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SUMMARY 

Three structural contour maps and three geological maps at 
different levels covering the Netherlands are presented and discussed. 
The levels depicted are the top Carboniferous, the base Creta­
ceous- Upper Jurassic and the base Tertiary. The maps are discussed 
in relation to the tectonic history of the Netherlands. The deforma­
tion is classed as intracratonic, epeirogenetic. Three successive 
patterns of movement are recognized: the Penna- Triassic, the 
Jurassic- Lower Cretaceous, and the Cenozoic. They are basically 
different from each other but relatively constant in themselves. The 
Jurassic- Lower Cretaceous pattern and its inversion in the Upper 
Cretaceous receives special attention. 

I. INTRODUCTION 

Three structural contour maps and three geological maps 
at different levels have been prepared as a contribution to the 
tectonic map sheet of "The Atlas of the Netherlands" 
(1963). In the present paper the structure and geology as 
shown on these maps is discussed (two plates· and fig . 2) . 

The deeper geology of the Netherlands is covered by a 
blanket of very young sediments and its knowledge depends 
almost exclusively on geophysical and well data. A vast 
amount of these data were gathered by the Nederlandse 
Aardolie Maatschappij during the 25 years of its search for 
hydrocarbons. These data were interpreted over the years by 
a large number of earth scientists. The presented maps are 
based on this effort which is hereby acknowledged. Thanks 
are due to the parent companies of the Nederlandse Aardolie 
Maatschappij B.V. (NAM), Shell Nederland B.V. and Esso 
Nederland B.V. for releasing the data for publication. 

The data vary considerably in quality and density accord­
ing to area. New data will become available from continuing 
exploration activities, which will result in refinements ·and 
possibly significant changes in interpretation. 

In view of the scale of the maps often a significant and 
sometimes extreme amount of simplification of the data has 
been necessary to allow the main features to emerge. This has 
been the responsibility of the compiler. 

Published literature is used for the mapped portions of 
Germany, Belgium and the Dutch coalmining district. 

The three levels for which the maps are drawn have been 

chosen for their suitability in tracing the structural evolution. 
However, the availability of comprehensive regional informa­
tion has played a considerable role . 

The deepest level depicted, the top ·Carboniferous, repre­
sents an erosional surface largely molded PY Permian erosion 
(geological section on plate, fig. 1) but also in part by 
Cretaceous and even Tertiary erosion. The subcropping 
formations span the whole of the Carboniferous (fig. 2). This 
level has been chosen to illustrate the structural connection 
with the well explored mining districts in the southeast. 

The base Cretaceous-Upper Jurassic level represents in 
essence the base of a transgressively onlapping sequence 
deposited on an erosional surface during a long time interval 
of strong differential movements (fig. 1). 

The base Tertiary level represents a general transgression 
of uppermost Paleocene-lowermost Eocene age in large parts 
of the area. It should be noted that there are exceptions 
mainly towards the edge of the basin, where younger strata 
onlap. 

A review of the tectonic history of the Netherlands is given 
in the following paragraphs and diagrams. It is based on 
published literature and additional NAM data. 

II. REVIEW OF THE TECTONIC HISTORY OF 
THE NETHERLANDS 

The geological record of the subsurface of the Netherlands 
in general dates back to the Westphalian. During the 
Westphalian a thick sequence was deposited in a peat swamp 
facies in a basin extending from Great Britain into eastern 
Europe. This was brought to a close by the Variscan 
(Hercynian) orogeny which affected a region through middle 
and western Europe. The northern front of this belt is near 
the Netherlands border, southeast of Limburg province 
(fig.2; Fourmarier, 1954; Hoyer, 1962). North of 
the mountain front, folding was slight and died out quickly 
to the north. 

During early Permian, both the northern foreland and the 
mountain range were uplifted. This was accompanied by 
intense northwest-southeast faulting perpendicular to the 
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SCHEME OF GEOLOGICAL EVENTS IN THE NETHERLANDS FIG . 1 
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earlier fold trend. Some of these faults acted as preferential 
zones of weakness for displacements during subsequent 
tectonic movements. 

