel High and the Voorne Trough.

The transition from the West Netherlands Basin to the Brabant Massif takes place via the Zeeland Plat-

form, where the Chalk Group is covered unconformably by the Carboniferous. Owing to Late Kimmerian
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uplift, the basin margin of the West Netherlands Basin is characterised by the Chalk Group unconformably

overlying the Permian or the Triassic. During the Late Cretaceous inversion, subsidence of the former

basin margin occurred, as a result of which a comparatively thick Chalk succession is present.

Up to the Late 0ligocene, the Cenozoic was dominated by inversion tectonics induced by Alpine compres-

sion. During the Laramide, Pyrenean and Savian compressional phases, inversion ofthe basin structure

occurred and parts of the Mesozoic and Tertiary sedimentary successions were removed by erosion.

During the Tertiary three basins were active: the Roer Valley Graben, the Zuiderzee Low and the Voorne

Trough, With the exception of the Roer Valley Graben, which was also active in the Palaeozoic and the

Mesozoic, these constitute newly formed subsidence centres,

From the Late Oligocene on, the Roer Valley Graben continued to be a major area of subsidence,

characterised by a thick Tertiary accumulation. Subsidence ofthis graben took place along the Peelrand

Fault and the Rijen Fault. Recently, seismic activity has been observed along these and associated faults
(TN0-NlTG, 2001a).

The Zuiderzee Low is situated in the northern and central part of the Netherlands. The southernmost

part of this basin is in the northeast of the map sheet area, from where the basin extends in a north-

westerly direction. From the Miocene on, this basin underwent a non fault-related regional subsidence.

From the centre of the structure, situated north of the Texel-lJsselmeer High, a gradual thinning of the

sediment succession occurred,

The Kiikduin High is the most intensively inverted part of the West Netherlands Basin. Pliocene deposits

on the Kijkduin High rest immediately upon Mesozoic sediments. ln the early Tertiary as a consequence

of uplift. an area of subsidence along the southern margin of the Kijkduin High developed contempora-

neously, the Voorne Trough. This trough was active until after the Pyrenean inversion phase in the

early Oligocene. The northern margin of the Kijkduin High is characterised by the even more elevated

Zandvoort Ridge. This high is also the southern boundary of the Zuiderzee Low.
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4 Limburg Group

4.1 Strat¡graphy

The Limburg Group is the oldest unit to have been penetrated in the map sheet area and represents the

Silesian (Upper Carboniferous). The group is composed of an alternation of predominantly grey to black

claystones, siltstones and sandstones, which are also red coloured in the youngest part with, especially

in the Westphalian B / C, a large number of intercalated coal seams. The group is subdivided into four

Figure 4.1 Stratigraphic overview

of the Limburg Group with the prin-

cipal Westphalian marine horizons, Age
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subgroups (fig a.1). Each represents a particular phase ofthe Late Carboniferous regressive mega-

sequence. The basal part, the Geul Subgroup, is characterised by several fossil-bearing marine bands

in a succession predominantly comprising claystone, The characteristic lithologies of the Caumer

Subgroup are dark coloured claystone beds and coal seams. The Dinkel Subgroup consists largely of
sandstone. The Hunze Subgroup is composed mainly of red coloured claystones; coals are scarce.

The Limburg Group rests upon the Carboniferous Limestone Group separated by a hiatus and vir-

tually throughout the map sheet area is overlain unconformably by the Upper Rotliegend Group
(Maps Vll-1¡Vlll-1), with the exception of the Zeeland Platform, where the group is unconformably over-

lain by deposits of the Chalk Group.

Ïhe deposits of the Limburg Group are found throughout the map sheet area. The total thickness of this
group is not known, but is thought to exceed 5 km in the West Netherlands Basin. 0n the Zandvoort

Ridge and the Zeeland Platform, the youngest part of the group is absent owing to non-deposition and

erosion during the Late Carboniferous and Early Permian (1i9.4.2lr.

The top of the Limburg Group is on the northern flank of the Brabant Massif at a depth of less than 2000 m

and in the West Netherlands Basin at depths in excess of 4000 m.

Figure 4.2 Subcrop geological map

ofthe top ofthe Limburg Group.

Strijen Formation

Hellevoetsluis / Tubbergen Formations

Maurits Formation

.. : .. ,. ' Ruurlo Formation

W&9 Baarlo Formation

lW Namurian and older

-.2 'laull
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4.1.1 Geul Subgroup

The Geul Subgroup exhibits predominantly dark coloured claystone. Coal seams do not occur in this

subgroup, The subgroup comprises the Epen Formation.

4-1.1.1 Epen Formation

The Epen Formation, of Namurian age, is present throughout the map sheet area. Owing to its great

depth, the formation has only been penetrated immediately to the southwest of the map sheet area by

the North Sea S2-2 wells (405 m).

The Epen Formation consists predominantly of dark coloured claystone and siltstone, with a small per-

centage of sandstone. The formation is characterised by stacked successions of coarsening-upward

sequences with a thickness of 50 to 100 m. The base of these sequences is characterised by marine

fossils. Sandstone sequences 10-15 m thick are present at the top of the sequences. The base of the

formation isthe Geverik Member, a possible oil or gas-source rock (see chapter 14)' However' this

sequence within the map sheet area has not been penetrated. At the top of the Epen Formation is the

lJbachsberg Member, massive medium-coarse sandstone, comprising a stacking of 10-25 m thick

units.

4.1.2 Gaumer Subgroup

The Caumer Subgroup is a succession of dark coloured claystones with intercalated sandstones and

coal seams. The Caumer Subgroup comprises three formations, the Baarlo, the Ruurlo and the Maurlts,

which all occur throughout the map sheet area.

ln the central part of the map sheet area, the Dinkel Subgroup rests conformably upon the Caumer

Subgroup. 0n the Zandvoort Ridge, the Upper Rotliegend rests upon the Caumer Subgroup, while on

the Zeeland Platform, the overlying unit is the Chalk Group. The Caumer Subgroup has not been fully

penetrated anywhere in the map sheet area; in de Rijsbergen-1 well outside the map sheet area, the

subgroup reaches a thickness of over 1200 m (TNO-N|TG,2001a).

4.1.2-1 BaarloFormat¡on

The Baarlo Formation, Early Westphalian A in age, is composed of a large number of coarsening-

upward sequences (fig. 4,3) vary¡ng in thickness from a few tens to several hundreds of metres.

The basal dark claystones pass via siltstones into fine-grained to medium-coarse sandstones. Various

basal claystones contain open-marine to brackish-water fossils (goniatites, Lingulal. The large-scale

sequences are regionally conelatable; however, the individual sandstone bodies have limited lateral

continuity. ln general, the Baarlo Formation contains fewer than four coal seams per 100 m. The coal

seams are generally a few dm thick and achieve a maximum thickness of 2 m and are restricted to the

topmost part of the sequences. The formation occurs throughout the map sheet area, but has only been

penetrated in the Woubrugge-1 well (fig. 4.3 & 4.4). The sandstones ofthe Baarlo Formation reach a

thickness of 30 m and occur predominantly at the top of coarsening-upward sequences.

4.1.2.2 RuurloFormat¡on

The Ruurlo Formation in the map sheet area, of Late Westphalian A to Early Westphalian B age, is

approximately 600 m thick and rests conformably upon the Baarlo Formation. The formation has been
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penetrated on the Zandvoort Ridge. the Maasbommel High and the Zeeland Platform and the formation

comprises a succession of dark-grey or black silty claystones with a variable number of coal seams

(fig. a,31, and grey or light-yellow fine-grained argillaceous or silty sandstones (up to 5 m thick),

The formation is characterised by a pattern of stacked fluvial sandstones, averaging approximately 50 m

in thickness and displaying coarsening as well as fining-upward sequences. The sandstones developed

in small channels and are also found as thin beds with good lateral continuity, Coal seams, up to 2 m

thick, are common, though varying considerably in frequency laterally.

4.1.2-3 MauritsForrnation

The Maurits Formation, of Late Westphalian B to Early Westphalian C age, mainly comprises light-grey

claystones with abundant coal seams. ln addition, a few thin layers of fine to coarse-grained sandstone

are found, which may reach a thickness of 10-15 m. The formation is differentiated from the underlying

formation by its fine-grained character and greater number of coal seams.

The formation is unconformably overlain by the Hunze or the Dinkel Subgroup or by the Upper Rotliegend

or the Chalk Group. The Maurits Formation is found in the majority of the area, but is absent on the

Zandvoort Ridge and the Maasbommel High, where it has been removed by erosion.

The transition from the Ruurlo Formation to the Maurits Formation is characterised by an increase in the

clay percentage and coal content, The top of the formation is determined by the first occunence of the

thick fluvial sands of the Dinkel Subgroup.

4.1.3 Dinkel Subgroup

The Dinkel Subgroup in the map sheet area, Early Westphalian C to Early Westphalian D in age, is repre-

sented by the Hellevoetsluis Formation.

4.1.3.1 HellewoetsluisFor¡nation

The Hellevoetsluis Formation, of Early or Late Westphalian C age, reaching Early Westphalian D along

the margins of the Campine Basin, is composed largely of sandstone and overlies the Maurits Formation,

separated by a hiatus or a minor angular unconformity. The formation is found in the West Netherlands

Basin and the adjacent part of the Roer Valley Graben. The formation is overlain conformably by the

Strijen Formation or unconformably by the Upper Rotliegend Group.

The formation comprises an alternation of predominantly greyish-white sandstone beds and silty or

sandy claystones with the occasional coal seam. The sandstones are fine to coarse-grained and occur as

sheet deposits of sandstone and channel fills, with a thickness of 1 to 15 m. Locally, they are stacked,

with abundant mudstone intercalations, which reach a maximum thickness of 30 m, The claystone

intervals are predominantly greenish-grey or beige, usually with purple to reddish-brown horizons in

the topmost parts. Coal seams are found infrequently, and are associated with 5-to-70 m-thick, grey clay

sequences.

4.1.4 Hunze Subgroup

The Hunze Subgroup, Late Westphalian C up to Westphalian D in age, is represented by the Strijen

Formation,
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4.1.4.1 StriienFormat¡on

The Strijen Formation, of Late Westphalian C to Westphalian D age, is found in the West Netherlands

Basin. This formation consists of a succession of reddish-brown and occasionally beige or greenish-grey,

silty to very fine-sandy claystones. The succession of claystones contains 2-to-20-m-thick sandstones

with fair lateral continuity. Organic rich constituents are regularly found in the claystones, particularly

in the bottommost part. However, real coal seams are very rare. The base of the formation is formed by

a claystone sequence over 50 m thick. The Strijen Formation rests conformably upon the massive sand-

stones of the Hellevoetsluis Formation. The formation is unconformably overlain by the Upper Rotliegend

Group, The formation reaches a maximum thickness of 200 m in the north of the map sheet area.

Sedimentary development and palâeogeography

The deposits of the Limburg Group reflect a marine, paralic and terrestrial sedimentation in an east-

west oriented foreland basin. The sedimentary succession displays a large-scale regressive sequence

from deep-water deltaic facies in the Namurian to fluvial facies in the Late Westphalian. The basal Geul

Subgroup consists of marine, deltaic and to a lesser extent lacustrine sediments. The middle part of the

succession, the Caumer Subgroup, is characterised by lacustrine deposits and the frequent occurrence

of coal seams (Van Amerom & Pagnier, 1990). The coarse-grained Hellevoetsluis Formation of the Dinkel

Subgroup was deposited by braided river systems, which extended from the south and east over the

basin (Thorez & Bless, 1977; Wouters & Vandenberghe, 1994),

Within the formations, scarcely any large-scale sedimentary trends occurred, which indicates that the

rate of sedimentation kept pace with subsidence. However, on a small scale, the sediments display a

cyclical pattern of frequent and often abrupt alternations of clay, sand and coal. Sedimentation mainly

took place in a deltaic coastal plain around average sea level. As it is highly likely that pronounced

sea-level fluctuations occuned during the Late Carboniferous as a result ofthe growing and melting of

the ice caps on the Antarctic Gondwana (Bless & Winkler Prins, 1972; Veevers & Powell, 1987; Heckel,

1986; Ziegleç 1990), the often cyclical alternation of sand, clay and coal is explained by the repeated

flooding and emergence of the deltaic coastal plain. The abundant coal seams are the consequence of

the humid, tropical climate and deposition around sea level. The gradual transition to red clays in the

Westphalian D indicates that the climate slowly became drier (Ziegler, 1990; Pagnier & Van Tongeren,

1996; Van de Laar & Van der Ãwan,1996). Sediments, flora and fauna dating from the Namurian and the

Westphalian A to C, indicate a tropical, humid climate without any clear seasonal influences. During the

Late Westphalian C and D as well as the Stephanian, the climate was drier (Hedeman et al,, 1984; Van de

Laar & Van der Zwan,1996). The red colour of the sediments, the calcareous soils and sparse vegetation

reflect a more seasonal, tropical semi-arid climate (Pagnier & Van Tongeren, 1996).
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5 Upper Rotliegend Group

5.1 Stratagraphy

The Upper Rotliegend Group, of Late Permian age (Van Adrichem Boogaert & Kouwe, 1993-1997;

Geluk, 1999a), is, in the map sheet area, entirely composed of sandstones of the Slochteren Formation.

The Upper Rotliegend Group rests unconformably upon the Limburg Group (fig. 5.1) and, separated

by a hiatus, is overlain conformably by the Zechstein Group (Map Vll/Vlll-3). The thickness varies

considerably: both in the Central Netherlands Basin and in the West Netherlands Basin, relatively

thick sequences of the Upper Rotliegend Group were deposited (75-150 m). ln the area in between, a

thinner sequence is presumed to be present (fig. 5.2). From the West Netherlands Basin towards the

south, the Rotliegend sequence rapidly becomes thinner; in the extreme south 0f the map sheet area,

the group is completely absent. The difference in thickness is largely due to onlap against the Zeeland

Platform.

5.1.1 Slochteren Format¡on

The Slochteren Formation consists of red and grey sandstones and possibly conglomerates. The facies

development in the area is insufficiently documented owing to the absence of core material. 0n the basis

of dip-meter logs, the sandstones, for example in the Almere-1 well, have been shown to be characterised

by abundant occurrences of high-angle, aeolian cross-bedded deposits (fig. 5.3).

Figure 5.1 Stratigraphic overview

ofthe Upper Rotliegend Group. Age Group S Basin fringe N

Permian

Zedlstein

Upper
Rotliegend
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5.2 Sed¡mêntary development and palaeogeography

The coarse-clastic material of the Slochteren Formation or¡ginates from the southern Brabant Massif

and the Variscan hinterland. The basin structure was determined by the reactivation of old NW-SE

lineaments (Ziegler, f 990; Verdier, 1996), The thickness pattern within the map sheet is presumed to

be associated with a NW-SE oriented fault system, which broadly conesponds to the Mesozoic West

Netherlands Basin and the Roer Valley Graben. The Zandvoort Ridge is likely to have already been active

in the Rotliegend, because only a few metres of Rotliegend sandstone are presumed to be present on

this high (Geluk et al., 1996) conformably overlain by Zechstein sediment. This is probably the conse-

quence of syn-sedimentary tectonics, but thinning as a consequence of faulting is among the possible

Fígure 5,2 Thickness map (m) of

the Upper Rotliegend Group in the

map sheet area.
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explanations (Geluk et al., 1996). Towards the northern Central Netherlands Basin, the thickness

increases drastically (fig. 5.a).

A large proportion ofthe sediment along the southern margin ofthe Central Netherlands Basin was

transported by aeolian processes (fig, 5,3).

Figure 5.3 Stratigraphic division

and log pattern ofthe upper

Rotliegend Group in the Almere-1

well. Dipmeter data suggest that

part of the succession comprises

high-angle, aeolian cross-bedded

deposits.

ZE Zechstein Group

DC Limburg Group

li=I sandstone

l=_l claystone
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I APr 15P 2f (ÞE{0
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l'..'.'.'.".'.'.'l sandstone

-
| ------l claystone

Figure 5.4 Stratigraphic section B-B' ofthe Slochteren Formation between the Kiikduin-Zee-1, Woubrugge-1.

Aarlanderveen-1, Waverveen-1 and Almere-1 wells. The reference level is the base of the Zechstein Group.
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6 Zechstein Group

6.1 Strat¡graphy

The Zechstein Group, of Late Permian age, is composed of the equivalents of four evaporite cycles and

consists of clastic deposits, carbonates and evaporites (fig. 6.1). Evaporites are only present in the

extreme northeast of the mapping area. (fig. 6.2). The group is subdivided into four formations: the 21

(Werra) to Z4 (Aller) Formations. The lithological development of the group is illustrated in figure 6.3.

ln the northern and eastern part ofthe area, the Zechstein Group rests upon the Upper Rotliegend Group.

The group pinches out in a southerly direction, which in many cases is associated with synsedimentary

faults. ln the Central Netherlands Basin, the group is approximately 250 m thick. The thin Zechstein

Upper Claystone rests unconformably upon older Zechstein deposits (Geluk. 1999a; TN0-NlTG,2001a);

in the south, the member rests directly upon deposits of the Slochteren Formation. The Zechstein Group

is conformably overlain by the Lower Germanic Trias Group.

Figure 6.1 Stratigraphic overview

of the Zechstein Group.
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6.1.1 Z1 (Werral Format¡on

The Zl (Wenal Formation consists of a number of members, some of which are each other's lateral

equivalent. These are the Fringe Coppershale, the Z1 Lower Claystone, the Z1 Fringe Carbonate,

the Z1 Middle Claystone, the 21 Lower Anhydrite, the Z1 Salt and the 21 Upper Anhydrite Members.

The Zl Middle Claystone Member occurs beloq above and lateral to the Zl Lower Anhydrite Member.

The 21 Fringe Sandstone Member is only present in the offshore area (fig. 6.2). The total thickness of

the Zl sequence is 120 m in the north of the map sheet area; in the other parts, it is a few tens of metres

thick.

The Coppershale Memberis a fine-laminated brown, grey bituminous claystone up to approximately

1 m thick. The succession ræts conformably upon the Slochteren Formation and occurs in the north of

the map sheet area and in a part ofthe southwestern offshore area {fig.6.2}.

Figure 6.2 Thickness map (m) of

the Zechstein Group in the map

sheet area.

0-25

25-50

&*ffi so - roo

t roo-zoo

I 2oo-3oo

I >¡oo

k Coppershale Mb

- - - Distribution Zl Fringe Sandstone Mb

39 Explanation to map sheets Vll and Vttl z;echste¡n crcup



fhe Fringe Coppershale Member is a grey massive claystone. The thickness is less than 3 m. The member

was deposited conformably upon the Slochteren Formation and occurs in the south ofthe map sheet

area and in a fault-bounded part ofthe southwestern offshore area (fig. 6.2).

The Z1 Lower Claystone Member is a grey to brown claystone sequence that upwardly gradually grades

into marl. Locally, the unit is anhydritically or dolomitically developed. The member rests conformably
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upon the Fringe Coppershale Member or, via a hiatus, upon the Slochteren Formation. The unit reaches

its greatest thickness in the north of the map sheet area (20 m).

