
Geologie en Mijnbouw 76: 227-246, 1997. 227 
© 1997 Kluwer Academic Publishers. Printed in the Netherlands. 

High-resolution sequence stratigraphy of the Lower Triassic 'Buntsandstein' 
in the Netherlands and northwestern Germany 

M.C. Geluk1 & H.-G. R6hling2 

1 Netherlands Institute of Applied Geoscience TNO -National Geological Survey, P.O. Box 157, 
2000 AD Haarlem, the Netherlands; 2 Niedersachsisches Landesamt fa.r Bodenforschung, 
P.O. Box 510153, 30631 Hannover, Germany 

Received 2 June 1994; accepted in revised form 20 June 1997 

Key words: continental deposits, Hardegsen Unconformity, high-resolution cyclicity, palaeogeography 

Abstract 

Detailed log correlations of the largely fluvio-lacustrine Lower Triassic 'Buntsandstein' (Late Permian-Early 
Anisian), carried out on 80 wells in the Dutch onshore and offshore areas, can be linked to northwest-German 
high-resolution sequence stratigraphy. The correlations show that cyclic sedimentation occurred in large parts of 
the basin. Seven 1st-order sequences are recognised, namely the Main Claystone, Rogenstein, Volpriehausen, 
Detfurth, Hardegsen, Solling and Lower Rot Sequences. They are overlain by the lower part of the Upper Rot­
Lower Muschelkalk Sequence. Distinct sequence boundaries have been identified at the bases of four sequences: 
Volpriehausen, Detfurth, Solling and Upper Rot. The higher-order sequences consist of fining-upwards cycles with 
a thickness of up to tens of metres. The sequences are laterally persistent and have a characteristic expression 
on gamma-ray and sonic logs. In the Lower Buntsandstein, they display a uniform character throughout most 
of the area, with only minor differences in thickness or lithology. NNE-oriented lows and swells were formed 
during deposition of the Volpriehausen, Detfurth and Hardegsen Sequences. Uplift prior to the deposition of the 
Solling Sequence caused deep erosion on the swells in the basin and minor erosion in the lows. The high-resolution 
sequences probably represent alternating, relatively wet and dry climatic periods, with a periodicity of about 100 
000 years. An analysis of the sequences suggests that their reduced thickness on the swells is mainly the effect of 
erosion. This is supported by analyses of the accumulation patterns and rates. 

Introduction 

The Buntsandstein forms the lower, mainly elastic, part 
of the Germanic Trias. It was deposited during the Late 
Permian to Early Anisian in a large intracratonic basin 
in a fluvio-lacustrine environment, with marine influ­
ences restricted to the upper part (Aigner & Bachmann 
1992, Van Adrichem Boogaert & Kouwe 1994, Ziegler 
1990). The thickness of the complete succession typ­
ically lies between 500 and 1000 m, but occasionally 
reaches up to 4000 m in grabens in northwest Germany 
(Rohling 1991a). The Buntsandstein is traditionally 
subdivided into a fine-grained Lower Buntsandstein, 
comprising several characteristic oolite beds, a Middle 
or Main Buntsandstein in which sheet sandstones alter­
nate with oolitic claystones, and an Upper Buntsand-

stein composed of evaporites and claystones. The tri­
partite subdivision has not only been used lithostrati­
graphically, but also chronostratigraphically, since it 
has been maintained in sand-prone areas near the basin 
margin. The succession is almost completely devoid 
of fossils, and typically shows extensive soft-sediment 
deformation, mud cracks, and secondary reddening 
and reduction. The carbonate oolites in the Lower and 
Middle Buntsandstein formed in a brackish water envi­
ronment (Peryt 1975, Bruning 1986). The sediments 
in the study area, which comprises the Netherlands 
and northwest Germany, were supplied from the south 
(Geluk et al. 1996, Rohling 1991a). The lithostrati­
graphic subdivision of the Buntsandstein is shown in 
Table 1. 
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Figure 1. Sedimentological log of a 4th-order sequence in the Vol­
priehausen Sequence on Helgoland (after Binot & Rohling 1988). 

In the Netherlands, a large number of oil and 
gas wells penetrated the Triassic. In many cases, 
the Buntsandstein was the target and several impor­
tant discoveries were made in sandstones of the Main 
and Upper Buntsandstein over the last decades (e.g. 
Fontaine et al. 1993, Geluk et al. 1996, Roos & 
Smits 1983, Winstanley 1993). Furthermore, locally 
leached oolite beds of the Lower Buntsandstein Forma­
tion have reservoir qualities in the eastern Netherlands 
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Figure 2. Correlation of lithology and natural gamma radiation of 
a 4th-order sequence as shown in Figure 1 of the Volpriehausen 
Sequence on Helgoland (after Binot & Rohling 1988). 'Katersand': 
basal sandstone of a 4th-order sequence. 

(Gdula 1983). Correlation of the Main Buntsandstein 
Subgroup in the western offshore area of the Nether­
lands with the classic German subdivision of Boigk 
(1959) has been speculative for a long time, and was 
only fully understood during the revision and update 
of the stratigraphic nomenclature of the Netherlands 
(Van Adrichem Boogaert & Kouwe 1994, Section E). 
The work presented in this paper underlies this update 
of the nomenclature. 

Sequence stratigraphy, originally defined in sed­
imentary successions deposited in a passive mar­
gin setting (Van Wagoner et al. 1990, and many 
others), has been successfully applied over the last 
decade to deposits in continental basins (e.g. Aigner & 
Bachmann 1992, Clemmensen et al. 1991, Intergeos 
1989, Yang & Baumfalk 1991). Cyclicity in conti­
nental basins may be independent of sea-level fluc­
tuations; most likely, cyclicity patterns are related to 
'Milankovitch' climate cycles (Perlmutter & Matthews 
1990). 



In the last decade several studies have been made 
concerning the cyclicity of the Lower and Middle 
Buntsandstein in northwest Germany (Bruning 1986, 
Rohling 199la, b) and the Netherlands (Intergeos 
1989). High-resolution sequences were identified and 
correlated on wireline logs throughout the northwest­
German onshore and offshore area (Rohling 1991a, b ). 
Insight into the cyclicity was essential to outline the 
Lower Triassic structural units and their subsidence 
history. 

The purpose of this paper is: 
1. to make a comparison between the lithostratigraph­

ic nomenclatures used for the Buntsandstein in the 
Netherlands and Germany, 

2. to discuss the origin of the cyclicity, 
3. to analyse the development of the Buntsandstein 

in the Netherlands from a sequence-stratigraphic 
point of view, 

4. to demonstrate that the cyclicity of the Buntsand­
stein as recognised in Germany (Bruning 1986, 
Rohling 1991a, b) is applicable to the North Sea, 
and to establish correlations with the outcrop areas 
in Germany as described by Boigk (1959, 1961), 

5. to characterise the development of the Early Trias­
sic structural elements in the Netherlands. 

