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Abstract

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

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

for assessing the future exploration potential.

Keywords: Dutch offshore, Late Jurassic, stratigraphy, paralic & shallow marine deposits, stratigraphic trap, spiculite, hydrocarbons, exploration

[ Introduction

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

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

Field Discovery well Discovery date Stratigraphy Sequence Fluid Remark

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

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

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

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

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

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

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

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

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

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

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

Age interpretation

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

Paleoenvironmental and paleoclimatic interpretations

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

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

Sea-level fluctuations

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

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

| ‘Late Jurassic’ stratigraphic sequences

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

Late Jurassic — earliest Cretaceous tectonic activity

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

southern extension of this Central North Sea Dome reached -
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may also be mapped in more detail. For example, the source
rock maturity, or the reservoir thickness or quality can be
mapped. Play mapping is a prerequisite for the understanding
of the petroleum system in which the play-maps are integrated
with timing of the various events such as structuration,
maturation and migration.

In our study area the ‘Late Jurassic’ play is a proven play
concept. Various fields (Table 1) are found with oil or gas
accumulations in ‘Late Jurassic’ reservoirs. Hydrocarbon typing
indicates that the oil is predominantly sourced from the Jurassic
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and climate shifts.

Posidonia Shale and the gas from the Carboniferous. All fields
listed in table 1 are structural closures such as four way dip
closure on the top of a salt dome (F18-FA or L6-A) or a turtle
back structure like F3-FB, although the structure of the latter
field is considered to include a strat-trap component. In the
following section, two different ‘Late Jurassic’ play types are
described.
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Fig. 6. Example of Sequence 3 in well G13-01 with major MFS (J numbers) and climate shifts. The SEG curves indicate the change from ‘Late Jurassic

arid phase’ to the Early Cretaceous wet ‘Wealden” conditions (yellow line).

formed by above mentioned clay prone intervals in the succes-
sion. The presence of stacked oil-water contacts in, for example,
the LO5-FA field indicates that claystones have a sealing
capacity, and that stratigraphic traps occur in Sequence 1.

Reservoir

Sequence 1 comprises interbedded claystones and sandstones
of non-marine to very shallow marine (lagoonal) origin.
Correlation of the various sequences between wells based on
well logs is rather difficult. An example of the classic log
correlation between wells one based on the thick sandy inter-
vals is shown in Figure 7 (correlation highlighted in yellow).
However, integration of the biostratigraphical information and
facies interpretation from cores provides a different picture. In
particular, the SEG information provides a number of discrete,
isochronous events. The Densiplicatum climate shift (after
Abbink et al. 2001) is given in red (Fig. 7). The MFS are based
on the Coastal/Lowland ratio (Fig. 7; green curve; see Abbink
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et al., 2004a, b). Sand bodies, stacked channel sandstones and
tidal channels, appear discontinuous and are enclosed in
floodplain and lagoonal clays with common soil horizons. The
seismic facies of Sequence 1 is characterized by discontinuous
reflectors (Fig. 8) which can be explained by the discontinuous
nature of the Sequence 1 sandstones.

In Figure 9, a seismic time thickness map for the Dutch
Central Graben is given. This relative thickness map approxi-
mates the thickness of Sequence 1 in the Dutch Central Graben.
In the Terschelling Basin (Fig. 1), this map mainly reflects the
thickness of Sequence 2 (Fig. 9). From the seismic time thick-
ness map of Sequence 1 in the Dutch Central Graben (Fig. 9),
it may be deduced that these highs were in late Jurassic times
also highs, incipient highs or basin fringes. It may be concluded
that the major fluviatile axes were situated in the lows
between these highs and that the most sand prone interval of
the paralic/fluvial Early and Middle Graben Formation will also
be situated in the lows (Fig. 10). Almost all wells in the study

area that penetrate Sequence 1 are situated on present day
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This illustrates the discontinuous nature of the channel sands. The location is given in Figure 1.
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structural highs (Figs 1, 9) except for the wells F03 field.
Although on a present day high (turtle back structure), the
F03 oil field is situated in the basin axis in which an increased
sand content is present (i.e. in the basin centre of Figure 10).
This supports the concept that, during Sequence 1, more
(most) sand was deposited in the central, deeper parts of the
Dutch Central Graben along the major fluviatile axes.