The 21 Frínge Carbonate Memberis a grey to brown coloured limestone or dolomite. ln the Everdingen-1

well, where the unit has been fully cored, the limestone contains oolitic sequences. Locally, a few

claystone layers occur. The thickness increases from the west to approximately 35 m in Blaricum-01-S1

well. Slightly to the north, in Almere-1 well (fig. 6.4), the carbonate has been replaced by anhydrite.

the Z1 Middle Claystone Member, up to 15 m thick, consists of a red to grey coloured laminated clay-

stone containing numerous anhydrite concretions and dessication cracks, and thin sand beds and sand

lenses also occur. The areal extent ofthe unit corresponds to that ofthe 21 Fringe Carbonate Member.

Towards the north, this member grades into the 21 Anhydrite. The 21 Middle Claystone Member occurs

below above and laterally to the 21 Lower Anhydrite Member.

The 21 evaporite succession is only found in the extreme north of the map sheet area lfig.6.4l.The 21

Lower Anhydrite Memberis up to 55 m thick in the north. The Z1 Salt Member within the map sheet

area has the same areal extent as the underlying anhydrite. ln the Central Netherlands Basin, the member

reaches a thickness of 100 m. The Z1 Salt Member (halite) is conformably overlain by the Z1 Upper

Anhydrite Member.

The Zl Fringe Sandstone Member is a fine-grained to medium-coarse sandstone with intercalations of

grey to red claystone, The sandstone sequence only occurs in the west of the mapping area, predomi-

nantly in the offshore area.

6.1.2 22 (Stassfurt) Format¡on

The 22 (Stassfurt) Formation is composed of the22 Middle Claystone Member, the Z2 Fringe Anhydrite

Member and the 22 Salt Member. The thickness in the south and middle of the map sheet area is limited;

in the northeast, the formation is 50 rh thick.

the 22 Middle C/aysfone consists of a red to grey coloured, laminated claystone, containing anhydrite

concretions as well as desiccation cracks. Anhydrite occurs mainly in the basal part of the member.

This unit reaches its greatest thickness. approximately 30 m, along the southern margin of the Central

Netherlands Basin. ln the Almere-l well,the22 (Stassfurt) Formation consists mainly of anhydrite and

lhe 22 M¡ddle Claystone Memberis only 10 m thick.

The 22 Frínge Anhydrite Member is found in the northeastern part of the map sheet area, where its

maximum thickness is approximately 35 m. The southern boundary of the occurrences of anhydrite is

fault-related (fig. 6.2).

The 22 Salt Member absent to a large extent; only in the extreme northeast does a thin (25 m) layer of

halite occur. This unit becomes thicker in the Central Netherlands Basin (Riiks Geologische Dienst, 1993a).

6.1.3 23 (Leine) Formation

The 23 (Leinel Formation is subdivided into the Grey Salt Clay, Z3 Carbonate, 23 Fringe Sandstone and

Z3 Salt Members. The formation is only developed in the northern part of the map sheet area; the

sequence is up to approximately 50 m thick, but achieves a thickness of approximately 100 m in the

Central Netherlands Basin.
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The Grey Salt Clay Memberis a dolomitic claystone, 1 to 8 m thick. lt has the same areal extent as the

23 Formation; the thickness increases towards the northeast.

The 23 Carbonate Member (Platy Dolomite) is a light-brown limestone with a maximum thickness of

over 30 m in the northeast. ln the northern part of the map sheet area, this unit is partially composed

of dolomite.

The Z3 Fringe Sandstone Memberis present in the west of the map sheet area, mainly offshore.

The member consists of a light coloured, fine-grained sandstone.

The Z3 Main Anhydrite Member occurs as a 1O-m-thick sequence in the northeast of the map sheet area.

The Z3 Salt is not present in the map sheet area but occurs elsewhere locally in the central Netherlands

Basin (Rijks Geologisch Dienst, 1993a; 1993b).

The Z4 (Aller) Formation has only been observed in the extreme northeast of the area, where it is only

2 m thick. The thin succession comprises the Red Salt Clay andlhe 24 Pegmatite Anhydrite Members.

6.1.5 Zechstein Upper Glaystone Format¡on

The Zechstein Upper Claystone is a claystone with thin sand intercalations whose thickness is between a

few metres and to approximately 15 m. The layer rests unconformably upon older Zechstein sediments

or the Upper Rotliegend Group (Geluk, 1999a; TNO-NlTG, 2001a).

6,2 Sed¡mentârydevelopmentandpalaeogeography

The transgression that heralded the beginning ofthe Zechstein period resulted in deposition ofthe

organic-rich Coppershale in the extreme north of the area and locally in the southwestern offshore area

(fig, 6,2) under euxinic conditions. ln the southern shallower part of the map sheet area, the Fringe

Coppershale was deposited under oxidising conditions. Sealevel rise resulted in an enlargement of the

sedimentation area and under open-marine conditions, carbononates, marls and clays of the 21 Fringe

Carbonate Member were deposited. ln the Central Netherlands Basin sea-level lowering resulted in

deposition of the 21 Anhydrite succeeded by rock salt, ln the otfshore area, to the west of the map sheet

area, sands were deposited by fluvial systems (21 Fringe Sandstone Member). The remainder of the

area was occupied by a mud flat.

During the deposition of lhe Z2 (stassfurt) Formation, no major changes occurred in the palaeogeo-

graphy of the area. The greater part of the area was still occupied by a mud plain. Only in the Central

Netherlands Basin did the contemporaneous deposition of anhydrite and halite occur.

The transgression of the Z3 (Leine) Formation is presumed to have covered the entire map sheet area.

Under shallow-marine conditions, carbonates were deposited; in the offshore area, the sand deposits

were restricted to the fringe3 ofthe basin (Geluk et al., 1996). Following a drop in sea level, anhydrite

and rock salt were deposited in the Central Netherlands Basin.
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7 Lourer and Upper Germanic
Trias Groups

7.1 General

The Triassic deposits, of latest Late Permian to Norian age, consist predominantly of red and green

coloured clastics and grey coloured carbonates, marls and evaporites. The Triassic is subdivided into

the Lower and Upper Germanic Trias Groups (fig. 7.1). The deposits are found in large areas of the map

sheet area (Maps Vll/Vlll-4,5).

7.2 Lovver Gerrnanic Trias Group

7.2.1 Strat¡graphy

Within this group, four formations can be distinguished, the Lower Buntsandstein, the Volpriehausen,

the Detfurth and the Hardegsen Formations. lfig.7.2l. The Lower Buntsandstein Formation exhibits a

predominantly fine-grained compos¡tion. The other formations are composed predominantly of sand-

stone, with intercalations of claystone and siltstone. The Volpriehausen, Detfurth and Hardegsen form,

in combination, the Main Buntsandstein Subgroup. The bases of the Volpriehausen and the Detfurth

Formations are unconformities that represent non-deposition or slight erosion. ln the West Netherlands

Basin, the successions are more complete (Ziegler, 1990; Geluk & Röhling, 1997).

The Lower Germanic Trias Group, of Late Permian to Scythian age (Kozur, 1999), rests conformably on the

Zechstein Group, and is unconformably overlain by the Upper Germanic Trias (fig. 7.3), the Schieland or

the Rijnland Group, or by the North Sea Supergroup (Maps Vll/Vlll-16, 17 & tB).

7.2.2 Lor¡rerBuntsandste¡n Format¡on

This formation is composed of the Main Claystone and the Rogenstein Members. The formation is

sharply overlain by the Main Buntsandstein Subgroup. ln the north of the map sheet area, the Schieland

or the Rijnland Group or the North Sea Supergroup rests unconformably upon the Lower Buntsandstein

Formation. ln a northerly direction, the thickness of the formation increases from under 1 50 m to over

300 m (fig. 7,4). West of the Maasbommel High, the formation reaches a thickness of 350 metres.

The Main Claystone Memberis composed of a cyclical succession of 20 to 35-m-thick, fining-upwards

clay-siltstone sequences, with sands at the base. These sequences are highly uniformly developed in

large parts ofthe Northwest European Basin (Ziegler, i990; Geluk & Röhling, 1997). ln the north ofthe
map sheet area, a thickness of 140 m is reached.

The Rogensteín Memberconsists of red and green coloured fine-sandy, fine-laminated claystones and

siltstones. The member also contains five characteristic oolite beds, which form horizons with good

regional conelation potential (Ziegler, 1990; Geluk & Röhling, 1997). ln the south of the area, frequent

sandstone layers are intercalated in the member. ln the northerly map sheet area, the sequence is over a

hundred metres thick.

7.2.3 Ma¡n Buntsandste¡n Subgroup

This subgroup occurs in the Central and West Netherlands Basin. ln the West Netherlands Basin, the

subgroup is over 200 m thick (fig. 7.5). ln a northerly direction, the thickness decreases sharply owing to

truncation below the Solling unconformity. Within the subgroup, three formations can be distinguished,

the Volpriehausen, the Detfurth and the Hardegsen Formations. The subdivision is based on on log
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chàrader. The Main Buntsandstoin Subgrogp rests sharply on the Lower BuntsandSein Formation which,

paiticularly in the east of'the map sheet area, marks a miñor unconformity, and is unconforniably over-

lain by the Upper Germanic Trias Group.
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Figure 7,3 Stratigraphic section },D' of tho Lower Germanic Trias Group and the Upper Gormanic Trlas Group between

the Maasgeul-1, Botlek-1 and Ottoland-1 wells, The reference level is the base ofthe Muschelkalk Formation.
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7.2.3.1 VolpriehausenFormat¡on

The Volpriehausen Formation is subdivided into the Lower and Upper Volpriehausen Sandstone and

the Volpriehausen Claystone-Siltstone Members. The formation rests conformably to unconformably

upon the Lower Buntsandstein Formation (Geluk & Röhling, 1997), and is overlain by the Detfurth or the

Solling Formation. The formation reaches its greatest thickness, over 130 m, in the West Netherlands

Basin.

The Lower Volpriehausen Sandstone Member rests sharply on the underlying Rogenstein Member, and

comprises a sandstone unit displaying a blocky pattern on the gamma-ray logs. The member is approxi-

mately 35 m thick in the West Netherlands Basin, but in a northerly direction, decreases to under 10 m

on the Netherlands Swell,

The Upper Volpriehausen Sandstone Member is a succession of light coloured sand-siltstone beds.

The base of this member comprises a thin, laminated siltstone, well traceable regionally. The most

complete succession, over 100 m thick, has been preserved in the West Netherlands Basin. In a northerly

Figure 7.4 Thickness map (m) of

the Lower Buntsandstein

Formation.
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7.2.5.2

directign¡ the proportion of claystone.and siltslone layers rapidly increasæ, and the furmation passes

into the Volpriehausen Clay-Siltstone Member.

The Volprìehausen Clqy-Silßtonc Member ls found in the central and northern part of thê map sheet arêa,

The member comprises a suæession of upward-fining alternations of thin sandstone and clay/siltstone.

ln a southerly direcrlon, the proportion of sandstone in the formation increases and the me,mber grades

lateraliy into the Upper Vofpriehausen Sandstone.

Detfurth Forrrrat¡on

The Detfurth Formation is subdivided into the Lower and Uppef Dêtfurth Sandstone and the Detfurth

Claystone Members. ïhe Detfurth Formation rests sharply upon the Volpriehausen Formation, aRd is

overlain confonnably by the Hardegsen Formation. The formation, which, in the map sheet area only

occurs in the West Netherlands Basin, reaches a thickness of over 30 m.

the Lower Detfutth Sandstone Memberconsists of medium-fine to coarsegrained sandstone. The thick-

ness oïthe sandstone increases in a southwest€rly direction from approximaæly 5 to over 20 m.

ftgure 7.5 Thickneqs map (m) of

the Main Buntsanßtein Subgmuþ

and subcrop map oftho:baie ofthe

Solling.

I HardegsenFonnation

E Detfur-thFormation

Volpriehausen Formation

.-- faalt

-aoo- isopach (m)

o 20km
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the Upper Detfurth Sandstone Member is composed of two sandstone intervals, separated by claystone.

The thickness is relatively constant, and ranges from 20 to 30 m. ln a northwesterly direction, this sand-

stone passes into the Detfurth Claystone.

ïie Detfurth Claystone Memberis the distal equivalent of the two Detfurth Sandstone members.

ïhe member is a claystone succession which occurs exclusively on the southern border of the map

sheet area, where the thickness is 10 to 25 m. ln the northern part of the map sheet area, the member is

absent owing to erosion.

7-2.3.3 Hardegsen Formation

The Hardegsen Formation consists of a grey to pink medium-coarse sandstone. The formation has only

been preserved in the West Netherlands Basin, The thickness of the formation is determined by the extent

of the pre-Solling erosion and is up to 50 m in West Netherlands Basin.

7.3 Upper Germanic Trias Group

7.3.1 Stratigraphy

The Upper Germanic Trias Group, of Late Scythian to Norian age, is composed of four formations, namely

the Solling, the Röt, the Muschelkalk and the Keuper Formations. The group is mainly found in the West

and Central Netherlands Basins and rests unconformably upon the Lower Germanic Trias Group (fig. 7.1).

The group is conformably overlain by the Altena Group or unconformably by the Schieland, the Rijnland

or the Chalk Group or by the North Sea Supergroup. Figure 7.6 depicts the thickness development of the

group, while figures 7.7 and 7.8 provide information on the lithostratigraphic composition.

7.3-2 SollingFormat¡on

The Solling Formation, of Late Scythian age, occurs within the areal extent of the Upper Germanic Trias

Group. The formation is subdivided into the Basal Solling Sandstone and the Solling Claystone Members.

The formation rests unconformably on the Main Buntsandstein Subgroup. ln the map sheet area, this

sequence increases in thickness in a northerly direction from under 10 to over 35 m in the Central

Netherlands Basin.

The Basal Solling Sandstone Memberconsists of a succession of one or more fine-grained sandstone

layers and thin claystone layers. The sandstones display an blocky appearance on the gamma-ray log.

The Basal Solling Sandstone is present virtually throughout the map sheet area. ïhe sandstone is only a

few metres thick. The greatest thickness, 10 to 20 m, occurs in the adjacent offshore Q5 and 08 blocks.

The Solling Claystone Member represents the largest part of the formation and consists of reddish-

brown, sometimes green-mottled claystone, The lower parts of the member contain grey layers, which

are characterised by a high gamma-ray log reading, ln the claystone, anhydrite concretions occur. ln the

Central Netherlands Basin, the thickness of this sequence may exceed 35 m; in the West Netherlands

Basin, normally less than 10 m.

7.3.3 Röt Format¡on

The Röt Formation, of Early Anisian age, is subdivided into the Main Röt Evaporite, the Röt Fringe

Sandstone and the Röt Claystone Members The sandstone is only found on the southern margin of the
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West Netherlands Basin and the Roer Valley Graben. Where the sandstone,sequenæ is preænt, a distinc-

tion is made between the Lower and Upper Röt Fringe Claystone Members. The deposition of evaporite,

took place in prrticular in the Central Netherlands Basin.

The Röt Formatlon oæure within the entire areal extent of the Upper Germanic Trias Group. The grdatest

thiekness, over 150 mr is reached in the Central Netherlands Basin The thickness decreases in a south-

west€rly d¡rectlon to under 50 m on the margin of the West Netherlands Bæin (fig. 7.81.

The Maln Röt Evapofre Memberoecurs:in the nofthem part of the West Netherlands Basln and in the

Central Netherlands Basin. Rock salt is found in the Central Netherlands Basin. Further towards the south,

the member compriæs a thin anhydrite bed. The Main-Röt Evaporite Member achieves a thickness of up

to apBroximate,ly 20 m. The evapo-rlte is overlain conformably bythe {Lowerl Röt Claystone.

The Lower Röt Fringe Chystone Member occurs throughout the areal extent of the Röt Fringe Sandstone.

The unít compriæs a reddish-brown, silty claystone. On the southern border of the areql extenf the

member is ovø 20 m th¡ck.

The Röt Frínge Sandstone Membercomprises an ahernation of grey, arkosic sandstone and reddish

brown claystone beds, Theæquence occurs parallel to the southern boundaryfaults of the West

FÍgure7.8 Thiekneo€ map (m) of

the Upper Germanic Ttia-s Group.
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7.3.4

Netherlands Basin and the Roer Valley Graben and the unit pinches out in a northerly direction

(Geluk et al., 1996; TNO-NITG,2001a). ln the southeast, the member reaches a thickness of approximately

30 metres.

Ihe Upper Röt Frínge Claystone comprises a silty, occasionally sandy claystone. The member contains a

few thin dolomite layers, The thickness of the unit is a few tens of metres,

Muschelkalk Format¡on

The Muschelkalk Formation in the map sheet area, deposited in the Late Anisian to Ladinian period, is,

unconformably or separated by a small hiatus, overlain by the Keuper Formation. The formation is sub-

divided into the Lower Muschelkalk, the Muschelkalk Evaporite, the Middle Muschelkalk Marl and the

Figure 7.7 Stratigraphic division and

log pattern of the Upper Germanic

Trias Group in the Botlek-l well.
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Upper Muschelkalk Members. The formation occurs in the West and Central Netherlands Basins.

The formation reaches a maximum thickness of over 200 m in the Central Netherlands Basin. ln a few

plæes, the thickness was drastically reduced by erosion during the Early Kimmerian phase (Carnian);

on the Zandvoort High, only the bottommost member has been preserved.

The Lower Muschelkalk Menbe¡is composed of an alternation of greyish-white limestone/dolomite

beds and grey marls, with the proportion of dolomite beds decreasing towards the top. 0n the southern

margin of the West Netherlands Basin, the sequence comprises a single massive limestone bed, a few

tens of metres thick. ln the West Nethetlands Basin, the member achieves its greatest thickness, over

70 m, in the vícinity of the Mid Netherlands Fault Zone.

The Muschelkalk Evaporite Member consists of a 5-to-15 m+hick anhydrile in the greatest paft of the

map sheet area. An exception to this is a narrow zone in the vicinity of the M¡d Netherlands Fault Zone,

where rock salt also occurs. Here, the sequence reaches its greatest thiekness, over 130 m.
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The evaporite is overlain by the 20 to 30 m-fhick Middle Muschelkalk Marl Member, consisting of light-

grey, sometimes greenish to brownish-grey marls and claystone with a few anhydrite beds at the base.

This sequence displays a characteristic, upward increasing, gamma ray reading. The thickness is 15

to 20 m.

The topmost calcareous unit, the Upper Muschelkalk Member, is composed of an alternation of grey

and greenish-grey dolomite, limestone and marl layers, The proportion of dolomite beds decreases

upward. The base is formed by a massive dolomite bed, the so-called Trochitenkalk.ln the West

Netherlands Basin, the member is only locally complete; in the vicinity of the Mid Netherlands Fault

Zone the thickness is 50 m. Elsewhere, the thickness was drastically reduced by the Early Kimmerian

erosion.

7.3.5 Keuper Forrnat¡on

The Keuper Formation consists predominantly of claystone and dolomite layers. Throughout the area

the formation is subdivided into the Lower Keuper Claystone, the Red Keuper Claystone, the Dolomitic

Keuper and the Upper Keuper Claystone Members, of Late Ladinian to Norian age. At the base of the Red

Keuper Claystone is the Early Kimmerian unconformity. ln the West Netherlands Basin, the formation

achieves a thickness of 30 to 50 m and a thickness of 80 to 100 m in the Central Netherlands Basin.