The Buntsandstein cyclicity 

The Buntsandstein is composed of a hierarchical sys­
tem of sequences of varying magnitude. The cyclic­
ity of the lower part of the Buntsandstein was first 
described in a systematic way by Bruning (1986) from 
the southern part of Lower Saxony. Rohling (1991a, b) 
showed that these cycles are persistent throughout the 
Northwest German Basin, and established a subdivi­
sion for the Rogenstein, Volpriehausen, Detfurth and 
Hardegsen Sequences. In order of increasing impor­
tance, the following sequences have been recognised 
(Rohling 1991b, Binot & Rohling 1988): 

5th-order sequences are centimetre to decimetre­
thick fining upwards cycles, composed of sandstone 
and clay-siltstone. 

4th-order sequences, of decimetre to metre thick­
ness, are built up of several 5th-order sequences. A 
typical 4th-order sequence starts with a basal sand­
stone, which is oolitic in several sequences, covered 
by an alternation of sandstone, siltstone and claystone 
(Figures 1, 2). The number of sandstone beds and the 
sandstone percentage decrease upwards. Ideally, these 
sequences are topped by an up to several decimetres 
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thick clay- and siltstone, clearly expressed by high 
gamma-ray readings (Figure 2). 

3rd-order sequences comprise a varying number of 
4th-order sequences. They generally reach a thickness 
of between 5 and 25 m (sometimes more), and their 
bases are characterised by the coarsest and thickest 
elastic deposits of a group of 4th-order sequences. This 
type of cyclicity is identified on wireline logs and can 
be correlated over great distances. It is the main topic 
of this paper and it is referred to as high-resolution 
cyclicity. The Ml to M4 and RS to RS sequences are 
good examples of this cyclicity (Figures 4, 5). Below 
the basal elastic deposits, some truncation of the under­
lying sequence is occasionally observed on log corre­
lations. 

2nd-order sequences comprise three to five 3rd­
order sequences, with a similar lithological composi­
tion, such as the group of sequences RS to R7, which 
stand out because of their thick basal oolite beds (Fig­
ures 4, 6, 7, 10). 

1st-order sequences comprise a group of 2nd­
order sequences, for instance the group formed by 
the sequences Rl to R14 (Figures 6, 7). They have 
thicknesses of up to several hundreds of metres. 

Data-base and working method 

For the offshore area of the Netherlands, exploration 
data older than 10 years are officially released. For the 
onshore area, a special agreement exists between the oil 
industry and the Netherlands Institute of Applied Geo­
science TNO (NITG-TNO), allowing publication of 
interpretations of older confidential data. On this basis, 
over 80 wells were selected with a complete Lower 
Buntsandstein Formation and/or Main Buntsandstein 
Subgroup (Figure 3). Of the Upper Buntsandstein, 
here taken as the Salling and Rot Formation togeth­
er, only the lower part was studied. Furthermore, some 
released Danish wells, situated on the southern flank 
of the Ringkobing-FynHigh, have been analysed (R-1, 
Grindstedt-1, Logumkloster-1). 

The sequences as defined by Bruning (1986) and 
Rohling (1991a, b) have been coded in order to avoid 
confusion between lithostratigraphy and sequence 
stratigraphy. For the identification of the Buntsandstein 
cyclicity, gamma-ray and sonic logs were used by pref­
erence, although in some instances also spontaneous­
potential, induction and resistivity logs were used suc­
cessfully. A 1:1000 log-scale supplied enough detail 
to establish the correlations. The method implies the 
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Table 1. Lithostratigraphic nomenclature of the Lower Triassic Buntsandstein in the Netherlands and Germany (Van Adrichem Boogaert & 
Kouwe 1994; Rohling 199la, b, 1993), together with the sequences proposed in this paper and their ages. V, D, Hand R indicate important 
sequence boundaries. Numbers of 3rd-order sequences are presented between brackets. 

AGE THE NETHERLANDS SEQUENCE NORTHWEST-GERMANY 

Group Subgroup/Form. Member 

Upper Muschelkalk Fm. Lower Musch. Mb. Lower Musch. Muschelkalk Unterer Muschelkalk Folge 

UpperROt Oberer 
Upper Rot Clayst. Mb. R 

Pelitrot 
-Folge 

Grauviolette Serie 
Rotbraune Serie 

Anisian Germanic Buntsand-
RotFm.1 Upper Rot Evap. Mb. Salinarrot 

Interm. Rot Clayst. ?vfb. Lower ROt 
Oberes R6tsalinar 
ROtsalinar-Zwischen-

Trias 
Main Rot Evap. Mb. 

Soiling Soiling Claystone !v1b. 
Group Fm.1 Bas. Soiling Sst Mb. 
------------------------------------------------------------------------------

Main 
Hardegsen 

Lower Fm. 

Buntsand- ----------------------------------------
Scythian Detfurth Claystone Mb. 

Detfurth . ----------------------------
Fm. Lower Detfurth Sst. Mb. 

Germanic -----------------------------------------
!itein 

Volprieh. Clay-
Volprie- Siltstone Mb 
hausen ----------------------------
Fm. 

Subgroup Lower Volpr. Sst. Mb. 
Trias 

----------------------------------------------------------------
Lower Rogenstein Mb. 

Buntsand- ----------------------------
Group 

stein Main Claystone Mb. 
---------------?--
Late Permian Fm. (Upper Brockelsch. )' 

Zechst. Ze. Upper Claystone Fm. 

: Soiling and Rot Fm. together correspond to the informal 'Upper BWltsandstein' 
1: Regional subdivisions (see Rohling 1991 a). 
3 No fonnal unit in the Netherlands, belongs to the Main Claystone Mb. 

recognition on well logs of patterns such as breaks, 
peaks and trends. The Buntsandstein succession is 
composed of a stacking of these patterns, which can 
be correlated from well to well. The extensive lat­
eral distribution of these patterns from basin centre 
to basin margin and their independence of lithofacies 
form in our view the proof that these patterns repre­
sent sequences of an extrabasinal origin. Examples of 
these patterns are the base of the M3 sequence, char­
acterised by a double peak on the sonic log, and the 
RS to R8 sequences, characterised by thick oolite beds 
with low gamma radiation (Figures 4, 5). For corre­
lation, four reference wells for the various structural 
settings were used: Blijham-1 for the eastern onshore 

stein schichten 
-Folge Unteres Rotsalinar 

Solling (4) 
Soll in~ 
-Folge 

H 
Mittlerer 

Hardegsen 
Hardegsen (20) 

Hardegsen-Abfolge 5 
Hardegsen-Abfolge 4 
Hardegsen-Abfolge 3 
Hardegsen-Abfolge 2 
Hardegsen-Abfolge I 

-Folge 
Buntsand-

DC (2) Detfurth Detfurth-Wechselfolge 

DSl-2 (2) -Folge Detfurth-Sandstein 
D 

VAl-R (8) !ltein Volp.-

VWl-7 (7) 
Volprie 
hausen 

A viculaschichten 
Volp.-Wechselfolge 

VS (!) 
v 

VVS (2) 

Rl-14 (14) 

- Folge 

Unterer Bern burg 

-Folge 
Buntsand-

Volp.-Sandstein 

Obere Wechselfolge 
Kalkoolithschichten 
Oolithische Wechselfolge 

1\11-10 (JO) Calv6rde 
sandig-oolith. T.-sch. 
Oolithschichten 
Oolith. Sdst.-Tst.-sch stein 

-Folge sandig-tonige Basissch. 
-----------------
Br (1) 

Zechstein Zech. Ubergangsfolge 

area, Rustenburg-1 for the central onshore area, L2-1 
for the Off Holland Low, and Strijen-West-1 for the 
basin-fringe area (Figures 6-8). Logs of these wells on 
a 1:2000 scale have been published by Van Adrichem 
Boogaert & Kouwe (1994) and RGD (1993). 

