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Abstract

The Late Permian Zechstein carbonates in the Southern Permian Basin were deposited under marine conditions. The car-
bonates form part of a largely progradational infill, with a gradual northward facies shift. The paleogeography of the Zechstein
carbonate deposits has been reviewed recently on the base of well data, cores and publications. This has resulted in three up-
dated maps of the carbonate units. These maps reflect the increase in knowledge of the palaeogeography of the Zechstein as a
result of several decades of subsurface exploration. It is found that deposition of the carbonates was controlled by various fac-
tors, i.e., rifting during deposition of the basal Zechstein, sea-level fluctuations and basin subsidence. This resulted in an over-
all E-W orientated facies distribution in the Zechstein carbonates, and in the gradual northward shift of the various facies
belts in time.

Reefs in the Z1 Carbonate Member and off-platform highs and turbidites in the Z2 Carbonate Member have been ident-

ified as potential future exploration targets.

Keywords: evaporite cycles, NW Europe, palaeogeography, Southern Permian Basin

Introduction

Zechstein deposits have been first encountered in the
subsurface of the Netherlands almost a century ago.
In 1905, the Helenaveen-5A well in the southeastern
part of the Netherlands encountered a series of car-
bonates and claystones below the Early Triassic sand-
stones; the carbonates were attributed to the Late
Permian Zechstein (Van Waterschoot van der
Gracht, 1918). The Zechstein was known already
long before from outcrops, wells and mine-shafts in
the adjacent part of NW Germany, so it was no sur-
prise when the presence of the deposits was proven
in the Netherlands during the first Governmental
drilling campaign. The first natural-gas discovery in
the Zechstein carbonates in the Netherlands dates
back to 1948, following earlier discoveries in the ad-
jacent part of Germany (Bad Bentheim in 1938).
Since this period, and particularly since the discovery
of natural gas in the underlying Upper Rotliegend
deposits, more than 3000 boreholes penetrated the
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Zechstein in both the onshore and offshore areas.

The Zechstein Group in the Netherlands compris-
es up to five evaporite cycles, each with status of a for-
mation. In the group, a twofold subdivision can be
made based upon the depositional character into ma-
rine evaporite deposits in the lower part of the group
(i.e., the Z1, Z2 and Z3 Formations) and playa-type
deposits in the upper part (the Z4 and Z5 Forma-
tions) (Geluk et al., 1997). The occurrence of carbon-
ates is restricted to the basal part of the marine evap-
orite cycles. Three carbonate intervals have been
identified throughout the Southern Permian Basin.
They are known in the Netherlands as the Z1-Z3
Carbonate Members. The German names of Zech-
steinkalk, Hauptdolomit and Plattendolomit (Richter-
Bernburg, 1955) are frequently used throughout the
Southern Permian Basin.

In the Netherlands and adjacent areas, the Zech-
stein evaporite deposits do not only effectively seal the
Upper Rotliegend gas reserves, but form themselves
interesting targets for gas exploration, with commer-
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cial quantities of natural gas mainly in the Z2 and Z3
Carbonates (150-10° m® GIIP; Geluk et al., 1997),
Natural-gas fields in the eastern Netherlands contain
over half of this amount of gas (80-10° m?® GIIP; Van
der Baan, 1990). One of the gas fields has recently
been converted into an underground gas-storage facili-
ty. The first small amount of crude oil in the Nether-
lands was actually produced both from the Carbonifer-
ous and Zechstein in 1924 (well Corle-1: 240 liters of
light crude). Several small oil accumulations have been
found in the Zechstein reservoirs since (Fig. 1). They
occur more frequently in central and eastern Germany
and Poland (see, among others, Gerling et al,. 1996a,b;
Gorski et al,, 1999). Besides hydrocarbons, thermal
brines from the Zechstein are used for a spa in the
southeastern Netherlands (Arcen-1). Studies revealed
that there is also scope for similar applications in the
eastern Netherlands (Zuurdeeg et al., 1984).