The Lower Keuper Claystone Memberconsists of greenish-grey and reddish-brown, dolomitic claystones

with anhydrite in small beds and concretions. The unit has only been encountered in the vicinity of the

Mid Netherlands Fault Zone and in the Central Netherlands Basin, with a thickness of over 50 m.

The Bed Keuper Claystone rests unconformably upon the Muschelkalk Formation, The member has

a thickness of 2 to 15 m. ln addition to red-coloured claystone, green claystone is also found. This

member is of great importance in facilitating regional correlations, owing to the presence of the Early

Kimmerian Unconformity at the base (Geluk, 1999b).

fhe Dolomitic Keuper Memberis composed of an alternation of claystone with several anhydrite and

dolomite beds, The member is characterised by a conspicuously light colour, The thickness decreases

towards the southwest. The maximum thickness is 50 m in the West Netherlands Basin. ln the Central

Netherlands Basin, the thickness decreases in an easterly direction,

The Upper Keuper Claystone Membervaries in thickness from a few metres to a maximum of 20 m in

the West Netherlands Basin. The member mainly comprises grey silty claystones and marls.

7.4 Sed¡mentary development and pataeogeography

The transition from Zechstein to Triassic was characterised by an increase in the supply of clastic mate-

rial, which was due to an increase in regional rift activity in the hinterland (Ziegler,1990), The red clay

sequences with intercalations of oolite beds of the Lower Buntsandstein were deposited in a shallow,

frequently dry playa lake in the centre of the basin (Ziegler, 1990).

An increase in the clastic supply, probably due to a more humid climate (Ziegler, 1990), resulted in the

deposition of the sandy Main Buntsandstein Subgroup. This sandy unit was deposited by a fluvial system

regularly prograding towards the basin. The sandy material that originated in the Southern Variscan

massifs, was transported to the basin by braided channel systems via the Trier and Roer Valley Grabens

(Wuster, 19681. ln the transition to the basin lake, the sand was deposited in fluvial fan systems, which
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protruded into a shallow ephemeral playa lake. The regular advances and retreats of this arid fluvial

system are presumed to have been induced by climate fluctuations.

Following the erosion during the Solling event, the large-scale sand influx from the south ceased. The thin

sandstone of the Solling Formation, which immediately overlies the erosion surface, is interpreted as a

transgressive sandstone of redistributed erosional material (TN0-NlTG.2001a). The superimposed

Solling Claystone and Röt Claystone were once again formed in a shallow lake. The deposition partly

took place under marine conditions. The alluvial Röt Fringe Sandstone is present in a belt along the

southern margin of the West Netherlands Basin. Here, fault activity initiated the supply of sand from

the Brabant Massif to the centre of the West Netherlands Basin. This fluvial system is interpreted as a

braided fluvial system that fanned out distally at the margin of the playa lake (Geluk, 1999b). The very

dry nature of the climate is confirmed by the presence of salts in the Central Netherlands Basin (Main

Röt Evaporite).

The Muschelkalk succession comprises sediments, which were predominantly deposited in shallow-

mar¡ne waters, near the tidal zone. Deposition of anhydrite and rock salt (Muschelkalk Evaporite Member)

indicates that the connection with the ocean was temporarily interrupted. Rock salt was only deposited

in the vicinity of the Mid Netherlands Fault Zone. During deposition of the Upper Muschelkalk Member.

an open-marine setting prevailed. A presumably eustatic sea-level fall favoured the resumption of

fine-clastic and evaporite sedimentation during the Keuper (Ziegler, 1990).

The Lower Keuper Claystone, Red Keuper Claystone, Dolomitic Keuper and Upper Keuper Claystone

Members were deposited under continental to marginal marine and evaporitic conditions, presumably

in a coastal sabkha setting.

7.5 Petrophysicalevaluation

Commercially interesting occurrences of liquid and gaseous hydrocarbons are well reprësented in the

map sheet area and have been exploited for a considerable time. The Rijswijk,Botlek ãnd 
'Béijerland

concessions are within the map sheet area (see chapter 2).

The Triassic deposits of one well in the map sheet area have been petrophysically evaluated (appendix C).

Borehole Pernis-West-1 was selected, because it is of a relatively recent date (1987), the reservoir has

been extensively tested and cored, the Pernis-West field is currently productive and both oil and gas

have been encountered. ln the well, the sandstones ofthe Lower Germanic Trias Group have been found

to be gas-bearing (appendix D). Core analysis data are available from the selected well. Fig. 7.9 is an

illustration of a log evaluation of the reservoir sequence of the Lower and Upper Germanic Trias Group

in the Pernis-West-1 well.
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I Altena Group

4.1 Strat¡graphy

The Altena Group, of Rhaetian to Oxfordian age, consists predominantly of dark coloured claystone

with, in the upper part, intercalations of sandstone, limestone and marl as well. The group is subdivided

into five formations (fig. 8.1), which all occur within the map sheet area: the Sleen, the Aalburg, the

Posidonia Shale, the Werkendam and the Brabant Formations (see figures 8.2 and 8,3 for the areal
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Figure 8.1 Stratigraphic overview of the Altena Group with the lithostratigraphic units occurring in the map sheet

area,
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e)dent of these formations). The stratigraphically most complete succession of the group occurs in the

southeastern part of the West Netherlands Basin, This succession is illustrated by the Werkendam-2 well
(fig. La).

With¡n the map sheet area, the Altena Group rests on the Upper Germanic Trias Group, separated by

a minor hiatus (fig. 8.5). The deposits occur in the West Netherlands and the Central Netherlands

Basins (Maps Vll/Vlll-6). Erosion and synsedimentary subsidence resulted in pronounced changes

in thicknesses, few metres to nearly 1200 m ín the southeastern part of the West Netherlands Basin

(Maps Vll¡Vlll-7). The depth of the base of the group ranges at 1000 to 3400 m (Maps Vll/Vlll-6). The

deposits are covered unconformably by the Schieland, the Rijnland or the Chafk Group, or by the North

Sea Supergroup,

8-1.1 Sleen Forrnat¡on

The Sleen Formation, of Rhaetian age, occurs within the entire areal extent ofthe Altena Group. The

formation rests, separated by a hiatus, on the Upper Germanic Trias Group (fig. 8.5) and is conformably

overlain by the Aalburg Formatíon. The deposits comprise dark grey to black, sometimes bituminous

claystone and shale, with abundant pyrite, fossil and plant remains in patches. The formation is sub-

divided into two parts by a thin sandstone unit. The topmost part of the formation may be reddish brown

in colour. The formation is 20 to 45 m thick,

Figure 8.2 Subcrop geological map

of the top of the Altena Group.
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a.1.2 Aalburg Format¡on

The Aalburg Formation, of Hettangian to Pliensbachian age, is also found throughout the areal extent of

the Altena Group. The formation rests conformably on the Sleen Formation and is conformably overlain

by the Posidonia Shale Formation or unconformably by the Schieland, the Rijnland or the Chalk Group or

by the North Sea Supergroup. Lithologically, the formation has a monotonous character and comprises

greenish-grey to black, sometimes calcareous claystone with thin limestone beds. ln addition, a few

organic-rich claystone beds are found in the bottommost part of the formation (Herngreen & De Boer,

1974). There are abundant occurrences of ammonites, belemnites and molluscs. Pyrite, iron oolites and

siderite nodules are also frequently present. The thickness ofthe Aalburg Formation displays pronounced

differences as a result of synsedimentary faulting and is a maximum of 600-650 m.

A-1.3 Posidonia Shale Forrnation

The Posidonia Shale Formation, of Toarcian age, consists of a dark organic-rich shale with a few lime-

stone beds. The formation is clearly distinguishable by its characteristic peak on gamma-ray logs.

The formation is also clearly identifiable on seismic logs as a result of the strong reflection caused by

the low acoustic velocity of the bitumen present in the shale. owing to the presence of the bitumen,

the shale is an important oil-source rock in the Netherlands. The formation rests conformably on the

Aalburg Formation and is overlain, likewise conformably, by the Werkendam Formation. The occurrence

Figure 8.3 Extent of the de Posi-

donia Shale Formation in the map

sheet area and the adjacent offshore

area.
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Figure 8,4 Stratigraphic division

and log pattern ofthe Altena Group

in the Werkendam-2 well.
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of the formation in the map sheet area is restricted to the northern part of the Roer Valley Graben and

the West and Central Netherlands Basins (fig. 8.3). The formation is 30 to 55 m thick.

A.1.4 Werkendarn Forfllat¡on

The Werkendam Formation, of Late Toarcian up to Early Bathonian age, consists of grey, marly claystone

with, in the middle of the section, a sandy interval with limestone beds and siltstone intercalations.

The formation within the map sheet area is only present in the northern part of the Roer Valley Graben,

the West Netherlands Basin and locally in the Gouwzee Trough (Central Netherlands Basin) (fig. 8.2, 13.3).

The Werkendam Formation rests conformably upon the Posidonia Shale Formation and is overlain

conformably by the Brabant Formation or unconformably by the Schieland Group or the Chalk Group

and locally by the North Sea Supergroup. There are pronounced differences in thickness as a result

of erosion, but a maximum thickness of approximately 500 m is achieved. Towards the northwest, the

thickness decreases. The formation is subdivided into three members. (fig. 8.1).

fhe Lower Werkendam Member, of Late Toarcian to Middle Bajocian age, consists of grey, occasionally

silty claystone, often with characteristic siderite concretions and/or iron oolites. Locally, a few bituminous

intercalations occur at the base. The thickness is variable and may exceed 250 m.

The Middle Werkendam Member, of Middle Bajocian age, comprises sandstones with limestone beds

and siltstone intercalations, and has manifestly lower sonic values compared with the underlying and

overlying members (fig. 8.5). The thickness varies from 20 to over 100 m. The basal part of the member

is generally characterised by a sandstone succession.

Ihe Upper Werkendam Member, of Middle Bajocian to latest Bajocian or earliest Bathonian, consists of

a homogeneous section of grey, somewhat marly, claystones. The thickness may exceed 200 m.

8.1.5 BrabantFormat¡on

The Brabant Formation displays an alternation of sandy claystone and marly, sandy, fossil-rich, occasion-

ally oolitic limestones. The sandy part of the formation has sometimes previously been compared to the

"Cornbrash", a coeval equivalent and lithologically comparable deposition in England (Haanstra, 1963;

Heybroek, 1974, Herngreen & De Boeç 1978). The formation rests conformably upon the Werkendam

Formation. The present-day areal extent has been strongly determined by erosion (fig. 8.2). The formation

is unconformably overlain by the Schieland, the Rijnland or the Chalk Group or by the North Sea Super-

group. Where the formation is complete, the maximum thickness is slightly over 350 m. 0n a basis of

the carbonate/sand ratio, the formation can be subdivided, in stratigraphic order, into seven members.

-lhe 
Lower Brabant Limestone Member, Early Bathonian (possibly also Late Bajocian) in age, consists

of an alternation of marls and limestones, in which the number of limestone beds upwardly increases.

The thickness ranges from 30 to 1 10 m. The transition from the Upper Werkendam to the Lower Brabant

Limestone is gradual, via a marl succession with thin limestone beds to a limestone sequence.

fhe Lower Brabant Marl Membe¿ of Late Bathonian age, comprises sandy marl deposits with ferrugi-

neous sediments at the topi, Locally, thin, sandy limestone beds may be intercalated. The member is

10-80 m thick.

'lhe Middle Brabant Limestone Member, of Early Callovian age, is a unit of very sandy, fossil-rich lime-

stones with an intercalation of sandy marls, The thickness of this member ranges from 10 to 40 m,
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fhe Middle Brabant Marl Member, of Early to Late Callovian age, cons¡sts of sandy marls that are fenugi-

neous at the base. The member is 10-30 m thick. Where the thickness is slight, the differentiation between

the upper and underlying limestones is impeded. The unit has only been penetrated in the transition

area between the Roer Valley Graben and the West Netherlands Basin.

The Upper Brabant Límestone Member, of Late Callovian age, consists of very sandy limestone. The

thickness ranges from 1 0 to 40 m. The base of this unit is thought likely to contain a hiatus (RGD, 1996c).

Ê
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wells conesponding to the longitudinal axis ofthe West Netherlands Basin. The reference level is the base ofthe

Schieland Group.
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The Upper Brabant Marl Member, of Late Callovian to Oxfordian age, is a unit of extremely sandy marls

with sandstone layers at the base. The sand content upwardly decreases. The maximum thickness is

30 m.

Ihe Oisterwijk Limestone Member, of Late Callovian to Oxfordian age, only occurs in the extreme

southeast of the West Netherlands Basin and the northern part of the Roer Valley Graben. The member,

consisting of massive oolitic limestone beds, has only been encountered in the Lekkerkerk-1 well, where

the thickness is 13 m.

A.2 Sed¡mentarydevelopmentand palaeogeography

After a long period of continental or shallow-marine depositional conditions, a transgression during the

Late Triassic (Rhaetian) favoured an open-marine depositional area, which extended over a large part of

North Western Europe. This marks the beginning of the deposition of the Altena Group. The conspicuous

uniformity of the deposits over a wide area indicates that the sedimentation took place in a single large

basin. The homogeneous, fine-grained composition of the Altena Group indicates that the presence on

the highs is not primary, but the consequence of subsequent erosion predominantly related to the Late

Kimmerian uplift. Owing to the inversion phases, the group underwent additional erosion during the

Late Cretaceous and/or Early Tertiary,

The sedimentation of the Altena Group in the map sheet area commenced with the transgressive depo-

sitlon of the Sleen Formation. The fairly constant thickness of the formation is indicative of a steadily

subsiding area. A brief regressive period at the end of the deposition of this formation gave the top of

the Sleen Formation more of a lagoonal character. This was superseded by a sealevel rise and deposition

of the open-marine sediments of the Aalburg Formation. This deposition occurred primarily below the

wave base, with the thin organic-rich layers pointing to the occurrence of periodical, anoxic conditions

in the basin. Thickness variation within the formation reflects differential subsidence in the area.

The Posidonia Shale Formation is a pelagic deposition with a bituminous character deposited under

anoxic conditions likely to have been induced by a stagnating deep-water circulation which was possibly

due to the combination of a deep basin with an intensively faulted basin floor and the closure of the

connection with the oceanic domain, facilitating the anoxic conditlons.

The open-marine conditions resumed during the deposition of the Werkendam Formation and the

Brabant Formation. Both formations were deposited in shallow, open-marine condit¡ons, during which

several sea-level fluctuations were responsible for facies changes in a coastal area. The fossil content

of the Brabant Formation occasional indicates the presence of brackish-water conditions (RGD, 1995c.e;

1996e).
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9 Schieland Group

9.1 Stratigraphy

The Schieland Group, Kimmeridgian up to Barremian in age, is represented by the Delfland Subgroup,

which in the map sheet area consists predominantly of an alternation of dark to variegated claystones

and sandstones with lignite beds The subgroup is represented by the Nieuwerkerk Formation in the

West Netherlands Basin and in the Central Netherlands Basin by the Zurich Formation (fig. 9.11.

The depth of the base of the Schieland Group in the map sheet area is between 600 and 250Dm

(Maps VllNlll-8(. The thickness is a maximum of 1600 m (Maps VIINIII-9) and has been determined by

synsedimentary fault movements. The Schieland Group rests conformably or, separated by a slight

hiatus or unconformably upon the Altena Group and is conformably overlain by the Rijnland Group or

Central
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Figure 9.1 Stratigraphic overview of the Schieland Group with the lithostratigraphic units occurring in the area

after Van Adrichem Boogaert & Kouwe, 1993-1997).



unconformably by the Chalk Group or by the North Sea Supergroup. The group is partly the (coeval)

Figure 9.2 Extent of the Schieland

Group including the extent of the

DeIft Sandstone Member.

equivalent of the Rijnland Group.

9.1.7 Nieuwerkerk Formation

The Nieuwerkerk Formation is subdivided into the Albiasserdam, the DeIft Sandstone and the Roden

rijs Claystone Members tugs. 9.2 & 9.3). The age of the formation is predominantly Portlandian and

Ryazanian; locally, however, older deposits (Kimmeridgian) also occur, while on the southwestern mar

gin of the West Netherlands Basin, the youngest deposits are of Valanginian or even Barremian age.

Fig. 9.4 displays the composition and the thickness development of the formation in the west of the

map sheet area.

The Albiasserdam Member comprises a succession of grey, red and mottled claystones and siltstones,

with intercalations (up to few metres) of fine-grained to middle-coarse sandstone and thick-layered

coarse-grained sandstone. The claystones and siltstones contain coal seams. The sandstones occur as

blanket sand deposits and channel sand bodies. The red coloured sediments are restricted to the bottom-

most part of the member, while the grey coloured, organic-rich sediments predominate in the topmost

part. The total thickness of the member varies considerably, ranging from a few metres to over 7500 m.

This great variation in thickness is the result of the synsedimentary tectonics and as intensified by

fault

0 20km

Distribution Deift Sandstone Member

_______________

Distribution Nieuwerkerk Formation

Distribution Zurich Formation
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erosion induced by the subsequent inversion. The sandstones generally display slight lateral continuity.

The sand/shale ratio in the Roer Valley Graben and the West Netherlands Basin was demonstrated by

Den Hartog Jager (1996) to diminish from the southeast to the northwest. The same trend can be

observed in the direction ofthe ad,iacent horst blocks.

fhe Delft Sandstone Member, of Valanginian age, is a light-grey, massive, fining-upwards sandstone

succession. The sandstone, varying in thickness from 30 to 75 m, contains a certain amount of lignitic

material. The unit rests conformably upon the Alblasserdam Member. ln a northwesterly direction. the

Delft Sandstone in the offshore area passes into the basal part of the Rijswijk Sandstone'

Figure 9.3 Stratigraphic division

and log pattern ofthe Schieland

Group in the Woubrugge-1 well.

KN Rijnland Group

lJ:Jll s¿¡d51s¡s
lll claystone
F coal
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The Rodenrijs Ctaystone Member, of Valanginian to Hauterivian age, is a grey to dark-grey succession of

coal-bearing claystone and coal seams. Locally, shelf beds occur, The member has a thickness ranging

from 40to over 100 m.

9.1.2 Zurich Format¡on

The Zurich Formalion, of Late Portlandian to Ryazanian age (NITG-TNO, 1999), comprises fine-grained

deposits of multicoloured or grey sandy to silty claystone with thin intercalated sandstone and limestone

beds and coal seams. The claystone sequence also contains pyrite, siderite, thin beds of sandstone and

limestone and coal seams. Sparse data have enabled a distinction to be made between a calcareous
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The oldest parts of the formation were deposited in fault-confined grabens.
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base, covered by a claystone and a sandy uppermost succession (Van Adrichem Boogaert & Kouwe,

1993-1997). The topmost, sandy succession has the greatest areal extent in the western part of the

Central Netherlands Basin. This part of the succession is characterised by a coarsening-upward sequence.

The formation only occurs in the Central Netherlands Basin (Rijks Geologische Dienst, 1993a).

The formation is up to 450 m thick in the northeast of the map sheet area.

9.1.3 Volcanic rocks

ln the Heinenoord-1 well, picrite has been encountered at a level of 2106 to 2151 m in the Nieuwerkerk

Formation. The rocks are light grey-green, occasionally yellow. Picrite is an ultrabasic rock, constituting

over 90% FeMg-minerals, the remainder constituent being feldspars. No data on the rocks are available.