For all wells, the depths of the bases of the 
sequences were stored in an Excel spreadsheet, and 
used to calculate average thicknesses and net accumu­
lation rates. This is discussed in Appendix 1. The aver­
ages are based on present-day thicknesses and show 
differences not only due to depositional causes, but 
also to compaction. The effects of compaction can, 
however, be ruled out in this regional study by apply­
ing a contour interval of 5 cm/ka. This was documented 
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Figure 3. Well data-base and locations of the cross sections of Figures 6, 7 and 10. Specific wells discussed in the text and not shown in the 
cross-sections are: JTP-1: Jutphaas-1; NDW-1: Nederweert-1; SPC-1: Sprang-Capelle-1; STW-1: Strijen West-1; WAA-1: Wijk-Aalburg-1; 
WED-3: Werkendam-3. 

by the analysis of the Buntsandstein in the Jutphaas-1 
well, where, as a result of Late Cretaceous reversed 
faulting, the entire Lower Buntsandstein section was 
encountered twice, viz. at 1181- 1563 m and at 2807-

3150 m. The depositional situation of these intervals is 
assumed to have been identical. Analyses of the sonic­
log velocities indicated a difference in maximum burial 
depth of 2200 m between these two intervals (Bulat & 
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Figure 4. Detailed correlation of the oolite beds of the RS to RS sequences on gamma-ray logs and of the Br to M3 sequences on sonic logs in 
the wells K17-1, Rustenburg-1 (RST-1) and Blijham-1 (BHM-1). The well locations are shown in Figure 3 and the stratigraphy in Table 1. 
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Figure 5. Correlation of the Main Claystone Sequence between wells in the Netherlands (K17-1), northwest Germany (Esterwegen Z2) and 
Denmark (L¢gumkloster-l). Note the comparability of the 3rd-order Br and Ml to MlO sequences over the distances indicated. 

Stoker 1987). Despite this large difference, the average 
thicknesses of the high-resolution sequences showed a 
close similarity between the two intervals and the max­
imum difference was 10% or less. 

The Zechstein/Buntsandstein boundary 

Between the Netherlands, Germany and surround­
ing countries, there is a difference in the defini-

tion of the boundary between the Zechstein and the 
Buntsandstein. There is general agreement, howev­
er, that this boundary does not represent the Permi­
an/Triassic boundary. The latter boundary is situat­
ed within the Lower Buntsandstein (Van Adrichem 
Boogaert & Kouwe 1994). 

In the Netherlands, the base of the Triassic is placed 
at the base of the Upper Brockelschiefer, since this 
sequence forms a good marker bed throughout both 
the onshore and offshore areas. The sequence is con-
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Figure 6. Section A-A', L2-1-Blijham-l. The development of the Br, Ml to MlO and Rl to R14 sequences does not show any influence by 
the Netherlands Swell. Note the eastward thinning of the VS Sequence. For location see Figure 3 and for stratigraphy Table l. The datum level 
is the base of the Lower Rot Sequence. 

sidered to form the basal transgressive unit of the Low­
er Buntsandstein (Van Adrichem Boogaert & Kouwe 
1994). The Upper Brockelschiefer rests with a minor 
hiatus on the Zechstein Upper Claystone Formation. 

In Germany, the sediments of the Upper 
Brockelschiefer are often anhydrite and halite-bearing 
and therefore are regarded to belong to the Zechstein 
(Best 1989, Rohling 1991a, b, 1993). The lower bound­
ary of the Buntsandstein is defined at the base of the first 
intercalations of oolitic sandstones above the Zechstein 
Ubergangsfolge ( = Zechstein transitional sequence). 

In the UK and Denmark, the Zechstein/Buntsand­
stein boundary is taken at the base of the Zechstein 
Upper Claystone Formation(= base Zechstein Uber-

gangsfolge ), and as such lies considerably lower than 
the boundaries in the Netherlands and Germany. 

Lithostratigraphic nomenclature of the 
Buntsandstein 

In the Netherlands and northwest Germany, recent 
updates of the lithostratigraphic nomenclature have 
been published by Rohling (199la, b, 1993) and 
Van Adrichem Boogaert & Kouwe (1994). There is, 
however, a major difference in the approach. In the 
Netherlands, the rules of Hedberg (1976) are applied, 
whereas in Germany by tradition a chronostratigraphic 
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( = sequence-stratigraphic) approach is followed. The 
implications are that in the Netherlands, lithostrati­
graphic units may be diachronous, whereas in Germany 
they are considered as isochronous units. Despite this 
fundamental difference, the nomenclatures of the two 
countries show a close correspondence, as the Trias­
sic has a pronounced layer-cake character and the for­
mations almost represent time-slices (Van Adrichem 
Boogaert & Kouwe 1994). There are some slight differ­
ences between the boundaries and units in the Nether­
lands and Germany, which are explained below (Table 
1). 

In the Netherlands, the Lower Buntsandstein For­
mation and Main Buntsandstein Subgroup together 
form the Lower Germanic Trias Group; the Solling 
and Rot Formations belong to the Upper Germanic 
Trias Group. The Main Buntsandstein Subgroup in the 
Netherlands is equivalent to the Middle Buntsandstein 
as defined in eastern Germany (Dockter et al. 1980), 
hut differs from the Middle Buntsandstein in western 
Germany (Boigk 19S6, 1961, Rohling 1991a, b) by 
taking the 'H' or Base Solling Unconformity rather 
than the base of the Rot Formation as the base of the 
Upper Buntsandstein (Table 1 ). In the Netherlands, the 
Solling and the Rot Formations are informally referred 
to as the Upper Buntsandstein. A similar proposal for 
Germany was published by Backhaus (1994). 

High-resolution sequence stratigraphy 

Lower Buntsandstein Formation (Late Permian­
Scythian) 

In the Netherlands as well as in Germany a twofold 
lithostratigraphic subdivision is applied in the Low­
er Buntsandstein Formation (Table 1). The units are 
the Main Claystone and the Rogenstein Members in 
the Netherlands and the Calvorde-Folge and Bernburg­
Folge in Germany (Subkommission Perm-Trias 1993; 
Rohling 1993). The distinction is made on the basis of 
the predominance of thick oolitic sandstone beds in the 
Rogenstein Member and Bernburg-Folge. 

The Lower Buntsandstein Formation forms a sin­
gle megasequence, bounded by unconformities. This 
megasequence can be subdivided into two 1st-order 
sequences, the Main Claystone (M) and Rogenstein 
(R) Sequences, which coincide with the lithostrati­
graphic subdivision. In the sequences, together up to 
400 m thick in central parts of the basin, no major 
breaks in sedimentation were identified based on well 

log correlation. On seismics, the megasequence forms 
a transparent unit with a constant thickness. No synsed­
imentary faulting occurred (Van Adrichem Boogaert & 
Kouwe 1994). 