Concept and model for the Sequence 1 strat-trap play

Figure 10‘schematically shows the major play elements. The
Posidonia Shale is underlying the presumed Sequence 1 reservoir
interval. In the present day basin axis of the Central Graben, the
Posidonia Shale is a good quality, mature oil source rock. When
migrating upwards, the oil entered the Sequence 1 sediments
and the channel sandstones acted as a favourable fairway.
However, these sandstones are laterally discontinuous and are
enclosed within claystones which may provide top and seat seal

1 1 1 1 1
2412 8452 8472 8492 8512

resulting in a stratigraphic trap in which the oil accumulates.
The main play risk is the quality of the seal. The presence of
oil accumulations up dip from the basin centre (e.g. L05-FA)
with stacked oil-water contacts is considered support for the
sealing quality of the claystones. However, it may be concluded
that the oil passed the strat-trap. This may suggest the stat-
trap play lacks seal integrity in some cases. Alternatively, it
may be concluded that the strat-trap is filled to spill point
and excess oil bypassed the oil filled stacked channel sands.

| Shallow marine Sequence 3, Spiculite play

Source rock

The Spiculite play is thought to be primarily a gas play but it
could also be an oil play under the right conditions. The source
rocks are the same as described in the section on the strat-
trap play.

Fig. 8. Seismic profile of the L05-03/04 area towards L03-01 (W-E) showing the overall view (right hand corner) and the details image (flattened on
the base of Sequence 3; green line). The base of Sequence 1 is indicated with light green, and the base of Sequence 2 with pink. Sequence 1 thickens

from the sides towards the centre of the syncline. Note the discontinuous (channel?) nature of the reflections compared to those of Sequence 2. The

location is given in Figure 1.

Netherlands Journal of Geosciences — Geologie en Mijnbouw | 85 - 3 | 2006




9002 | € - 8 | mnoquliy us 21601099 — S2IUBLISOIY JO JRUINOL SPUBRIBYIDN

—_"T0-E07T 0} dAT1}L]dI PISUIPUOD PIISPISUOD ST TQ-8TJ UT UOTIIAS

93 ‘@0UdH ‘T0-£0T SPIRMO] SUDI] I9qUIaYy 93TNatds a1y} ‘ourop
es e jo doj 9y} uo payenyts 10-8T4 woil ‘(21 *H1I) otwsias
U0 9)QISIA OS]® SI S]|aM 9]} Ul paAIasqo hutuedryy oYy ‘dejuo
0} anp bursstur Jred eseq ay3 SI IOU PIIINII0 UOIIRULIOT B}
j0 doj a3 JO UOISOId OU S]|aM 30q UJ "SUIeS 31} ST SIUSUIIPIS
9y} Aq pejussardar ueds awir} Sy} SUOIIRIO] Ul0q Ul ey}
sano1d eyep |eoryderbrierlsorg “I9DTL3 SOWIT) 99I] INOJeR ST 1
10-€07T 119M UT SeaIdym WQY 310qe St ])9Mm 10-8TJ 93 Ul ISqUIS)Y
aqnnotds ayg (21 ‘1T sb1I) SuorIeLIRA SSOUNITF S)qeIPUIal
SMOUS I19quId]y o3nnordg 8y} o UuoI3e]a1i0d |euoibay
*(etbuodsoura() sabuods snoadT)IS B3 JO SJUBRUWSL
93 aq 03 pajardisjur aie pue eINIS snoydioure Jo SUOXe1}d)

Rqrssod pue -113 ‘-eUOUI 3¢ 0} POUTULIA]SP dIe IdqUIS)] 93T No1dS
JO sjuawiIpas ayj ut sa|natds oy “sebuods Jo sjusus]e |e3919s
9y} are s9notdg oU0ISpUES JIISEII0I] B HUTULIO] NIOMIWEL]
a3 jo ng 9y} dn ayew s9INOIds S9SBD JUIOS UT (JUSUIIPIS
a3 ur sanotds abuods Jo souepUN|E B3 JO SSNLIA] JTUN d3 0
uaAtb st 1qualy 93Tnordg awreu ayJ ‘(¢ sousnbag) uorjeurtog
pUBSUa1S) JJNIOS OISSRINL 93T dYy} JO Iaquidly 93nnotds
a3 Jo sauojspues a3 sostduod Aejd ST Jo I10AISSAI Y],