The aim of the present contribution is to present
three updated facies maps of the Zechstein carbon-
ates, which form an addition to other palaeogeo-
graphic maps of the Zechstein Group in the Nether-
lands (Geluk et al., 1997). These maps have been
compiled during the work for the NW European Gas
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Atlas (Lokhorst, 1998), but only one of them (the Z2
Carbonate facies map) has been included in this atlas
(Fig. 2). The present contribution comprises an
overview of the working method and brief explana-
tory notes to the lithological characterisation of these
carbonate units. Subsequently, the depositional histo-
ry of the carbonate units, the origin of the relief in the
Zechstein basin, the reliability of the maps, and addi-
tional hydrocarbon prospectivity will be discussed.,

Previous work and database used

The Zechstein in the Netherlands was the subject of
several papers. Visser (1955), Brueren (1959), Van
Adrichem Boogaert & Burgers (1983), Clark (1986),
Van der Poel (1987, 1989), Van der Baan (1990), Van
der Sande et al. (1996), Geluk et al. (1996, 1997) and
Geluk (1999) presented details on the sedimentology,
paleogeography, reservoir development and tectonics.
The stratigraphic framework of the Zechstein has been
published by Van Adrichem Boogaert & Kouwe (1993-
1997).

The database for the present contribution consists
of core and log data from released offshore and on-
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Fig. 1. Overview of the Zechstein gas-
Germany fields in the Netherlands and adjacent

areas. Further shown are the location of

the first oil discovery well Corle-1

(1923), the first gas discovery in Bad

Bentheim in NW Germany (1938) and

the first gas discovery in the Nether-

lands, Coevorden-2 (1948). Q5-2 has

Gewkoorko1l been the only gas discovery in the Z1

100 km Carbonate Member in the Netherlands
(see text).
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Fig. 2. Sketch map of the Late Permian basin (after Lokhorst, 1998; Taylor, 1998). The basin bordered by the Mid North Sea High and
Ringkebing-Fyn High in the North and the London-Brabant Massif and Rhenish Massif in the south is referred to as the southern Permian
Basin. The solid black line represents the location of the Variscan Front.

MNSH: Mid North Sea High; RFH: Ringkebing-Fyn High; SB: Silverpit Basin, LBM: London-Brabant Massif; RM: Rhenish Massif; NGB:
North German Basin; PT: Polish Trough.

shore wells and the literature (Fig. 3). Rough sketch
versions of Zechstein carbonate facies maps were al-
ready published by Dorsman (1954) and Visser
(1955). Both maps were based upon a limited well
database and have therefore limited value. The re-
gional mapping programme of the onshore area of the
Netherlands provides many details on the Zechstein
(RGD, 1991a,b, 1993a,b, 1995; NITG, 1998). Stud-
ies from adjacent parts of Germany, the UK and Bel-
gium are important for correlation of the maps across
the international borders; reference is made to Wol-
burg (1957), Fichtbauer (1980), Paul (1980), Hilden
(1988), Demyttenaere (1989), Wolf (1985), M.A.
Ziegler (1989), Cameron et al. (1992), Strohmenger
et al. (1996a) and Taylor (1998).

Palaeogeographical setting and Zechstein strati-
graphy

The study area is situated in the western part of the
Southern Permian Basin, a large intracratonic basin
stretching from the UK in the west to Poland and
Lithuania in the east. This basin was bordered to the