Since the Carboniferous, no orogenic movements are 
recognized near or in the Netherlands and all later deforma­
tions are classed as intracratonic, epeirogenetic. Only vertical 
movements (normal and reverse faulting) are assumed, as no 
direct evidence is found for horizontal displacements. The 
vertical movements are manifest either as relatively unbroken 
regional warps or along faults and within fault-bounded 
blocks. 

Associated with the general upheaval at the end of the 
Carboniferous, there began a long period of erosion which 
lasted for about 30 million years. According to conservative 
estimates 1500-2000 m of Carboniferous strata were re­
moved from large regions of the country where erosion cut 
into the Westphalian-A (Pat i j n, 1964; St ii u b 1 e and 
Mi 1 i us, 1970). The geological map of the Carboniferous 
(fig. 2) indicates the degree of Permian erosion, except in the 
south where an appreciable amount of post-Permian erosion 
occurred (see section on plate). Our knowledge of the 
structure of the Carboniferous below the erosion surface is 
still fragmentary as it is deduced largely from well data; 
traceable seismic reflections are practically non-existent. Two 
areas with only rli.oderate uplift and erosion can be distin­
guished. One runs north-south along the eastern Netherlands 
border; the first indication of the Ems low, a Permo-Triassic 
element of accentuated subsidence. The other one is in the 
south and has a southeast-northwest alignment. Its southern 
edge has been modified by post-Permian erosion. The north­
eastern edge coincides with the eastern limit of the Roer 
Valley graben indicating an early Permian component for this 
structural element, which has been repeatedly re-activated 
during the later history of the Netherlands. 

A basin was initiated in late Rotliegend time on the eroded 
Carboniferous surface, and continued its subsidence in 
essentially the same form until the end of the Triassic, with 
t.he younger formations overlapping the older ones. The basin 
is flanked by the London- Brabant and Rhenish massifs in 
the south and the Mid North Sea and Fyn-Grinsted highs in 
the north (fig.3 ; G l enn ie, 1972; Heybroek et al, 
1967; Barte n stein, 1968). 

In this basin accumulated the coarse elastics, shales and 
evaporites of the Rotliegend, the evaporites and carbonates 
of the Zechstein and the reddish elastics and evaporites of 
the Trias. All these sediments were deposited in a restricted 
marine to continental environment. The sedimentary thick­
ness generally increases northwards, indicating that the 
Netherlands occupies a position on the southern flank of that 
basin (Glenni e, 1972; Brueren, 1957; Visser, 
1963; Geiger and Hopping, 1968; W o 1bur g, 1961, 
1969; T r u s he i m, 1963). The Permo-Triassic structural 
pattern is, moreover, characterised by swells and deeps 
running almost perpendicular (SSW-NNE) to the axis of the 
main basin. These were caused by periodically active dif­
ferential subsidence. In the Netherlands the Ems low is found 
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along the eastern border whilst the Netherlands swell 
occupies a large part of the land area and the Off-Holland 
low in the North Sea is parallel to the west coast (fig. 4). An 
accentuated subsidence occurred in the Roer Valley graben, 
especially along the western boundary fault. 

The rocksalt deposits of the Zechstein may have reached a 
thickness of 1500 m in the centre of the basin north of the 
Dutch coast. These salts became mobile when the overburden 
reached a sufficient thickness to trigger the intense halo­
kinetic movements which formed salt concentrations in 
pillows and piercements. In the northern part of the area 
these movements strongly affected the configuration of the 
younger layers and are responsible for the pronounced local 
disturbances depicted on the depth contour maps at base 
Lower Cretaceous and base Tertiary levels (fig. 3; Tr us -
heim, 1960; Sanneman, 1963; Mulder, 1950; 
Hey bro e k et al. 1967). 

