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Abstract

The Broad Fourteens Basin is a NW-SE trending Mesozoic structural element that was affected by inversion movements dur-
ing the Late Cretaceous (Subhercynian Phase) and Early Tertiary (Laramide Phase). Since the overlying Tertiary section of
this area is relatively little studied, a multi-disciplinary investigation was initiated using both seismic and well data. The pre-
sent study is the first phase of that project and deals exclusively with the stratigraphical framework and sedimentary develop-
ment based on well logs from approximately forty wells.

The Tertiary sedimentary section in this area (maximum thickness up to approximately 800 m) consists of siliciclastic rocks
that generally correlate well with the established lithostratigraphical framework of the Netherlands. However, the highly vari-
able thickness of these lithological units, illustrated by isopach maps for all units, reflect the intricate pattern of sea level
movements, differential vertical movements and the ensuing erosion, that took place in this tectonically active area.

Well P06-02, one of the most complete sections in the center of the area, was selected for detailed biostratigraphical analysis
to support further stratigraphical subdivision and correlation. This yielded information on both the distribution pattern of
various lithological units and the influence of large, partly global, events during basin development. It is concluded that appli-
cation of detailed sequence stratigraphy in the study area is very problematic and only 2™ and some 3" order cycles could be

recognized.
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Introduction

The Broad Fourteens area is located between longi-
tude 3° and 4°30’ and latitude 52°30' and 53°30/, in
the southern North Sea. It extends over part of the K,
L, P and Q quadrants (Figure 1). The Broad Four-
teens Basin proper is a NW-SE trending Mesozoic
structural element (Figure 2) that was affected by in-
version movements during the Late Cretaceous (Sub-
hercynian phase) and Early Tertiary (Laramide
phase). Several publications specifically deal with the
pre-Tertiary geology of the Broad Fourteens Basin
(i.e. Van Wijhe, 1987a, 1987b; Dronkers & Mrozek,
1991; Roelofsen & De Boer, 1991, Nalpas et al.,
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1995). No detailed research has so far been done on
the overlying, relatively thick (up to 800 m), Tertiary
section. Various regional studies about the Tertiary in
the Netherlands exist (i.e. Letsch & Sissingh, 1983
and Zagwijn, 1989), whereas detailed studies of the
Paleogene section in western Belgium have been car-
ried out by i.e. Jacobs (1995a; b), Jacobs & De Batist
(1996) and Steurbaut (1998). To successfully model
the entire history of this area, data on the Tertiary sec-
tion should also be incorporated. Therefore, a re-
search project was initiated to specially investigate the
geological development of the Broad Fourteens area
during the Tertiary. The present study is the first
phase of that project and deals exclusively with the
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Fig. 1. Structural setting of the Broad Fourteens area.

stratigraphical framework and sedimentary develop-
ment based on well logs from approximately forty
wells. Subsequent phases of the project will include
detailed seismic interpretation and mapping of Ter-
tiary reflectors and 3D- modeling of the various
stratigraphical units.

Since the Tertiary section in this area was not an ex-
ploration target for oil companies, adequate logging
of this interval had a relatively low priority. Conse-
quently the completeness and quality of the data set
varies remarkably from well to well. For our study we
have tried to select only representative data consisting
of gamma ray and sonic logs, but that was not always
possible.

In this study we follow the standard lithological sub-
division of the Tertiary, as outlined in Van Adrichem
Boogaert & Kouwe (1997). A reference well (PO6-
02), which penetrated one of the most complete sec-
tions in the center of the area, was selected for de-
tailed biostratigraphical analysis to support further
stratigraphical subdivision (Figures 3 & 4) and corre-
lation (Figures 5 & 6). This yielded information on
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Fig. 2. Outline of the Broad Fourteens area with subcrop map of
the Tertiary.