Fig. 3: Overview of the well database used for the present contribu-
tion. For the hatched area in the eastern Netherlands, a 3-D
isopach map for the Z2 Carbonate was published by Van der Sande
et al. (1996). Geluk 99k 03]
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south by the London-Brabant Massif and the Rhen-
ish Massif, and to the north by the Mid North Sea
and Ringkebing-Fyn High. The Netherlands were sit-
uated at the southern margin of this basin (Fig. 2).
The lithostratigraphy of the Zechstein Group (Fig.
4) closely approaches the concepts of genetic se-
quence stratigraphy (Galloway, 1989) since most of
the formation boundaries are picked at maximum
flooding surfaces (base Z1: Coppershale Member;
base Z3: Grey Salt Clay Member; base Z4: Red Salt
Clay Member). These basal transgressive units pro-
vide a base for correlation of the main lithostrati-
graphic units. The lower three Zechstein evaporite cy-
cles are of marine origin; they contain carbonates in
their basal part, reflecting deposition in sea water
with normal salinities (a.0.: Sannemann et al., 1978;
Taylor, 1998). The overlying anhydrites and salts in
these cycles reflect the progressive evaporation of the
sea water (Richter Bernburg, 1955). For the purpose
of the present contribution, the Zechstein formations

will be regarded as single transgressive/regressive cyc-
les, although these cycles display in reality a highly
complex stacking of higher order sea-level fluctua-
tions (see Tucker, 1991; Strohmenger & Strauss,
1996; Strohmenger et al., 1996a,b,c).

Following deposition of the Z3 (Leine) Formation,
the Southern Permian Basin became a land-locked
brine-filled depression, isolated from the sea. The
higher cycles are of continental, playa-like origin
(Geluk et al., 1997).

Facies maps

Facies maps of the three carbonate units show three
facies types: basin, slope and platform facies. This dis-
tinction is commonly applied elsewhere in the South-
ern Permian Basin (by, among others, Cameron et
al., 1992; Wagner, 1994; Strohmenger et al., 1996a).
In N-S sections, at right angles to the basin axis, the
carbonate units have a well-defined sigmoidal shape
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Fig. 4. Schematic stratigraphic diagram of the Zechstein Group (Late Permian) from basin fringe to basin centre. The carbonates discussed in

the present contribution occur in the Z1, Z2 and Z3 Formations.

Z1: Z1 (Werra) Formation; Z2: Z2 (Stassfurt) Formation; Z3: Z3 (Leine) Formation; Z4: Z4 (Aller) Formation; Z5: Z5 (Ohre) Formation;

ZEUC: Zechstein Upper Claystone Formation.
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Fig. 5. Schematic model of a progradational carbonate unit (after
Van der Sande et al., 1996). Note the well defined sigmoidal thick-
ness shape of the unit.

(Fig. 5). This is commonly recognised throughout the
Southern Permian Basin (Sannemann et al., 1978;
Cameron et al., 1992; Strohmenger et al., 1996a;Tay-
lor, 1998) and reflects the progradational or aggrada-
tional infill of the basin (Clark, 1986; Van der Sande
et al., 1996).This sigmoidal shape is caused by a thin-
ning of the carbonate unit on both the landward and
the basinal side, with a maximum thickness develop-
ment on the carbonate slope or the transition to the
platform. In the Z1 Carbonate Member, local disturb-
ances of this generalised isopach pattern occur, sug-
gested to be the effect of synsedimentary tectonics
(M.A. Ziegler, 1989; Geluk, 1999).

Z1 Carbonate Member (Zechsteinkalk)

This lowermost carbonate member was deposited
during the initial Zechstein transgression. In most of
the area it overlies the Coppershale Member, except
in the southern onshore area of the Netherlands, NE
Belgium and the Osnabriick area in Germany (Paul,
1980), where it onlaps Upper Rotliegend or Car-
boniferous deposits. The palaeogeography of this unit
18 influenced by extensional tectonics prior to and
during its deposition (Geluk, 1999). The map (Fig. 6)
has been constructed using well data and publica-
tions.

Basin facies

The basin facies covers most of the study area, and
typically has a thickness of 5-10 m.The Z1 Carbonate
consists of brown limestones and organic rich dolo-
mites. In the top part, however, a completely different
lithofacies association occurs, with oncolites and an-
hydrite nodules in an area from the UK to Poland
(Brueren, 1959;Wagner, 1994;Taylor, 1998).