The tectonic movements during the Lower and Middle 
Jurassic are difficult to reconstruct because the sediments of 
this period have largely been removed during later periods of 
uplift and erosion. However, the lithology and the paleonto­
logy of the Lower Jurassic indicates the presence, for the 
first time since the Dinantian, of open marine conditions and 
a general transgression that probably drowned large Triassic 
land areas. A homogeneous sequence of black calcareous and 
sometimes bituminous shales was deposited over large parts 
of western Europe, indicating a period of relative tectonic 
quiescence. However, from the fragmentary knowledge of 
sedimentary thicknesses there are indications that deeps and 
swells existed in the Lower Jurassic basin, not caused by 
halokinetic movements. These differ in pattern from those of 
the Permo-Triassic. They herald a completely different 
structural style which becomes evident during the Upper 
Jurassic and Lower Cretaceous (Haan st r a, 1963; for a 
compilation of northwest European data see S o r g e n -
fr e i, 1969). 

The lithology of the Middle Jurassic indicates a regression; 
sandstones and shallow water limestones appearing in the 
sequence. It has been demonstrated that the elastics were 
derived from the north. Erosional remnants indicate that, at 
least locally, sedimentation proceeded until the Middle 
Oxfordian, after which the uplift became general and the 
whole area was (lffected by erosion (Ha a n s t r a, 1963 ; 
Br and and Hoff ma n, 1963). 

Sedimentation resumed gradually in the Kimmeridgian 
and continued into the Valanginian with fresh to brackish 
water facies in narrow elongated and isolated basins. Mean­
while, erosion modified the surrounding highs. Generally a 
break in sedimentation and some erosion occurred in the 
basins at the end of the Upper Jurassic. Sedimentation 
resumed in the Lower Cretaceous in a marine environment 
with essentially the same pattern of basins and highs 
persisting. On the geological map of the pre-Cretaceous­
Upper Jurassic, two complete basins and portions of two 
others are present in the area considered. They are character-
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ised by the presence of Lower and Middle Jurassic sediments 
which were removed by erosion from the bordering highs. 

Each of the two basins may be subdivided on the basis of 
differences in tectonic development. The southernmost basin 
can be split into the Roer Valley graben and the West 
Netherland basin, whilst the more medial basin is divided 
into the Central Netherlands basin and the Broad Fourteens 
basin. 

The western termination of the Lower Saxony basin 
crosses the Dutch border from the east (B o i g k, 1968; 
't Hart, 1969). The southern extension of the Central 
North Sea graben enters the map from the north. 

The basins are flanked by high areas such as the Brabant 
massif in the south and the narrow complicated ridge 
between the Roer Valley-West Netherlands basin and the 
Central Netherlands-Broad Fourteens basin. The latter is 
characterised by a number of local highs such as the Kref eld 
high, Maasbommel high, Zandvoort ridge and !Jmuiden high. 
The Texel- !Jsselmeer high is north of the Central Nether­
lands- Broad Fourteens basin. It holds a similar position to 
the "Pompecksche Swelle" in Germany north of the Lower 
Saxony basin with which it merges in the Groningen area 
(Bo i g k, 1968). The name North Netherlands high has been 
used previously for this connecting element (S t a u b 1 e and 
Mi 1 i us, 1970; 't Ha rt, 1969). Between the Broad Four­
teens basin and the Central North Sea graben the Cleaver­
bank high is found. It may be noted that the ESE-WNW 
direction of all these tectonic elements is at right angles to 
the deeps and swells in the Permo-Triassic basin (fig. 4 and5). 

A thick complete sequence of Lower Cretaceous marine 
sediments was deposited in the basin centres. Thin deposi­
tion took place locally on the highs only to be partly 
removed during minor regressions in the Lower Cretaceous. 
However, in Aptian-Albian times, the transgression became 
gradually more general and all highs were submerged and 
subsequently covered by a thick sequence of homogeneous 
chalk of Upper Cretaceous age (Visser and Sung, 1958). 
The presence of a nearby landmass may only be deduced in 
the south where elastic intercalations occur in the chalk. This 
landmass also was eventually largely covered by the Maes­
trichtian Sea (Pan n e k o e k, 1956); Legrand, 1968 ; 
Arno 1d, 1964). 