The sedimentary conditions of the Lower 
Buntsandstein Formation range from fluvial in the Roer 
Valley Graben (Geluk et al. 1996) to lacustrine in the 
basin centre. At the end of its deposition, lacustrine 
conditions prevailed throughout the study area. 

Main Claystone Sequence 
In the Main Claystone Sequence, 11 high-resolution, 
3rd-order sequences (Br, Ml- MlO) have been recog­
nised (Bruning 1986, Rohling 1991a, b). The Main 
Claystone shows an increasing thickness from south­
west to northeast from 100 to over 200 m. Despite this 
thickening, the character of the 3rd-order sequences 
remains more or less the same. The lower sequences, 
up to M4, show thickness variations, and probably are 
somewhat reduced in the basin-fringe area. The MS 
to MlO sequences, however, show a more sheetlike 
development. 

The Br (Upper Brockelschiefer) sequence at the 
base shows a considerable variation in thickness and 
development in the Netherlands. Its basal sandstone is 
often anhydritically cemented. Only in the basin-fringe 
area there is evidence (logs, cores) indicating a minor 
hiatus at the base. The disconformable contact is, how­
ever, more pronounced in Germany (Rohling 1993). 
The Ml sequence is characterised by the first devel­
opment of oolitic sandy sediments (Rohling 1991a). 
In the M2 sequence, claystones with high gamma-ray 
readings form a good correlation marker. Throughout 
the area, the base of the M3 sequence forms a good ref­
erence horizon (Figures 4- 7); it is characterised by a 
sharp double peak on the sonic log, caused by a sandy 
oolitic development. In the western offshore area, a 
sand bed forms the base of this sequence. The M4 
and MS sequences also show the same character over 
the entire area. The upper high-resolution sequences, 
M6- M10, display a higher clay content and they may 
be difficult to distinguish in some wells. The MlO 
sequence often displays peaky high gamma-ray read­
ings in its uppermost part, possibly reflecting minor 
erosion below the Rl sequence. 

In the Roer Valley Graben, an almost completely 
sandy Lower Buntsandstein Formation is present. The 
onset of the sand influx lies at the base of the M3 
sequence, but owing to lack of well information, no 
further sequences have been identified here. 
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Figure 7. Section B-B', Rustenburg-1 - Denekamp-1. Note the strong increase in thickness of the Buntsandstein from Lelystad-1 towards 
Denekamp-1, in the Ems Low. Lelystad-1 is on the Netherlands Swell, where the Rogenstein Sequence has a reduced thickness below the 
H-Unconformity. The datum level is the base of the Rot Sequence. For location see Figure 3 and for stratigraphy Table 1. 

Rogenstein Sequence 
In the Rogenstein Sequence up to 14 high-resolution 
sequences (Rl to R14) have been identified in out­
crops and on logs (Rohling 1991a, b). The 'V' or 
Volpriehausen Unconformity forms the boundary with 
the overlying Volpriehausen Sequence. The Rogen­
stein Sequence is almost 200 m thick in the lows (Fig­
ures 6, 7). It has a reduced thickness on the Hunte 
and Eichsfeld-Altmark Swells in northwest Germany 
(see Figure 9 for location). The thickness of the indi­
vidual high-resolution sequences is identical on the 
highs and in the lows, but the number of sequences 
is reduced on the highs. This indicates that a post­
Rogenstein but pre-Volpriehausen uplift and erosion 
took place. In northwest Germany, the Volpriehausen 
Sequence unconformably overlies the sequences R7 
to R14 (Rohling 1991a, b). In the Netherlands no 

pre-Volpriehausen uplift occurred; only two to three 
sequences have been found missing, but not on any 
specific structural unit. The swells subtly influenced 
sedimentation, as is shown by the fact that the thickest 
oolitic layer on top of the Eichsfeld-Altmark Swell is 
situated in the RS sequence, while towards the basin 
the maximum oolitic thickness moves into the R6 
sequence (Rohling 1991a, b, 1993). The Netherlands 
Swell also influenced sedimentation. The development 
of the Rogenstein Sequence shows a good correlation 
between northwestern Germany and the Ems Low; but 
west of this low the lower part of the sequence loses 
its oolitic character (Figures 6, 7). A slight decrease 
in thickness accompanies this facies change. For this 
reason, the base of the Rogenstein Member was tradi­
tionally picked too high, namely at the base of the RS 
sequence. 
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Figure 8. High-resolution 3rd-order sequences in the sandy Main 
Buntsandstein Subgroup, well Strijen-West-1. For location see Fig-
ure 3 and for stratigraphy Table 1. 

At the base of the Rogenstein, a sharp lithological 
break indicating a sequence boundary was found only 
in the southeastern part of the West Netherlands Basin. 
Here the Rl sequence shows a thick (10-15 m), mas­
sive basal sandstone bed, below which some erosion 
into the underlying sequences has been observed (wells 
Wijk-Aalburg-1, Werkendam-3, Sprang-Capelle-1). 
This boundary can be correlated with the conformable 
base Rl boundary in other areas (Figures 6, 7). 

The thickest oolitic sandstones in the Rogenstein 
Member occur in the sequences R4 to R8. Either the RS 
or the R6 sequence shows the thickest oolitic develop­
ment. In the northern foreland of the Harz Mountains, 
the so-called 'Rogensteine' of these sequences become 
dominant, forming massive pisolitic, sandy carbonate 
beds about 10 m thick in which pisoliths of up to 10 cm 
occur. 

In the sequences R9 to R14, oolitic sandstones are 
less pronounced. These sequences are composed pre­
dominantly of claystones and the clayey facies persist 
far south in the basin-fringe area as is observed in the 
Nederweert-1 well, where they rest upon the sandy Rl 
to R8 sequences. The R9 to R14 sequences indicate a 
marked expansion of lacustrine facies. They are thin­
ner (5- 10 m) than the underlying sequences R4 to R8 
(13-20 m; see Appendix 1 ). 

The most continuous sedimentary record from the 
Rogenstein into the Volpriehausen Sequence occurs in 
the Off Holland Low, where, based on the wireline 
log patterns, a more gradual transition occurs between 
these sequences than in the Ems Low (Figure 10). 

Main Buntsandstein Subgroup (Scythian) 

Within this subgroup, three formations are distin­
guished, namely the Volpriehausen, Detfurth and 
Hardegsen Formations (Table 1). The subgroup is 
thickest in isolated grabens. It reaches up to 3500 m in 
the Gli.ickstadt Graben and the Horn Graben (Rohling 
1991a). These complete successions, however, are 
undrilled and only known from seismic data. 

Within the subgroup, three 1st-order sequences 
can be distinguished: the Volpriehausen, the Detfurth 
and the Hardegsen Sequence. The upper boundary is 
formed by a major sequence boundary at the base of the 
Soiling Sequence, the Hardegsen or 'H' -Unconformity 
(Aigner & Bachmann 1992; Rohling 1991a, b). 

For the Main Buntsandstein, a high-resolution 
sequence-stratigraphic framework was proposed by 
Intergeos (1989). The model as presented in this paper 
differs in several aspects from the Intergeos model. The 



main difference is the fact that the unconformity at the 
base of the Detfurth Formation was not recognised by 
Intergeos (1989). 