both the distribution pattern of various lithological
units and the influence of large, partly global, events
during basin development. Isopach maps for all litho-
logical units and depth maps of the base and the top
of the Tertiary were made (Figures 5-16). Finally an
attempt was made to link our lithostratigraphic subdi-
vision (Figures 3 & 4) with sequence stratigraphical
charts as published by Haq et al. (1988), Van Wagoner
et al. (1987) and Vinken (1988),

Geological setting

Pre-Terniary

The Broad Fourteens Basin is associated with the
northern margin of the stable LLondon Brabant Mas-
sif and its position, just like those of adjacent basins,
is related to late Variscan and Hercynian fault systems
(Figure 1). According to Heybroek (1974), the pre-
Tertiary structural configuration is a graben, approxi-
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Fig. 4. Late Paleocene to Early Miocene litho-chronostratigraphic
chart Broad Fourteens area.

and to the northeast by the Texel-IJsselmeer High.
The Central North Sea Graben, the Terschelling
Basin and the Vlieland Basin adjoin it to the north-
east, the Sole Pit Basin to the northwest and the Cen-
tral and West Netherlands Basins to the southeast.
The boundary is clearly defined in the southwest, but
to the northeast, the basin passes progressively into
an intermediate platform zone.

The basin started to develop in the Early Triassic as a
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result of crustal extension (Harding, 1983; Ziegler,
1990). According to Van Wijhe (1987a), increased
tectonic instability was apparent from the end of the
Middle Jurassic to the end of the Early Cretaceous.
This resulted in strong differential subsidence gov-
erned by dextral movements along NW-SE striking
faults. At the end of the Jurassic a major sea level drop
in combination with the Late Kimmerian tectonic
pulse resulted in erosion of the highs bounding the
Broad Fourteens Basin. However, in the basin itself,
subsidence continued and little to no erosion oc-
curred. Rifting activity ceased in the Early Cretaceous
and a first order sea-level rise caused deposition of
thick sequences of Lower Cretaceous strata, gradually
overstepping the margins of the basin. During the
Late Cretaceous, the regional tectonic regime
changed. Compressional structures started to develop
in the northwest during the Turonian and in the
southeast during the Coniacian. This is referred to as
the Subhercynian tectonic phase and consisted of sev-
eral short pulses of uplift (Huyghe & Mugnier, 1994).
The timing of inversion is thought to coincide with
the interaction of intra-plate stresses resulting from
Alpine collision and opening of the North Atlantic
Ocean (Ziegler, 1978, 1990). The inverted basin cen-
ter formed a large dome where both the deep and
shallow horizons were uplifted and strongly eroded
(see Figure 2).

Tertiary

The Cenozoic North Sea Basin developed in re-
sponse to the gradual lithospheric cooling of an un-
derlying Mesozoic rift dome (Ziegler, 1990). At the
end of the Early Tertiary (Danian) the deposition of
chalky sediments was terminated because of a sud-
denly increased supply of siliciclastics, resulting from
a thermal uplift of the British Isles and compression
of the Central European Alpine foreland (Ziegler,
1990). These crustal movements are attributed to the
Laramide phase of the Alpine orogeny.

The siliciclastic Tertiary deposits, together forming
the North Sea Supergroup, unconformably overlie
Mesozoic strata (see Figure 2 for the subcrop Tertiary
map of the area). A number of regional breaks in sedi-
mentation can be used to divide the succession into
three groups, i.e. the Lower, Middle and Upper
North Sea Groups. The Lower North Sea Group
comprises predominantly Paleocene and Eocene de-
posits, the Middle North Sea Group includes mainly
Oligocene strata, and the Upper North Sea Group
comprises all the Miocene and younger deposits. The
alternation of sandstones and claystones near the
southern margin of the North Sea Basin forms the
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basis of the subdivision into formations and members
(Figures 3 & 4).