The early Upper Cretaceous must be regarded as a time of 
relative tectonic quiescence following the Jurassic- Lower 
Cretaceous movements. However, in the middle of the Upper 
Cretaceous the Jurassic- Lower Cretaceous structural pattern 
was re-activated, although in the opposite sense. The former 
basins became high areas and were eroded, while the former 
bordering highs were downwarped to a certain extent. On the 
geological map of the pre-Tertiary, the uplifted Upper 
Jurassic- Lower Cretaceous basins stand out as windows of 
older rocks in a general blanket of Upper Cretaceous 
sediments. Elsewhere in northwest Europe, other basins 
experienced similar retroactive movements, called "inver­
sion" by previous authors. (Voigt, 1962; Hey b r o e k et 
al, 1967). 
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A more detailed impression of Upper Jurassic and 
Cretaceous tectonics may be gained form figures 5, 6 and the 
geological section (plate). The large variation in Upper 
Jurassic-Lower Cretaceous sediment thickness between the 
highs and the basins is indicative of differential subsidence 
(fig. 5). Due to later erosion, the record in the basins is 
incomplete, and the estimates of original thickness remain 
speculative. The present day thickness distribution of the 
Upper Cretaceous illustrates the upheaval of the Upper 
Jurassic-Lower Cretaceous basins and the subsidence of the 
bordering highs (fig. 6). The latter became basins of deposi­
tion during late Upper Cretaceous, forming troughs which 
encircle the uplifted Upper Jurassic- Lower Cretaceous 
basins. These inversion movements persisted through the 
Senonian but were of varying amplitudes (fig. 1 ). Figures 5 
and 6 disclose, moreover, a small additional Upper Jurassic­
Lower Cretaceous basin, the Vlieland basin, which was 
slightly uplifted in the Upper Cretaceous. 

The Roer Valley graben and the Broad Fourteens basin 
have a slightly different direction (330°) from the Central 
and West Netherlands basins (300°). A reasonable explana­
tion can be found for the Roer Valley graben in the already 
existing Permian boundary faults. These faults were re-acti­
vated by the Jurassic-Cretaceous stress field although their 
trends do not match exactly. The same explanation may be 
given for the trend of the Broad Fourteens basin, since it is 
situated in apparent continuity with the Roer Valley graben 
though direct evidence is lacking for the older faults. The 
very complex character of the dividing Maasbommel-Zand­
voort- IJmuiden high trend may then be due to the 
interference of Permian and Jurassic-Cretaceous faults 
systems. 

The four fully depicted Upper Jurassic- Lower Cretaceous 
inverted basins show marked differences in tectonic be­
haviour. The geological map of the pre-Tertiary shows that 
the West Netherlands basin is less deeply eroded than its 
extension, the Roer Valley graben. This indicates a stronger 
inversion of the latter during Upper Cretaceous times. The 
Central Netherlands basin appears to have undergone the 
most severe uplift as it is locally stripped down to the 
Carboniferous. However, there is evidence that the down­
warp in the basin was relatively minor. The large area of 
Upper Malm sediments, in the Veluwe region (fig. 5), rests 
unconformably on deeply eroded Lower Jurassic and Triassic 
(H a a n s t r a, 1963) indicating a long period of erosion and 
late subsidence of the basin in the Upper Jurassic. Between 
the Upper Jurassic and the Lower Cretaceous a relatively 
long period of erosion also can be assumed. There is 
evidence, moreover, that during the Upper Triassic a swell 
developed in the eastern part of this basin, permitting only 
thin and incomplete Upper Triassic sedimentation (W o 1 -
burg, 1969; Harsveldt, 1963). This swell may also 
have been responsible for a relatively reduced Lower Jurassic 
deposition. All these factors may have contributed to the 
large hiatus in the Central Netherlands uplifted basin below 
the Tertiary cover. In the Broad Fourteens basin, a thick and 
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rather complete Upper Jurassic-Lower Cretaceous sequence 
is thought to have been deposited. In the northwestern part, 
the Upper Cretaceous inversion is most pronounced. 