The basin facies is suggested to have been deposited
in a water depth of several tens of meters, except for
the top part, where the oncolites and anhydrite nod-
ules reflect a serious drop of the sea level (Taylor,
1998) and are more indicative for platform condi-
tions.

Platform
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Fig. 6. Facies map of the Z1 Carbonate
Member. This map is based on well data
and literature. The part covering the
UK has been adopted from Cameron et
al. (1992); the part covering Germany
has been adopted from Fichtbauer
(1980). The light areas in the onshore

) \7 part of the Netherlands are highs where

the Zechstein has been eroded in Late
Jurassic to Early Cretaceous times.
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Slope facies

The slope facies comprises a succession dominated
by foreshore mudstones and claystones, grading up-
wards into marlstones and (oolitic) platform lime-
stones and dolomites near the top of the unit. In the
onshore area of the Netherlands, this facies reaches a
thickness of up to several tens of meters, but in the
offshore area the thickness reaches up to 150 m. The
upward increase of the carbonate content is interpret-
ed as a result of basinward progradation of the plat-
form facies.

Platform facies

The platform facies consists of (oolitic) carbonates
and minor amounts of dolomite. Locally, ¢.g. in the
Dutch Peel area and the adjacent German area, in
Durham County in the UK, in Poland and on
Ringkabing-Fyn High in Denmark, small bryozoan
and stromatolite bicherms are encountered on the
edge of the shelf (Teichmiiller, 1957; Kerkmann,
1969; Clark & Tallbacka, 1980; Fuchtbauer, 1980;
Paul, 1980; Taylor, 1998; Peryt & Raczylski, 1999).
The Durham reef is fringed on the shoreward side
with dolomitized and porous oolite sheets (Smith,
1981). Reefs have developed close to the platform,
and on local intra-basinal highs.

Paul (1980) described an example from the south-
ern Harz (the so-called Romerstein), where an algal
reef developed upon the stump of a Lower Rotliegend
volcano. Peryt & Raczylski (1999) described the oc-
currence of reefs in the central parts of the basin in
Poland. These reefs were related to elevations in the
Zechstein substrate. They are up to 1 km wide, with a
length varying from a few to over 10 km. Hights were
encountered of up to 80 m.

In the western offshore area and NE Belgium, plat-
form carbonates grade southward into sandstones, lo-
cally with a high carbonate content (Geluk et al.,
1996). Around the NW part of the Texel-IJsselmeer
High, some local areas of platform facies have existed
(RGD, 1991a,b; Van der Poel, 1987), similar to the
Ringkebing-Fyn and Mid North Sea High (Vejbzk,
1990; Taylor, 1998).

Commercial gas reservoirs

Commercial gas reservoirs in the Z1 Carbonate
Member occur in platform dolomites in a limited
number of areas, e.g. in the UK Southern North Sea
(Hewett Field: Cooke-Yarborough, 1991; Southwood
& Hill, 1995) and in the Q5 block (well Q5-2). The
reservoir in the Hewett field shows an extremely
heterogeneous porosity distribution, related to a com-
bination of both depositional-facies variations and
diagentic effects (Southwood & Hill, 1995). Best
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porosities occur in the upper part of the member. Al-
so the Auk and Argyll oil fields, immediately north of
the Mid North Sea High produce from this member
(Brennand & Van Veen, 1975). In Poland, recently a
number of discoveries have been made in small-scale
reefs in the basin centre (Peryt & Raczylski, 1999).

Gas shows have been reported from basal Zech-
stein carbonates in several wells in the Netherlands,
but these rocks are generally too tight for commercial
production. In some cases, though, limited produc-
tion has been established from these rocks, i.e. at the
Ten Boer-1 well in the northern Netherlands, where
gas was discovered in basal Zechstein carbonates sev-
eral years in advance of the discovery of the underly-
ing Groningen field (Stduble & Milius, 1970).