*(T1 *B1d) T0-€0T Pue 10-814 S||9M 10 Paseq 19pour 1en3daduod e
pursodoxd Aq suop ST STYJ TI0AI9SI 9ITNIIAS S} JO UOTINGLIISIP
93} uo seapt judsaid 03 SI UOIIDSS SIY} JO SMIO0] UTRUr aYyf

J10M13524 231)n1ds

“Ajuo sasodind Kiopupjdxa 1of st 31 pup “paspapp moj Ajaainjas b uo pasnq dow sty3 Ipy3 230N *(1SauuLyy SL anjq yipp 13saxydLy st pal) uisng bujjayssial ayl

ut z @uanbas Jo ssauydLy3 aALIDaL Y3 pup UaGDIY JpiIUa) ay3 ul I aduanbas Jo ssauydLyl il ayy buppwixoiddn dpw ssauydiy3 awil dJuwsias 6 bl




N
G

W7 Reservoir bodies
MFS
mssie- Migration pathways

] Overlying Sequence 2
| and younger strata

<+—— Base Sequence 2
<+<— Base Sequence 1

Early Jurassic
deposits

Early Jurassic

£ 4 source rocks
Early Jurassic-
Triassic deposits

A
Salt diapirs

)
AN AN AN

NN OO I N N NN AN N AN

Fig. 10. Schematic diagram of the Sequence 1 strat-trap play. The diagram
on the left may represent the L05-03/04 wells.

Cores from the Spiculite Member of the two wells were
described in detail (Werver, 1996). The sediments comprise
intensely bioturbated, fine grained, glauconitic sandstones
and clayey sandstones with no sedimentary structures except
for ichnofossils traces (Fig. 13). The intense bioturbation and
the presence of a fair amount of glauconite in the sediment
are the result of low sedimentation rates in a shallow marine
environment (0din et al., 1981). Remarkable is the difference
in clay content (observed macroscopically in cores as well as in
thin sections (Figs 13, 14). In F18-01, it is relatively low com-
pared to L03-01. A detailed depositional environment inter-
pretation was made using ichnofossil associations (Fig. 13).
This indicates that the depositional environment of F18-01 is
predominantly offshore to shoreface whereas an open marine
shelf environment is interpreted in L03-01. This interpretation
is in line with the difference in clay content. Note the change
in amplitude on the seismic section (Fig. 11) of the top
Spiculite which hints on laterally varying impedance contrast.
This may be due to lithology effects or be an indication of a
porosity trend.

Qualitative petrographical evaluation of a series of thin
sections from the cores of both wells confirmed the macroscopic
observations above and revealed additional differences (Fig. 14):
The content of sponge spicules in F18-01 is visibly higher
than in L03-01.

The amount of glauconite grains in L03-01 appears to be
higher than in F18-01.

Visible porosity in F18-01 is high whereas in L03-01 visible
porosity is almost non-existent.

In F18-01 a fair amount of the sponge spicules were dissolved
resulting in a high percentage of mouldic pores. On the other
hand primary porosity is reduced due to plugging with micro-

crystalline quartz cement, thus creating an inverse frame-
work. In the thin sections of L03-01 visible porosity is low
and sponge spicules can he recognized as framework grains.

Netherlands Journal of Geosciences — Geologie en Mijnbouw | 85 - 3

runs across the main fluviatile graben axis. Schematically, the wells located

The resulting reservoir properties of the two facies are
remarkably different (Figs 14, 15). F18-01 shows excellent
reservoir quality both in porosity and permeability whereas in
L03-01 the permeability is very low (Fig. 15).

