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PREFACE 

Between 1858 and 1867 W. C. H . S!aring published the fi rst geological map of T he Netherl ands. A ltho ugh the inte rest in the 
geo logy of T he Netherlands predates these maps, Starin g's work heralded a pe riod of increasing knowledge in Dutch 
stra tigraph y. 

In 1903 the ' Rijksopsporing van D elfs toffen' was established. It pe rfo rmed borin g campaigns in various areas of the country 
and published its fin al report in 1918. Since that date only limited deep-drilling took place until the early fo rties when 
hydroca rbon exploration was started in the easte rn Netherlands. In 1947, the Nederl andse Aardolie Maatschappij sta rted its 
activities and in the pe riod of 1947-1978 more than 500 exploration and appraisal wells were drilled. A wealth of stra tigraphic 
data became available and on vario us occasio ns summaries were P,ublished, notably in 'Geologie en Mijnbo uw' and the 
Verhandelingen va n he t Koninklijk Nederlands Geo logisch en Mijnbo uwkundig Genootschap. 

T he present volume compiles the latest knowledge on the stratigraphy of the D utch subsoil. It is the result of mo re than thirty 
years of work by vario us geologists who wo rked or are still working with NAM . However, this publication wo uld not have 
been possible without the active cooperatio n of the Rijks Geologische Dienst in providing data to the chapters dealing with 
the post-Chalk sequence. 

In 1975, the Rijks Geo logische Dienst summarized the stratigraphic nomenclature of the U pper Tertia ry and Q uaternary of 
T he Netherlands. T he present volume completes this wo rk by adding the definitions of the o lder stra ti graphic units. It is 
hoped that this contribution to the Dutch strati graphy will be a very we lco me one . 

Ir. B. P. Hageman 
(Directeur, Rij ks Geologische Dienst, H aa rlem) 

Drs. H. Hooykaas 
(General Manage r, Nederl andse Aardo lie Maatschappij 
B.V., Assen) 
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1. INTRODUCTION 

1.1. GENERAL 

The Nederlandse Aardolie Maatschappij (NAM) started its 
activities in 1947. Originally the work of NAM was con­
centrated mainly in the east of The Netherlands, where, in 
a concession which was granted in 1948, it was applied in 
developing what was called the Schoonebeek structure. The 
stratigraphic nomenclature for this area was adopted largely 
from the German one, as used across the border in some oil 
fields that were already in production at that time. 

In those years, wire-line logging was still in its infancy and 
micropalaeontology was the only reliable correlation tool. 
From 1947 onwards this method was so successfully applied 
in the subsurface of The Netherlands that in 1949 NAM 
started its own in-house biostratigraphic section. Again, 
German palaeontological data provided a solid base for these 
investigations. In accordance with German practices, a heavy 
emphasis was given to age correlations, whereas biofacies 
influences (practically unknown at that time) were somewhat 
discarded. Microfaunal units were indicated by international 
stage names, as apparent from various publications by NAM­
stratigraphers, e.g., HAANSTRA (1963), KEIZER & LETSCH 
(1963). 

However, long sections of the studied column did not pro­
vide sufficient micropalaeontological data for a biozonation, 
e.g., the Permo-Triassic. Here, a lithostratigraphic nomen­
clature was applied, and again it followed largely German 
practices. Many of these names have become well-establish­
ed in the Dutch nomenclature (e.g., BRUEREN, 1959; VISSER, 
1963). 

During the sixties, developments and refinements to the 
wire-line logging tools took place so that gamma ray, sonic 
velocity and formation density logs in particular could be 
considered as truly reflecting the lithological developments 
of the penetrated sequences. In combination with descrip­
tions of cutting and sidewall samples as well as conventional 
cores, the lithostratigraphy of the Dutch subsoil slowly un­
folded. 

Within NAM's geological group, a formal lithostratigraphic 
nomenclature was gradually introduced during the early 
seventies. This nomenclature has always been and continues 
to be a system with emphasis on practicability of mapping. As 
such it is continuously being improved upon in order to pro­
vide the most satisfactory means for further work on oil and 
gas exploration and production in The Netherlands. The 
present paper summarizes the progress made up to 1978. 

Future revisions and additions are certainly not excluded. 
The pre-Cenozoic lithostratigraphy, treated in the chapters 

3-9 of this publication, was prepared by the Nederlandse 
Aardolie Maatschappij B.V. (NAM). Although Shell Inter­
nationale Petroleum Maatschappij B.V. (sIPM) and the Rijks 
Geologische Dienst (RGD) were consulted on a number of 
points, NAM takes full responsibility for the opinions expres­
sed in these chapters. 

The description of the post-Chalk sequence, described in 
the chapters 10-13 of this publication, was prepared jointly 
by the RGD and NAM. The latter company provided most of 
the subsurface data for the Paleocene-Oligocene part of the 
Cenozoic succession, whereas the Neogene-Quaternary part 
was furnished by the RGD. 

1.2. AIM AND SCOPE 

In order to manage in an efficient manner the ever-increasing 
amount of stratigraphic data emanating from the subsurface 
of The Netherlands, geologists of the NAM developed a stra­
tigraphic nomenclature with the following objectives: 

- reflect the current stratigraphic understanding, 
- follow closely the traditional stratigraphic subdivisions 

in neighbouring countries, 
- be suited to satisfy the needs of many geologists with 

different stratigraphic backgrounds, 
- make use of the tools that have become readily avail­

able, such as wire-line logs, 
- be formatted for mechanical/computerized data hand­

ling. 
The stratigraphic nomenclature, as presented here, is ba­

sed on the data gathered from some 500 wells drilled during 
the last 30 years. 

Whilst putting emphasis on the lithological expression of 
the strata, one should realize that the biostratigraphic 
framework gives assistance in regional correlation studies. 
The micropalaeontologically and palynologically derived 
chronostratigraphic scheme of The Netherlands provides the 
means to appreciate lateral facies changes, the extent of un­
conformities, conceptual sedimentological models, etc. 

In the formal definitions of the lithostratigraphic units, age 
considerations now play hardly any role. However, in sub­
surface work lithological identities ( especially in exploration 
wells) are sometimes difficult to demonstrate with absolute 
certainty. Here, biostratigraphic data can give considerable 
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assistance . However, it is realized th at such means of 
identificatio n of lithost ratigraphic units provides o nly ind i­
rect evidence, no t truly lithostratigraphic crite ria . 

T he lithostratigraphic no menclatu re, as applied by NAM, 
was and is a practical syste m for port raying satisfacto rily the 
rock-framework of The Nethe rlands. A ltho ugh a multitude 
of units has been named, every atte mpt was made to keep the 
no me nclature as simple as possible. Fo r exa mple, topo­
graphic names used as the geographic compo ne nt of fo rma­
tio n names are often repeated in one o r mo re of the me mbe r 
names. It is realized that such a p ractice is contra ry to the 
rules laid down in the Intern atio nal Stratigraphic G uide 
(HEDBERG, 1976). Furthe rmo re, and also fo r practical pur­
poses, no atte mpt has been made to change the rank of the 
recognized units as custo marily used in NAM's subsurface 
practices . Ce rtain units described as me mbe rs co uld easily 
qualify fo r fo rmatio na l rank, and vice versa. 

Many names given in this publicatio n have been copied 
(and translated) fro m the no me nclature established in the 
surro unding co untries. Such names have been maintained as 
they a re well-es tablished and traditionally used . B y designa­
tin g refe re nce sectio ns fro m T he Nethe rlands, these units will 
have a clear meaning fo r Dutch stratigraphy. 

T he li tho logical cont ro l in subsurface work is o ft e n provi­
ded by drilling cuttings o nly. In view of the uncertainties in 
data de rived fro m these, wire-line log data have been applied 
fo r the definitio n of boundaries be tween the units ra the r than 
interpreted litho logy. T he quoted depth fi gures have been 
deri ved fro m the gamma ray logs, whe re avail able, as read 
fro m derrick floor o r gro und level (see e nclosures). These 
fi gures have no t been corrected fo r ho le deviatio ns, nor have 
structural dips been take n into co nsideratio n. In all cases, it 
has been attempted to select ve rtical wells fo r the refere nce 
sectio ns fro m areas of ve ry low to negligible structural dip. 

In general, the units have been defined fro m areas with the 
most complete successio n, as known to-date. G aps, due to 
erosio n and/o r non-de positio n, are me ntio ned o nly where 
re levant fo r the defin itio n of the units. 

1.3. ACKN O WLED G MENTS 

T his publicatio n has been possible only by the ample suppo rt 
o f the manageme nt of the Nederl andse Aardo lie Maat­
schappij B. V. 

The co-operatio n of va rio us othe r oil companies, active in 
The Nethe rlands, is gratefull y acknowledged. A numbe r of 
reference sectio ns could be se lected with the ir permissio n. 

T he assistance provided by the Rijks Geo logische Dienst 
was of great he lp. T heir co ntinued interest and co-ope ratio n , 
especia lly in providing data o n the Dutch Cenozoic, sho uld 
be mentio ned especia lly. 

P. HEYBROEK was respo nsib le fo r co llecting all the data 
given in this publicatio n. For mo re th an a year he wo rked o n 
this fac t-gathering missio n and o nly by his unfl agging inte rest 
co uld the manuscript be co mpleted . 