Z2 Carbonate Member (Hauptdolomit/Stinkkalk)

The transgression of the second classic Zechstein
cycle was not as extensively as those of the Z1 and
Z3. As a consequence, the southern limit of the Z2
Carbonate does not coincide with that of the Z1 and
Z.3 Carbonate, but remains well to the north of it. The
facies map of the Z2 Carbonate Member (Fig. 7) has
been constructed based upon publications and well
data. The map of the eastern Netherlands was adopt-
ed from the publication by Van der Sande et al.
(1996), and is based upon 3-D seismic data (Fig. 3).
Outside this area, the map is based upon well data.

Basin facies

The basin facies comprises dark coloured, bitumi-
nous, finely laminated carbonates, the so-called
Stnkkalk (fetid limestone). These rocks have source-
rock potential for oil and gas, with a TOC content of
up to 1.2% (Gerling et al., 1996b; Lokhorst, 1998).
They have a very uniform appearance on wireline logs,
with high gamma-ray log readings and a thickness of
8-12 m. They occur throughout the Netherlands off-
shore area, including the northern Central North Sea
Graben and the Elbow Spit High. Based upon the
geometry of the Z2 Carbonates, water depths of up to
200 m are assumed in this basin (Taylor, 1998).

In the vicinity of the carbonate platform facies,
slumps have been identified within this facies, by
means of both 3-D seismic data (Van der Sande et al.,
1996) and well data (Amiri-Garoussi & Taylor, 1992).
The slumps consist of displaced shelf deposits, rede-
posited in deeper water. They originated from both
the southern platform and the Mid North Sea High.

Slope facies
The slope facies consists of light-coloured limestones
and dolomites, and redeposited platform sediments
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by slumps, grain and mass flows. In the eastern
Netherlands, the slope facies reaches a thickness of
over 200 m (Van der Sande et al., 1996). In the west-
ern offshore (southern K and L quads), well data sug-
gest a rapid transition from platform to basin in the
southern K blocks; most probably a very steep slope
existed there.

Platform facies

In the area of the platform facies, the Z2 Carbonate
comprises a complex of oolitic, pelletoidal, bioclastic
and pisolitic grainstones (Clark, 1986; Van der Baan,
1990). 3-D seismic interpretation (Van der Sande,
1996) revealed that the outline of this platform is
highly complex, and does not form a single entity.
Isolated off-platform highs have been documented by
Van der Sande et al. (1996) in the eastern Nether-
lands, by Gerling et al. (1996a) and Strohmenger et
al. (1996a,b,c) in Germany, and by Wagner (1994) in
Poland. They appear to be limited to the southern
margin of the basin (Strohmenger et al., 1996¢). Ac-
cording to Strohmenger et al. (1996c¢) their distribu-
tion was controlled by the interaction of sea-level
fluctuations and paleorelief.

Deposition on the platform took place in shallow
water, and witnessed occasional subaerial exposure
(Van der Baan, 1990). Anhydrite beds are common in
this succession (Brueren, 1959; NITG, 1998), inter-
preted to represent intercalated sabkha deposits. To
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Fig. 7. Facies map of the Z2 Carbonate
Member. This map is based on a 3-D
map in the eastern Netherlands (Van
der Sande et al., 1996) and on well data
in the remaining part of the area. The
UK part has been adopted from
Cameron et al. (1992), the German
area from Strohmenger et al. (1996a).
The light areas in the onshore part of
the Netherlands are highs where the
Zechstein has been eroded in Late
Jurassic to Early Cretaceous times.

the south, the platform was bordered by a complex of
sabkhas and salt ponds. Locally in these ponds, the
Z1 Salt passes upwards into Z2 Salt, with no record
of the Z2 transgression (Winterswijk-Zeddam-Issel-
burg area: NITG, 1998).