9.2 Sedimentarydevelopmentand palaeogeography

The sediments of the Nieuwerkerk Formation were deposited during the late Jurassic in the h¡ghly dif-

ferentiating subsiding West Netherlands Basin (Den Hartog Jager, 1996). The bottommost ("red bed")

section represents a depositional system of braided rivers, which flowed via the longitudinal axis ofthe

subsiding grabens. This was accompanied by rapid sedimentation of channel sandstones. These sand

bodies were of limited areal extent and, owing to the rapid subsidence at the centre of the rift basins,

were stacked on top of each other at the depo centre. A semi-arid climate prevailed, which gradually

became more humid (Den Hartog Jager, 1996; NITG-TNO, 1999, Herngreen et al.. 2000). This was

accompanied by a decrease in the differential subsidence and gradual, regional subsidence occurred.

The braided river system made way for a pattern of meandering rivers flowing in flat valleys. Sand was

deposited in channels, while sand, in the form of crevasse splays, as well as clays and lignite, were also

deposited in flood plains. ln a northwesterly direction, the fluvial systems protruded into a shallow sea.

The areas of provenance of the sands in the West Netherlands Basin are the Brabant Massif and possibly

also the Rhenish Massif.

The claystone sequence in the Zurich Formation is a brackish-water deposit, while the overlying sand

sequence was deposited partly in freshwater (RGD, 1986d). The area of provenance of the sands in the

Central Netherlands Basin is thought to be the Texel lJsselmeer High (Rijkers & Geluk, 19961, and partly

also the Zandvoort Ridge to the south of this basin.

9.3 Petrophysical data

ln the West Netherlands Basin, oil was exploited from the sandstones of the Nieuwerkerk Formation in the

lJsselmonde/Ridderkerk oil field. These fields have now been abandoned. 0il production was also carried

out from this formation of the Moerkapelle, Zoetermeer, Wassenaar and Pijnacker fields. Considerable

differences in permeability (< 100 tot 3000 mD) and cementation are typical of the sediments of the

Nieuwerkerk Formation. The porosity displays values of under 10 increasing to 27% (Racero-Baena &

Drake, 1996). Appendix E gives some reservoir calculations from the lJsselmonde-55 well.

68 Explanation to map sheets Vll and Vlll sch¡etand Group



1O Rijnland Group

1O.1 Stratigraphy

The R'rjnland Group in the map sheet area, Valangian to Albían in age, comprises glauconite-bearing

sandstones, siltstones, claystones and marls. The group issubdivided into the Vlieland Sandstone,

the Vlieland Claystone and the Holland Formations. The two first-mentioned formations togelher form

the informal Vlieland subgroup.

The Rijnland Group is present in the majority of the area, ln the southwest, on the Zeeland Platform,

the group was not depos¡ted. The bottommost part of the Rijnland Group is the (coeval) equivalent of

the topmost part ofthe Schieland Group (fig. 10.11. The depth ofthe group ranges from 500 to 2300 m

(Maps Vll¡Vlll-l0). The group reaches a maximum thickness of over 1400 m in the West Netherlands

Basin (Maps VlliVlll-1 1 ).

During deposition ofthe group, the sedimentation area extended from the basins across the sunounding

h¡ghs, with the result that in this direction, the base of the group is formed by progressively younger

sediments. The group is overlain conformably by the Chafk Group, or unconformably by the North Sea

Supergroup and itself rests conformably or with a small hiatus upon the Schieland Group, or uncon-

formably on the Altena Group,

1O.1.1 Vl¡elandsubgroup

The Vlieland subgroup is present in a large pan ofthe map sheet area (fig. 10.2). The subgroup is over-

lain conformably or with a small hiatus by the Holland Formation, or unconformably by the Chalk Group

orthe North Sea Supergroup.

Fri61ând
Mb

FÍgure 10,1 Stratignaphic overview ofths Vlieland subgroup with the lithostratigraphic units oæuning in the map sheet

area,
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The subgroup achieves its greatest thickness in the West and Central Netherlands Basins. 0n the highs

around these basins, the subgroup has been reduced in thickness and displays several hiatuses (Rijks

Geologische Dienst, 1993a,b). The thickness of the subgroup to the south of the West Netherlands

Basin, decreases primarily in the transition zone towards the Roer Valley Graben; furthermore, the base

of the subgroup on the Zeeland Platform becomes increasingly younger towards the south. The absence

of the subgroup in the northeastern part of the West Netherlands Basin is the result of basin inversion

and erosion during the Late Cretaceous and Early Tertiary.

Within the subgroup, of Valanginian to Barremian age. the Vlieland Sandstone Formation and the

Vlieland Claystone Formations can be distinguished. These formations are each other's lateral

equivalent.

1O,1.1.1 Vlieland Sandstone Format¡on

The Vlieland Sandstone Formation in the West Netherlands Basin is composed of a number of sand

bodies, which, in a northeasterly direction, laterally pass into the Vlieland Claystone Formation. These

are, from bottom to top, the Rijswijk, the Berkel Sand-Claystone, the Berkel Sandstone, the lJsselmonde

Sandstone and the De Lier Member. The members referred to are only encountered on the southwes-

tern margin of the West Netherlands Basin, with the exception of the Rijswijk Member, which occurs

throughout the West Netherlands Basin at the base of the Rijnland Group (fig. '10.3a-d). ln the adjacent

Figure 10.2 Extent of the Vlieland

subgroup and the Holland

Formation.

Distribution Holland Formation D¡stribut¡on

Vlieland subgroup

1 Only Holland Fm present

2 Holland Fm and Vlieland subgroup present

¿./ ÍaulT
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offshore area, th¡s particular sandstone is termed the Rijn Member (Van Adrichem Boogaert & Kouwe,

1993-1997). ln the Central Netherlands Basin, there are only local occurrences of a sandstone at the base

of the Rijnland Group, the Friesland Member.

ln the Central Netherlands Basin, the sandy successions of the Nieuwerkerk Formation and the Vlieland

Sandstone Formation cannot be clearly differentiated from each other. The log characteristics of both

units are virtually identical; a clear distinction is only possible on the basis of biostratigraphic research

(see Herngreen et al., 1980).

The Rijswijk Member, Lale Hauterivian age in age, is the basal sandslone succession in the formation,

The member comprises a grey, fine to medium-coarse sandstone. Locally, the member may contain a

quant¡ty of conglomerate. Lignite and siderite frequently occur in the sandstone. Near the base, occa-

sional lignitic claystone beds occur. The member is 40 to 140 m thick.

The Rijswijk Member occurs in a large part of the WestNetherlands Basin (fig. 10.3a); in a northwesterly

direction, the sandstone passes into the Rijn Member and; in a southerly and easterly direction, into the

uppermost part of the Nieuwerkerk Formation.

Ihe Berkel Sandstone Member, of Late Hauterivian to Barremian age, is a light-grey, fine to coarse-

grained sandstone. At some places, the unit is conglomeratic. Locally, the sandstone is glauconitic or

lignitic. ln the topmost part ofthe sandstone, calcite-cemented beds occur. There are also local occur-

rences ofshell beds, ln cores, high angle and low angle cross stratification bedding is visible, as is

abundant parallel bedding, The thickness of the sandstone exceeds 100 m; in the vicinity of Berkel,

thicknesses even in excess of 200 m are found, in the vicinity of faults (fig.10.3bl. ln a northwesterly

direction, the unit passes into the Berkel Sand-Claystone, and subsequently into the Vlieland Claystone.

Sand bodies of the Berkel Sandstone can be identified far into the West Netherlands Basin, as far as

blocks Q11 and 013.

fhe Berkel Sand-Claystone Member, also of Late Hauterivian to Barremian age, is an alternation of fine-

grained, argillaceous sandstone and brownish grey, silty to sandy claystone. Locally, siderite concretions

occur. ln the bottommost part of the member, the claystones predominate. The unit is over 130 m thick.

The occurrence of the unit is restricted to a nanow strip along the southern margin of the West Nether-

lands Basin; this sequence laterally forms the trans¡tion zone between the Vlieland Claystone Formation

and the Berkel Sandstone Member.

fhe Usselmonde Sandstone Member, of Banemian age, is a light-grey, massive sandstone. ln general,

this sandstone is fine 1o medium-coarse grained; locally, however, conglomeratic thick sandstone also

occurs. Calcite sedimentation occurs, particularly in the uppermost part ofthe sandstone. Characteristic

is the presence of a 5-to-10-m-thick intercalation of lignitic claystone (fig,10,1 ), The occunence of the

sandstone is restricted to a narrow zone parallel to the margin of the West Netherlands Basin, to the

south of Rotterdam (fig.10,3c). The maximum thickness is approximately 200 m.

Ihe De Lier Member,Lale Barremian to Early Aptian in age, is an alternation of th¡nly-bedded, fine to

very fine-grained argillaceous sandstone. Glauconite, siderite and lignite frequently occur, as well as

shell fragments. Bioturbation is also frequently present, as a result of which the original sedimentary

structures have largely disappeared. The member displays dm-scale coarsening upwards cycles. The

sequence is a maximum of 70 m thick. The member occurs in a zone along the southwestern margin of

the West Netherlands Basin (fig. 10,3d).
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The Friesland Member, of Haulerivian age (BGD, 1990b). only occurs locally in the Central Netherlands

Basin and is restricted to the north of the map sheet area (fig. 10.3a). The thickness varies considerably,

from 10 to over 70 m. The sandstone is in general fine-grained, but locally, coarse sandstone also occurs.

Glauconite occurs frequently. The sandstone upwardly grades into siltstone and claystone. These silty

and argillaceous intervals are laminated and rich in organic material. Brown coloured sandstone beds

cemented with siderite and calcite also occur, intercalated within the graded intervals (RGD, 1986a &

1990b).

Distribution Friesland Member

Distribution Rijswijk Member

Distribution Rijnland Group

Distribution Berkel Sandstone Member

Distribution Rijnland Group

Distribution lJsselmonde Sandstone Member

Distribution Rijnland Group

Distribution De Lier Member

Distribution Rijnland Group
0 20km

Figure 103a-d a. Enent ofthe Friesland and Rijswijk Members; b. extent ofthe Berkel Sandstone Member; c. extent of

the lJsselmonde Sandstone Member; d. extent of the De Lier Member.
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1l).1.1.2 Vlieland Claystone Format¡on

The Vlieland Claystone Formation, of Late Hauterivian to Barremian age, compr¡ses dark-brown to

dark-grey, silty claystone. The unit is marly at the top. Well data reveal that in the basins the thickness

increases to 400-450 m, while on the Zandvoort Ridge, the thickness is no more than a few tens of

metres. owing to erosion or to non deposition. ln the basins, the formation is a monotonous succession

not subdivided into members. Near the former southern basin margin, the formation changes laterally

into the Vlieland Sandstone Formation (fig. 10.5). Here, two tongues of the Vlieland Claystone Formation

occur, intercalated in the sandstones: the lJsselmonde Claystone and the Eemhaven Member.

The lJsselmonde Claystone Member, of Barremian age, rests upon the Nieuwerkerk Format¡on and

is overlain by the lJsselmonde Sandstone. The unit consists of light to dark-gre¡ silty to f¡ne-sandy
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claystone, and may contain a few argillaceous sandstone beds. The member only occurs within the areal

extent of the lJsselmonde Sandstone Member, on the southwestern margin of the West Netherlands

Basin and achieves a thickness of approximately 45 m.

The Eemhaven Member, olLate Banemian age, is a thin claystone intercalation between the lJsselmonde

Sandstone and the De Lier Member. The member occurs in the same area as the lJsselmonde Sandstone,

The thickness is a maximum of approximately 20 m.

Figure 1 0.6 Stratigraphic overview

of the Holland Formation with the

l¡thostratigraphic units occurring in

the map sheet area.
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1O.1.2 HollandFormat¡on

The Holland Formation consists predominantly of grey and reddish-brown marl and claystone deposited

during the Aptian to possibly Early Cenomanian. The formation is subdivided into the Lower Holland

Marl, the Spijkenisse Greensand, the Holland Greensand, the Middle Holland Claystone and the Upper

Holland Marl Members (fig. 10.6, 10.7 & 10.8). The Holland Formation rests conformably upon the

Figure 1 0.7 Stratigraphic division

and log pattern of the Holland

Formation in the De Lier-40 well.
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Vlieland'subgroup and is conformably overlain by the Chalk Formation or unconformably by the North

Sea Supergroup (fig. 10.8).0n the Maasbommel High, the formation rests unconformably upon the Upper

Germanic Trias Group. The formation occurs in a major part of the map sheet area (fig, 10,2) and reaches

its greatest thickness, over 500 m, in the West Netherlands Basin.

The Lower Holland Marl Membe¿ of Aptian age (RGD, 1990a), is composed of a grey, sometimes red,

brown or yellowish coloured marly claystone. The member attains a thickness of over 60 m in the

Central Netherlands Basin, while thicknesses of up to 250 m in the West Netherlands Basin occur,

'lhe Holland Greensand Membe¿ of Late Aptian to Early Albian age, comprises an alternation of dark,

silty and sandy clay and glauconitic sands (greensands) with carbonate beds. The unit rests upon the

Lower Holland Marl and is overlain by the Middle Holland Claystone. The unit is over 200 m thick.
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Figute 10.8 Stratigraphic section J-J'ofthe Holland Formation between the Kijkduin-Zee-1, De Lier-4o, and Spijkenisse-

0ost-1 wells from the centre of the West Netherlands Basin to the basin margin, The reference level is the base ofthe

Chalk Group.

77 Explanation to map sheets Vtt and Vttt Eiinland croup



The Sp4?enlsse Greensand Member, of Early ro Middle Albian age,, is a local deposition on the south-

western margin of the West Netherlands Basin and is the proximal equivalent of the Holland Greensand.

The member comprises coarse-grained glauconitic sandstone and has only been encountered in a few

wells and measures 50 to 90 m.

The Middle Holland Claystone Member comprises a grey, marly clay. The clay content is higher than

that ofthe underlying and overlying members. ln the Central Netherlands Basin, the member rests upon

the Lower Holland Marl Member without any demonstrable hiatus (RGD, 1990a). The unit achieves a

thickness of approximately 80 m in the Central Netherlands Basin, and over 100 metres in the West

Netherlands Basin. Biostratigraphic research and log correlations have revealed that the bottommost

part of the member is of Late Aptian age (RGD, 1990a), contrary to the generally accepted age of Early

to Middle Albian.

The Upper Holland Marl Membe4 of Middle Albian to presumably earliest Cenomanian age, comprises a

light-grey and locally variegated marly and silty claystone.The uppermost part is often lighter-coloured.

Characteristic of the sequence is the decrease in clay content from the base to the top. The member

rests upon the Middle Holland Claystone and is unconformably overlain by the Chalk Group or by the

North Sea Supergroup. The member is a maximum of 200 m thick in the Central Netherlands Basin and

over 200 m thick in the West Netherlands Basin.

10.2 Sedimentary development and palaeogeography

When deposition of the Rijnland group commenced, the palaeogeography was determined by two areas

of subsidence: the West Netherlands Basin and the Central Netherlands Basin. A major transgression,

which brought an end to the lacustrine and fluvial conditions ofthe Schieland Group, heralded a long

period of marine sedimentation. The deposits of the Vlieland subgroup formed ln this manner are only

represented in the map sheet area by shallow-marine sediments in the form of transgressive sands,

coastal barriers and nearshore deposits.

0n the Zeeland Platform, the base of the subgroup becomes increasingly younger in a southerly direction,

reflecting the onlap of the Cretaceous transgression on the flanks of the Brabant Massif.

During the deposition of the Holland Formation, argillaceous marls and clays were deposited in the

basins (Lower Holland Marl and Middle Holland Claystone Member), while on the margins, in a shallow-

marine setting, glauconitic sands were deposited (Holland Greensand and, slightly further to the west,

the Spijkenisse GreensandMember).

1O.3 Petrophysicaldata

Various sandstones in the Vlieland Sandstone Formation form good reservoirs for hydrocarbons

(Racero-Baena & Drake, 1994). The Rijswilk Member comprises a marine sand with the gross reservo¡r

thickness of up to 140 m. The n/gr ratio is 60-85%, with a porosity of 15-28% and a permeability that may

reach 4000 mD. The lJsselmonde Sandstone and Berkel Sandstone Members were deposited as coastal

barriers in a prograding system and have a net sand thickness of up to 120 m, with a porosity of 20-30%

and a permeability that may range from 400->3000 mD. The De Lier Member and the Holland Greensand

Memberof the Holland Formation have a gross reservoirthicknessthat may reach 100 m. The n/gr ratio

is low, the porosity is 16-28% with a low permeability of 10-400 mD. Both members are considered less

good reservoirs, as for example in the case of the Rotterdam and Berkel fields. Appendix E gives some

reservoir calculations from the Berkel-4 and the lJsselmonde-55 wells.

78 Explanation to map sheets Vll and Vlll Ri¡ntand croup



11 Ghalk GrouP

11.1 Str,àt¡grâphV

Tho Chalk Group consists predominantly of light colour¡d, hard, fÍne'grained bioclastic limestqne and

marly limestone. lntercalations of marls, calcareous claystones and, at the base, glauconitic greensands

are also found. There are numefous chert conrretions,',vh!ch occur in isolation as well as in layers.

The Chalk Group is subdivided into the Ommetanden and the Texel Formations (fig, 11.11.

Figurc 11.1 Stratigraphic overview
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The Chalk Group is to a great extent absent in the map sheet area owing to inversion tectonics and

subsequent erosion. ln the major part of map sheet Vlll and in the northern part of map sheet Vll,

the Chalk Group has been removed by erosion (fig, 11.2). ln the West Netherlands Basins and on the

Zandvoort Ridge, the group rests upon the Holland Formation separated by a minor unconformity. ln the

major part of the map sheet area, the Landen Clay Member (Lower North Sea Group) rests unconform-

ably on the Chalk Group. At the southern margin of the West Netherlands Basin, the Breda Formation
(Upper North Sea Group) rests immediately, unconformably upon the Chalk Group. ln lhe nofth, on the

Zandvoort Ridge, the Rupel Formation (Middle North Sea Group) rests unconformably on the Chalk

Group.

ln the southwestern part of the West Netherlands Basin, the base of the Chalk Group is at a maximum

depth of 2 km. Towards the northeast of the map sheet area, the depth of the base gradually decreases

to less than 500 m. Towards the north, the group is completely absent (Maps Vll/Vlll-12). ln the vicinity of
the Zandvoort Ridge, the Chalk Group is also present.

The preserved thickness of the Chalk group, of Cenomanian up to Danian age (fig. 1 
,l.1 

), has largely

been determined by the inversion movements of the Sub-Hercynian and Laramide phases. ln the

Figure 11.2 Extent ofthe Chalk

Group.
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strongly inverted northern part ofthe West Netherlands Basin and in the Central Netherlands Basin,

the group has been removed by erosion entirely. ln the southern part of the West Netherlands Basin, the

thickness of the Chalk Group gradually increases to over 900 m. 0n the Zandvoort Ridge, the maximum
thickness of the group is approximately 700 m (Maps Vll/Vlll-i3). ln the extreme southwest of the map

sheet area the thickness is approximately 1200 m,

11.1.1 Texel Forrnation

The Texel Formation is found virtually throughout the entire areal extent of the Chalk Group. ln the

basins, the transit¡on of the Holland Formation into the Texel Formation is very gradual and therefore

the boundary is difficult to depict. Within the Texel Formation, the Texel Greensand, the Texel Marlstone

and the Plenus Marl Members can be distinguished. The Texel Formation displays onlap in the direction

of the Brabant Massif, and consequently has an increasingly younger base. ln the West Netherlands

Basin, the formation achieves a thickness of 100 m and pinches out towards the south. Further to the

north, at the level of the Zandvoort Ridge, the thickness of the Texel Formation increases to over 200 m.