Many geo logists in NAM, SIPM and RGD were involved in the 
he re -presented no menclatu re. Altho ugh no t all me ntio ned , 
the ir coo peration is ack nowledged. T he ass istance of the 
fo llowing geologists is to be repo rted especia lly: H. A. VAN 
AD RICH EM BOOGAERT ( chairman o f the wo rkin g group Te rti ary 
of the RGD), J. P. H. KAASSCHI ETER (S IPM), A. J. KEIJ (S IPM) , w. J. 

LETSCH (NAM) , P. MARON (NAM). 
Mrs. B. VAN WESTING-PAYNE (NAM) has spe nt a good amount 

of her time o n the E nglish correctio ns. 
Finall y, permissio n fo r publicatio n was granted by Esso 

Exploratio n Inc. , Nede rlandse Aardo lie Maatschappij B. V. 
and She ll Inte rn atio nale Petrole um Maatscha ppij B .V. 

2. CODES FOR STRATIGRAPHIC UNITS 

2.1. GENE R A L 

In 1975 , NAM introduced a coding syste m fo r stratigraphic 
units. T his syste m has since proven to be a simple and re­
liable too l fo r mechanical data handlin g. T he stra tigraphic 
nomenclature of the Dutch subsurface has been adapted to 

the pre requisites of this system. 
T hree categories o f lithostratigraphic units are recognized, 

viz. gro up - fo rm atio n - me mber. For a re latively co mplica­
ted no me nclature, as in use fo r th e Dutch subsoil , these ca te-

gories may seem to offer too little fl ex ibility as no units of 
inte rmedi ate status ( e .g., subgroup) are a llowed. However, 
actu al use has de monstrated that the above sche me satisfi es 
full y the description of the rock seque nces. 

A group name has been given to sequences o f two o r mo re 
cont iguo us fo rmatio ns which have significant stra tigraphic 
fea tures in commo n. T he boundaries be tween the groups ha­
ve been chosen at places of distinct litho logical change. In 
most cases these changes occur across regio nal o r subregio nal 
unco nfo rmities, which can be recognized by va rio us means o f 



CODES FOR STRATIGR APH IC UNITS 13 

subsurface studies, e.g. , biostratigraphy, petrophysics, 
geophysics. 

A formation is defined as the primary unit in the Dutch 
lithostratigraphic hierarchy, based on its mappable rock 
characteristics. As all units are defined as subsurface units, 
identification by means of wire-line logs was a prerequisite. 
For that purpose those types of logs were selected which 
reflect lithology in the most appropriate way, e.g., gamma ray 
log, sonic velocity log, formation density log. For older wells, 
such logs were not then available and, consequently, SP 
(spontaneous potential) and/or resistivity logs had to be 
used. The wire- line log data have been supplemented by stu­
dies of well samples ( cuttings, sidewall samples, cores, etc.) in 
order to gain the best approx imation of a litho logically defi­
ned unit. 

A member has been distinguished as a lithological sub­
division of a formation , but in this system of subsurface units 
heavy emphasis is again placed on its wire-line log character. 
As the member is defined here as the lowest unit in the 
stratigraphic hierarchy, distinctive beds are coded as mem­
bers, e.g., Copper Shale. Also tongues and lentils, when for­
mally named, are regarded as members, as these units are 
only 'specia lly shaped forms of members ' (HEDBERG, 1976, p. 
35). 

2 .2 . UN[T CODES 

At group level a two-digit code is applied, e.g., R0 for the 
Upper Rotliegend Group, ZE for the Zechstein Group. 

Each formation within a group is distinguished by the ad­
dition of two more digits, e.g., R0SL for the Slochteren 
Sandstone Formation, ZEZl for the Zechstein 1 Formation . 

At member level a fifth digit is added , e.g. , R0SLU for the 
Upper Slochteren Sandstone Member of the Slochteren 
Sandstone Formation, ZEZlC for the Zl Carbonate Mem­
ber of the Zechstein 1 Formation. 

Although not in use as yet, the cod ing system allows for a 
change to six digits to gai n the possibility to recognize and 
code units of intermediate rank (subgroups, etc.) or of beds 
( e.g. , of individual sand bodies for hydrocarbon production 
purposes) . 

In this way all lithostratigraphic units recognizable in the 
Dutch subsoi l have been coded, with the exception of units at 
member level in the Miocene-Recent Upper North Sea 
Group. It is fe lt that as thi s system has been developed pri­
marily for application in subsurface work, coding of other 
units, such as the Quaternary surface formations and mem­
bers, is not as yet warranted . 

2.3. BOUNDARY CODES 

The boundaries between the recognized lithostratigraphic 
units are placed at positions of lithological change, but also 

here clear distinction on wire- line logs is a prime prerequisi­
te. For coding purposes the lower boundaries on ly have been 
named, the tops automatica lly coincide with the base of the 
directly succeeding units. 

For the boundaries a 4-digit alpha-numerical code was in­
troduced. The first two digits are identical to those of the 
group to which the boundary belongs. The next two digits 
give by means of an ascending number the approximate 
stratigraphic position of the boundary within the group 
(numbered from bottom to top) . The base of a group always 
carries the number 01, irrespective of the lowest formation or 
member in the group at a particular place, e.g. , R001 is the 
base of the Upper Rotliegend Group irrespective of whether 
the Silverpit Claystone Formation or the Slochteren Sand­
stone Formation is the lowest unit in the Group. 

Within a group the boundaries are then given the numbers 
02-98 ; 99 being reserved for those cases where for practical 
purposes the top of a lithostratigraphic unit has to be indi­
cated, e.g., Top Basement = BM99. 

The boundary code always carries an inseparable rela­
tionship to the lithostratigraphic unit to which it belongs, e.g., 
R040 is everywhere in The Netherlands the base of the 
Upper Slochteren Sandstone Member, ZE41 is always the 
base of the Zechstein 3 Formation (see also text figs . 4-16) . 

A fifth digit can be added to these boundary codes to 
indicate the a rea within the North Sea region where the 
boundary is recognized on the same criteria. In case no fifth 
digit is added the boundary is identical throughout the 
region . For the Dutch situation, the fifth digit N means 
applicable on ly in The Netherlands, e.g. , R041 N is 
throughout The Netherlands recognized as the basal 
boundary of the Upper Slochteren Sandstone Member. In 
adjacent countries, such as Great Britain and/or Germany, 
the boundary, although perhaps recognized, may be defined 
on different criteria. 

2.4. UNCONFORMITIES 

Since STILLE's publication of 1924, tectonic movements (and 
resulting unconformities) have been distinguished by a widely 
accepted nomenclature, e.g., Saali an movements (and un ­
conformity) , Sub-Hercynian movements (and unconfor­
mity). This nomenclatural scheme has proved to be most 
satisfactory in describing the tectonic evolution of north­
western Europe, as demonstrated recently by P. A. ZIEGLER 
(1978). 

The relationship between periods of tectonic movement 
and the observed unconformities is, however, often difficult 
to establish. In cases where there is on ly a small age differ­
ence between deposits immediately underlying and overlying 
an unconformity, the naming is generally straightforward . 
However, with increasing age differences of the deposits at 
the unconformity, such name-giving becomes more and more 
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subjective. In this instance, conclusions are dependent on the 
region al tectonic evolution as interpreted by a particular 

geologist or stratigrapher. 
Without denying the value of such interpretative judge­

ments, it is thought preferab le to introduce a purely 
descriptive system for mechanical data handling, i.e. to name 
unconformities, by reference to the immediate overlying se­
dimentary sequence. In this publication most of the major 
unconformities are named afte r the group of strata, which 
immediately overlies the unconformity. This system is con­
side red logic because the definition at the gro up level of 
hi erarchy is strongly dependent on the presence of (sub- ) 
regional unconformities. In some cases, subregional un­
confo rmities have been recognized within a particular gro up, 
e.g., the so-called Sub-Hercynian Unconformity within the 
Cha lk Group. In this exa mple, although the presence of this 
hi atus is acknowledged by most in vestigators, the actual re­
cognition is dependent on crite ri a from various sources, such 
as micropalaeontology and geophysics. This hiatus can rarely 
be recognized on lithological evidence alone. 

Therefore, taking the above considerations into acco unt, 
the following scheme has been established for the naming of 
the majo r (sub-)regional unconformities. The prefix 'UC' 

represents the term unconformity . This is followed by two 
digits which represent an abbreviation for the overlying se­
quence (at group level): 

UCNU = Base Upper Tertiary Unconformity 
UC M = Base Oligocene Unconformity (fo rme rly often in­

dicated as the 'Pyrenean Unconformity') 
UCNL = Base Tertiary Unconformity ('Laramide Un­

conformity') 
UCCT = Intra-Chalk Unconformity ('S ub-Hercynian Un­

conformity') 
UCKN = B ase Cretaceous Unconformity ('Late Kimmerian 

Unconformity') 
UCJT = Intra-Jurassic Unconformity ('Mid-Kimmerian 

Unconformity') 
UCAT = Base Jurassic Unconformity ('Early Kimmerian 

Unconformity') 
UCRN = Intra-Triassic Unconformity (' H ardegsen Un-

conformity') 
UCZE = Base Zechstein Unconformity 
UCR0 = Base U pper Rotliegend Unconformity 
UCPB = Base Lower Rotliegend Unconformity 

3. LIMBURG GROUP (DC) 

General - During the Ca rboniferous, sed imentat ion took 
place ove r practically the whole area of The Netherlands. 
Despite appreciable subseq uent erosion, a thick seq uence of 
these deposits is prese rved in the majo r part of the co untry 
and its offsho re areas. 