Volpriehausen Sequence 
The 'V' Unconformity (Trusheim 1961) at the base 
of the Volpriehausen Sequence is recognised in the 
northwest-German onshore and offshore areas, where 
it truncates up to 50 to 60 m (Rohling 1991a, b). By 
contrast, only 5 to 20 m of the Rogenstein Sequence 
were eroded in the Netherlands. The Volpriehausen 
Sequence comprises four 2nd-order sequences, from 
bottom to top the VVS, VS, VW and VA Sequences 
(Table 1). There is generally good correlation with 
the sequences identified in the lower part of the Vol­
priehausen by Intergeos (1989). 

The distribution of the VVS Sequence is mainly 
limited to the lows, particularly in the western offshore 
area of the Netherlands (Figures 6- 8, 10, 1 lD). The VS 
and VW Sequences, however, are widely distributed in 
the study area. The 'V' -Unconformity is composed 
of two unconformities, situated at the bases of the 
VVS and VS Sequences respectively (Rohling, 1991a, 
b ). The most important of these is that below the VS 
Sequence, as it truncates the VVS Sequence (Figure 
10). 

The VVS Sequence or 'Volpriehausen Precursor 
Sandstone' (Rohling 1991a, b) comprises an alterna­
tion of sandstone and siltstone beds. The sandstones 
are rich in carbonate and claystone material, which was 
reworked from the underlying deposits. The sandstones 
have been deposited in a fluvial environment, where­
as the siltstones represent lacustrine deposits (Geluk 
et al. 1996). In the northern offshore of the Nether­
lands, VVS sands were deposited in an aeolian setting 
(Fontaine et al. 1993: figure 10, unit 1). 

The VVS Sequence is widely present to the south 
and west of the Netherlands Swell and in the North 
German Basin, but only in a limited number of wells 
in the Ems Low (Figures 6, 7, 9, llD). It reaches a 
maximum thickness of up to 60 m in the Off Holland 
Low, and displays rapid lateral thickness variations. 
Some of these variations indicate fault activity. On the 
Cleaver Bank High the sequence reaches a thickness 
of 20 m. This distribution outlines the area of earliest 
Volpriehausen Sequence deposition (Figure llD). This 
area is not related to pre-Volpriehausen erosion and is 
assumed to be fault-controlled (Figure 10). The west­
ern extent of this sequence is unknown. It is notable 
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that the Cleaver Bank High did not yet form a positive 
relief (Figure 12). 

The VS Sequence or 'Volpriehausen Sandstone' 
(Rohling 1991a, b) marks the expansion of the sed­
imentation over the Netherlands Swell. The base of 
the sequence is a major sequence boundary, the 'V' 
Unconformity (Figures 5-7, 10). The sequence forms 
a thick, massive sandstone (15-25 m) in the Ems Low 
and Off Holland Low, and a thin silty to clayey trans­
gressive sandstone ( < 1 m) on the Netherlands Swell. 
It is of fluvial origin (Ames & Farfan 1996, Geluk et 
al. 1996), but in the northern Off Holland Low, aeo­
lian sandstones occur (Intergeos 1989, Fontaine et al. 
1993: figure 10, unit 2). Towards the basin centre it 
passes into an alternation of metre-thick sandstone and 
claystone beds (Rohling 199la, b ). 

The VW Sequence marks the change to fine-grained 
lacustrine deposition. This change occurred diachro­
nously in the study area. In northwest Germany and 
in the northern offshore and eastern onshore areas of 
the Netherlands, this change was abrupt and occurred 
during deposition of the VWl 3rd-order sequence. 
Towards the southwest, the deposition of fine-grained 
material started much later. In the northern Off Hol­
land Low sands dominate up to the top of the VW3 
sequence and in the central P-blocks even as far up 
as the top of the VW5 sequence (Figure UC). In the 
southern Off Holland Low and the adjacent part of 
the West Netherlands Basin, fluvial sandstones dom­
inate the entire VW Sequence (Figure 8). The fine­
grained VW sequences consist of lacustrine sediments 
(Van Adrichem Boogaert & Kouwe 1994), and their 
expansion is considered to represent a gradually rising 
water-table. Anomalously high gamma-ray readings in 
sequences VW2, VW3 and VW5 (Figures 6-8) serve 
for correlation purposes since they are very persistent 
in the sandy fringe setting. They represent very thin 
(0.5- 1 m) lacustrine deposits (Geluk et al. 1996). 

The VA Sequence forms the uppermost 2nd-order 
sequence of the Volpriehausen Sequence. The com­
plete sequence displays in its basal parts predominantly 
sandy sediments, grading upward into argillaceous sed­
iments (Rohling 1991b). Within the Dutch area, only 
the lower, more sandy 3rd-order sequences have been 
preserved beneath the Detfurth Unconformity in the 
northern Ems Low, Central Graben, Off Holland Low 
and Roer Valley Graben (VAl-5; Figures 6, 7, 10). 
Oolite beds frequently occur in the VA Sequence. At 
the base of the VA3 sequence, a porous sandstone with 
a typical expression on wireline logs occurs, named 
'G6rtelsandstein' in Germany and 'Avicula Sandstone 
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Figure 9. Geological map of the H (= Hardegsen = base Soiling) Unconformity, showing the main structural elements discussed in the text. 
Compiled from literature (Bertelsen 1980; Cameron et al. 1992; Rohling 1991a; Van Adrichem Boogaert & Kouwe 1994) and released well-data. 
WNB: West Netherlands Basin. 

Bed' in the Netherlands (well L2-1, Figure 6). This 
can be traced over great distances into the basin-fringe 
area (Figures 6, 8). 

The Volpriehausen Sequence was originally 
deposited in the entire basin, with a slightly reduced 
thickness on the swells (Figure 12). In northwest Ger­
many the individual VW sequences decrease up to 15% 
in thickness from the lows towards the swells, but they 
never pinch out (Rohling 1991a, b ). The analysis of the 
thicknesses in the Netherlands shows the same results. 

After deposition, the Volpriehausen Sequence became 
subject to two phases of uplift and erosion, the first 
prior to deposition of the Detfurth- Hardegsen Megase­
quence, and the second prior to the Salling transgres­
sion. 

Detfurth-H ardegsen M egasequence 
No erosional boundary has been observed between 
the 1st-order Detfurth and Hardegsen Sequences, and 
therefore these sequences have been grouped together 
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Figure 10. Section C-C', showing the development of the Rogenstein, Volpriehausen, Detfurth-Hardegsen and Soiling Sequences in the Off 
Holland Low (K17-1) and the Ems Low (Blijham-1). Note that, although the amount of pre-Volpriehausen erosion is the same in these two 
lows, the development of the VVS and VS Sequences is different. This is attributed to the infilling of relief created by extensional tectonics. For 
location see Figure 3 and for stratigraphy Table 1. 

into one megasequence, which comprises from bottom 
to top the 2nd-order DS, DC, and Hardegsen 1 to 5 
Sequences. The megasequence has been found com­
plete only in northwest Germany (Rohling 1991a). In 
the Netherlands most of the Hardegsen Sequence has 
been eroded. This study revealed that deposits in the 
K, L and northern P and Q quadrants, considered as 
Hardegsen Formation by Van Adrichem Boogaert & 
Kouwe (1994), belong most likely to the Soiling For­
mation (compare Kl 7-1 in Figure 10 with annex E-1 
of Van Adrichem Boogaert & Kouwe 1994). 