Commercial gas reservoirs

Commercial gas reservoirs are limited mainly to the
eastern Netherlands (Van der Sande et al.,, 1996;
Brueren, 1959) and adjacent parts of Germany (Stoh-
menger et al., 1996a). They form the best producing
reservoirs of the Zechstein (Clark, 1986). Reservoir
rocks occur in all facies types, but the best producing
reservoirs occur in the slope deposits (Clark, 1986). In
the eastern Netherlands, production depends largely
upon the presence of fractures (Frikken, 1999).

In Germany and Poland, off-platform highs form
the main exploration target. Exploration resulted
there in a number of oil and gas discoveries, of which
the Barnéwko-Mosto-Buszewo oil and gas field in
Poland is the largest (Gorski et al., 1999). In eastern
Germany, exploration mainly resulted in the discov-
ery of a number of high-nitrogen fields (Gerling et al.,
19964a,b).

Z3 Carbonate Member (Plattendolomit)

The Z3 Carbonate marks the most important trans-
gression of the Zechstein. It flooded the entire basin
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margin area of the Southern Permian Basin. Carbon-
ates occur up to the fringes of the London-Brabant
Massif. The map (Fig. 8) has been constructed based
upon well data and literature. Compared to the Z1
and Z2 Carbonate members, the variations in thick-
ness in the Z3 Carbonate Member are much less,
which indicates a much more gentle relief in the
basin. The scarcity and lack of diversity in fauna
points according to Taylor (1998) to slightly increased
salinities in the basin.

Basin facies

The basinal facies comprises a dark-coloured lime-
stone of a few meters in thickness. These are not al-
ways very easy to distinguish from the overlying Main
Anhydrite Member. Water depths in the basin were
up to several tens of meters.

Slope facies

The slope facies comprises laminated and bioturbat-
ed carbonate mudstones and silty dolomites. Com-
pared to the Z1 and Z2 Carbonate Members, the
slope was not very well developed during deposition
of the Z3 Carbonate.

Platform facies

The platform facies consists predominantly of grey
microcristalline dolomites and algal boundstones.
These are considered by Taylor (1998) to represent

predominantly shallow, quiet-water deposits, possibly
in a lagoonal setting. Oolitic and bioclastic grain-
stones locally occur in the area adjacent to the slope
(Clark & Tallbacka, 1980; Baird, 1993; Van Adrichem
Boogaert & Burgers, 1983) and on the extreme land-
ward margin of the facies.

Comumnercial reservoirs

Commercial reservoirs are limited to the dolomitized
platform facies and occur mainly in the western part
of the Netherlands. The best reservoirs are formed by
oolitic and leached algal deposits (Van Lith, 1983;
Van Adrichem Boogaert & Burgers, 1983). Early dia-
genetic processes were responsible for most of the
porosity in the unit in block 6 (Van der Poel, 1989).

Discussion

The present contribution focuses on the depositional
history of the Zechstein carbonates and the reliability
of the maps. At the end of the following discussion,
some new ideas regarding additional hydrocarbon
targets originating from this assessment will be pre-
sented.

Depositional history of the Zechstein carbonates

The facies maps of the Zechstein carbonate illustrate
the progradational infill of the Southern Permian

Platform

0 100 km

Fig. 8. Facies map of the Z3 Carbonate
Member. This map is based on well data
and literature. The UK map has been
adopted from Cameron et al. (1992),
the German part from Richter-Bern-
burg (1955). The light areas in the on-
shore part of the Netherlands are highs
where the Zechstein has been eroded in
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Basin during the Late Permian. In course of time, a
northward shift of the facies took place (Figs. 6-8).
This was accompanied by a decrease in relief in the
basin, especially after deposition of the Z2 (Stassfurt)
Formation. The salts of this formation filled in most
of the paleotopography in the Southern Permian
Basin (Taylor, 1998). The maps show that the Z3
transgression was the most important flooding during
the Zechstein.