The Texel Formation is Cenomanian to possibly earliest Turonian in age. ln the basins, the base of the
diachronous Texel Formation may well be of Late Albian age.

The base of the formation is formed by lhe Texel Greensand Member.This comprises glauconitic sands

and is only encountered ¡n the vicinity of the Rijen Fault and on the southern margin of the West Nether-

lands Basin. The thickness ranges from a few metres in the south to 40 m.

The Texel Marlstone Member, conslsts of an alternation of white marl sequences with a few limestone

beds. The thickness of the sequence varies considerably, from a few metres in the south to over two
hundred metres near the Zandvoort Ridge.

Ïhe Plenus Marl Member,latest Cenomanian to possibly earliest Turonian in age, consists of a calcareous,

dark coloured laminated claystone, clearly distinguishable by high gamma-ray values, The sequence is

generally a mere 1 to 2 m thick.

11.1.2 Ommelanden Formation

The 0mmelanden Formation is found virtually throughout the entire areal extent of the Chalk Group

formation comprises white, fine-grained limestone, which is locally argillaceous or marly. Abundant
layers of chert concretions occur, The rocks predominantly comprise pelagic biogenetic remains.

The formation is not subdivided into members; but log correlations supported by datings enabled the
various Cretaceous stages to be identified (fig. 1 1.3) and conelated (fig, 1 1.a).

The formation consists, at the base, of massive l¡mestone of Turonian age, succeeded by more marly
sequences of Santonian and Coniacian age. These, in turn, are overlain by a calcareous succession of
the Campanian, which is marly to slightly sandy and which grades upward into mass¡ve limestone
conta¡ning abundant chert nodules. Chalk of Maastrichtian age is found at the top of the 0mmelanden
Formation.

0n the margins of the inverted basins, the topmost part of the Ommelanden Formation rests uncon-

formably upon older deposits; for instance, this is the case near lJsselmonde (Maastrichtian Chalk on the

Holland Formation). ln the southwest, the formation is conformably overlain by the Houthem Formation,

but further to the northeast, this formation has been removed by erosion owing to uplift and the
0mmelanden Formation is unconformably overlain by the Landen Formation.

81 Explanat¡on to map sheets Vil and Vllt Chark etoup



11.1.3 Houthêm Forfnat¡on

This formation, of Danian age, comprises soft, light-grey to light-yellow, fine to coarse-grained chalk.

The formation is differentiated lithologically from the underlying Maastrichtian by the abundant argilla-

ceous intervals, a clear example being immediately at the base of the interval. The formation contains

calcite concretions, hardgrounds and fossil hash layers. The bottommost part of the formation is charac-

terised by the occurrence of glauconite. The formation is found in the southwestern part of the map sheet

area. The formation is approximately 75 m thick.

11.2 Sedimentary development and palaeogeography

The earliest Cretaceous was marked by a global sea-level rise, with a maximum highstand during the

Late Cenomanian (Haq et al. 1 987; Ziegler, 1990), A highstand prevailed until the end of the Cretaceous.

Figure 1 1.3 Stratigraphic division

and log pattern of the Chalk Group

in the Gaag-1 well.
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This sea-level rise resulted in a transgressive succession at the base of the Chalk Group. Along the basin

margin, greensands of the Texel Formation were deposited by a gradual southward coastal migration;

these glauconite-rich sands were covered by the sediments of the Texel Marlstone Member. The high

glauconite concentration in the sands of the Texel Greensand indicates a low sedimentation rate and

considerable biogenic activity, thus confirming the transgressive character of the Texel Greensand suc-

cession,

During the highstand ofthe Late Cenomanian, the Plenus Marl was deposited basin-wide. The organic-

rich character of this argillaceous marl points to anoxic conditions near the sea floor. This anoxic period

has been identified globally (Schlanger et al,, '1987).

During the Turonian, a succession of pure limestone was deposited. The low percentage of clays is

attributed to the highstand, which caused flooding of the clastic source areas , which subsequently

played no further role in sediment supply. ln the succession of the Late Turonian and overlying stages,

the clay percentage again gradually increases. The increase in the clastic supply was caused by uplift of

former basins during the Sub-Hercynian inversion phase in the Santonian and Early Campanian. ln the

map sheet area, the West and Central Netherlands Basins was inverted. The horsts, on the other hand,

displayed subsidence, Uplift activated the supply of sediment from the former basins to the adiacent

new basins and a part of the Cenomanian-Campanian interval was removed by erosion.
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12 North Sea Supergroup

12.1 Stratigraphy

The North Sea Supergroup is subdivided into the Lower, the Middle and the Upper North Sea Groups

(fig. 12.1) and is composed almost entirely of sands and clays 11i9.12.21. The three groups are separated

from each other by unconformities. The North Sea Supergroup rests conformably or unconformably

upon the Chalk Group, or unconformably upon older lithostratigraphic units, such as the Rijnland, the

Schieland, the Altena and the Upper Germanic Trias Groups. The sedimentation was to a large extent

influenced by a combination of regional tectonics and eustatic sealevel changes. ln the map sheet area,

marine conditions were predominant during deposition of the group (Letsch & Sissingh, 1983).

The North Sea Supergroup is presentthroughout the map sheet area. The thickness ranges from a

maximum of 1200 m in the Voorne Trough to nearly 400 m on the Kijkduin High in the vicinity of Delft

(Maps Vll-14 and Vlll-14), ln the Voorne Trough, all three groups are present (fig. 12.3); on the Kijkduin

High, the Cenozoic section is composed almost entirely of the Upper North Sea Group. The Ouaternary

deposits are discussed in the "Toelichtingen bij de Geologische kaart van Nederland 1:50.000" (Rijks

Geologische Dienst, 1970, 1979, 1984, 1989 and 1995).

12.1.1 Lovver North Sea Group

The Lower North Sea Group, deposited during the Late Palaeocene and the Eocene, is composed ofthe

Landen and Dongen Formations and is found in the Voorne Trough and in the Zuiderzee Low. Both forma-

tions were initially deposited throughout the map sheet area but (fig. 12.3) owing to erosion, following the

uplift during the Pyrenean tectonic phase (Late Eocene to Early Oligocene), these formations are absent

in the most inverted sectors of the map sheet area. The deposits rest conformably and unconformably on

the Chalk Group or unconformably on the Rijnland, the Schieland, the Altena and the Upper Germanic

Trias Groups and are unconformably overlain by the Middle or Upper North Sea Group. The thickness of

the group is a maximum of 700 m in the Voorne Trough. ln the north, the thickness is a little over 200 m.

12.1.1.1 Landen Forrnation

The Landen Formation, of Late Palaeocene age, comprises the Heers, the Landen Clay and the Gelinden

Members. ln the Zuiderzee LoW the Swalmen Member has been encountered below the base of the

Heers Member in a few wells.

The Swalmen Memberconsists of a sandy and argillaceous sequence containing a few small brown coal

seams. This deposition only occurs in the Zuiderzee Low. Here, the maximum thickness is 10 m.

The Heers Memberis a very fine-grained greenish-grey glauconite-rich sand, locally cemented into

sandstone by calcite cement. ln a northwesterly direction, the unit passes laterally into the Landen Clay.

Thethickness is a maximum of approximately 15 m inthe southeastof the VoorneTrough and is 36 m in

the northeast of the map sheet area.

The Gelinden Member comprises greyish-white to yellowish-brown, argillaceous marls with yellow

concretions. The base generally consists of dark green, marly clay. The thickness varies from 5 to 25 m

in the Zuiderzee Low; in the vicinity of the Maasbommel High, thicknesses of a few metres have been

encountered.

The Landen Clay Memberis a dark-grey, pyrite-bearing and glauconitic clay sequence. The thickness

ranges from 45 to 70 m but quickly pinches out towards the Kijkduin High owing to erosion. ln the north

of the map sheet area, the thickness is a mere 10 to 30 m.
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Figure 1 2. 1 Stratigraphic overview

ofthe North Sea Supergroup show-

ing the lithostratigraphic units

occuning in the map sheet area.
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12,1.1,2 Dongen Formataon

The Dongen Formation, of Eocene age, is composed of the Basal Dongen Sand, the Basal Dongen

Tuffite, the lepeç the Brussels Sand and the Asse Members. The formation is only found in the Voorne

Trough and adjacent area and in the Zuiderzee Low. As a result of erosion, the formation is absent or

drastically reduced in thickness In the interlying area.

fhe Basal Dongen Sand Member, of Early Eocene age, consists of fine-grained, brown humus, sometimes

glauconitic sand. The occurrence is restricted to the Voorne Trough and the area around the Maasbommel

High. The thickness is generally restricted to 10 to 15 m.

The Basal Dongen Tuffite Memberis an alternation of brown clay with small tephra layers. The succes-

sion is clearly identifiable on well logs by its low natural radioactivity and a high acoustic velocity.

The unit is found in the northeastern part of the map sheet at a thickness of 10 to 20 m.

The leper Member, of Early Eocene age, consists of brownish-grey and reddish-brown clay at the base

and sandy clay at the top and may, locally, contain pyrite, shells, coalified plant remains and benthic

foraminifera, The clays contain sandy and silty horizons. The topmost part of the unit is characterised by

the presence of greenish-grey, glauconitic and marly sand intercalations. The member reaches a thick-

ness of over 300 m in the Voorne Trough.

The Brusse/s Sa nd Member consists of fine-grained, glauconitic sands with, particularly at the top, many

thin limestone and sandstone beds. ln the Voorne Trough, the unit is over 300 m thick, while in the

Zuiderzee Low, the sand achieves a thickness of a mere 30 m. The primary thickness of the member

decreases towards the former West Netherlands Basin.

The Asse Member is a highly plastic and greenish-grey to bluish-grey calcareous clay. The member is

found locally in the Voorne Trough at thicknesses up to 100 metres and in the Zuiderzee Low reaches a

thickness of 25 m.

12.1.2 M¡ddle North Sea Group

ln the map sheet area, the Middle North Sea Group, of 0ligocene age, comprises the Rupel and Veld-

hoven Formations. With the exception of a small area in the vicinity of Delft, the group is found through-

out the map sheet area. The greatest thickness, approximately 250 m, occurs in the Voorne Trough,

ïhe Middle North Sea Group rests upon the Lower North Sea Group separated by a minor unconform¡ty

or unconformably upon older deposits such as the Chalk, the Rijnland, the Schieland and the Upper

Germanic Trias Groups and is covered, also unconformably, by the Upper North Sea Group. The thickness

of the group on the Kijkduin High is exceptionally reduced, as a result of minimal deposition as wellas

erosion.

12.1.2.1 RupelFormation

The Rupel Formation, of Priabonian up to Rupelian age, occurs throughout the map sheet area and

reaches thicknesses of approximately 250 m. The formation is composed of the Vessem and Rupel Clay

Members.

The Vessem Member comprises very fine, greenish-grey glarconite-br.ring sands with a few argillaceous

intercalations. The thickness is the greatest in the Voorne Trough, where values in excess of 100 m are
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attained. Towards the flanks of the Trough, the thickness rapidly decreases to less than 10 m on the

Kijkduin High. ln the Zuiderzee Low, the member is over 30 m thick.

The flupel Clay Member consists of a sequence of brown to greyish-brown stiff clay, characterised by

pyrite and septarian nodules. ln the Voorne Trough, the Rupel Clay reaches a thickness of 140 m;

towards the flanks, this unit also rapidly decreases. 0n the Kijkduin High, the observed thickness of 15

to 50 m has been strongly determined by erosion. The unit is found virtually throughout the map sheet

atea.

Figure 1 2.2 Stratigraphic division

and log pattern ofthe North Sea

Supergroup in the Hellevoetsluis-1 Ê
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12.1.2.2 Veldhoven Format¡on

The Veldhoven Formation, of Chattian age, like the Rupel Formation consists of a sandy base overlain by

a clay sequence, the Voort and Veldhoven Clay Members. The thickness is a maximum of 30 to 40 m in

the map sheet area.

the Voort Member, comprising a succession of coarsening-upward sandy units, achieves a thickness of

a few metres in the map sheet area to over 100 m to the east ofthe map sheet area. ln the areas where

this unit is several metres thick, the log characteristics are those of a fining-upward transgressive sand'

fhe Veldhoven CIay Member achieves its greatest thickness of over 1 00 m in the northeast of the map

sheet area. Within the map sheet area, the unit is 10 to 40 m thick. This member is composed of silty

clays and, at the top, sandy claYs.

12.1.3 Upper North Sea GrouP

12.1.3.1

12.1.3.2

ln the map sheet area, the Upper North Sea Group, of Miocene to Ouaternary age, comprises the Breda

and Oosterhout Formations and Ouaternary deposits. The group rests disconformably upon the Middle

North Sea Group or unconformably upon older deposits ofthe Chalk and Rijnland Groups. The group

reaches its maximum thickness, over 1000 m, in the Zuiderzee Low (Map Vlll-15).

Breda Forfnat¡on

The deposits of the Breda Formation in the Voorne Trough are characterised by an argillaceous section

with a maximum thickness of 10 to 20 m. ln the Zuiderzee LoW thicknesses of 500 m and over are found

(fig. 12.5). The lithological composition displays similarities with the deposits in the Roer Valley Graben.

The basal, argillaceous part of the formation comprises two to three coarsening-upward intervals and is

approximately 150 m thick. The overlying sandy part comprises a bipartition, each unit displaying a pro-

grading character; the bottommosi unii is 200 m and the topmost, approximately 150 m thick. The Breda

Formation has a Miocene age (RGb, 1983; TNO-NlTG,2001a).

Oosterhout Forrnation

The Qosterhout Formation, of Pliocene age, is a predominantly sandy, glauconite-rich formation. ln the

eastern part of the map sheet area, the unit achieves a thickness of 150 m. ln the western part, the

formation consists of prograding sands, which achieved considerable thicknesses, in excess of 250 m

in the later Pliocene.

12.1.3.3 MaassluisFormat¡on

The Maassluis Formation, of Pleistocene age, is found throughout the map sheet area. The thickness

ranges from a few tens of metres in the east to 250 m in the west. The formation consists of fine to

coarse-grained sands with shell fragments, and the occasional local intercalation of sandy clay layers

and clay lenticles.

12.2 Sed¡mentary deweloprnent and palaeogeography

During deposition of the North Sea Supergroup, the map sheet area was situated near the southern

margin of the North Sea Basin. The depositional pattern was largely controlled by tectonic surface
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movements and eustatic sea-level fluctuations. 0f particular importance were the tectonic movements

of the Roer Valley Graben, to the southeast of the map sheet area, the former West Netherlands Basin,

and the movements of the Zandvoort-Krefeld High.

Following the Laramide phase, a period commenced during which predominantly clastic sediments

were deposited in marine conditions. The first transgression subsequent to the Laramide phase resulted

in the deposition of the sediments of the Landen Formation during the Late Palaeocene. Subsequently,

the persevering transgression facilitated deposition of the marine sands, clays and marls of the Dongen

Formation. At the end of the Eocene, during the Pyrenean tectonic phase, subsequent erosion occurred,

accounting for the absence of the Eocene and the Palaeocene deposits in large parts of the map sheet

area. However, in the Voorne Trough and the Zuiderzee LoW these deposits have been preserved from

erosion.

The deposits of the Rupel Formation reflect the resumption of sedimentation in the map sheet area in

the Early 0ligocene. The conditions were initially shallow-marine and later open-marine. There are no

indications of differential subsidence of the area and the uniform character of the Rupel Clay suggests

deposition in a vast marine basin. During the Late Oligocene, deposition ofthe Veldhoven Formation

took place in a shallow-marine environment in an area extending on from the Roer Valley Graben. ln the

Late 0ligocene, the Voorne Trough was no longer an area of subsidence and deposition is presumed

not to have occurred here.

During the 0ligocene-Miocene trans¡t¡on, regional uplift resumed during the Savian phase. This,

together with a lowstand, culminated in regional erosion during the Early Miocene, truncating the

Late Oligocene sediments over a vast area. ln the area ofthe Voorne Trough, sediments ofthe Breda

Formation are found, indicating minimal sedimentation; the Zuiderzee Low was characterised by a

prograding system that was part of a vast protruding coastal system in North Western Europe that per-

severed into the Pliocene in the map sheet area and into the Pleistocene in the northern offshore area

(Bijlsma, 1981; Zagwijn, 1989).

During the Late Pliocene, in the western part of the map sheet area, thick sequences of sediment of the

Qosterhout Formation were deposited in a prograding system. During the Miocene and the Pliocene, the

sea withdrew from the east and southeast of the map sheet area. ln the Ouaternary, during the deposition

of the Maassluis Formation, marine conditions still prevailed in the map sheet area, but owing to inten-

sified uplift of the hinterland, the subsequent Ouaternary deposits were predominantly continental.
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13 Geological history

13.1 lntroduct¡on

This chapter describes the geological history of the map sheet area, from the Cambro-Silurian to the

Quaternary. Data on the pre-Carboniferous in the map sheet area are non-ex¡stent. For this period, the

description is based entirely upon publications on the surrounding areas. For details of the Ouaternary

of the map sheet area, reference should be made to the publication by Zagwiln (1989), the "Toelichtingen

bij de geologische kaart van Nederland 1:50.000", map sheets "Gorinchem Oost, Rotterdam West, Tel

West en Oost, Utrecht Oost en Gorinchem West "(Rijks Geologische Dienst. 1970, 1979, 1984, 1989 and

1995 resp.).

The geological history of each subsequent period is illustrated by the different tectonic phases that were

active in the map sheet area and environment (fig. 1.5). The Late Carboniferous to earliest Permian

period was characterised by the Variscan Orogeny. related to the forming of the Variscan Mountains to

the south and east of the map sheet area. During these tectonic phases, the broad outlines of the struc-

tural framework were formed. The Late Triassic to earliest Cretaceous was marked by the Kimmerian

tectonic phases; these extens¡onal phases were associated with the disintegration of Pangaea and were

responsible for the formation of major structural units in the Mesozoic, such as the West Netherlands

Basin and the Central Netherlands Basin. The Sub-Hercynian phase during the Late Cretaceous and

Tertiary displayed a compressive stress field, causing a brief change (inversion) in the direction of

movement of the major fault systems and structural elements. The tectonic phases during the Tertiary

(Laramide, Pyrenean and Savian phases) are related to stages in the opening ofthe Atlant¡c Ocean and

to the Alpine Orogeny. The tectonic phases, together with the climate changes and associated sea level

fluctuations (Haq et al., 1987), were the determining factors in the geological development of the area.

The geographic position ofthe map sheet area in a regional context ¡s illustrated in figure 13.1.