The DS Sequence, the 'Detfurth Sandstone' of 
Rohling (1991a, b ), marks a sharp lithological 
break with the underlying deposits. Above a wide­
ly recognised unconformity ('D' -Unconformity sen­
su Trusheim 1961, Rohling 1991a, b, Geluk et al. 
1996) this sandstone rests on either the VW or VA 
Sequences. The amount of erosion varies from several 
tens of metres in the lows to 100 m on the swells. This 
unconformity is considered to represent a sequence 
boundary. The sandstones are of ftuvial and aeolian 
origin. 
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Figure 11 . Net accumulation rates (cm/ka) and sandstone distribution of various Buntsandstein sequences in the Netherlands. A) Main Claystone 
Sequence. The northern extent of the sandy facies is indicated. B) Rogenstein Sequence. The northern extent of the sandy facies is indicated. C) 
Volpriehausen Sequence. The northern extent of the sandy facies in two sequences, VW3 and VW5, is indicated. D) Distribution and thickness 
(m) of the VVS Sequence. 

In the Ems Low, the DS Sequence displays 
two well-developed 3rd-order sandstone-claystone 
sequences, DSl and DS2; Figures 6, 7, 10). This char­
acter is also typical of northwest Germany (Rohling 
199la). In the Off Holland Low, the West Nether­
lands Basin and the Roer Valley Graben, however, the 
DS Sequence appears as a massive sandstone (Fig­
ure 10), like in southern or southeastern Germany 

(Rohling 1991a). In the western Netherlands offshore 
area, log correlation indicates that the claystone bed 
at the boundary of DSl and DS2 has been eroded. In 
the West Netherlands Basin and on the flanks of the 
Cleaver Bank High, only the DS2 sequence appears 
to be present; it displays generally a well-recognisable 
fining-upwards trend. 
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Figure 12. Schematic development of structural elements during the 
Early Triassic along a section from the Cleaver Bank High to the 
Ems Low. Length of section is approximately 300 km. 

The DS Sequence in the Netherlands represents a 
palaeovalley fill, with the thickest sandstone devel­
opment limited to structural lows, and with a thin­
ning and onlap of the sequence towards the border­
ing Cleaver Bank High and Netherlands Swell. On 
the crests of these swells, sandstones have probably 
not been deposited. With respect to the Volpriehausen 
Sequence, the main area of subsidence had shifted to 
the Ems Low (Geluk et al. 1996). In northwest Ger­
many, however, the deposition of the DS Sequence was 
not confined to the lows and occurred sheet-like over 
the entire area. 

The DC Sequence, the Detfurth Claystone of 
Rohling (1991a, b ), forms a good correlation marker. It 
has characteristic high gamma readings with a block­
like appearance (Figures 6, 7, 10). These readings 
reflect a higher clay content with respect to the under­
lying VW Sequence. The DC Sequence is of lacustrine 
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origin (Rohling, 1991b). In the southern Off Holland 
Low and the West Netherlands Basin it includes an 
alternation offluvial and aeolian sandstones and lacus­
trine deposits. No regional correlatable high-resolution 
sequences could be identified. 

The Hardegsen Sequence rests conformably on the 
DC Sequence. Its distribution is shown in Figure 9. In 
the Netherlands, generally only the basal part of the 
sequence is present. More complete successions occur 
locally in the Off Holland Low and the Central Graben. 
A complete section of the sequence has up to now only 
been observed in the central parts of the North German 
Basin and in local subsidence centres or grabens in 
Germany, e.g. in the well Sagermeer Z12 (Rohling 
1991a: pl. 7), situated in a graben on the western 
flank of the Hunte Swell. In such subsidence centres 
the Hardegsen Sequence attains a thickness of more 
than 200 m. The sequence consists here of, altogeth­
er, five 2nd-order fining-upward sequences, Hardegsen 
1 to 5, each comprising four 3rd-order fining-upward 
sequences (Rohling 1991a, b). 

Uplift and erosion after deposition of the Hardegsen 
Sequence accentuated the swells which had already 
developed prior to the deposition of the Detfurth 
Sequence (Figure 12). The movements were apparent­
ly stronger in Germany, where the Solling Sequence 
locally rests upon the Zechstein, than in the Nether­
lands, where erosion on the swells only very locally 
cut into the Rogenstein Sequence (Figure 7). The ero­
sion amounts to up to several hundreds of metres on 
the swells. The question where the eroded material has 
been deposited remains unanswered; the most like­
ly locations are graben systems like the Horn Graben 
and the Gliickstadt Graben, both with a thick undrilled 
Buntsandstein succession. 

'Upper Buntsandstein ' (Scythian-Early Anisian) 

Salling-Lower Rot Sequence 
The 1st-order Salling Sequence marks an important 
transgression above a sequence boundary (Aigner & 
Bachmann 1992, Rohling 1991a, b), which is recog­
nised basin-wide as the 'H' or Hardegsen Unconfor­
mity. The transgression took place from east to west. 
The sequence onlaps onto different deposits of the 
Main Buntsandstein Subgroup, the Lower Buntsand­
stein Formation and the Zechstein Group, and on the 
Ringk0bing-Fyn High even upon basement (Danish 
well Grindstedt-1). The base of the sequence becomes 
progressively younger to the southwest, accompanied 
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by a marked decrease in the sequence thickness from 
125 to 10 m. 

The organisation of the high-resolution sequences 
within the Solling Sequence is not yet fully under­
stood, and appears to vary considerably laterally. In the 
basin, the sequence is developed entirely in a clay- to 
siltstone facies; individual high-resolution sequences 
are difficult to identify. Only in the basin margin areas, 
where the lithological diversity is greater, can four such 
sequences be identified (Dutch K, P and Q quadrants; 
Figure 10). 

The deposition of the sequence marks a change in 
the subsidence pattern in the Netherlands. The subsi­
dence of the E- W trending Central Netherlands Basin 
clearly differs from that of the NNE-trending Main 
Buntsandstein lows. The North German Basin and Ems 
Low continued to subside, but previous areas of sub­
sidence such as the Roer Valley Graben, West Nether­
lands Basin and Off Holland Low had become part of a 
platform area (Geluk et al. 1996). On this platform, the 
Soiling Sequence is thin (8- 25 m) but always present. 

The sequence was followed without a break by the 
evaporitic 1st-order Lower Rot Sequence. Two evap­
orite and claystone sequences characterise the Lower 
Rot and have a wide distribution, being present both in 
the basin and on the swells. In the lows the evaporites 
are composed of halite, and on the swells of anhy­
drite. The Lower Rot Sequence was deposited during 
a period of sea-level highstand, as is shown by its 
extensive distribution. In the basin-fringe area, evap­
orites grade into strongly cemented sandstones (Geluk 
et al. 1996). During the deposition of the Lower Rot, 
the strongest subsidence took place in the Roer Valley 
Graben, the Central Netherlands Basin and the Ems 
Low. The sequence reaches its greatest thickness in the 
Ems Low, where it exceeds 175 m. The West Nether­
lands Basin continued to be a platform area. In the Off 
Holland Low, the Lower Rot Sequence is absent below 
the Upper Rot- Lower Muschelkalk Sequence. 