During the Tertiary, important tectonic events and
sea-level fluctuations occurred (Figures 3 & 4). The
Pyrenean unconformity, resulting from crustal move-
ments in the Late Eocene-Early Oligocene, marks the
boundary between the Lower North Sea Group and
the Middle North Sea Group. The boundary between
the Middle North Sea Group and the Upper North
Sea Group is based on a break in sedimentation, the
Savian unconformity, resulting from regional uplift
and a global low sea level. The Plio-Pleistocene
boundary is marked by an important hiatus, which
probably resulted from an eustatic drop in sea level,
related to the first evident glacial stage during the
Pretiglian (Van Adrichem Boogaert & Kouwe, 1997).

Tertiary depositional history

Paleogene

The Paleogene in the Broad Fourteens area basically
reflects a coastal, shallow marine realm not too far
away from the ancient shorelines, that were generally
situated to the west, south and southeast. Hence it is
the marginal part of the large North Sea Basin, that
came into existence as a result of tensional forces re-
lated to additional opening of the North Sea Rift
(Ziegler, 1978), combined with a general rise in sea
level.

The oldest of the clastic formations is the Landen
Formation, a largely transgressive rock-unit that was
deposited in the Late Paleocene. It bears witness to
the sea rapidly re-occupying the area from the north
(Letsch & Sissingh, 1983). The slightly glauconitic
sands of the Heers Member, at some places grading
into indurated sand-, silt- or claystones represent
transgressive and coastal conditions. The Heers
Member correlates with the upper part of the trans-
gressive system tract of cycle TA 2.1 (Figures 3 & 4).
The distribution of this unit suggests, that it filled up
low-lying areas between local, probably fault-bound-
ed, highs (Figure 8). Under continuing transgressive
conditions the Landen Clay Member was deposited
in a shallow marine environment. It correlates with
the high-stand system tract of cycle TA 2.1 (Figures 3
& 4). The highs, that existed during deposition of the
Heers Member, were now flooded. It is assumed that
the depo-centre in the northern part of the area (Fig-
ure 9) reflects differential subsidence. A short regres-
sive phase ended the deposition of the Landen For-
mation (Letsch & Sissingh, 1983).
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During the Eocene the sea transgressed over a larger
area. Both the Basal Dongen Sand and Dongen
Tuffite Members, deposited under inner-neritic con-
ditions, correlate with the transgressive system tract
of cycle TA 2.4 (Figures 3 & 4). Towards the north
the partly interfingering and overlying Basal Dongen
Tuffite Member is related to the explosive volcanic
activity at the transition from Paleocene to Eocene
with its origin at the proto-Icelandic plume (Morton
& Knox, 1990). The present distribution pattern of
the two members (Figures 10 & 11) probably reflects
the original distribution in a differentially subsiding
area. In this context the Basal Dongen Sand Member
may reflect the pinching out of the Member in north-
western direction, while the Dongen Tuffite is the
southernmost occurrence along the edge of the basin.
The overlying Ieper Member (Figure 12) was de-
posited under outer-neritic conditions during two
sedimentary cycles. The lower one is correlated with
the transgressive and high-stand system tracts of cycle
TA 2.5 and the upper one with cycle TA 2.7 (Figures
3 & 4). The present day differences in thickness are
most likely due to erosion during the ensuing Pyre-
nean uplift of the area. The Pyrenean tectonics caused
a major uplift in the central part of the Netherlands,
an area roughly coinciding with the inverted Meso-
zoic basins. This event, which took place at the
Eocene-Oligocene transition, was accompanied by a
regression that culminated with the deposition in a
shallow marine environment of the Brussels Sand and
Marl Members. The present day distribution (Figure
13) clearly reflects an erosional remnant only. These
units were probably deposited in a shallow marine en-
vironment. As the overlying Asse Member has been
significantly affected by Pyrenean erosion, it is com-
pletely missing in this area (Figure 4). The Pyrenean
tectonics caused a major uplift in the central part of
the Netherlands, an area roughly coinciding with the
inverted Mesozoic basins.