The principal structural elements discussed in this chapter are outlined in figure 3.1. The NE-SW sections

(fig. 13.5 and fig. 13.6) provide a clear view of the structural development of the area.

13.2 Basin development, sed¡mentat¡on and tecton¡cs

13,2.1 Garboniferous

The Late Viséan was marked by the collision of Gondwana and Laurussia, responsible for the develop-

ment of the Supercontinent Pangaea (fig. 13.2), induced a change from extension to a compression

in the foreland basin (Sudetic phase). The basin to the north of the Variscan thrust front became a fore-

land basin and was characterised by rapid subsidence. During the Namurian and Westphalian, large

quantities of clastic material were transported from the south, gradually filling up the deep foreland

basin. The Namurian is characterised by deep-water deltas, the Westphalian by coal-bearing, shallow

delta deposits. The strongly cyclical nature of these deposits is attributed to highly frequent. regular

eustatic sea-level fluctuations (Leeder, 1988).

Halfway through the Westphalian, the culmination of the Variscan Orogeny occurred and the most

northerly position of the thrust front was reached. The Westphalian C and D consequently display a

very sandy development, The depositional pattern was dominated by fluvial systems under increasingly

drier conditions, From the Westphalian C on, the deposits in the foreland were folded and local areas

were uplifted (for example the Netherlands Swell), initiating intra-Westphalian erosion. ln the map

sheet area, however, the sedimentation persisted into the late Westphalian D. During the Stephanian, a

regional system of transverse movements developed ¡n response to the dextral movement of Laurussia

in relation to Gondwana. The faults within this system have a NW-SE orientation and are thought to be
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reactivated Caledonian lineaments. This fauh system was reactivated several times during the course of

geological history making a major impact on the subsequent basin development in the map sheet area.

ln the Stephanian and Early Permian periods, the deposits in the foreland became uplifted and were

folded in wide anticlines; in the foreland, parts of the Westphalian were affected by contemporaneous

erosion,

13.2.2 Permian

After a long period of non-deposition and erosion during the Permian, sedimentation did not resume

until the Late Permian, owing to thermal subsidence and transtensional movements along the Late

Variscan lransverse movement system, the Southern Permian Basin formed to îhe north ofthe Variscan

Figure 13.1 Overview map of the

pr¡ncipal structural elements in

the Netherlands during the Late

Carboniferous. The position of the

map sheet area is outlined.
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mounta¡n chain (Ziegler, 1990). This basin gradually extended from Germany and Poland towards the

west. ln the map sheet area, owing to the position on the southern margin of the Southern Permian

Basin, only a thin Rotliegend succession was deposited. Towards the north, its thickness within the map

sheet area increases on a large scale. Thickness differences on a smaller scale suggest that a NW-SE

oriented graben was present in the map sheet area, through which sand was transported towards the

northwest by aeolían and fluvial systems.

At the end of the Saxonian, a catastrophic transgression preluded the Zechstein depositional system

(Glennie, 1998). The high sea level brought an end to the clastíc sedimentation dominating the

Rotliegend system. ln the Southern Permian Basin, a succession of fiye to six carbonate-evaporite cycles

were formed (Taylor, 1998). Only lheZ1,Z2 and Z3 cycles are fully developed in the map sheet area.

ln the south of the Central Netherlands Basin, a thin Z4 succession has also been identified. The regular

alternation of marine carbonates, anhydrite and halite is explained by sea-level fluctuations and a con-

temporaneous, episodical connection with and separation from the marine domain {Tucker, 1991; Taylor,

1998). The map sheet area was characterised by a more restricted marine influence. The Zechstein

Figure 13,2 Posit¡on ofthe conti-

nents and oceans during the

0rdovician, Permian and Middle

Cretaceous (after Scotêse, 1991;

Scotese & McKerrow 19901. ln the

middle figure, the elements from

which Pangaea was formed are

given in brackets.

* pos¡t¡on ofthe
Netherlands
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succession in the map sheet area, which is dominated by sabkha clays in the onshore and fluvial sands

in the offshore area, was less affected by marine processes owing to the marginal position on the

extreme southern margin ofthe Southern Permian Basin. ln the Central Netherlands Basín, a thick

anhydrite-halite succession was deposited.

13.2.3 Triassie

The thermal subsidence continued during the Triassic. The most pronounced subsidence during the

Early Triassic period occuned in the West Netherlands Basin and the Roer Valley Graben. Via these

interconnected basins, a large quantity of sediment was transported from the southeasterly Variscan

massifs via the Trier Basin (Wuster, 1968); some of this reached the central part ol the Southern Permian

Basin. The Brabant Massif also periodically supplied sediment (Ziegler,1990). During the Earlyïriassic,

Figure 13.3 Overview ofthe prin-

cipal structural elements in the

Netherlands during the Late

Jurassic to Early Cretaceous.

The position ofthe map sheet area

has been outlined.

4îi'**
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the Zandvoort Ridge was characterised by subsidence which lagged behind that of the surrounding

area. In the Central Netherlands Basin, to the north of the ridge, the more pronounced subsidence

resulted in a thicker sediment succession.

The Lower Buntsandstein Formation was deposited under predominantly lacustrine conditions; the flu-

vial system extended as far as the Roer Valley Graben ITNO-NITG, 2001a). Both the West Netherlands

Basin and the Central Netherlands Basin were part of an extensive central basin, which was dominated

by the deposition of argillaceous material. The regional character of this basin can be inferred from the

occurrence of regionally correlatable oolite intercalations (Geluk & Rohling, 19971. The sediment was

transported via a large-scale braided fluvial system which, in varying degrees, prograded in a north

westerly direction over the course of time. Owing to the dry climate, this Iluvial system was active only

periodically. The centre of the basin contained a playa lake that was dominated alternately by lacustrine,

fluvial and aeolian sedimentation processes, probably the result of climatological changes. The deposits

of the Main Buntsandstein Subgroup, in the Roer Valley Graben as well as in the West Netherlands

Basin and the Central Netherlands Basin, have a predominantly sandy, fluvial character. The large-scale

supply of sand is presumed to be the consequence of fault tectonics in the hinterland, of which the Roer

Valley Graben is likely to have been part: during the Ttiassic, the Tethys and the Arctic rift systems were

both highly active (Ziegler, 19901.

The Hardegsen phase during the Late Scythian facilitated local uplift of and erosion of the Main Bunt

sandstein Subgroup. The most significant uplift took place in the vicinity of the Netherlands Swell,

encompassing the Zandvoort Ridge, the Central Netherlands Basin and the Texel-lJsselmeer High.

Within the map sheet area, the erosion increases from south to north; the thinnest Main Buntsandstein

succession occurs on the Zandvoort Ridge, indicating uplift of this northern flank of the West Nether

lands Basin, possibly in response to regional transpression. In other parts of Western Europe, during the

Hardegsen phase, erosion took place in accordance with linear patterns, which points to transpression

(Ziegler, 19901. After the Hardegsen phase, sedimentation was dominated by clays, carbonates and

evaporites. The Rot Fringe Sandstone, originating as alluvial deposits along the southern basin fringe

of the West Netherlands Basin, represents the last influx of sediment with a southern provenance. In a

northerly direction, the sand plain passed into a playa lake, Halite was deposited in the more deeply

seated Central Netherlands Basin.

During the Anisian, a regional transgression resulted in a connection, via the east, with the Tethys ocean

(Ziegler, 19901, triggering the marl and limestone deposits. The connection with the marine domain was

regularly interrupted, facilitating the formation of halite successions. Within the map sheet area, these

Muschelkalk successions were deposited in the more deeply situated parts of the West Netherlands

Basin and the Roer Valley Graben, namely along the southern flank of the Zandvoort-Krefeld High.

Part of the Muschelkalk deposits, together with the Lower Keuper clays and evaporites, underwent ero

sion during the first of the Kimmerian tectonic phases. The Early Kimmerian unconformity was observed

in large parts of Europe and is attributed to a regional phase of transpressional tectonics, during which

basin margins were uplifted (Ziegler, 19901. Following resumption of basin subsidence, sedimentation

again occurred under arid, continental conditions in an intramontane sabkha plain.

13.2.4 Jurassic

The Jurassic and the early Cretaceous were marked by the disintegration of Pangaea. The evolution of

the North Atlantic/Arctic and the Biscay rift system had a great effect on the rift and subsidence history

of the West Netherlands Basin and the Central Netherlands Basin (fig. 13.31. The Central Graben of the



Figure 13.4 Overview of the prin
cipal structural elements in the
Netherlands during the Cenozoic.
The position of the map sheet area
has been outlined.

North Sea rift system, which had been active since the Permian, underwent a major rift phase during
the Jurassic. During the early Jurassic, the Central Graben became a connection with the northern
marine domain while, from the Callovian on, a southwards extension resulted in a connection between
the northern and the Southern Atlantic systems (Ziegler, 1990).

From the late Triassic Rhaetian, the West Netherlands Basin and the Central Netherlands Basin were
connected to the Central Atlantic Basin (Ziegler, 1990), resulting in regional marly and argillaceous
marine sedimentation. In shallow parts, thin, carbonate-rich successions were deposited, containing

/ /( Lower Rhine Embayment
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iron oolites in places. lntercalated sandstones, sandy and oolite-rich carbonates reflect periods of low

stand and uplift ofthe hinterland.

The Early Toarcian is characterised by the deposition of the bituminous Posidonia Shale Formation, the

most important oil-source rock in the map sheet area (Bodenhausen & 0tt, 1981; De Jager et al., 1996)

and the adjacent southern North Sea (Cornford, 1990; oele et al,, 1981 ). The formation of this highly

organic-rich clay was the result of stagnating deep-water circulation, presumably relating to the influx

of cold Arctic water from the north and warm, salt water from the southern Tethys (Ziegler, 1990). ln the

Late Toarcian, normal open marine conditions were restored.

ln the Late Aalenian, the Mid Kimmerian uplift of the Central North Sea Dome (Whiteman et al., 1975;

Ziegleç 1990) commenced in the central North Sea. This uplift was caused by volcanic and thermal

activity in response to a rifting-related drastically thinned continental crust (Whiteman et al., 1975;

Underhill & Partington, 1993). ln the central North Sea, this initiated profound erosion (Mid Kimmerian

unconformity); although the complete Mesozoic succession was removed in the centre of the upllft, this

erosional phase had little effect in the map sheet area.

During the late Jurassic, the Late Kimmerian rift phase took place, after which spreading tectonics came

to an end. This occured during two pulses: Late Kimmerian I and ll, in the subsidence Late Jurassic and

the earliest Cretaceous respectively (Rijks Geologische Dienst, 1991). The Late Kimmerian phase was

accompanied by mafic volcanic activity (Dixon et al., 1981). During the Late Jurassic, the basin margins

were uplifted, causing erosion of part of the Jurassic of the Middle Brabant Formation, while in the

more deeply situated central part of the basin, fluvial and paralic deposition occurred (Nieuwerkerk

Formation). The Portlandian was marked by a decline in differential subsidence in favour of a more

regional subsidence.

13.2.5 Cretaceous

After the first rift phase during the Late Jurassic, renewed Late Kimmerian rift activity in the Early Creta-

ceous resulted in uplift ofthe Northwest European basin margins and highs, including the Brabant Massif

(Vercoutere & van den Haute, 1993). This uplift resulted in erosion of Jurassic sediments in particular in

the southwest of the map sheet area. The southern areas, which were subjected to the greatest uplift,

underwent truncation of the Lower Triassic.

The Cretaceous was characterised by a sea-level rise initiated by the opening of the southern Atlantic Ocean

and the lndian Ocean (Pitman, 1978; Donovan & Jones, 1979;Ziegler,1990). The sea reached a highstand

during the Campanian, followed by a slight lowering; during the Maastrichtian and the Palaeocene, the

sea level remained relatively high (Hays & Pitman, 1973; Vail e|a|,.,1977;Ziegler, 1990).

ln the Ryazanian, sedimentation resumed in the map sheet area. ln the West Netherlands Basin, this

resulted in deposition ofthe Schieland Group, an interval offluvial and deltaic sands and clays up to

1500 metres thick. Towards the western deeper parts of the West Netherlands Basin, this fluvio-deltaic

system passed gradually into a marine coastal system. A regional sea level rise (Haq et al., 1987) in

combination with a subsiding, cooling crust in the Late Kimmerian post-rift phase initiated a large-scale

transgression. The coastal sands and clays of the Rijnland Group increasingly invaded the West Nether-

lands Basin until, halfway through the Barremian, the marine system extended over the margins of

this basin as well as the Central Netherlands Basin. The Aptian was characterised by the Austrian tec-

tonic phase. favouring prograding greensands on the flank of both basins (Van Adrichem Boogaert &

Kouwe, 1993-1997). The end of the Albian preluded a period of tectonic rest (Ziegler, 1990). As the highs
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became flooded during the transgression, the coarse-clastic sedimentation was interrupted over a long

period.

The Aptian and Albian marls and clays of the Holland Formation were deposited in a widely extending,

shallow-marine basin, which encompassed the entire southern and central North Sea (Ziegler, 1990).

0n the southern margin of the West Netherlands Basin, coastal sands were deposited as late as the

Early Albian.

The Late Cretaceous was characterised by a long period of highstand. A rapid rise during the Late

Albian and the Cenomanian induced flooding of the clastic source areas and deposition of the Chalk

Group commenced. During this rise, greensands were deposited on the southern margin of the West

Netherlands Basin. The deposition of these glauconite-rich sands reflects the southward migration of

the coastal system towards the Brabant Massif.

As the sea level rise persisted during the Cenomanian, these marginal coastal systems also gradually

became flooded. The end of the Cenomanian was characterised by a temporary highstand, which

triggered an anoxic period worldwide (Schlanger et al., 1987). The consequence of this was basin-wide

deposition of the organic-rich Plenus Marl. ln the Turonian, a long period of pelagic deep-water deposi-

tion commenced, resulting In an alternation of marls and pure chalks.

At the end of the Coniacian a period of regional compression commenced induced by the collision of

the European and the African plates and the active spreading along the Atlantic and Arctic mid-oceanic

ridges (Ziegler, 1990; Coward, 1991). ln Western Europe, this resulted in the N-S compression of the

so-called Sub-Hercynian phase. The transition from regional extension to compression (inversion)

resulted in uplift of Mesozoic successions in the West Netherlands Basin and the Central Netherlands

Basin. During this inversion, the subsidence ofthe platform areas and ofthe former basin margins

continued steadily, as a result of which the inverted basins acted as sediment source for the adjacent

subsidence areas. The marginal areas are characterised by the deposition of sandy limestones. At a

greater distance from the inversion areas, relatively deep-water chalk sedimentation occurred.

The Sub-Hercynian inversion persisted during the Santonian and the Campanian and induced partial

erosion of the Chalk succession. Following a gradual diminishing and termination of the uplift during

the Campanian, the resulting relief levelled off and the inverted areas were gradually flooded by

the sea. During the Late Maastrichtian, the entire West European Basin once again became submerged

and basin-wide chalk sedimentation resumed. This sedimentation pattern continued into the Danian.

13.2.6 Cenozoic

The Cenozoic was a period of alternating shallow and deeper marine sedimentation governed by Alpine

tectonic activity. Three phases of uplift (Laramide. Pyrenean and Savian) resulted in regional differences

in sedimentation rates, non-deposition and erosion.

During the Laramide phase, the West Netherlands Basin was uplifted and the Upper Cretaceous succes-

sion of the Chalk Group was removed by erosion. The thus formed Kijkduin High was bounded to the

north as well as to the south by newly developed basins, the Zuiderzee Low and the Voorne Trough

respectively (fig. 13.41. The Voorne Trough ceased to exist after the Pyrenean phase (Van Adrichem Boo-

gaert & Kouwe, 1993-1997); the Zuiderzee Low remained an area of subsidence up to the Quaternary.

After the Laramide tectonic phase at the beginning of the Late Palaeocene, deposition of a transgressive

marine succession occurred in the map sheet area. An alternation of sands, clays and brown-coal layers
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at the base of the Landen Formation indicates a nearshore environment. During the Eocene, a gradual

deepening led to the deposition of marine coastal sands and clays. At the end of the Eocene, a thick

marine clay succession was deposited (Asse Member) in comparatively deep-water conditions,

A new period of uplift at the time of the Late Eocene flirenean phase initiated erosion of the Early Tertiary

succession in the map sheet area. Only in the Voorne Trough and the Zuiderzee Low have deposits

of Palaeocene and Eocene age been preserved. When subsidence resumed in the Early Oligocene,

the mapping area was occupied by a vast, shallow sea, which facilitated the deposition of a marine

succession with a highly uniform areal extent (Rupel Formation). ln the former West Netherlands Basin,

the Veldhoven Formation was subsequently deposited in shallow-marine conditions,

The Savian tectonic phase, which triggered a final inversion pulse during the transition from Oligocene

to Miocene, may have caused a regional change in the Tertiary drainage and sedimentation pattern. The

uplift in the central part of the Kijkduin High induced erosion of the Late oligocene sediments, After this

phase of uplift, the only part of the mapping area 1o undergo sedimentation was the Voorne Trough.

The most of the sediment supplied was, however, deposited by a prograding coastal system in the

Zuidenee Low. The change in sedimentation pattern may also be attributed to a sealevel fall (Letsch &

Sissingh, 1983).

A phase of uplift during the Pliocene resulted in renewed supply of sediment and coastal progradation

along the southern edge of the map sheet area (the Voorne Trough). ln combination with intensified

uplift of the hinterland, this finally resulted in warping of the mapping area during the Late Ouaternary.
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14. Applied geology

14.1. lntroduct¡on

Since the discovery of oil below The Hague in 1938 (see chapter 2), the subsurface in the map

sheet area has increasingly been the subject of hydrocarbon extraction, Oil and gas exploitation is

conducted both on land and in the adjacent offshore area. 0il is relatively scarce in the Netherlands,

but a considerable proportion ofthe Dutch oil reserves have accumulated in the subsurface ofthis

map sheet area.

The subsurface has not only been the target of surveys into the prospect of potential fossil energy but

this has recently extended into surveys into the scope for alternative applications. One such instance is

investigation of potential geothermal conditions (thermal energy utilisation) and waste storage by a

number of institutions (Novem,2001; NITG-TNO,2001b). Possible applications in the field of geothermal

energy include the production of warm groundwater or the exploitation of energy by circulation of

surface water through deeper, warm parts of the subsurface. Exhausted oil or gas fields might in the

future provide suitable conditions for the storage of waste, for example greenhouse carbon dioxide

(COr). The various options for utilisation ofthe shallow and deeper subsurface, both now and in the

future, are discussed below

14.2 Hydrocarbons

14.2.1 Introduct¡on

The West Netherlands Basin, a major hydrocarbon basin in the Netherlands, lies mainly within the areal

extent of the map sheet area. Since the first oil indications were demonstrated in 1938, several oil and

gas fields have been discovered (see chapter 2).

Gas is mainly exploited from the Main Buntsandstein and Röt (Triassic) sandstone reservoirs; oil occurs

predominantly in Lower Cretaceous sandstone (see chapter 2). The Triassic reservoirs are found in tilted

fault blocks with overlying and lateral sealing layers of Upper Triassic evaporite, clay and dolomite

(Geluk et al., 1996; Spain & Conrad, 1997) and Lower and Middle Jurassic shale (De Jager et al., 1996).