Upper Rot-Lower Muschelkalk Sequence 
An important sequence boundary at the base of this 
sequence, the 'R'-Unconformity (Table 1), is marked 
by thick basal sandstones in the basin-fringe area of the 
Netherlands, and by only a thin (1-2 m) sandstone bed 
in the basin centre. In the southwestern offshore area of 
the Netherlands the Upper Rot Sequence rests upon the 
Soiling Sequence; the Lower Rot Sequence has been 
eroded here (Geluk et al. 1996). The deposition of 
the Upper Rot Sequence marks a major transgression. 

The sequence was deposited as a sheet of 50 to 70 m 
thickness over the entire area, and heralded the flooding 
by the Muschelkalk sea from the east (Ziegler 1990). 
The erosion prior to the deposition of this sequence 
amounts to up to some 50 m. 

Origin of the cyclicity 

This study documents that cyclicity occurs in 
Buntsandstein deposits in a large part, at least 
500 000 km2, of the northwest-European Triassic 
basin. Furthermore it shows that the cyclicity is facies­
independent, as it occurs both in the fine-grained basi­
nal facies and in the sandy facies at the basin margin in 
the southwestern Netherlands. Therefore, it is attribut­
ed to extra-basinal factors. Three candidates for these 
factors are sea level oscillations, tectonics and climatic 
variations. 

Most of the Buntsandstein is made up of continen­
tal, mainly fluvio-lacustrine deposits, which virtually 
rules out cyclic variations in relation to sea level. Only 
in the Rot Formation some marine influences occur. 
Tectonics is not considered either, in view of the very 
uniform character of the sequences over a wide area. 
Over the last years, a number of studies have pointed to 
climatic cycles as being responsible for cyclic patterns 
in continental basins (Perlmutter & Matthews 1990, 
Intergeos 1989, Yang & Baumfalk 1991). In view of 
the large area where the cyclicity is developed, the 
Buntsandstein cycles probably reflect climatic varia­
tions. 

Three types of solar-induced climatic cycles exist, 
namely precession, obliquity and eccentricity (Berger 
et al., 1989), of which the latter cycle, with a period­
icity of 100 000 years, has been shown to be the most 
prominent in continental deposits (Yang & Baumfalk 
1991). 

Within the Buntsandstein succession up to the base 
of the Rot Formation ( = base Anisian ), a total of 
71 third-order sequences has been identified (Table 
1). This succession corresponds to the Late Permi­
an to Scythian (Van Adrichem Boogaert & Kouwe 
1994 ). The exact location of the Permo-Triassic bound­
ary within the Lower Buntsandstein Formation is 
unknown, but based upon recent investigations in 
Poland it is assumed to be situated in the lowermost 
part of the formation, in the Ml or M2 sequence (R. 
Wagner, pers. comm.). This leaves 69 to 70 sequences 
of Scythian age. There is some debate concerning 
the duration of the Scythian (Menning 1995), but this 



Table 2. Estimated mm1mum durations of the 1st-order 
sequences of Scythian age in the Netherlands. 

1st-order sequence Duration (Ma) 

This study Menning (1995) 

Soiling 1.0 1.0 

hiatus 1.5 

Hardegsen 2.0 2.0 

Detfurth 0.5? 1.0 

hiatus 0.5 

Volpriehausen 1.8 1.6 

hiatus 0.5 

Rogenstein 1.4 1.6 

Main Claystone 0.8* L6 

* Total duration 1.2 Ma; partly Late Permian. 

stage is now generally considered to represent 10 Ma. 
The average duration of the sequences would then be 
130 000 years. Taking into account observed erosion­
al hiatuses, this average duration would most likely 
correspond to the 100-ka eccentricity cycles, in which 
case 70% of the Scythian would be represented by 
sediments. There are no data on the durations of the 
hiatuses below the Volpriehausen, Detfurth and Soiling 
Sequences, but based upon the thicknesses of eroded 
sequences, it is estimated that the hiatus between the 
Hardegsen and Solling Sequence is the longest (Table 
2). 

It is also possible to calculate the duration of the 
other sequences; the 100-ka or 3rd-order sequences are 
grouped into 2nd-order sequences, with a duration of 
400 to 500 ka. According to Berger et al. (1989) these 
would also be attributed to variations in the eccentrici­
ty. The 1st-order sequences range from a questionable 
0.5 to 2 Ma (Table 2). The 4th and 5th-order sequences 
probably reflect obliquity (35 and 44.3 ka) and preces­
sion (17.6 and 21 ka), but there is not enough data to 
prove this. 

There is generally good agreement between the lst­
order sequence durations presented in Table 2 and the 
time scale published by Menning (1995). Note that 
these durations represent minimum values only, based 
upon the number of 3rd-order sequences, whereas 
Menning's results were obtained in an integrated time 
analysis, comprising the hiatuses. 

The 100-ka sequences correspond to variations in 
humidity (Perlmutter & Matthews 1990). The clay­
stones reflect humid periods, with maximal extension 
of the lake and coarse elastic input only at the basin 
margins. The sandstones were deposited during dry 

243 

periods, when elastics built out towards the centre of 
the lake. This is documented by the widespread occur­
rence of aeolian sandstones in central parts of the basin, 
notably in the VVS, VS and DS Sequences. 

Lower and Middle Buntsandstein tectonics 

Although the study was not focused upon an inter­
pretation of the tectonics influencing the Buntsand­
stein deposition, some important observations can be 
made. During the deposition of the Lower Buntsand­
stein Formation, no faulting took place in the study 
area, and subsidence was most likely of thermal ori­
gin. During the deposition of the Main Buntsandstein 
Subgroup and the Soiling Formation, the so-called 
Hardegsen Phase led to the formation of a pronounced 
relief of swells and lows (Figures 9, 12). This phase 
is actually made up of three rifting pulses, prior to the 
deposition of the Volpriehausen, Detfurth and Solling 
Sequences, respectively (Figure 12). The last pulse was 
the strongest and caused deep erosion on the swells. 
Between these rifting pulses, thermal subsidence pre­
vailed, as is indicated by the uniform thickness devel­
opment. 

Accumulation rates 

Based upon an average duration of the 3rd-order 
sequences of 100 ka discussed above, the accumulation 
rates of the sequences in the Netherlands can be calcu­
lated. The accumulation rates of the Main Claystone 
Sequence (Figure llA) show an increase from less 
than 10 cm/ka in the southwest (basin-fringe area) to 
over 15 cm/ka in the northeast; the highest rates of over 
20 cm/ka occurred in the Roer Valley Graben. Note that 
there is no influence yet of the Netherlands Swell. The 
accumulation rates of the lower sequences (Ml-M4) 
show more variation than these of upper sequences. 
The lower sequences are probably somewhat reduced 
in thickness in the basin-fringe area. 