During the Early Oligocene the sea transgressed
across the uplifted and eroded areas related to this
High and post-Pyrenean sedimentation commenced
with the deposition of the Rupel Formation. Deposi-
tion of this unit began in the southern regions with
the Vessem Member and elsewhere in the north di-
rectly with the Rupel Clay Member, which later
transgressed southwards over the Vessem Member.
The Vessem Member (formerly known as the Berg
Sand) is assumed to be mainly a transgressive shore-
line deposit (Letsch & Sissingh, 1983), with a main
direction of supply from the west. The Rupel Clay
Member was deposited under shallow marine condi-
tions. Both the Vessem and Rupel Clay Members can
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be correlated with the transgressive system tract of
cycle TA 4.4 (Figures 3 & 4). According to our thick-
ness maps (Figures 14 & 15), the depo-centre had
shifted towards the south relatively to the position of
the Paleocene-Eocene depo-centres. This suggests
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Fig. 8. Thickness map Heers Member.
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Fig. 10. Tickness map Basal Dongen Sand Member.

some of differential subsidence in the area. Towards
the end of the Middle Oligocene regression, deposi-
tion of the Rupel Formation ended. However, the
overlying deposits of the Veldhoven Formation have
not been encountered in the area. They have been re-
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Fig. 11.Thickness map Basal Dongen Tuffite Member.

qz

Fig. 13. Thickness map Brussels Sand Member and Brussels Marl
Member.

moved during the Savian phase. Regional uplift and a
global low sea level resulted in a break in sedimenta-
tion and regional erosion at the end of the Oligocene
(Van Adrichem Boogaert & Kouwe, 1997).
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Fig. 12. Thickness map Iepe Member.

Fig. 14. Thickness map of the Vessem Member.

Neogene

The Neogene in the Broad Fourteens area is charac-
terized as a period of infilling of depressions, and con-
sequently shallowing, of the area. The patterns of sed-
iment accumulation and the location of the coastlines
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Fig. 15. Thickness map of the Rupel Clay Member.

Fig. 16. Thickness map of the Breda Formation.

Fig. 17. Thickness map of the Oosterhout Formation.

were strongly influenced by repeated glacio-eustatic
sea-level fluctuations (Van Adrichem Boogaert &
Kouwe, 1997).

Deposition of the Neogene Breda Formation began
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Fig. 18. Depth to top Tertiary.

during the Middle Miocene (Figure 16), when ma-
rine conditions resumed after the Savian regressive
and tectonic phase. From the Miocene onwards an
overall regressive trend with a number of superim-
posed transgressions is assumed to have taken place.
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The Miocene record is incomplete and strongly con-
densed, which makes the correlation with the stan-
dard sea-level curve very problematic. The Breda sed-
iments are deposited under inner to outer-neritic
conditions and probably cover the entire TB 2 se-
quence (Figures 3 & 4).

According to Letsch & Sissingh (1983) the Breda
Formation was essentially eroded during a tectonic
phase at the Miocene-Pliocene transition. Hereafter
the final Neogene sedimentary cycle began with de-
position of the Oosterhout Formation (Figure 17). It
consists of one cycle deposited under shallowing con-
ditions and correlates with the transgressive and high-
stand system tracts of cycle TB 3.4 (Figures 3 & 4).
During the entire Pliocene period marine conditions
prevailed. The break between the Oosterhout and the
Maassluis Formation probably resulted from a sea
level lowering related to a short-lasting tectonic-
glacio-eustatic phase (Zagwijn, 1989). The “Depth to
Top Tertiary” map (Figure 18) reveals, that at the end
of the Tertiary, the Broad Fourteens area once again
developed into a (local) depo-centre.

Conclusions

In summary the following conclusions can be drawn:

— The Broad Fourteens area remained a tectonically
active area during the Tertiary (and even Quater-
nary).

— Significant differential, probably fault-related, sub-
sidence occurred.

— The Tertiary development of the Broad Fourteens
area is very representative for the existing structural
and sedimentary development of the Dutch North
Sea Basin.

— Application of sequence stratigraphy in this tecton-
ically unstable area is problematic, only 2™ and
some 3™ order cycles could be recognized.
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