The hydrocarbons in Lower Cretaceous reservoirs, predominantly oil, are trapped in anticlinal structures

that were formed during the Late Cretaceous to Early Tertiary structural inversion. Folding took place

during the uplift of fault blocks along inverted steep faults.

14,2.2 Petroleufn systefns ¡n the West Netherlands Basin

An understanding ofthe history of hydrocarbon occurrences can be gained by evaluating the petroleum

systems in the West Netherlands Basin, Every petroleum system comprises a source rock, a migration

route, a reservoir and sealing rocks above the reservoir. All these elements are of essential importance

in the formation and preservation of hydrocarbons through geological time. Tming is also crucial: all

the elements must already have been in place at the moment that expulsion of the hydrocarbons from

the source rock took place.

Reconstruction of the burial history of rocks at various well locations enables the period of deepest

burial to be determined, This period is generally contemporaneous to hydrocarbon generation and

expulsion. The West Netherlands Basin was characterised by gradual subsidence, alternated by brief

periods of uplift. The inversion phases at the end of the Cretaceous were of particular importance for

the petroleum system in the West Netherlands Basin. The Cretaceous inversion was the most intensive
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in the centre of the basin (fig. 14.1 ), resulting in the erosion of the Chalk Group. The deepest burial of

the sediments was reached in the centre prior to the Late-Cretaceous inversion; the subsidence during

the Tertiary was considerably less than the uplift. The principal phase of hydrocarbon generation and

expansion in the centre of the basin therefore occurred at the end of the Cretaceous, prior to the time of

formation of the structural reservoirs, Towards the basin margins, the intensity of the inversion phase

diminishes, as is evidenced bythe increasingly more complete preservation of the Chalk Group.

The sediments there did not achieve the deepest burial until during the Tertiary. Consequently, lhe prin-

cipal phase of generation and expulsion took place on the basin margins during the Tertiary where the

structural reservoirs had already been formed.

Three different plays have been identified in the West Netherlands Basin, the Lower Cretaceous

oil and gas play, the Triassic gas play and the Triassic oil play (fig. 14.2). ln order to account for the

presence of hydrocarbons in the basin, a model has been used relating the time spans of generation

and migration to the tectonic evolution of the basin. For details of the procedure involved, reference

should be made to Van Balen et al. (2000). The results have been calibrated using present-day tem-

peratures (obtained from various sources) and vitrinite reflections (NITG-TNO, 1998) from reference

wells.

De Lier field

Cenozoic incl. Danian

Creta ceous

Ju rassic

Triassic

Permian

Ca rbon ife rous

source rock

Wassenaar field

E

o
0

I

ffi
I

Figure 14.1 SE-NE section of the West Netherlands Basin.

104 Explanation to map sheets Vll and Vlll Appt¡ed geòtagy



The Lowe¡ Grotacêouo oil and gas plays

The Posidonia Shale Formation is the major oil-source rock in the West Netherlands Basin and is 10 to

35 m thick The amount of (marinel organic material ranges from 5 to 10yó. The combination of various

organic-geochemical índicators from samples of this oil-source rock demonstrates that this unit is at

præent immature or else lies only just within the oil window at many well locations. Hovever, the

analyæd samples mostly originate from structural highs. B*ween these highs"the Posidonia Shale

Formation does indeed lie within the oil window and, loælly, within the gas window (NITG-TNO, 1998).

The presence of associated gas in the Lower Cretaceous reservoirs, generated from the Posidonia Shale

Formation (De Jager et al., 1996), confirms that pârts of the formation are located within the gas window.

Migration to the Lower Cretacesus reservoirs occurred via the sandstones of the Brabant Formation as

well as via open faults.

The deposits of the Aalburg Formation lie conformably below the Posidonia $hale Formation, at a thick-

ness ranging from 140 to 740 m. The level of organic material of this formation ranges from 1 to 3%.

ln view oflhe substantial thickness ofthe deposits and the type of organic material {partly marine), this

formation also holds conslderable generation potential for petroleum. lt is therefore prohable that the

Figure 14.2 Sehemâtic diagram

ofoil and gas plays in the West

Netherlands Basin (afier De Jager

et al., 1996).

\, 
-.[u¡unur".u¡.*
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Figure 14.3a Model results for hydrocarbon migration and saturation from the Posidonia Shale Formation. For location,

see fig. 14.1.

Figure 14.3b Model results for gas migration and saturat¡on from Westphalian coal seams. For location, see fig. 14.1.

Figure 14.3c Model results for hydrocarbon migration and saturation from the Lower Namurian source rock. For location,

see fig. 14.f.
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Aalburg Formation made a contribution to the oil occunences in the Lower Cretaceous reservoirs

(De Jager et al., 1996; NITG-TNO, 1998). At the base of the Aalburg Formation, a number of bituminous

clay layers occur (De Jager et al., 1996). These marine clay layers have been encountered in the Werken-

dam-2 well (Van Adrichem Boogaert & Kouwe, 1993-1997); oil shales have also been encountered in the

eastern part ofthe Netherlands, in the Aalburg Formation (Herngreen & de Boer, 1974), Owing to the

corresponding geochemical signatures of the Posidonia Shale Formation and the Aalburg Formation,

it is difficult to differentiate the various contributions of these formations to the geochemical signatures

of the oil from the Lower Cretaceous reservoirs (NITG-TNO, 1998).

The 2D modelling of the history from a north-south profile through the basin assumes a Type ll source

rock at the base of the Lower Jurassic sediments. Figure 14.3a displays the modelled current oil satura-

tion in the various geological units. The results indicate that generation of hydrocarbons from Lower

Jurassic source rocks commenced during the Late Jurassic - Early Cretaceous rift phase (approximately

130 Ma) and that the velocity of generation increased from south to north owing to more rapid burial

(fig. 14.4a1. At the centre of the basin, locally (for example at the well location of Wassenaar-23-S2, the

deepest burial was reached during the Late Cretaceous, priorto the inversion that put an end to hydro-

carbon generation from the Late Cretaceous on. At other places in the basin (for example at well location

De Lier-45), the greatest burial depth was reached during the Oligocene. ln the south of the basin, the

sediments of the Lower Jurassic are at present encountered at the point of optimum burial. and genera-

tion is currently taking place. According to the model, the anticlinal structures of the Lower Cretaceous

filled up (fig. 14.4al,immediately following the Sub-Hercynian inversion (80 Ma).

14.2.4 The Triassic aas play

The most important gas-source rock in the West Netherlands Basin comprises the coal seams of the

Limburg Group. Below the entire basin, a thick succession of sediments of Westphalian age is present;

within these, the Westphalian A and B, in particulat are coal bearing. The average coal content of the

total sequence is approximately 5.5% (Dusar et al., 1998), The total organic level ofthis coal is at least

70%. The coalification at the top of the deposits of the Carboniferous increases from south to north

(NITG-TNO, 1998). ln the south (Hellevoetsluis-1 well). the top of the coal-bearing sequence is within

the oil window, while the top of the Carboniferous in the north of the basin (Oostzaan-1 well) ¡s within

or below the gas window These differences were caused by differences in burial depth. Stratigraphic

differences at the top of the Carbonlferous, caused by folding and erosion during the Late Carboniferous,

are not significant as the principal stage of coalification occurred subsequent to the Carboniferous.

Migration to the Triassic reservoirs took place via the sandstones of the Upper Carboniferous and the

Upper Rotliegend Group as well as via open faults.

The 2D-modelling result of a north-south profile through the basin shows the present gas saturation in

the different geological units (fig. 14,3b). The results show that the gas was generated from the coal

trapped in the sands of the Main Buntsandstein Subgroup and the Röt Formation. ln the north of the

basin, deposits ofthe Upper Rotliegend Group also formed a reservoir. The model results reproduce the

accumulations that were encountered in the fields in the vicinity of De Lier (Gaag) and Wassenaar.

According to the model, generation of hydrocarbons commenced in the Triassic (240 Ma) and subse-

quently increased during the Middle Jurassic (160 Ma). From the Middle Jurassic on (150 Ma), there was

a clear distinction between the generation in the centre and the north of the basin, as a consequence

of the differences in burial history (fig. 14.4b), which also influenced the time span of reservoir filling.

ln the centre of the basin, the reservoirs were filled during the Middle Late Jurassic ('150-1 18 Ma), but in

the south ofthe basin, this did not occur until the Cretaceous (fig. 14.4b). The local burial history in the
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Fígure 14.4a Hydrocarbon genera-

tion (on the left) and accumulation

(on the right) in a number of loca-

tions in fig. 14.3a.

Figure 14,4b Hydrocarbon genera-

tion (on the left) and accumulation

(on the right) in a number of loca-

tions in fig. 14.3b.

Figure 14.4c Hydrocarbon genera-

tion (on the left) and accumulation

(on the rightl in a number of loca-

tions in fig 14.3c.
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basin was strongly related to the local effects of the Late Jurassic - Early Cretaceous rift phase and the

end-Cretaceous inversion phase.

A second potential source of part of the gas occurrences in the Triassic reservoirs is a layer rich in

organic material at the base of the Epen Formation, the Geverik member (Lokhorst, 1998). Despite the

fact that this member has never been penetrated in the West Netherlands Basin, the presence of this

unit may be considered likely in view of the palaeogeographic situation during the Early Namurian

(Cameron & Ziegler, 1997). Further corroborative evidence is the presence of a Type ll source rock in

wells to the south (Langenaeker, 1 998) and to the east (Van Balen et al., 2000) of the West Netherlands

Basin. lndications from the isotope ratios and from the distribution of the gas in the West Netherlands

Basin also point to the Geverik Member contributing to the gas accumulations in the basin (Lokhorst,

1998; Van Balen et al.,2000).

ln view of the expected depth of the Geverik Member in the West Netherlands Basin, the deposition is

presumed to have a high coal rank. Generation of hydrocarbons, in the first instance oil, is presumed to

have occurred during the Carboniferous, thus reducing the likelihood of preservation. A proportion of

the hydrocarbons will have escaped at an early stage owing to seepage via faults. However, if it is

assumed that a proportion of the generated hydrocarbons also migrated via the overlying sedimentary

sequence, then the proposition of a contribution to the gas reservoir may be regarded as likely. 0wing to

the long migration route through the poorly permeable strata of the Upper Carboniferous at a relatively

high temperature and pressure over a long period of time, the generated oil is able to be converted to

gas during migration via a process of secondary cracking. Modelling of this latter scenario reveals that

this gas did not reach the Lower Triassic reservoir until the Late Jurassic (fig. 14,4c), roughly at the same

time as the gas from the Westphalian coal (Van Balen et al., 2000). According to the model, the secon-

dary gas generated from the Geverik Member accumulated in the same structures as the gas generated

from the Westphalian coal (fig. 14,3c).

14.2-5 The Triassic oil play

Oil as well as gas have been encountered in sandstone reservoirs of the Ma¡n Buntsandstein Subgroup

at various locations in the West Netherlands Basin (De Jager et al., 1996). The provenance of this oil is

dependent on the structural geology of the reservoir (De Jager et al., 1996). Structural reservoirs at a

higher level than the Posidonia Shale Formation, such as the Pernis-West and the Gaag field, are pre-

sumed to be largely filled with oil originating from this formation (De Jager et al., 1996). With regard to

the current geometr¡ it is not possible for structural reservoirs below the level of the Posidonia Shale

Formation, such as the Papekop and the 0ttoland field, to have been filled with oil generated from this

formation (De Jager et al., 1996). There are a number of possible explanations for the source of these

oil accumulations.

ln the first place, the oil generated may originate from the bituminous marine clays at the base of the

Aalburg Formation (De Jager et al., 1996), According to the present geometry these layers lie at a

deeper level than the reservoirs and oil may have migrated from these layers to the reservoirs even after

the inversion. The suggestion that the oil could have originated from source rocks of Westphalian age,

as postulated by De Jager et al. (1996), would appear less likely considering the marine signature of the

oils, which shows no similarities with the tenestrial signature of the Westphalian deposits (NITG-TN0,

1998). Another possibility is that the oil was indeed generated from the Posidonia Shale Formation, but

prior to inversion. Unlike the current configuration, the formation at the end of the Cretaceous could

have been at a deeper level than the reservoir. lt is, however, not likely that this oil survived the inversion,

with the accompanying changes to the geometry. A final alternative for the provenance of the oil is in
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the marine source rock of the Geverik Member, as discussed with reference to the Triassic gas play,

ln this case, the oil would have to have been preserved over a long period instead of having been

cracked during migration, as was propounded in the case of the Triassic gas play Uan Balen et al., 2000).

Migration from the flanks of the basin would also be a possibility, whereby the oil would have been

generated at a later stage as a result of slower burial.

14.3 Thermal energy

14.3.1 lntroduct¡on

Thermal energy is a sustainable energy that can be obtained without producing C0, emissions. Thermal

energy can be used to provide space heating, for example in greenhouse complexes and for district

heating. Some years ago, a survey was conducted in order to investigate the potential of the western

part of the map sheet area for geothermal applications (TNO-N|TG, 2001b).

14.3.2 Aquifers

The aquifers in the southern province of Zuid-Holland providing appropriate conditions for thermal

energy exploitation are located in sections ofthe Triassic (Main Buntsandstein Subgroup) and the Lower

Cretaceous (the Rijswijk Sandstone beds, the Berkel Sandstone and lJsselmonde Sandstone Members).

The most suitable areas are those with a temperature exceeding 40 "C (fig. 14.5) and a heat content of

at least 20 x 10e J/m2 for Triassic aquifers and at least 10 x 10e J/mz for Lower Cretaceous aquifers (NITG-

TNO, 1997). The latter have better permeability. ln the southern part of the province of Zuid-Holland,

F¡gure 14.5 Temperature at the top

ofthe Triassic Sandstone in the

map sheet area.
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aqu¡fers meeting these criteria occupy an area of approximately 500 km2 (Triassic aquifers) and approxl-

mately 250 km2 (Lower Cretaceous aquifers); the Lower Cretaceous aquifers satisfying these conditions

completely overlap the suitable Triassic aquifers (RGD, 1984). The sediments of the Upper Rotliegend

Group (Permian) pinch out in southern Zuid-Holland and, insofar as still present, have a minimal heat

content.

Vo I p ri eh a u sen Sa n dston e M e rn be r (Tri a ssic)
The top ofthe Main Buntsandstein Subgroup In Zuid-Holland is at a depth ranging from 1000 to 4500 m.

The temperature at the top of the Volpriehausen Sandstone Member in the map sheet area is above 700 C

(fig. 1 a.5). The total thickness of the Main Buntsandstein Subgroup ranges from 25 m 225 m, and the

net sand thickness from 0 to 200 m (fig. 1 4.6); towards the centre of the basin, the clay content increases

and the net sand thickness decreases. ln Spilkenisse, the $andstone succession is still 47 m thick but

in Woubrugge (the northern part of Zuid-Holland), the thickness has decreased to around 10 m. The

sandstone sequences contain many thin claystone and siltstone beds, which may be sandy or silty.

Calculated porosity values range mainly from 8% in the north to 18% in the south (TNO-N|TG, 2001).

Vl i e I a n d S a n d sto n e F o rm at i o n ( Lovve r C reta ce o u s )

The Lower Cretaceous formations in the southern part ofZuid-Holland (RGD, 1983; Den Hartog Jager,

1996; Racero-Baena & Drake, 1996; De Jager et al., 1996) were deposited as an alternation of sandstone

and claystone along the southern margin of the West Netherlands Basin. The thickness of the

lJsselmonde Sandstone Member ranges from 70 to 300 m. Locally, porosity values have been measured

of between 20 and 30% and permeability values of between 0.5 and 1 D (Racero-Baena & Drake, 1996).

The Berkel Sandstone Member in the map sheet area is 40 to 100 m thick and lies at a depth of 1 to 2 km.

Figure 14.6 Thickness ofthe

Volpriehausen Sandstone Member

in the map sheet area.

Bo - isopach (m) 0 20km
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Measured porosity and permeability values have a range of 20-30% and 0.5-3 D respectively (Racero-

Baena & Drake, 19961. The Rijswijk Sandstone Member is up to 70 m thick; measured porosity and

permeability values range from 15lo 28% and 0.5 to 4 D (Racero-Baena & Drake, 1996).

14.3.3 Depth and temperature

The top of the Main Buntsandstein Subgroup within the map sheet area is at a depth ranging from 1000

to 4500 m. 0ver a wide area, the depth increases from the NNE to the SSW. ln the southwestern fringe

zone, in the vicinity ofthe edge ofthe areal extent ofthe Main Buntsandstein Subgroup, this subgroup

is found at a shallow depth. The contour lines of the top of the Nieuwerkerk Formation (Upper Jurassic)

display a similar picture: a decrease in depth in a northeasterly direction. The maximum depth difference

in this direction is approximately 1750 m. With regard to the Vlieland Sandstone Formation, which was

deposited immediately on top of the Nieuwerkerk Formation, the same tihed position may be assumed.

The depth of the top of the Nieuwerkerk Formation (which is the base of the Vlieland Sandstone

Formation) ranges from 1250 to 2500 m. The temperature of the formation water in the map sheel area

rangesfromS0oCatadepthof2000mto9S"Catadepthof2S00mandll0"Catadepthof3000m
(RGD, 19841.

14-3.4 Effects and hazards

lnterference in the subsurface may occur if thermal energy exploitation is sited too close to a structural

oil or gas field or near gas or C0, storage. Thermal energy exploitation could then have a negative effect

on the pressure distribution in the oil or gas field or in the storage location. There are no particular haz-

ards attached to thermal energy exploilation. lf there is any likelihood of oil or gas being penetrated, the

same safety procedures should be observed at the well as are required for an oil or a gas well. Thermal

energy exploitation is sustainable and environmentally friendly.

14.4 Storage ot CO2 in the subsurface

14.4.1 lntroduct¡on

0f all the greenhouse gases (COr, CHo and CFCs, etc), carbon dioxide (COr) is emitted on the largest

scale, and is therefore the principal cause of the greenhouse effect, lt is generally assumed that the

greenhouse effect is responsible for the recent sharp global rise in average temperatures. ln order to

reduce greenhouse gas emission in the short term, a number of research and feasibility studies have

been initiated (e.g. RGD & TNO, 1996).

14.4.2 ¡nventory

A preliminary study conducted on the feasibility of C0, storage in the subsurface was commissioned by

NOVEM (RGD & TNO, 1996). ln view of the position of two of the three largest clusters of Dutch C0,

source (the Rotterdam and lJmuiden harbour areas) in and on the edge ofthe map sheet area (fig. 14.7),

C0, storage is one of the options for utilisation of the subsurface in the future.