Concept and model for the Spiculite reservoir location
and quality

The abundance of siliceous sponge reefs occurring in the Late
Jurassic which appears to be quite unique phenomena (Kiessling
et al., 1999). Siliceous demosponges rarely are preserved as
they disintegrate when deceased, leaving only their skeletal
elements, the spicules, behind. Demosponges are active filter
feeding organisms consuming predominantly nannoplankton,
mainly bacteria. As the abundance of bacteria decrease with
depth this class of sponges can be found in shallow marine
(30 - 90 m) depositional environments. Demosponges are sensi-
tive to sediment input because sediment particles clog up their
inhalant pores (Leinfelder et al., 1996). The Spiculite of F18
and L3 can be interpreted bearing this information in mind.

The high concentration of spicules can be explained by a
sponge bloom. The Late Eocene biosiliceous, sponge rich sedi-
ments of South-western Australia are thought to be an analogue
(Gammon et al., 2000). The sediments seen in F18-01 are similar
to the pure spiculite, Sp2, facies and the sediments of L03-01
fit better in the muddy spiculite (Sp1) facies of Gammon et al.
(2000). Gammon et al. (2000) explained the extraordinary
bloom of siliceous sponges by proposing an semi enclosed
marine environment where influx of nutrient rich (including
silica) waters entered this environment from the hinterland.
The semi-enclosed nature of the depositional area prevented
the silica from being diluted or buffered directly by ‘open
marine’ or oceanic waters.

During ‘Sequence 3’ the southern part of the Central Graben
had an elongated nature. Local seafloor topography was created™—

| 2006
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Fig. 12. Seismic section from well F18-01 towards L03-01. Yellow dotted line approximates the base of the Spiculite and is equivalents, the green line
is the base of Sequence 3, the dotted light blue line is the base of Sequence 4. Note the dimming of the amplitudes from the left to the right side of
well F18-02.
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Fig. 13. Core photographs from well F18-01 (2208.80 m and 2208.90 m) showing the typical, thoroughly bioturbated fine-
grained sandstones of the Spiculite. (Photo’s courtesy of 0. Werver).

Netherlands Journal of Geosciences — Geologie en Mijnbouw | 85 ~ 3 | 2006




9002 | € - 68 | mnoquliy us 31601099 — S2IUBLISOIY JO JRUINOL SPuUBIBYIAN

— "I0-£07 pup I0-8I4 Sjjam fo 10)d-sso.> Ayjiquawiad-Asoiod “GI bl

j-e1 ™ L-gi4 @
(%) Ansoiod
ov e 0e sz 0z Gl oL S 0
L | | | | | | | 1000
[ ] L=l —] _LOO
5
o
10 3
j)
o
L =3
,--- .2"
e o , s
® ‘\f L] g
2P oo -
T
[ -0l
%
... (]
[ ]
L00L

*auo3she)) puelan)p ay3 Aq pe)ess I10AILSaT 3]

IIM SUIOP B JO YUe) ay3 uo uorjeimbjuod der} uorjesunii e
‘swrop Jjes e jo doj uo auoishe)) pueldnp ay3 Aq paess
pue pIJEIUNI} ITOAISSSI By} Yym aimsold dip Aem inoj e -
:apnyout Aed styj jo suorjembryuod dery a\qissod (21 *b1i) sauoz
9)SeM 10 SUOZIIOY IT10AI9SdI-Uou burh)reao a3 buraouwar ‘Aeid

911no1dS Y3 JO SDUOISPUBS II0AISSAI 9] Se ejer}s burkjzepun
a3 ut deap se jnd ‘A1eoo] ‘Aeur yotym juasard st Ajrurrojuodun
ue auojshel) puelaT|p Y3} JO 9seq Y} 1Y ‘du0)sAel) pueleTA
a3 ST seb pue 110 y3oq 10] (eSS 9jeWIN S "SIebuLils pues jo
20uasaid 1RUOISEII0 3] JO DSTNBIDG PIITUIT] ST SaU0IsAe]d asal]
j0 Kyroeden Buress oyl ‘(IdqWIR puniy 1IYIS oyl 10 desqg
£e1) woIy 9y} I9Y}Id) UOIIRULI0] dU03sAe]) sbprraurwry o3 jo
sauolshe)d burhjzeno ayy aq ued Aeyd 93mnotds ay3 jo 1ess oY