With the except ion of the so uthe rnmost part of The Neth­
therlands, these Carboniferous sediments are known prin ­
cipally from th eir position immediately below their subcrop 
against the Base Upper Rotliege nd , or youn ger unconfo rmi­
ties. Such deposits represent almost unequivocally the Upper 
Carbonifero us, and are described in thi s paper as the Lim­
burg Group. It consists of a sequence of predominantl y elas­
tic de posits, representing an overall regressive seq uence, be­
ginning with marine sediment s and grading upwards into a 
paralic type. The latte r envi ro nment , extending over most of 
north weste rn Europe (bot h in space and time) , was charac­
terized by sed imentat ion unde r ho t, humid co nditions, with 
tropica l forest s covering the environments of fluvial 
floodplains, moors, deltas, back-swamps and coastal flats 
(VAN WUHE & BLESS, 1974) . In the youngest parts of the Lim­
burg Group, the re are defin ite indications of a grad ual chan­
ge to more ar id clim at ic conditions. 

The Limburg Gro up, as enco unte red in wells and coa l mi­
nes in T he Netherlands, co nsists of a thick and monotonous 

a lte rn at ion of silty shales, sandstones and coal beds, the 
whole amounting to so me thousands of metres. The Group is 
extensive ly known from the southern part of the Dutch pro­
vince of Limburg, whe re the former coal-mining activities of 
The Netherlands were co ncentrated. A detailed strat igrap hic 

subd ivision fo r this a rea was formally introduced by VAN 

AMEROM (1975) . For the rest of th e co untry, the Group is 
a lmost exclusively known from hydrocarbon exploration 
wells. 

Usually these wells are discontinued after 100 metres or 
less penetration into the Limburg Group and, conseq uently, 
add little to the stratigraphic knowledge of the Group. Deep­
e r penetration has been gai ned at only a few scattered loca­
tions, but the limited number of these wells do not allow fo r a 
detai led strat igraphic sche me, co mparable to the one pro­
posed for the coal-m ining d istrict of Limburg. For these 
reasons, a broad lithostrat igraphic frame only is presented , 
allowi ng for a more detailed subdivision at a later date. 

Beca use so few con trol points of deep pene tration into the 
Limburg Group are ava ilab le in The Netherlands, biostrati­
graphic dating methods play an important ro le in the deter­
mination of the re lative stratigraphic position of th e sed i­
ments enco unte red in we ll sectio ns. T he study of miospores, 
from both ditch cuttin gs and core samples, provides a very 
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usefu l too l for an approximate subdivision of the West­
phalian (in a chronostratigraphic sense covering most of the 
known part of the Limburg Group). 

Most of the satisfactory control points are located in the 
eastern part of The Netherlands, along the German border, 
and for that region a more formal subdivision of the upper 
part of the Limburg Group into three units of fo rm ational 
rank is presented. However, the basal boundary of the oldest 
for mation cannot be de fined due to lack of deep penetration. 
For the remaining part of The Netherlands, the uppe r (gene­
rally coal-bearing) part of the Group is distinguished as the 
Coal Measures, again with no defined lower boundary. Lack 
of sufficient cont ro l points with satisfactory stratigraph ic pe­
netration prevents a furth er subd ivision of this thick 
(>1000 m) sequence. 

T he upper boundary of the Limburg Gro up is marked by a 
regional unconformity at the contact with the overlying Rot­
liegend groups. This unconformity marks a long period of 
uplift and erosion during approx imately latest Carboniferous 
- Early Permian. The general uplift that ended sedimentation 
of the Limburg Group is infe rred to have been preceded by 
weaker positive movements d urin g latest Westphalian -
Stephanian times, as indicated schematica lly on text fig. 4. 

Name - Na med after the Dutch province of Limburg. 

Definition (text fi g. 4) - A gro up of elast ic formations, with 
common coal beds towards the upper part , delimited at the 
top by the erosion surface that marks its contact with the 
Lower or Upper Rot liegend Group (or yo unger sequences). 
Marine, foss iliferous beds occur frequ ently in the lower part 
and decrease markedly in number upwards. 

T he base of the Limburg Gro up cannot be defined for the 
major part of The Net herlands due to lack of sufficientl y deep 
well penetration. In the southernmost part of the country and 
in adjoining areas of Belgium, the base is taken at the top of 
the so-ca lled Vise Limestone (genera lly regarded as of Di­
nantian age). T hese carbonates were onl y encountered in a 
few Dutch wells nea r the Belgian border, e.g. , those of 
Woensdrecht, Houthem and Gulpen (BL ESS ET AL. , 1976). 

Age - Late Ca rboniferous (Silesian). 

Reference section - (for the upper part of the Limburg 
Group) Well Rijsbergen-l: 1353-27 lO m, coord. 
N 51 °31'44.4", E04°4l '21.6" (encl.l ). 

Subdivision - Only in the southern part of the Dutch pro­
vince of Limb urg a re sufficien t data ava il able for a detailed 
strat igraph ic subdi vision (see VAN AMEROM, 1975). T hi s subdi­
vision is based on the recognition of a number of marine 
inte rvals, each characterized by particular fossi l asse mblages . 
These marine bands have, as yet, not been dete rmined in 
other parts of The Netherlands . In the latter a reas, the control 

points are too sca rce fo r a formal subdivision, although in the 
eastern part of The Netherlands ( easternmost Overijssel, 
southeastern Drenthe) the upper part of the Group has been 
subdivided, for practical purposes, into three units of for­
mational rank. Here, this distinction was possible as a signifi­
cant sandy interval is developed within a predominantly shaly 
seq uence, hence (from top to bottom): 

Barren Measures 
Tubbergen Sandstone Formation 
Productive Measures 

(DCCR), 
(DCCT), 
(DCCP). 

Because of its economic (gas-prod uctive) importance the 
Tubbergen Sandstone Formation is introduced for mally. 
However, it is felt that more control points on the under- and 
overlyi ng shaly uni ts a re required before these can be clas­
sified properly. 

Outside the eastern Netherlands and southern Limburg, 
no subdivision of the known upper part of the Limburg 
Group is proposed. The sequence is described as the Coal 
Measures (DCCM). 

PRODUCTIVE MEASURES (DCCP) 

Name - Name derived from the British stratigraphy, in 
which the major coa l-bearing part of the Carboniferous is 
described as the Productive Coal Measures. 

Definition - Sequence of predominantly si lty shales, a lte r­
nating with coal beds and some sandstones. Its base, at the 
contact with the more marine lower part of the Limburg 
Gro up, remains to be defined due to lack of control points. 
T he correlative leve l in southern Limburg can be taken at the 
Sarnsbank Marine Band above which leve l the sequence is 
characterized by regu lar coal seams. The top of the Produc­
tive Measures is taken at the base of the lowest significant 
sandstone bed of the Tubbergen Sandstone Formation. 

Age - Westphalian A to C. 

Reference section - Well Tubbergen-8: 3094-3206 m (T.D ., 
act ual base not reached) , coord. N 52°26'19.6", E 06°53'31.5" 
(e ncl. 2). 

TUBBERGEN SANDSTONE FORMATION (DCCT) 

Name - Named after the Dutch municipality of Tubbergen, 
in the easternmost part of the province of Overijsse l. In this 
area the T ubbergen Sandstone Formation is an important 
gas-producing unit. 

Defini1ion - Sequence of sandstone beds rapidly alte rnating 
with subord inate shales and coal beds. The sandstone beds 
show an overall decrease in number towards the top of th e 
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Formation . The top and bot to m of th e Fo rm atio n are marked 

by the con tac ts with th e predomin antly sha ly seque nces of 

the Barren Measures and the Productive Measures, respecti­

ve ly. 

A ge - La te Westph a li an B - Ea rly Westph a li an D. 

Reference section - We ll Tubbe rgen-8 : 2434-3094 m, coord . 

N 52°26 ' 19.6", E 06°53 '3 I .5" ( e ncl. 2) . 

BARREN MEASURES (DCCR) 

Name - Name de rived fro m the Barre n Re el Measures o f 

th e Briti sh stratig raphy in wh ich it is applied to the hi ghest 

part of the Ca rbo nifero us successio n and characte ri zed by 

the virtua l abse nce of coa l be ds and by common ly occurring 

red co lo urs. 

Definition - Sequen ce o f reddi sh brown and greeni sh grey . 

va riegated silty sha les, a lte rn a tin g with so me sa ndsto ne beds. 

Pl ant remains and coa ly particles are present , but coa l beds 

a re virtu a lly absent. 

T he Barren Measures a re loca ted between the .. top of th e 

highest significa nt sandstone bed o f th e Tubbergen Sand­

sto ne Formatio n and th e e rosi o n surface th a t marks the top 

of th e Limburg Group. 

Age - Late Westph a li an C - Ste ph ani an. 

Reference section - We ll E mm e n-7: 36 13-4 134 m. coord . 
52°46 '56.7". E 06°50'37 .5" (e nc l. 3). 

COA L MEASUR ES (D CCM ) 

Name - Name copied from th e Briti sh st ra tigraphic no men­

c la ture in w hich th e Ca rbon iferous para lic deposits, above 
the Millstone Grit and be low th e Pe rmia n, a re named simi ­

la rl y. 