Storage of C0, in the subsurface in the map sheet area could be performed in a number of ways: in

exhausted gas fields, in productive and exhausted oil fields or in deep aquifers (water-bearing porous

strata). Research has revealed (RGD & TNO, 1996) that aquifers offer sufficient capacity for storage of

the C0, production of the large lJmond power stations. However, all these aquifers are situated in the

north of the map sheet area.
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Within the map sheet area, the storage capacity in aquifers as well as oil and gas fields is limited (RGD &

TN0, 1996). The total maximum aquifer storage capacity is estimated at 200 MT (Megaton) COr. Exactly

how much of this is suitable is uncertain, because a substantial part of the total capacity is in small indi-

vidual structures. The lithological units which might potentially be used for aquifer storage of C0, are

the Slochteren Formation (140 MT) and the Main Buntsandstein Subgroup (60 MT). The low estimates in

the case of the Triassic and Cretaceous structures are due to the fact that a large proportion of the closed

structures are in fact oil-bearing (RGD & TNO, 1996). Although the Slochleren Formation is promising in

terms of water-bearing volume, there are doubts as to the impermeability of the overlying strata (RGD &

TNO, 1996). The Zechstein salt, which forms a good sealing layer in other parts of the country is, in the

map sheet area, either very thin or else completely absent.

ln the map sheet area, only three gas fields satisfy the technical conditions for safe and realistic storage,

These are gas fields in the Triassic sands. Other fields are situated too close to the surface (above 800 m)

Figure 14.7 C0, sources and

exhausted hydrocarbon f ields

in the map sheet area and sur-

roundings.

I o¡lt¡e¡ds

gasf¡elds

Em¡ss¡on C02

o <0.5

o 0.5-1

O r-r.s

o
o

't.501 -2

>2
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or have too limited a storage capac¡ty (less than 1 0 MT C02). The total capacity provided by gas fields,

after depletion, is estimated at 50 MT COr; none of the oil fields present meet the necessary criteria

(RGD & TNO, 1996). 0¡l fields with a lower storage capacity might well be suitable for storage if C0, is

used in productive fields to enhance production (E0R: 'enhanced oil recovery').

Because the sealing layers of gas fields have already demonstrated their reliability, they form a suitable

option for long-term, safe storage. However, it is likely that large, exhausted gas fields may be used for

temporary storage of natural gas, which makes lhe potential for C0, storage uncertain. lf half the total

estimated storage capacity ultimately proves usable, then approximately the entire C0, production of a

single 700 MW power station could be accommodated during its 25-year life.

14.4.3 Execut¡on and feasibility

The process of C0, storage in the subsurface can be divided into the following stages: (1) capture and

separation of the C02 emissions, (2) compression of the gas to supercritical phase, (3) transportation

via a pipeline system, (4) injection into the subsurface and (5) monitoring of the subsurface situation.

Each of the different stages has its own difficulties and/or financial aspects. At present, the capture of

C0, is an expensive, energy-consuming process (RGD & TN0, 1996). Transportation from the source

to the storage plant surface site will require a pipeline system capable of withstanding high pressure

(120 bar). ïhe principal costs in storing the C0, are incuned by the drilling of the injection wells.

14.4.4 Safety

ln the storage of C0, in the subsurface, a number of important safety aspects are of ¡mportance. Potentially

hazardous situations may arise where incorrectly stored C0, escapes into the atmosphere or if drin-

king water becomes polluted. There are also earthquake hazards as a result ofchanges in pressure in

the subsurface. A preliminary survey of the Dutch situation has shown that in the event of leakage,

there would be a delay of a possible 5,000 years before C0, at a depth of 2 km could reach the surface,

Earthquake hazards are low (RGD & TNO, 1996). To guarantee safety, thorough research will be required,

in general as well as location-specific. Furthermore, exhaustive monitoring studies will need to be carried

out into the subsurface and surface situations, both during and subsequent to the injection.
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Appen<lix A

Overviernr of seismic data used

Survey Yeat Owner 2D/3D

7040*

7110x

7141*

7142*

72Y-*

ANE73*

7 410*

7 420x

7490*

7591 *

7610*

77 10*

7820x

7940x

u79-x
HL80-*

81 20*

ANE81-3*

BW81-*

8220x

BW82-x

8361 *

BW83-*

8422x

8432x

8462*

MZg4-x

8521x

85F5*

85H5*

HAgS-*

MZ85-*

AM86-*

MZ86-*

8719x

8721*

8723*

8726*

AM87-*

MZ87-*

MZ88-*

8921 *

011

Rotterdam

Pijnacker

Biesbosch

1970

1971

1971

"t97 1

1972

1973

197 4

197 4

1974

1975

1976

1977

1978

1979

1979

1980

1981

'1981

1981

1982

1982

1983

1983

1984

1984

1984

1984

1985

1985

1985

1985

1985

1986

1986

1987

1987

1987

't987

1987

1987

1988

1989

1990

1985

1985-1 986

1986

NAM

NAM

NAM

NAM

AMC

AMC

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

ELF

ELF

NAM

AMC

ELF

NAM

ELF

NAM

ELF

NAM

NAM

NAM

MOB

NAM

NAM

NAM

ELF

MOB

ELF

MOB

NAM

NAM

NAM

NAM

ELF

MOB

MOB

NAM

WIN

NAM

NAM

NAM

2D

2D

2D

2D

2D

2D

2D

2D

2D

2D

2D

2D

2D

2D

2D

2D

2D

2D

2D

2D

2D

2ù

2D

2D

2D

2D

2D

2D

2D

2D

2D

2D

2D

2D

2D

2D

2D

2D

2D

2D

2D

2D

3D

3D

3D

3D
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0ud-Beijerland

Haastrecht

U¡twijk

Dordrecht

Gouda

Leiden

Monster-Land

Den Haag

Mookhoek

Nieuwkoop

1987

1988

1988-1989

1988-1990

1989

1989-f990

1990=1991

1991

1991

1995

Amoco Netherlands Petroleum Co

Elf Petroland B,V.

Mobil Producing Netherlands lnc.

Nederlandse Aardolie Maatschappû B.V.

Wintershall Noordzee B.V.

3D

3D

3D

3D

3D

3D

3D

3D

3D

3D

NAM

NAM

NAM

NAM

,NAM
NAM

NAM

NAM

NAM

NAM

AMC

ELF

MOB

NAM

WN
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Appendix B

Overview of urells used

Well n¡ Name Code Owner Final depth

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

Aarlanderveen-1

Ahoy-E55

Alblasserdam-1

Almere-1

Almkerk-1

Alphen-1

Altforst-1

Andel-6

Bakkum-Castricum-1

Barendrecht-1

Ba rend rechl-Ziedewij-1

Barneveld-1

Benthuizen-1

Berkel-1

Berkel-4

Berkel-7

Blaricum-1-S1

Bleiswijk-1

Bleskensgraaf-1

Bleskensgraaf-2

Boeikop-1

Boskoop-1-S1

Botlek-1

Brakel-1

Breukelen-1

Brouwershavensegat-1

Buurmalsen-1

Capelle-1

De Lier-40

De Lier-45

Delft-1

Delft-3

Den Haag-1

Den Haag-2

Eemhaven-1

Ermelo-1

Everdingen-1

Gaag-1

Gewande-1-S1

Giessendam-1

Haarlemmermeer-1

Haastrecht-1

Haastrecht-2-S1

Hazerswoude-1

Heemskerk-1

Heinenoord-1

ARV.O1

AH0-E-55

ALD-o1

ALE.O1

ALM-01

ALP-o1

ALT-o1

AND.O6

BAC-01

BRT.O1

BRTZ-01

BNV.O1

BEN.O1

BRK.O1

BRK-04

BRK-07

BLA-o1.S1

BLE.O1

BLG-01

BLG.O2

BKP.O1

BSKP-01.S1

BTL.O1

BRAK.Ol

BKN-01

BHG.O1

BUM.O1

cAP-o1

LtR-40

LtR-45

DEL-01

DEL.O3

HAG-01

HAG.O2

EHV.O1

ERM-01

EVD.O1

GAG-01

GWD-o1.S1

GSD-01

HLM.O1

HST-01

HST-02-S1

HZW.Ol

HEK.O1

HEt-01

NAM

NAM

NAM

AMC

NAM

NAM

BPM

NAM

NAM

NAM

NAM

AMC

NAM

NAM

NAM

NAM

PET

NAM

NAM

NAM

NAM

NAM

NAM

NAM

BPM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

2550

1 406

1650

1877

2370

747

654

3136

2283

3365

3259

3066

725

2988

2050

2278

2059

890

"t517

1604

1000

2785

3290

2689

589

2907

2195

3700

2010

3915

765

2200

2128

2661

2803

2650

2196

3659

2324

2575

1122

2527

2650

111',!

1967

23"t6

1976

1955

1959

1976

1970

1948

1944

1991

1964

1984

1993

1971

1948

1952

1995

1980

1982

1948

1951

1958

1949

1995

1984

1992

1943

1978

1970

1985

1967

1982

1944

1954

1954

1955

1966

1969

1965

1972

1991

1977

1951

1951

1983

1948

1965

1991
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Well nr. Name Owner Final depth Year

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

Hellevoetsluis-1

Hilversum-1

lJsselmeer-'l

lJsselmonde-3

lJsselmonde-55

lJsselmonde-64-S2

llpendam-1

Jutphaas-1

Kerkwijk-1

Kijkduin-Zee-1

Kijkduin-Zee-2

Knardijk-1

Landsmeer-1

Leidschendam-1

Leidschendam-3

Lekkerkerk-1

Lelystad-1

Loosduinen-1

Maasbommel-1

Maasbommel-2

Maasgeul-1

Maasgeul-2

Maasvlakte-1

Meerkerk-1

Meyendel-1

Middelie-101

Middelie-201

Mient-1

Moerkapelle-1

Moerkapelle-10

Moerkapelle-14

Molenaarsgraaf-1

Molenaarsgraaf-2

Monster-2

Nieuwerkerk-1

Noordwijk-2

0egstgeest-1

Oostzaan-1

0ttoland-1

0ud-Alblas-1

0ud-Beijerland-1

0ud-Beijerland-Zuid-1

0ude Lede-1

0verflakkee-1

P18-02

Papekop-1

Pernis-1

HVS-o1

HtL-01

IJM-01

tJS-03

tJS-55

tJS-64-52

tLP-o1

JUT.Ol

KWK-o1

KÐZ-01

KDZ-02

KRD-01

LSM.Ol

LED.Ol

LED-03

LEK-01

LEL-01

L0D-01

MSB-01

MSB.O2

MSG-01

MSG.O2

MSV-o1

MRK-01

MED-01

MtD-101

MID-201

MNT-o1

MKP-o1

MKP-10

MKP-14

M0L-01

M0L-02

M0N-02

NKK-o1

NWK-02

0EG-01

ozN-01

0TL-01

0AS-01

0BL-01

OBLZ-o1

0LE-01

0vE-01

P18-02

PKP-01

PRN-01

NAM

BPM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

AMC

NAM

NAM

NAM

NAM

c0N

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

CHE

AMC

NAM

NAM

3841

732

2892

2',t32

1892

3655

't064

3409

3281

1916

3775

1524

1703

1867

1 170

1965

2057

1518

1714

1278

4260

4218

2685

2813

1726

2626

2913

464

1 460

1260

2820

1445

3287

3030

2254

2940

1965

2767

3096

2177

2714

27 45

1868

1800

3766

2751

2980

1969

1944

1966

1957

1977

1985

1948

1969

1988

1961

1986

1978

1977

1956

1972

1961

1970

1949

1951

1953

1989

1993

'1989

1990

1958

1964

1980

1938

1957

1917

1984

1959

1986

1982

1958

1983

1959

195'l

1988

1958

1985

1990

1959

1969

1989

1986

1989
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Well nr. Name Ownet Final depth Yea¡

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

't17

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

Pernis-West-1

Pernis-West-2

Pijnakker-13

Q10-01

011-01

011-02

Q11-03

013-01

013-02

Q13-04

014-01

414-02

o16-01

016-02

016-04

o16-05

Reedijk-1

Ridderkerk-1

Ridderkerk-32-S3

Rijswijk-1

Rotterdam Schulpweg-1

Rozenburg-1

's-Gravenzande-1

Schiphol-1

Schiphol-2

Schipluiden-1

Spaarnwoude-1

Spijkenisse-1

Spijkenisse-0ost-1

Spijkenisse-0ost-2-S 1

Spijkenisse-West-1

Starnmeer-1

Strijen-1

Strijen-West-1

Vlaardingen-Noord-1

Voorthuizen-1

Vreeland-1

Wassenaar-1

Wassenaar-23-S2

Wassenaar-Zee-1

Waverveen-1

Weesp-1

Werkendam-2

Willeskop-1

Woubrugge-1

Zaandam-1

Zeewolde-1

PRW.O1

PRW-02

PNA-13

Q10-01

011-01

01'l-02

011-03

013-01

Q13-02

o13-04

014-01

414-02

016-01

016-02

016-04

o16-05

RDK.O1

RKK.Ol

RKK-32-S3

RWK-o1

RÏD-01

RZB-01

sGz-o1

SPL-01

SPL-02

scL-01

SPW-o1

SPK-01

SPKO-o1

sPK0-02-s1

SPKW-o1

STM-01

STR.O1

STW-o1

VLN-01

VHZ.O1

VRE-01

WAS-o1

WAS.23.S2

wAz-o1

WRV-01

wsP-01

WED-02

WLK-o1

w0B-01

zAD-01

zEw-01

NAM

NAM

NAM

NAM

NAM

WN

WIN

NAM

AMC

NAM

BOW

CLY

PLA

BPE

BPE

NAM

NAM

NAM

NAM

NAM

NAM

NAM

NAM

AMC

AMC

CLY

NAM

NAM

NAM

NAM

NAM

AMC

AMS

NAM

NAM

NAM

PET

NAM

NAM

NAM

AMC

AMC

NAM

NAM

NAM

NAM

c0N

3460

287 4

2500

2358

2497

1250

3197

2387

2810

3023

2222

3100

2631

3975

3839

2979

3053

2425

3691

2575

3305

3244

3415

2232

2889

1467

923

3276

2379

3333

2910

2884

2779

3101

4109

177 4

1015

1369

3153

2200

2458

2259

3516

2666

3801

951

2000

1987

1990

1977

1962

1969

1982

1992

1962

1978

'1985

1984

1991

1970

1978

1985

1985

"t992

1957

1990

1953

1984

1987

1997

1970

1970

1949

1949

1960

1990

1993

1992

1975

1964

1987

1994

1950

1950

1956

1976

1980

1971

1970

1965

1988

1966

1948

1966
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Welln¡ Name Code Owne¡ Finaldepth Year

141 Zeist-1

142 Zoetermeer-1

143 Zoetermeer-28

zsT-01 BPM 1100 1948

z0M-01 NAM 1305 1957

zou-28 NAM 1275 1979

144 Zuid-Schermer-l ZSRM-01 AMC 2250 1997

AMC Amoco Netherlands Petroleum Co.

AMS American Overseas Petroleum Ltd.

BOW BowValley lndustries Ltd.

BPE British Petroleum Exploratie Maatschappij Nederland B.V.

BPM BataafschePetroleumMaatschappij

CHE Chevron Oil Company ofthe Netherlands

CLY Clyde Petroleum Exploratie B.V.

C0N Continental Netherlands 0il Company B,V,

NAM Nederlandse Aardolie Maatschappij B.V.

PET Elf Petroland B.V.

PLA Placid lnternational Oil Ltd.

WN Wintershall Noordzee B.V.
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Appendix C

Reservoir calculations Lourer and Upper Gerrnanic Trias Groups

The calculations in the tables below have been canied out for the Lower and Upper Germanic Trias

Groups. ln the calculation, the reservoirs of the Lower Germanic Trias Group have been subdivided into

a gas zone (2684-2769 m), an oil zone (2769-2804 m), a water zone containing a significant quantity of

residual oil (up to 40%) (2804-2855 m) and finally a water zone containing 100% water (2855-2875 m).

Cut-off values applied: clay content Vcl = 50%; effective porosity = 6%.

The 50% cut-off for the clay content is customary in industry. The 6% cut-off for the porosity derives

from the crossplot of core permeability versus core porosity, where it is assumed that for permeabilities

lower than 0.1 mD the producibility of the gas is zero.

Gross. Net in metres

Øem = average effective porosity (in percentages)

Vclm = average clay content (in percentages)

Swm = average water saturation (in percentagesl (Hydrocarbaon saturation = 100 - Sw)

ln order to be able to compare the cut-0ff values of oil with those of gas, the same value has been used

for both reservoirs.

Lornrer and Upper Germanic Trias Groups

Reservoir

G¡oss Net Øem Vclm Sn¡m

PRW-1 RNRO

RBM - gas zone

RBM - oil zone

RBM - water zone + residual hc

RBM - water zone 100% water

Total/Average for all units

67.0

84.8

35.4

50.8

20.5

258.5

14.3 16.4 38.5

83.4 17.5 20.8

33.1 13.6 14.9

47 .6 1 1.8 15.9

14.1 10.7 27.4

192.5 14.8 20.4

19

34

44

65

43
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Append¡x D

Show, status and têst datâ Lovlrer and Upper Germanic Trias Groups

Weil Såow Sfafus lest hrterval Yield FIow llnÍt

PRW{ oiugas First oil, DsTl 3108-3117.5 G GoR = 83 RBM

currently 0 18.2

injection DST2 3108-3117.5 c cOR = 83 RBM

well 0 78

DST3 3108-3117.5 G G0R=95 RBM

0 81.3

DST4 3A62-3072.5 G 222 RBM

DST5 3015-3030 c 297 RBM

DST6 2945.5-2981 G 257 RNRo
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Legend appendices G, D en E

Sf¿fi¡sr

oil = oil production

Tesû

DST = drill stem test (quantity in litres)

Interual:

lnterval in metres log depth

Yteld:

G =gas
0 =oil
W = water

FIowßOßt

Gas, 050, in 1000 m3/day

Oil, in m3/day

GOR, gas/oil ratio

Unit:

NLFFD = Basal Dongen Sand Mernber

KNGLG = Holland Greensand Member

KNNSL = De Lier Member

KNNSY = lJsselmonde Sandstone Member

KNNSB = Berkel Sandstone Member

SLDN = Nieuwerkerk Formatíon

RNRO = Röt Formation

RBM = Main Buntsandstein Subgroup
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Appendix E

Reservoir calculations Upper Jurassic, Lourer Cretaceous and Tertiary units

The calculations have been carried out by the Nederlandse Aardolie Maatschappij.

Gross, Net in metres

N/Gr = Net-Gross ratio

ø = porosity (in percentages)

Vcl = clay content (in percentages)

Sw = water saturation (in percentages)

OWC = Oil-water contact

tvd = true vertical depth

BRK.O4

De Lier Member (KNNSL) 1073-1256 m

Well

Berkel-4

Berkel Sandstone Me¡nber IKNNSB) 15a9-173O m

/Vef N/Gr

Berkel-4 116.2

oWC at 1633 m (1263 m tvd)

This well has not been tested

lJs-55

lnterual

(m ah)

Reservoi¡

G¡oss

SwN/G¡/llef

4321170.035.5

SwøVcl

20240.82

VcllUef

NLFFD

KNGLG

KNNSL

KNNSY

SLDN

35 37.3

30 35.3

27 37.7

19 31.1

2t 40.9

25 16.8

0 13.7

22 72.6

't8 73.3

G

G

W

G

0
0
W

0
0

527.5-535

656-692

692-700

867.5-927,5

927.5-945.0

980,5-1050.6

1050.6-1 1 43.5

1 1 83-1 432

1432-1549

7.5

36

8

60

17.5

70.1

92.9

249

117

6.1

35.6

8

14.5

1.8

39.9

0

0.01

0.08

No test data are available but this well has produced oil and associated gas from the KNNSY and the

SLDN for 7 years with average yields of 14 to 6 m3/day oil and 280 to 1700 m3/day gas.
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