The inversion movements of the Jurassic-Lowe Creta­
ceous basins were the last to follow the described segmented 
pattern of deformation. At the onset of the Tertiary, most 
uplifted basin "highs" were levelled by erosion and an almost 
general Lower Tertiary transgression covered the area. 

During the Cenozoic a large basin developed, conformable 
with the present day North Sea (Hey b roe k et al, 1967). 
The Netherlands occupies the southernmost tip of this North 
Sea basin. The basin axis shifted with time and subsidence 
was not continuous, giving rise to periods of regression and 
partial erosion which did not, however, change the general 
basin form (Ke i z e rand Le t s c h, 1963). 

On the base Tertiary depth contour map, the axis of the 
North Sea basin extends southward as indicated by the 1000 
and 1500 m contours and can be followed to the south in the 
Lower Rhine embayment. Southwest of this axis subsidary 
basins and swells exist. A high exists in the western Nether­
lands, the Kijkduin high, flanked to the south by a trough, 
the Voorne trough (Lag a a y et al, 1967). This indicates 
that the inversion movements in the West Netherlands basin 
continued well into the Miocene. In contrast, the subsidence 
in the Roer Valley graben has been greater than elsewhere on 
the map (maximum 1900 m) reflecting thick, Upper Miocene 
and Pliocene sedimentation. The Maasbommel high and the 
Peel horst appear to have undergone renewed uplift until the 
present time (Ke i z e r and Lets ch, 1963). No clearly 
established influence of the other inverted Upper Jurassic­
Lower Cretaceous basins is apparent from the contour map 
at base Tertiary level. The behaviour of the Roer Valley 
graben and the Peel horst in the Cenozoic is unique among 
the northwest European inverted basins. A genetic connec­
tion between these late Tertiary- Quaternary movements and 
those in the Upper Rhine Graben has been discussed by 
C 1 o o s (1939). The West Netherlands basin is not alone in 
its sustained uplift during the Tertiary. The Wealden basin in 
England and the Pays de Bray in France show the same 
phenomenon. 

III. ADDITIONAL REMARKS 

The base Cretaceous (including Upper Jurassic) depth 
contour map depicts an erosion plane which differs in age 
from place to place. In the extreme south, the Maestrichtian 
covers the eroded Brabant massif whereas the covering sedi­
ments in the basin centres are locally as old as Kimmeridgian. 
All intermediate ages, over a time span of 75 million years, 
are represented somewhere in the area. On the high areas 
outside the Brabant massif, the base Cretaceous is essentially 
of Aptian to Albian age although over 500 m of older Lower 
Cretaceous is present in the West Netherlands basin. 

The top Carboniferous depth contour map shows the net 
results of positive and negative movements since the Upper 

49 

Rotliegend except in areas where appreciable post-Permian 
erosion has occurred. The present-day highs and lows general­
ly have a very complex origin which may be partly unravelled 
by a comparison of the other maps presented. It is noticed 
that many faults, of which only the largest are shown, change 
direction of throw, sometimes repeatedly. This is understand­
able, when realized that subsequent movements in an oppo­
site direction have occurred along the same fault plane. This 
explains also the fact that some of the faults are at present 
reverse faults, at least for some stratigraphic levels. 

No direct or implied use is made of Stille's theory of 
orogenic phases in this review of the tectonic history of the 
Netherlands contrary to all previous contributions. The epeir­
ogenic movements described above are not regarded as ad­
hering to this theory, as it appears that they have contin­
uously been present. However, it proves possible' to recognize 
three successive patterns of subsidence and uplift since the 
Permian, which are basically different from each other, but 
relatively constant in themselves. These styles are labelled 
"Permo-Triassic", "Jurassic- Lower Cretaceous" and "Ceno­
zoic" patterns. This does not imply that sharp time bound­
aries should be allocated to these styles. On the contrary, 
relatively long transition periods existed in which elements of . 
both the receeding and the oncoming patterns may be recog­
nized, while a few tectonic elements may be common to 
more than one of these patterns. The Lower Jurassic and 
Upper Cretaceous illustrate such a transition period. 
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