Definition - Seq uence o f predomin antly silty shales a lte r­

na tin g wit h ge ne rally thin sandsto ne and coal beds. It occurs 

be low the e rosio n surface ove rl a in by Uppe r Rotliegend (or 

youn ger) deposits. It has an ui1cl e fin e cl base in the majo r pa rt 

o f The e the rl a nds. In so uthe rn Limburg thi s base is take n at 

the leve l of th e Sa rn sba nk M arine Band, above w hich the 

seq ue nce shows co mmo n coa l sea ms. 

Reference section (fo r the uppe r part) - We ll Rijsbe rge n-1 : 

1353 -2710 m (lowe r part o f the Coa l Measures not defin ed as 

ye t) , coo rd. 51°3 1'44.4", E04°4 1'2 l.6" (encl. J) . 

4. LOWER AND UPPER ROTLIEGEND GROUPS 

4. 1. INTRODUCTION 

Afte r a long pe riod of diffe renti a l uplift and erosion fo llo ­

wi ng the de position of the Limburg Gro up, sedim e n­

ta tio n res um ed in the No rthweste rn E uropea n Basin during 
the Ea rly Pe rmi an wi th th e te rrestri a l de posi tio n of elastic 

and cvaporitic sedime nt s as well as vo lcanics. In no rth e rn 

G e rm any. th ese vo lcanic rock s ofte n character ize the lowe r 

pa rt of the so-ca lled ' Rot liege nd '; co nseq ue ntl y thi s Rot lie ­

gend is custo mar il y subdivided in to two parts, namely Lower 

Ro tliege ncl and U ppe r R o tliegend (FALKE, 1972) . A regional 

unco nformity is assumed to sepa ra te the two units, a lthough 

it prese nce ca n se ldo m be co nfirmed in the te rrestri a l, ofte n 

coarse-gra in ed e lastic seq ue nces, which a re no to rio usly car­

ce in foss il re ma ins. The refo re , in Germa n practice, the top 

of the vo lca ni c beds is common ly ass umed to mark this 

bo undary which is, however, probably stron gly diachronous. 

The sa me definition is appli ed in Dutch st ra tigraph y to 

di stin gui sh be twee n th e: 

Upper Ro tliege ncl Group. 

Lowe r R o tliege nd G ro up. 

4.2 . LOWER ROTLI EGE D GROUP (PB ) 

General - T he Lower Rorliegend Group is of doubtful oc­

curre nce in T he Ne the rl a nds. Some tuffaceous / ?ex trusive 

rocks pe ne tra ted in the we lls Ma rsla nde n- 1 (P lacid) a nd Ex­

loo-2 a re te nt a tive ly co rre lated with the Lower R o tliege nd 

Gro up, kn own from wells in the Ge rm an E msland, adj acent 

to the bo rde r with the easte rn Ne th e rlands (FA BIA N ET AL. , 

1962) . Fo r this reason , the Lower R o tliege nd Group has bee n 

included in the st ra ti graphic no mencla ture of The Ne­

the rl ands. 

Name - a me de ri ved from G e rm an stra tigra phy, wh e re it 

is co mm o nl y applied to the lowe r, vo lcanic part of th e so­
ca ll ed Ro tliege nd. 

Defini tion (text figs . 5, 6) - Seq uence of elastic sediments 

with inte rbedd ed vo lca nics, in hi ghl y var iable propo rtio ns, 

a nd situated betwee n the erosio n surface a t the top o f th e 

Limburg Group and th e base of the Uppe r Ro tliegend Group 

de li nea ted as the top of the uppe rm ost vo lca nic bed of the 
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Lowe r R ot liege nd Group. 

Age - Ea rly Pe rmi a n. 

Reference seClion - Not des ignated as ye t for The Ne­

the rl a nds. 

Subdivision - In G e rmany, adjace nt to th e Dutch borde r, 

the basa l pa rt o f the Gro up is frequ e ntl y deve loped as a 

elastic inte rva l witho ut volcanics. overl a in by vo lca nic rocks 

ofte n with e las tic inte rca la tion s. He nce , the subdivi sion ( fro m 

to p to bottom) into: 

R o tliege nd Vo lca nics 

Basa l Ro tliegend C lastics 

(PBV0), 
(PBBA ). 

As no uneq ui voca l exa mples of th ese units a re known in The 

Neth e rl ands, th ey sho uld be rega rded as in forma l units 

within th e Dutch stra tigraphic no me nclat ure . Co nseque ntl y. 

no refere nce sections have bee n designated fo r these subd i­

visio ns of the Lowe r Rotli ege nd Group. 

4.3. U PP E R ROTLJ EGEN D G RO UP ( R 0) 

General - T he Upper Rotliegend Group rep rese nts a sedi­
me nta ry seque nce la id down unde r ho t a nd a rid c lim a tic con ­

ditio ns. It is c ha racte ri ze d by d un e sa nds, wad i, sebk ha, a nd 

dese rt lake de posits ( GLENN IE, 1972). 

T he subdi visio n and nom e nc la ture of the U ppe r Rot lie­

ge ncl Gro up fo ll ows c lose ly th e sc he me prese nted by VAN 

AD RI CH EM BOOGAERT ( 1976 ), w hi ch in turn was based o n pu ­

blicatio ns by STAUBLE & MILIUS ( 1970) a nd RHYS ( 1974). 

Name - Na me de ri ved fro m th e Ge rm a n st ra ti grap hy where 

it is a pplied to the uppe r, non-vo lca nic part o f th e R o tliege nd 

seq uence. 

Def inition (text fi gs. 5 , 6) - Gro up of fo rm a ti o ns, co mp ri­

sin g coarse- and fin e -grained elastic sed im e nts as we ll as eva­

porites. It is situated be twee n the e rosio n surface at th e top 

o f th e Limburg Group, o r the to p of the vo lca nics o f th e 

Lowe r Ro tli ege nd Gro up, a nd the base of th e Zec hste in 

Gro up. 

Throughout The e th e rl and s th e uppe r bounda ry of th e 

R o tliegencl G ro up is take n a t th e base o f the Co ppe rsha le , 

the lowest unit o f th e Zechste in Group . Howeve r, towa rds 

the basin- fringe the eva porite-ca rbo na te successio n of th e 

Zechste in Group passes gradu a lly into a predo min a ntl y elas­

tic seq ue nce, acco mpa ni ed by a gradua l disappearance of th e 

Coppc rsha le . Howeve r, o n wire lin e logs, the Co ppe rshal e 

m a rk e r (o r its equiva le nt ) can a lways be dis tin gui she d by it s 

hi ghe r ga mm a ray radi a tio n. 

Age - Early Pe rmi an. 

Reference section - We ll Slochte re n-4: 2666-2856 m , coo rcl . 

N 53°l l'33.3", E06°45'15" (e ncl.4 ; a lso illustrated by 

STAUBLE & MILI US , 1970 , fi g. 3). 

Additional reference section - We ll U ithu ize rm eede n-1: 
2875-3 167 m , coord . N 53°26'59 .I ", E 06°48'29.4" (e ncl. 4) . 

Subdivision - T he Upper R o tliege nd Gro up is subdivided 

into a sa ncly-co nglom e ratic formation in a basin ma rgin posi­

t ion, and a sha ly-eva po ritic fo rm a tio n in the bas in centre, 

he nce : 

Slochte ren Sandstone Formation 

Silve rpit C layston e Fo rm a tion 

(R 0SL) , 

(R 0CL). 

T he tran sitio n zo ne be twee n these two form a tions occurs in 

a n E-W tre ndin g be lt across the no rthernm ost pa rt o f the 

o nsho re Net he rl a nds a nd co ntinues into the offsho re to 

a pproxim a te ly the no rth e rn pa rt of th e Indefatigable Hi gh in 
the British pa rt of th e North Sea. In thi s be lt , sa nely to ng ues 

of the Slochte re n Fo rmation a nd shal y to ngues of the Sil­
ve rpit Forma tion inte rfin ge r. Co nseq ue ntly, th e strat igra ph y 

of th e transition zone is clesc ribecl (fro m top to bo tto m ) as: 

T e n Boe r C laystone Membe r 

Uppe r Slochteren Sandston e Membe r 

A me la ncl C laystone Membe r 

Lower Slochte re n Sandsto ne Membe r 

(R 0CLT), 

(R0SLU), 

( R0CLA), 

(R0SLL). 

In th e A me la ncl -T e rsche llin g a rea, a to ngue of the Si lverpit 

C laysto ne Fo rm a tion located a t the base o f th e Uppe r R o t­

liege nd Group is distin gui shed as the 

H o llum C lays to ne Membe r (R0CLH). 

Within each of these c laysto ne me mbers the sand co ntent 

shows a gradu a l in crease towa rds the basin m a rgin , a nd co n­

ve rse ly, th e sa ndsto ne me mbe rs de mo nst ra te a n in c rease in 

s ha le conte nt in a basin wa rcl directio n. Conseque ntl y, the 

lateral de limita tion of these m embe rs is a mbi guous. 

To reduce this a m big uity it is proposed to use the ga mm a 

ray log fo r the distinction be tween coa rse a nd fine e las tics. 

For the de finition of a unit as a sa ndsto ne me mbe r, it is 

m andato ry th a t it sho uld co nt a in more th a n 50 % sand , 

o the rwise it is classified as a clayston e membe r. Howeve r, it 

sho uld be rea li zed th a t e vide nce fro m adj ace nt well s (e.g. , in 

a fi e ld o r a c lu ster) may just ify a slight vari a tio n from thi s 

50 % -defi nitio n. Furthe rmore , it is reco mm e nded th a t a n in ­

terva l under co nsideratio n sho uld have a minimum thi ckness 

of approxima te ly 15-20 m. 
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SLOCHTEREN SANDSTONE FORMATION (R0SL) 

Name - Na med after the municipality of Slochteren where in 

1959 th e wel l S lochtere n-1 found gas in the Uppe r Rotlie ­

gend Group, and, co nseque ntly, the Groningen field. 