The origin of the relief in the basin is, however, not
clear. At the end of the deposition of the Upper
Rotliegend, the relief had been levelled out for the
most part, and a slightly inclined surface can be as-
sumed (Geluk, 1999). It has been suggested (M.A.
Ziegler, 1989; Geluk, 1999) that extension during de-
position of the Z1 (Werra) Formation (the Tubantian
I pulse) was responsible for the development of the
relief in the basin. In this way, the expansion of the
Zechstein deposits over previous Upper Rotliegend
highs can be explained. Faulting continued during
deposition of the Z1 (Werra) Formation, and influ-
enced the paleogeography of the Z2 Carbonate Mem-
ber.

Reliability of the maps

The approach of composing one facies map for each
carbonate member, as used in the present contribu-
tion and elsewhere (Cameron et al., 1992; Wagner,
1994), has some limitations. The most obvious one is
that several high-resolution sea-level fluctuations oc-
curred within the carbonate members (Clark, 1986;
Tucker, 1991; Strohmenger et al., 1996b). Two cycles
have been identified in the Z1 Carbonate Member,
up to seven cycles in the Z2 Carbonate Member.
These fluctuations caused a cyclic shifting of the fa-
cies domains during deposition of the carbonates (fig-
ures 9-11 in Strohmenger et al., 1996b). By assuming
one single facies for the entire carbonate member,
these fluctuations are not accounted for.

The database for the map causes some limitations.
Literature shows the importance of 3-D seismics in
Zechstein hydrocarbon exploration (Maureau & Van
Wijhe, 1979; Karnin et al., 1992; Gorski et al. 1999;
Peryt & Raczylski, 1999). Only the eastern part of the
Z?2 Carbonate facies map is based upon 3-D data; the
other maps are based upon well-data.

The facies maps can be regarded as to present an
overall impression of the facies; 3-D seismic interpre-
tation needs to be included to refine this picture. Fur-
thermore, it is advised to make facies maps for the in-
dividual high-resolution sequences of the carbonates.
Such a study requires a close integration of core and
well-log data with 3-D seismic interpretation.
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Additional exploration potential

During compilation of the maps and the study of lit-

erature, ideas were developed with respect to the fol-

lowing three additional hydrocarbon plays, which
have not been explored in the Netherlands.

1. Z1 reefs, which could be located in the Nether-
lands in areas of Lower Rotliegend volcanic activi-
ty (cf. Geluk, 1997), ie. in the Central
Graben/Mid North Sea High areas and the east-
ern Netherlands. This has recently also been sug-
gested by Frikken (1999) for the eastern Nether-
lands. The reefs can occur in relation to topo-
graphical base-Zechstein highs elsewhere in the
Netherlands.

2. Z2 displaced carbonates in the western offshore.
In the southern K and L quads, a steep slope ex-
isted, which was favourable for the initiation of
slumps and other mass flows into the basin.

3. Furthermore, Z2 off-platform highs may occur in
this area; they have not been identified during the
review of well data.

For successfull exploration of these plays, a detailed

3-D interpretation and high-resolution sequence

stratigraphy form a prerequisite.

Conclusions

The main conclusions of this paper are:

1. the facies belts of the Zechstein carbonates were
initially controlled by the paleorelief at the end of
the deposition of the Upper Rotliegend and exten-
sional tectonic movements of the Tubantian I
phase during deposition of the Z1 (Werra) Forma-
tion;

2. the facies maps in the present contribution have
been designed for regional geological correlations,
not for prospect identification; detailed 3-D map-
ping of the high-resolution sequences has been
shown by Strohmenger et al. (1996a) to be the
successful approach;

3. two unexplored hydrocarbon plays have been
identified in the Netherlands: reefs in the Z1 Car-
bonate Member and off-platform highs and tur-
bidites in the Z2 Carbonate Member.
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