The accumulation rates for the Rogenstein 
Sequence (Figure llB) show a gradual increase from 
less than 10 cm/ka in the southwest to over 15 cm/ka 
in the northeast. In the upper part of this sequence, the 
rates decreased to less than 10 cm/ka. 

The VS and VVS Sequences of the Volpriehausen 
Sequence show a large variation in accumulation pat­
tern, which was probably controlled by erosion and 
faulting. Accumulation during deposition of the VW 
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and VA Sequences is generally less than 10 cm/ka, 
but shows a more differentiated pattern than during the 
Main Claystone and Rogenstein Sequences, with high­
er subsidence rates in the Roer Valley Graben and the 
Ems Low than on the Netherlands Swell (Figure llC). 
The database of this study did not comprise enough 
data on the Detfurth and younger sequences to calcu­
late their accumulation rates. 

Compared to other continental deposits (cf. Yang 
& Baumfalk 1991), the accumulation rates calculated 
for the pre-Detfurth part of the Buntsandstein can be 
considered as slightly lower than average values, which 
lie around 20 cm/ka. 

Conclusions 

The conclusions of this study can be summarised as 
follows: 

1. The cyclic diaracle1 of the fluvio-lacustrine 
Buntsandstein allows a very good correlation 
between the Netherlands and Germany. The 
observed high-resolution, 3rd-order, sequences 
most likely correspond to the 100-ka cycles, and 
reflect variations in humidity. 

2. Prominent sequence boundaries exist at the bases 
of the Volpriehausen, Detfurth, Solling and Upper 
Rot Sequences. They have been identified on the 
basis of truncation of the underlying sequences and 
associated widespread deposition of sands. 

3. During deposition of the Main Claystone 
Sequence, the Netherlands Swell had not yet come 
into existence as a separate positive element. The 
greatest subsidence took place in the Roer Val­
ley Graben and Ems Low. The central and west­
ern parts of the Netherlands onshore and adjacent 
offshore area subsided at a lower rate. The area 
of lesser subsidence encompassed the Off Holland 
Low. 

4. During the deposition of the Rogenstein Sequence 
the Netherlands Swell subtly influenced the facies 
distribution. In the Ems Low, brackish-water 
oolites occur already in the Rl sequence, whereas 
on the central part of the swell and to the west of 
it, the first oolites occur in the RS sequence. 

5. The updoming of the Netherlands Swell post-dates 
the deposition of the Volpriehausen Sequence. The 
first upward movements occurred prior to the Det­
furth Sequence, while the strongest movements 
occurred prior to the Salling Sequence (Figure 12). 

6. During the deposition of the Main Buntsandstein 
Subgroup, the Netherlands Swell formed a positive 
element on which, due to the erosion phases cor­
responding to the well-developed 'V', 'D' and 'H' 
Unconformities, only reduced thicknesses of strati­
graphically incomplete Buntsandstein sections can 
be observed. 

7. The relatively great subsidence of the Roer Val­
ley Graben, West Netherlands Basin and Off Hol­
land Low post-dates deposition of the Rogenstein 
Sequence. The great thicknesses of sandstones in 
these lows occur in the VVS, the VS and the lower 
part of the VW Sequence. These lows formed flu­
vial palaeovallies, in which thick sandy deposits 
were laid down. The eastern boundary of the 
palaeovalley was structurally controlled and was 
formed by the Netherlands Swell. 

8. The accumulation rates calculated for the pre­
Detfurth part of the Buntsandstein are slightly low­
er than the average of about 20 cm/ka calculated for 
continental deposits by Yang & Baumfalk (1991). 
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Appendix 1 

Statistical analysis of thicknesses (m) of Buntsandstein sequences 

below the Hardegsen Sequence. 

Total Netherlands (n = 80) Ems Low (n = 10) 

Sequence Mean Stand. dev. Mean Stand. dev. 

DC* 25.5 12.6 25 6.2 

DS* 19.5 10.8 29.3 5.2 

VAS 8.9 3.6 

VA4 12.2 6.7 

VA3 12.2 4.8 



Statistical analysis of thicknesses (m) of Buntsandstein sequences 
below the Hardegsen Sequence. 

Total Netherlands (n = 80) Ems Low (n = IO) 

Sequence Mean Stand. dev. Mean Stand. dev. 

VA2 7.S 3.4 

VAl 8.3 1.6 7.1 1.3 

VW7 6.7 1.8 7.7 1.8 

VW6 7.9 2.0 9.1 l.S 

VWS 7.9 1.8 7.9 1.1 

VW4 9.7 2.7 10.3 1.7 

VW3 lS.O 3.1 lS.6 1.7 

VW2 9.4 3.4 I0.7 3.8 

VWl 12.7 2.8 12.6 2.2 

vs* 17.4 11.0 14.4 6.7 

vvs* 26.0 12.2 

R14 

R13 S.7 1.7 5.7 1.9 

R12 9.2 2.9 9.1 3.9 

R11 9.9 2.6 11.5 1.9 

RIO 7.7 2.3 8.2 2.5 

R9 8.9 2.2 9.0 1.9 

R8 13.0 3.1 lS.3 2.1 

R7 20.6 6.7 26.9 S.6 

R6 13.S 5.3 11.5 2.2 

RS 16.2 3.5 18.7 2.7 

R4 15.4 4.9 18.4 2.9 

R3 12.l 4.3 15.7 4.0 

R2 9.7 4.0 11.1 4.7 

Rl I0.6 4.0 12.4 3.3 

MIO 19.6 5.3 24.0 3.2 

M9 16.2 4.2 17.5 1.8 

M8 16.0 6.0 19.8 3.S 

M7 13.0 2.8 13.5 1.7 

M6 10.8 2.8 11.9 2.0 

MS 11.S 3.0 13.8 3.0 

M4 16.8 4.9 18.8 3.4 

M3 17.4 6.S 20.l 4.1 

M2 16.1 S.O 17.7 1.0 

Ml 14.4 4.0 14.2 3.4 

Br 14.4 S.3 16.3 3.3 

Sequences listed are 3rd-order sequences, except for sequences marked with an 
asterisk •, which are 2nd-order sequences. The stratigraphy of these sequences 
is shown in Table 1. Thickness data have been calculated directly in the 
spreadsheet and average values and standard deviations were calculated for 
the total database of 80 wells. The results show the highest standard deviations 
in the sandstone deposits, reflecting the great differences in thickness between 
the lows and the swells. The total database comprises wells from the basin 
margin with reduced sequences and wells from the lows with more complete 
sequences. To test the effects of different settings a subset of data from the 
Ems Low (10 wells) was also worked out. The general trend derived from 
this is, that for approximately 85% of the sequences the standard deviation is 
equal to or lower, sometimes much lower, than for the enti re dataset, as one 
would expect. For the remaining 15%, four cases, the standard deviation is 
higher than in the complete dataset. In the case of the R12 and Rl3 sequences 
this can probably be attributed to the erosional effect below the Volpriehausen 
Unconformity. For the other two sequences, VW2 and R2, the higher standard 
deviation is caused by one well, where these sequences are much thicker. This 
probably reflects local effects on the accommodation, either caused by erosion 
or by subsidence. 
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