Definition - Sequence of usua ll y pink to pa le re dbrown , 

otherwise ye ll owish o r greyish, sandston es and conglomera­

tes. The Forma tion o ve rlies, unconformably, th e Limburg 

Group or the vo lcanic beds o f the Lowe r Rotliegend Group. 

In the a rea of Ameland and Terschelling it overlies a tong ue 

of the Silve rpit C laystone Formation, the Hollum C lays to ne 

M e mbe r. The Format io n is overl a in e ithe r by the redbrown 

claystones of the Silverpit C lays tone Formation or by the 

black bitumino us sha les of the Coppe rshale Member of the 

Z echste in 1 Forma tion. Towards the basin centre inte r­

fingering be twee n Slochte re n Sandstone Format ion and S il­

verpi t C layston e Fo rm ation occu rs. 

Reference section - Well Slochteren-4: 2709 -2856 m, coord. 

N 53°11 '33.3 " , E 06°45 '15 " (encl. 4; a lso illustra ted by 

STAUBLE & MILIUS, [970, fi g . 3 ). 

Subdivision - ln an E- W be lt across the northern Nether­

lands a tongue of the Silverpit C laysto ne Formation, the 

Ame land Claystone Me mbe r, subd ivides the Slochtere n 

Sandstone Fo rma tion into two me mbe rs, name ly: 

U pper Slochteren Sandstone Member ( R0SLU) 

ref. section : We ll Uithuizermeeden- 1: 2949-304 1 m, coord . 

N 53°26 '59 .I", E 06°48'29.4" (enc l. 4) , 

Lower Slochteren Sandstone Me mbe r ( R0SLL) 
re f. sectio n : We ll U ithui ze rmeede n- 1: 3058-3 167 m 
(enc l. 4). 

T he Lower S/oc/ueren Sandscone Member, ge nera ll y mo re 

co nglomerat ic th a n the uppe r me mber, extends far towa rds 

the bas in centre, i. e. beyo nd the area of th e U ppe r Slochte ­

re n Sandstone Me mbe r. ln such a basin a l situ a tion it is over­

lai n by the undi vided Silverpit C lays ton e Formation (e.g. , 

We ll K 6- 1, e nc l. 5). E lsewhere it is over lain by th e Ame land 

C laysto ne Membe r. 

The Upper S/ochteren Sandswne Member is ove rl a in , 

practi ca lly eve ryw here in The et he rl ands, by a no the r to n­

gue of the Silverpit C laystone Fo rm atio n , th e Ten Boe r 

Claystone Member . 

S IL VERPIT CLA YSTO NE FORMATION ( R0CL) 

Name - Na me d a ft e r the Oute r Sil ve r Pit, a n offs ho re deep in 

th e Britis h secto r of th e No rth Sea ( RH YS, 1974) . 

Definition - Sequence of redbrown , silty, o ften anhydritic 

c laystones with so me sand- or siltstone stringers, and with 

rock sa lt inte rcalations in the basin centre prope r. [ts base 

overlies the Limburg Gro up, or the sandstone- conglomerate 

seque nce of the Slochteren Sandstone Formation . lts top is 

ma rk ed by the base o f the Coppersha le Member of the 

Z echste in Group . Towards the basin margin the S il verpit 

Formation inte rfin ge rs with the Slochteren Sa ndstone For­

m a tio n. 

Age - Ea rly Pe rmi a n. 

Reference section - W e ll K 6- l: 3308-3636 m , coo rd . 

53°48 '59.5 ", E 03°59 '04.4 " (encl. 5). 

Subdivision - In the transition zo ne be twee n the S il verp it 

C lays ton e Forma tio n a nd the Slochteren Sandsto ne For­

m ation , to ngues of the Si lve rpit Forma tion p ro trude into th e 

Slochteren Fo rma tio n. The three most promine nt tong ues 

are described (from top to botto m) as: 

Ten Boer C laysto ne Me mbe r ( R0CL T) 

re f. sectio n - We ll S loc hte re n-4: 2666-2709 m, coord. 
N 53°11 '33", E 06°4 5' 15" (e ncl. 4 , a lso illustrated by 

STAUBLE & MILIUS , 1970 , fi g. 3). 

A me la nd C lays to ne Member ( R0CLA ) 

ref. section - We ll Buren-I: 358 1.5-3625 m, coord. 

N 53°27'25.5" , £05°48 '29.7 " (text fi g. l ; also illustrated by 

VAN ADRICHEM BOOGAERT, 1976 , fig . 5) . 

add. ref. secti o n - We ll Tersche llin g-1 : 288 1-3005 m, coo rd . 

N 53°23"35.3" , E 05°15'57 .6'' (encl. 5). 

Ho llum C lays to ne Member ( R0CLH ) 

re f. sectio n - We ll Ho llum-A me la nd-2 : 33 14 -3349 m, coo rd. 

N 53°27'27.2", E 05°37'32.2" (text fi g. 1). 

The Hallum C/aystone Member is a silty claystone ton gue 

(with so me sandsto ne beds) of the Silverpit C laysto ne For­

m ation ex te ndin g unde r the Slochteren Sandstone Formation 

in the region of th e Dutch W adde n Islands of Ame la nd and 

Terschelling. 1.n VAN ADRICHEM BOOGAERT's de finiti o n of the 

A me land C laysto ne Member th e BP/ Gulf we ll Bure n-I was 

se lected as th e stra to type , but the poo r quality of the 

illustra ted ga mma ray log prevented a fu ll description . Co m ­

par iso n with nea rby well s, e .g ., Ho llum-Amela nd-2 (text fi g. 

I ) , sugges ts th at in reality three units a re present in Buren- I , 

viz. 

a n uppe r claysto ne, 

a n intermedi a te sa nd-sha le seq ue nce , and 

a lower c lays tone co nta inin g so me sa nd y beds. 
The uppe r unit is given he re as the refe re nce sectio n for the 

Ameland C lays tone Member, whereas th e lower o ne is co r­

re lated with th e Ho llum C lays to ne Membe r. The inte r­

mediate seque nce is described as a dista l ton gue of the Lowe r 

Sloch te re n Sandstone . 

The A rne/an d C/aystone Member is a ve ry silty deve lo p-
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me nt of the Si lverpit C laysto ne Fo rm ation. Its southe rn limit 

run s in an approximate E -W direction from the north e rn pa rt 

of the Indefatigab le High across th e island o f Texe l towa rds 
the no rthe rn part of the Gron inge n province. 

T he Ten Boer Claystone Member is a very silty to sa ndy 

sha le tongue, frequ e ntly witho ut th e anhyd ritic co mpo ne nt 
th at characterizes the Sil ve rpit C laysto ne Formatio n. Its 

so uth ern limit passes from the north side of th e Indefatigable 

Hi gh across th e island o f Texe l into north e rnmost Drenthe 

and south e rn Groningen. Conseque ntly, it distinct ly over­
steps the so uth e rn limit of the Ameland C lays tone Member, 

a nd form s a broad be lt , so me 60 km wide N-S across the 

no rtheaste rn Neth erlands. 

In the bas in centre, a tr ipart ite subdivisio n of the Si lverpit 

C layston e Formatio n is obvious d ue to 'a middle section with 

rock sa lt beds, viz. 
U pper Sil ve rpit C laysto ne Me mbe r (R0CLU) 

ref. sectio n - Well M 9-1 : 311 9-3258 m, coord. 

N 53°36'32.9" , E 05°43'14.9" (e ncl. 5). 
Sil verp it Evaporite Me mber (R0CLE) 

ref. sectio n - Well M 9-1: 3258-3438 m ( encl. 5). 
Lowe r Si lverpit C laysto ne Me mbe r (R0CLL) 

ref. section - We ll M 9-1 : 3438 -3507 m ( e ncl. 5) 

T he Lower and the Upper Silverpit Claystone Members are 

silty, anh ydritic sha les wit h common silt ston e streaks. 
T he Silverpit E vaporite Member is a sequence of silty, an­

hyd ritic claysto nes with ha lite streaks and beds. Its lower and 

uppe r bounda ries are de fin ed as the base of the lowest and 

the top of the hi ghest halite bed, respectively. In the Ge rm an 

li terature, thi s evaporite -fine elastic seque nce has often been 
described as th e ' H ase lgebirge' , but as TRUS HEIM (1971) 
poi nted o ut, co rrectly, the latte r name sho uld onl y be used 

for a tecto nica lly induced sa lt / clay/sulfate breccia (VAN 

'\DRICH EM BOOGAERT, 1976). 