a4n3onils pup 1bas

(1 *b11)
JIOMIUIRI] 9SIDAUL 93 Ul burnsa1 ainsodxs |euse-qns huump

Jromawrerj 9)ibe1y Jo Humoes] pasned siajem J1I0939W ‘10-8T]
11eMm U *(£66T ‘@Mnoy g 11oeb00og WAYDLIPY Uep) 20-607 119 U3
*6*9 ur u9as se ‘sarod JIPINOUL [ITM SUOZ PIJUSUISD I]TIRUIRY ©
‘punoib prey e Aq paouspIAs si aInsodxa erse-qns aYJ, (21 b1g
‘dno1n puejulty aseq) ¥ sousnbag Jo aseq a3 Je sybny uiseq a3
‘Rreroadss ‘0 UOISOIS pUe 9INsodxe |eLIve-qns S Ul PaJ|Nsal MO)
19A9]-B9S 9ATIR]D1 B YIIM UOTIRUIqUIOD Ut burturop 11es 1syymng

-suonytsod yb1y-jj0 03 paredurod sybry ayj uo (Bumouuim a3
Jo °snedoaq Apues Inq) SSIUNIM[} UI paonpal 3)id JUSWIPSS ©
Ut pajnsal sty *9deds UOTIRPOUIUIOIIR BIIX Hurjesard papisqns
seare Hurpunolins oy} S)IUYM JUSUISAOUI }]BS SNONULIU0D JO

'suoLpuod Abiaua Moy Ajaapjals pub auLpw mojpys ssaj Aaybls sapotpul a)dwns T0-£07 aYy/ “suoiipuod Abiaua ybiy aaipjal
pup auupw Mojpys sagpaipul ajdwns T0-8T4 Yyl “(3ybu) 10-£07 pup (Ya)) 10-814 woif sajdwbs 2102 Jo suoidas uyl Jo sydviboniwoioyd %I b

sujeab (zyenp)
y}lomawield

sa|noids Jaye
saiod oIp|no|




¥ sponge spicules ; oil migration route
) sponges ; gas migration route
= clay 53] evaporites

(-7 sand channel sands
= coal

Scruff

Greenland Fm.
Schieland Group 2
Posidonia

Zechstein salt
Rotliegend

Carboniferous
L/

Fig. 16. Schematic diagram of the Spiculite (Sequence 3) play.

All elements for the play in the F18-01 location are
present: good reservoir, gas in the system and a seal present.
Only the structure at top reservoir is lacking. The seal, near
base Rijnland, shown in Figure 12 is not in a trap configuration.
Prospects may be defined using the reservoir distribution
concept together with a top reservoir map and a base Cretaceous
structure map. When drilled this possibly may result in a field
as, for example, the F3-FA field.

| Conclusions

During the ‘Late Jurassic’ a complex geological setting
developed in the Dutch Northern Offshore. Within this setting
three distinct stratigraphic sequences can be recognized. These
sequences are punctuated by, at least, two significant MFS
per sequence. Each sequence has its own, relatively unique,
geological history. These sequences can be correlated with
major changes in sea level and climate and are bounded by
well defined dis- and unconformities.

Within sequence 1 a possible target for exploration may be
channel sandstones deposited in the basin axis. They are
presently concentrated in the structural lows and, therefore,
this play relies on a stratigraphic trap configuration.

Within Sequence 3, the Spiculite sandstone is the play. The
reservoir sands were deposited in a semi-enclosed marine
environment where subtle seafloor topography, low sediment
input and, in particular, nutrient conditions were favourable
factors for preferential growth of siliceous sponge reefs. The
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accumulation of the spicules on the site of the reef produces
an excellent bioclastic sandstone reservoir. Later dissolution

of the spicules due to percolating (meteoric) water at the time
of the Sequence 4 sequence boundary further enhanced the
reservoir quality.

The integrated approach with the use of high resolution
biostratigraphic, sedimentological, lithological, paleoenviron-
mental and paleoclimatic data enables the reconstruction of
the geological history. In particular, the integration of all
tools to reconstruct the ‘Late Jurassic’ earth has significant
impact on the exploration models.
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