5. ZECHSTEIN GROUP (ZE) 

General - After a pe ri od of te rrestri a l deposi tio n compri sin g 
the Lower and Upper Ro tliegend G ro ups, m arin e cond itions 

re turn ed to the Northweste rn European Basin wit h th e de­

positio n of evapo rites, carbo nates and subordinate fin e elas­
tics. Alon g th e basin margin a mino r influx of coarse e lasti c 

sed iments too k pl ace. These marine sedim ents, of Late Per­

mi an age, a re described as the Z echstein Group. 
For the Dutch subso il , th e subd ivisio n and no mencl a ture 

of the Zechste in Gro up are simil a r to tho ·e applied in Ge r­

many (e.g. , RJ CHTER- BERNBURG , 1955). T he translations of th e 

Germ an names into the o nes presented in thi s pape r a re 

based o n VI SSER (1955) and BR UE REN (1959). 
T he lower limit of th e Zechste in Group is ta ke n a t the base 

of th e Coppershale ( or its log-correlative equi va le nt ), a thin , 
bl ack bitumino us sha le bed recogni zed over practica ll y th e 

whole of the Northwestern E uropean Basin and providi ng an 

exce lle nt ma rke r hori zo n. From seve ral o utcrops in Germ a­
ny, a basa l Zechste in conglo me rate of approxi mate ly I m 

thickn ess is described from be low the Coppers hale ( H EIDORN , 

1949). A si mil a r conglo me rate may we ll be present in the 

Dutch subs urface , but as no litho logical disti nctio n ca n be 
made betwee n such a conglo me rate and those ofte n oc ­
curring in th e U ppe r Rot li egend Gro up, a ll such beds have 

bee n included in the la tte r group . 

The uppe r limit of the Zechstein Group is defi ned a t th e 

to p o f the uppe rmost distinct eva po rite o r ca rbon ate bed in 

the Zechste in seque nce. According to most Germa n litera ­
ture, th e Gro up is to be te rmin ated a t the top o f th e up­
pe rmost anhydrite bed, the so-ca ll ed Gre nz A nhydrit (R IC H­

TER-BERNBURG, I 955 ). T hi s part icul ar laye r is fr eque ntl y a b­

se nt in the Dutch subsoil , but where present it is in clude d in 

the Zechste in , provided it shows a thickness of at least 1 m, 

thus ensurin g a clear expression o n wire line logs. Jn view of 

its reduced thickness, no s':pa rate name is proposed fo r this 
bed in the Dutch no me ncla ture. 

Immedi a te ly above the top of the Zechste in Group, as 

defin ed he re, a red clayey seque nce wi th anhydrite inclusio ns 

o r strin ge rs occurs. Some German a utho rs ( e.g., HEIDORN 

( 1949)) in clude these beds in the Zechste in Gro up as re ­
presentin g a successio n of residual sa lt c lays o ri gin atin g from 
leaching o f th e uppermost evapo rit e beds of th e Group. How­

eve r, fo r practica l purposes, it is recomme nded th at these 
(co mmo nly thin ) elastic beds be included with in the Lower 

Germ anic T ri as Group, so th at the distinct boundary be­

tween the eva po rite /ca rbo nate beds of the Zechste in G roup 

and th e succeeding el astics of the next gro up is mai nt ained 
easil y throu gho ut T he Nethe rl ands. 

Name - Name derived from th e Ge rm an stratigra phic no ­

menclature where it is appli ed to th e marin e evaporite /car­

bonate seq ue nce between the Rotliegend and the Ge rm anic 

Trias. 

Definition (text fi gs . 5, 6) - Seq uence of eva porites and ca r­

bonates with some thin sha le inte rca latio ns. The evapo rites 

gene rally co nsist of anh yd rites and sa lts, often stron gly af­
fected by subseq ue nt ha lok inetic move me nts. Towards th e 
bas in edge, elast ic beds graduall y re place th e evaporites and , 

to a lesser degree, the carbonates . 

The successio n is bo unded a t th e base by th e Coppe rshale 
( o r its log-co rre la tive eq uiva le nt ), gene ra ll y overl yin g the 

U ppe r Rotli egend Group, and at the top by th e uppe rmost 

eva porite or ca rbo nate bed be low the elastics of th e Lower 
Ge rm anic Trias Group (o r yo un ge r seq ue nces) . 
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Age - Late Permian. ZECHSTEIN 1 FO RMATION (ZEZl ) 

Reference section - Well Rossum-Weerse lo-3 : 1235-1804 m, 
coord . N 52°21 '03 .6" , E 06°54 '38.3" (encls. 6, 7). 

Subdivision - The subdivision of the Zechste in G roup is ba­
sed on the recognition of four evaporitic cycles, commonly 
named as Z echste in l , 2, 3 and 4 . T he corresponding sedi­
ments are described (fro m top to bottom) as: 

Zechste in 4 Fo rmatio n (ZEZ4 ), 
Zechstein 3 Fo rmation (Z EZ3), 
Zechstein 2 Form atio n (Z EZ2), 
Zechste in 1 Formation (ZEZl ). 

A co mple te ly developed Zechstein cycle consists of (from 
bottom to top): shales - ca rbonates - anhydrites - chlorides 
(halite and K-Mg salts) - anh ydrites. In general no ne of the 
recognized cycles demonstrates such a complete deve lop­
ment since one or more components are often absent. 

It is assumed th at the Zechste in cycles, and the main lithol­
ogical e lements within each cycle, were laid down in ap­
proximate ly isochronous inte rva ls. However, within the car­
bonate-anhydrite bodies diagenetic changes by calcitisatio n 
of the anhydri tes and by anhydriti satio n of the carbonates 
may have blurred the picture o f a synchronous boundary 
between the carbonate and anhydrite members of each cycle . 

T he main litho logies within each cycle are distinguished 
here as members, irrespective of the lithological va ri ations 
which may occur within each member. Fo r example, the 
Zechste in 2 Carbonate Member embraces both the so-called 
Main Dolomite of a basin-margin position and the Fetid Li­
mestone of the basin centre. 

Towards the basin edge, the fo urfo ld subdivisio n of the 
Zechste in G roup is progressively obscured by the disappea-. 
ranee of the evapo rite bod ies and by the re lative increase of 
the elastic inte rcalations. Such marginal sequences are de­
scribed as: 

Frin ge Zechste in Formation (ZEFR) 

Halokin etic movements of the salts have oft en disturbed 
large parts of the Zechste in sequence to such degree that the 
normal depositional arrange ment cannot be recognized any­
mo re. T he no menclature of such sequences fa lls strictly 
outside the scope of the presented stratigraphic scheme . 
However, fo r practical purposes, it was fo und advantageo us 
to standardize the nomenclature of these halokinetically 
disturbed Zechste in sequences. Furthermore, a common de­
no minator is proposed fo r distinct ly leached beds at the top 
of the Zechste in Group, which a re often fo und in we lls where 
rocks yo unge r than the Lower Germ anic T rias succeed the 
Zechstein Group. T hese abnormal sequences are described 
at the end of this chapter. 

Na me - Na me deri ved from th e German stratigraphic no­
menclature where it is customarily applied to the oldest eva­
poritic cycle of the Zechste in . The name ' Werra Series ' is 
often used as a synonym. 

Defin ition - The oldest evapori tic cycle of the Zechste in 
G roup, consisting of a basal shale followed by carbonates -
anhydrites - salts - anh ydrites in a bas in-margin position, 
and by ca rbonates - anhydrites in the basin cent re. 

T he Zechste in 1 Form ation is situated between the base of 
the Co ppershale, the lowest member of the Zechstein G roup, 
and the base of the carbonates of the Zechstein 2 Fo rmation. 

Age - Late Permian. 

Reference sections - Because pronounced diffe rences be­
tween the basin-margin and the basin-centre successio ns are 
apparent, two refe rence wells are presented : 

(basin -margin position) Well Rossum-Weerselo-3 : 1407-
1804 m, coord. N 52°21'03.6 ", E 06°54'38.3" (encl. 6) . 
(basi n-centre position) Well Vries-1 : 3083 -3122 m, coord . 
N 53°02'14 .8", E 06°35 '40.5" (encl. 6). 

Subdivision - A complete evapo ritic cycle is present in sub­
basins occurrin g a long the basin margin , whereas in the basin 
centre th e cycle is incomplete with the absence of sa lt beds, 
as exemplified by Rossum-Weerse lo-3 and Vries-! , 
respectively. The nomenclature applied to these situations is 
as fo llows: 

Rossum - Vries-I 
Weerselo-3 

Z I Uppe r Anhydrite Mbr. 
(ZEZlT) 1407-1435 m 

Z l Salt Member (ZEZl H) 1435-1725 m 
Z l Lower Anhydrite Mbr. 

Z l A nh ydrite Mbr. 
Z l Carbonate Mbr. 
Coppershale Mbr. 

(ZEZl A) 
(ZEZlW) 
(ZEZlC) 
(ZE Zl K) 

1725-1801 m 
3083 -3110 m 

1801-1803 m 3110-3121 m 
1803-1804 m 3121-3122 m 

In practice th e separation of the Z l Anhydrite Member and 
the Z l Ca rbonate Member is sometimes ambiguous. T here­
fo re, it is pro posed to combine these units, whenever neces­
sary, into: 

Z l Anhydrite-Carbonate Me mber (Z EZ1 B) 

Reference section - Well U ithuizermeeden-1: 2828-2874 m, 
coord. N 53°26 '59 .1 " , E 06°48 '29.4" (encl. 6). 

T he Coppershale Member is a thin , micro laminated, black 
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bituminous shale. It is usually recognized on wire line logs by 
a characteristic very high ga mma ray readin g. 

The ZJ Carbonate Member commonly grades from argill a­
ceous limestone at the base into crystalline dolomite at the 
top. Frequently it is very anhydritic, which explains the often 
gradational boundary with the fo llowing unit , the Z l An­
hydrite Member. Consequently, the boundary between these 
two units is sometimes ambiguous. 

T he Z J A nhydrite-Carbonate Member is recognized in all 
those areas where a clea r distinction between the Z l Car­
bonate Member and the Zl Anhydrite Me mber is hardly 
possible. T his is due to anhydrite strin ge rs in the equiva lent 
of the Z l Carbonate and carbon ate intercalations in the 
overlying anhydritic beds. 

T he Z l Anhydrite Member!Zl Lower A nhydrite Member 
is often a so lid body" of anhydrite, but dolo mitic stringers 
occur frequently, thus renderin g its distinction from the Zl 
Carbonate Me mber di ffic ult. 

T he Zl Salt Member, as recognized in some sub-basins 
along the basin margin , probably does not for m one con­
tinuous sa lt body but consists of latera lly separated lenses . 
However, fo r practica l purposes, these sa lt laye rs a re de­
scribed under one denominato r. In most occurrences hali te is 
the only sa lt component present, but some local beds of po­
tassium sa lts have been observed. 

T he Zl Upper A nhydrite Member is a unit in which an­
hydrite is the dominant component with va ri able amounts of 
dolomite stringers. 

ZECHSTEIN 2 FO RMATION (ZEZ2) 

Name - Name derived fro m the Germ an stratigraphic no­
menclature in which the second evaporitic cycle of th e Zech­
ste in is customarily indicated as the Zechste in 2 or 'Stassfurt 
Series ' . 

Definition - T he second oldest evaporitic cycle of the Zech­
stein G ro up consistin g of a carbonate - anhydrite - sa lt -
anhydrite sequence, although locally the salt me mber may be 
absent . It is located between the top of the uppermost an­
hydrite member of the Zechstein 1 Formation and the base of 
the G rey Salt Clay Member, the lowest unit of the Zechste in 
3 Formation. 

Age - Late Permian. 

Reference sections - T he lithologica l development of this 
Form ation differs markedly when basin-margin and basin ­
centre developments a re compared. Consequently, two re­
ference sections have been selected : 
- (basin-margin positio n) Well Rossum-Weerselo-3 : 1331 -
1407 m, coord . N 52°21'03.6", E 06°54 '38.3" (e ncl. 6), 
- (basin-centre position) Well Uithuizermeeden-1: 2548 -
2828 m, coord. N 53°26'59.l ", E 06°48 '29.4" (encl. 6) . 

Subdivision - T he Zechste in 2 Form ation does not de mon­
strate anywhere a development as a complete evaporitic cy­
cle since the basal shale uni t of such a cycle has nowhere been 
observed. 

T he subdi vision of the Fo rm ation is as fo llows: 

Rossum - Uithuizer-
Weerselo -3 meeden-I 

Z2 Roof Anh ydrite Mb r. 
(ZEZ2T) 1331-1335 m 2548-2553 m 

Z2 Sa lt Member (ZEZ2 H) 1335-1358 m 2553 -2818 m 
Z2 Basal Anhydrite Mbr. 

(ZEZ2A) 1358- 1365 m 2818-2823 m 
Z2 Carbonate Mbr. (ZEZ2C) 1365-1407 m 2823 -2828 m 

The Z2 Carbonate Member is, in the basin centre, developed 
as a thin , fi ne ly lami nated, argill aceous, blackish and often 
bituminous limestone, and distinguished in Dutch li terature 
as the Fetid Limestone (VISSER, 1963). Towards th e basin 
margin , this Member is usua lly a massive to thick bedded, 
light co loured, sometimes oo li tic - bioclastic dolomite, and 
in formall y named the Ma in Dolo mite (B RUEREN, 1959; VIS­

SER, 1963 ). Transitional developments between these two 
litho logica l types commonly occur. 

T he Main Dolomite in particular may contain appreciable 
amounts of anhydrite but on wire- line log evidence the dis­
tinction between the Z2 Carbonate Me mber and the over­
lying Z2 Basal Anhyd ri te Member is generall y not too di f­
ficult . 

T he Z2 Basal Anhydrite Member is genera lly developed as 
a body of relati ve ly pure anhydrite. 

T he Z2 Salt Member is, in the basin centre, a thick mono­
tono us halite seq uence, often with potassi um-magnesium 
salts towards the top. 

T he Z2 Roof Anhydrite Member is, genera lly, a thin and 
pure anhydrite sequence. 

ZECHSTEIN 3 FO RMATION (ZEZ3) 

Name - Na me derived fro m the German stratigra phic no­
menclature in which the penultimate evaporitic cycle of the 
Zechstein is customaril y described as the Z echstein 3 or the 
'Leine Se ri es ' . 

Definition -The third and penu ltimate evaporitic cycle of the 
Zechstein Group, consisting of a shale - carbonate - an­
hydrite - salt succession, with a gradual thinning of the car­
bonate me mber towards the basin centre and a similar disap­
pearance of the salt towards the basin margin . It is located 
between the top of the Z2 Roof Anhydrite and the base of 
the Red Salt Clay Member, the basa l unit of the Zechstein 4 
Formation. 
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Age - Late Permian. more, this upper part of the Member demonstrates reddish 
shale interca lations similar to the Red Salt Clay Member of 

Reference secrions - the Zechstein 4 Formation. 
Well Rossum-Weerselo-3 : 1245-1331 m, coord. N 

52°21 '03.6", E 06°54'38.3" (encl. 7) , 
We ll Uithuizermeeden-1: 2250-2548 m, coord. N ZECHSTEIN 4 FORMATION (ZEZ4) 

53°26 '59.l " , E 06°48 '29.4" (encl. 7). 

Subdivision - The Zechstein 3 Formation is never developed 
as a complete evaporitic cycle as the topmost anhydrite 
member is absent. 

The subdivision of the Zechstein 3 Formation is as follows: 

Rossum -
Weerselo-3 

Uithuizer­
meeden-I 

Z3 Salt Member (ZEZ3H) 1245-1281 m 2250-2488 m 
Z3 Main Anhydrite Mbr. 

(ZEZ3A) 1281-1283 m 
Z3 Anhydrite-Carbonate Mbr. 

(ZEZ3B) 2488-2547 m 
Z3 Carbonate Mbr. (ZEZ3C) 1283-1327 m 
Grey Salt Clay Member 

(ZEZ3G) 1327-1331 m 2547-2548 m 

The Grey Salt Clay Member is a thin , grey shale interval. 
The ZJ Carbonate Member is a brownish , slightly argi ll a­

ceous, dolomitic limestone to very fine crysta lline dolomite, 
usua lly known by its German name of the Plattendolomit 
(the 'P laty Dolomite' of VISSER, 1955, and BRUEREN, 1959). It 
exh ibits its thickest development near the basin margin and 
then thins grad uall y towards the basin centre where it com­
plete ly disappears. This occurs combined with a com­
plementary thickness increase of the overlying Z3 Main An­
hydrite Member. The Z3 Carbonate Member frequently 
contains interbeds of anhydrite, often in combination with 
carbonate intercalations in the Z3 Main Anhydrite Member. 

The ZJ Anhydrite-Carbonate Member is proposed for 
those cases where the combined carbonate and anhydrite 
units of the Zechstein 3 cycle are clearly separable from the 
under- and ove rlying units but where, due to anhydrite inter­
calations in the supposed eq uivalent of the Z3 Carbonate 
Member and to carbonate beds in the overlying anhydrite 
seq uence, the distinction between these two members is too 
ambiguo us to be maintained. 

The ZJ Main Anhydrite Member is variable in lithological 
expression, as it is frequently developed as a relatively pure 
anhydrite body but can also include a high amount of dolo­
mite interca latio ns. 

The ZJ Salt Member is a solid sa lt sequence with fre­
quen tly potassium-magnesium salts in its upper part. Within 
the highest part of the Member a thin anhydrite bed someti­
mes occurs, probably representing the topmost member of 
the complete evaporitic cycle of the Zechstein 3. Further-

Name - Name derived from the German stratigraphic no­
menclature in which customari ly the last evaporitic cycle of 
the Zechstein is distinguished as the Zechstein 4 or the 'A ller 
Series' . 

Definition - Fourth and last evaporitic cycle of the Zechstein 
Group, consisting of a shale - anhydrite - salt - occasional 
anhydrite seq uence. It is located between the top of the Z3 
Salt Member and the base of the elastics of the Lower Bunt­
sandstein Formation. 

Age - Late Permian . 

Reference secrions -
Well Uithuizermeeden-1 : 2194-2250 m, coord. N 

53°26 '59.1 " , E 06°48 '29.4" (encl. 7), 
Well Rossum-Weerselo-3: 1235-1245 m, coord . N 

52°21 '03.6", E 06°54 '38.3" (enc l. 7). 

Subdivision - The evaporitic cycle of the Zechstein 4 For­
mation is incomplete with the absence of the carbonate 
member. Freq uen tly it shows a further incompleteness with 
the absence of the top anhydrite bed. This latter unit , in 
German terminology distinguished as the 'Grenz Anhydrit' , 
is sometimes present in the Dutch subsoil but in such a thin 
development that no separate name is warranted. 

The Dutch subdivision of the Zechstein 4 Formation reads 
as follows (from top to bottom): 

Z4 Salt Member 

Rossum -
Weerselo-3 

Uithuizer­
meeden-r 

(ZEZ4H) 1235-1238 m 2194-2246 m 
Z4 Pegmatite Anhydrite Mbr. 

(ZEZ4A) 1238-1240 m 2246-2247 m 
Red Salt Clay Member 

(ZEZ4R) 1240-1245 m 2247-2250 m 

The Red Salt Clay Member is a red, often anhydritic shale. 
Towards the basin centre similar shale beds are common in 
the uppermost part of the Zechstein 3 Formation, but, in 
accordance with German usage, only the uppermost of these 
shale beds is described as the Red Salt Clay, the others being 
included in the Z3 Salt Member. 

The Z4 Pegmatite Anhydrite Member is a distinct anhydrite 
unit ( commonly with coarse halite crysta ls). 

The Z4 Salt Member contains, locally, thin potassium salt 
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intercalations . In its upper part it shows, at some places, one 
or more interbeds of shale and anhydrite, including the so­
called 'Grenz Anhydrit' of German literature. 

FRINGE ZECHSTEIN FORM A T!ON (ZEFR) 

Name - Name introduced for the basin-margin development 
of the Zechstein Group, i.e. for the clastic-evaporite/car­
bonate alternation along the basin margin in which the four 
evaporitic cycles of the Zech stein are no longer recognizable. 

Definition - Sequence of sandstones, shales and carbonates, 
commonly with some anhydrites, contained between the base 
of the Coppershale (or its log-correlative equivalent) and the 
top of the highest carbonate in the sequence, which is cor­
relatable with the Z3 Carbonate Member of the Zechstein 3 
Formation. 

Age - Late Permian. 

Reference section -
We ll Q 11 -1: 2720-2874 m, coord . N 52"25'06.7 ", 

E 04"21'36.0" (encl. 7). 

Additional reference sections - Well Buurmalsen-1: 1972-
2069 m, coord . N 51°54'18.8", E 05°18 '49.2" (encl. 16), 

Well Nederweert-1: 2583 -2634 m, coord. N 51 °18'41.9" , 
E 05°46 '14.7" ( encl. 15). 

Subdivision - The fourfold subdivision of the Zechstein 
Group in the basin centre looses its identity towards the basin 
margin, where an irregular succession of variable lithologies 
is developed. However, some members of the Zechstein 1 
and 3 Formations are traceable into these marginal succes­
sions, viz. the Coppershale Member and the Z3 Carbonate 
Member; the latter in this basin-edge development is dis­
tinguished as the Upper Carbonate Member. Based upon the 
recognition of these two levels, the Fringe Zechstein For­
mation can be subdivided into : 

Buur- Neder-
Q II-I malsen-1 weert-1 

Upper Carbonate 
Mbr. (ZEFRC) 2720-2736 m 1972-1989 m 2583-2592 m 

Main Fringe Zechstein Mbr. 
(ZEFRL) 2736-2873 m 1989-2066 m 2592-2634 m 

Coppershale Mbr. 
(ZEFRK) 2873-2874 m 2066-2069 m 

The Coppershale Member is lithologically similar to its 

counterpart of the Zechstein 1 Formation, although it gra­
dually looses its pronounced bituminous character towards 

the basin margin . However, throughout the area of the basin-

edge development, this member is recognizable as a log­
correlative level, although in some cases it does not warrant a 
formal name (e .g., Nederweert-1). 

The Main Fringe Z echstein Member is a sequence of var­

ious lithologies, composed of shales, sandstones, carbonates 
and anhydrites. It often contains appreciable carbonate beds 
in its lower part , usually direct ly on top of the Coppershale 
Member. 

The Upper Carbonate Member forms the top of the Fringe 
Zechstein Formation. Occasionally, distinct evaporite beds, 
e .g., anhydrites, occur somewhat higher in the elastic sequen­
ce above the Member, but for practical purposes such beds, 
correlatable with the Zechstein 3 and 4 evaporites, are inclu­
ded in the Lower Germanic Trias Group. 

HALOKINETICALLY DISTURBED AND 
LEACHED ZECHSTEIN SECTIONS 

Halokinetic salt movements have often disturbed the 
described Zechstein sequences, frequently beyond recog­
nition of the depositional succession. For such disturbed se ­
quences the following nomenclature is proposed: 

Z echstein Salt (ZESA) for the halokinetically disturbed 
sequences above the Z2 Basal Anhydrite Member, in 
which the depositional sequence of Z2 Salt to Z4 Salt is 
not recognizable anymore. Within this salt sequence the 
basal Zechste in 3 members (Grey Salt Clay, Z3 Carbo­
nate and Z3 Main Anhydrite) together act as a rigid in­
tercalation and, due to the halokinetic movements, are 
often broken and dispersed as 'floating slabs' in the salt 
sequence ; 
Upper Zechstein Salt (ZESAU) for those cases where the 
basal Zechstein 3 members are recognizable but the basal 
members of the Zechstein 4 Formation are absent, thus 
rendering the recognition of the separate Z3 and Z4 Salt 
members impossible ; 
Lower Zechstein Salt (ZESAL) for those salt sequences 
in which it is impossible to distinguish between Z2 and Z3 
salts because the basal Zechstein 3 members are absent. 
The Zechstein 4 Formation is, however, complete (Red 
Salt Clay, Z4 Pegmatite Anhydrite and Z4 Salt) and in 
place. 

Post-depositional alterations of the Zechstein sequence oc­
curred at places where leaching affected the predominantly 
evaporitic succession. These effects are especially noticeable 
in cases where the Zechstein is overlain by rocks younger 
than the Basal Buntsandstein Member which depositionally 
follows on top of the Zechstein Group. The residual rocks 

formed by these leaching processes are distinguished as the 
Z echstein Caprock (ZECP) , and usually consist of 
anhydrite and carbonate. 
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6. LOWER GERMANIC TRIAS, UPPER GERMANIC TRIAS AND BUNTER GROUPS 

6.1. INTRODUCTION 

T he Germanic Trias was origi nall y defined from the area in 
central Germ any where it outcrops and was subdivided into 
Buntsandstein, Muschelkalk and Keuper, consecutively from 
bottom to top . 

This tripartite subdi visio n, a lthough often interpreted in a 
chrono-stratigraphic sense, is essentially of litho-stratig­
raphic origin and will be so treated in this publication. 

By careful step-by-step correlation the recognition of these 
units was extended to the subsurface of northweste rn G er­
many (TRUSHE IM , 1963; HERMANN, 1964). lt should be realized 
that correlation was the prime purpose, and that the names of 
the main subdivisions were maintained despite sometimes 
pronounced lithologica l variations. 

In the lithostratigraphy of the British onshore the class ical 
tripartite subd ivision as known from Germany is not recog­
nizab le . Here the Germanic Trias is subdivided into a (lower) 
Bunter or Bunter Sandstone and an (upper) Keuper Marl. 
Although names similar to the German ones have long been 
in common use for the British situat ion, the equiva lence of 
both nomenclatures cannot be proven (RAYNER, 1967). Data 
from wells drilled in the British offshore sector of the North 
Sea have provided for a bette r understanding of the corre la­
tion between the British and th e northwestern German units 
(GEIGER & HOPPING , 1968) . Subsequently RHYS (1974) introdu­
ced an adapted version of the nomenclature for the British 
sector. Two groups were recognized: the (lower) Bacton 
Group and the (upper) H aisboro ugh Group. The section 
equiva lent to the Rhaet of the German authors was, how­
ever, included as the Winterton Formation within the Lias 
Group. For the units at fo rmation and me mber level the 
German names were maintained where it was fe lt that an 
equivalence co uld be established and for a ll other cases new 
British names were introduced. 

In The Nethe rl ands, the nomenclature for the Germanic 
Trias was traditionally simil ar to the German one, especia lly 
for the rock sequences in basinal development. Along the 
basin margin more simila rity to the British succession is seen 
and the subdivision there is comparable to the British one 
(text fig . 7). 

Within the development of the Germanic Trias, two major 
gro ups of sed iments are recognized: a lower elastic seq uence 
and an uppe r series of elastics, carbonates and evaporites. 
These two are named (fro m top to bottom) : 

Upper Germanic Trias Gro up, 
Lower Germa nic Trias Gro up, 

and are eq ui va lent to the Haisborough and Bacton Groups of 
the British secto r of the North Sea region, respectively. 

The boundary between the Lower and Upper German ic 
Trias Groups is taken at the level of the Hardegsen Un­
conformity, th e most impo rtant break in sedimentat ion that 
can be recognized within the depositional succession of the 
Germanic Trias. This concept deviates from the classic Ger­
manic tripartite subdivison, the more so since the level of the 
unconformity is located within the classic Buntsandstein suc­
cession. Such a major subdivision has been advocated, how­
ever, by some German authors ( e.g. , TRUSHEIM, 1963) and a 
similar importance has also been att ributed to the unconfor­
mity by w. H. Z IEGLE R (1975) and BRENNAND (1975). 

One further deviation from the classic German concept of 
the Germanic Trias is introduced here by considering the 
topmost, predominantly open-m arine beds (Sleen Shale 
Formation) as the basa l unit of the A ltena Gro up. Although 
these clayey sedi ments are of Triassic (Rhaetian) age, they 
belong clearly to the succeeding marine sequence. 

6.2. LOWER GERMANIC TRIAS GROUP (RB) 

General - Withdrawal of the sea from the Northwestern 
European Permo-Tri assic Basin towards the end of the Per­
mian termin ated the marine cyclic deposition of the Zech­
stein Gro up, and terrestri al conditio ns returned with the in­
flux of continenta lly derived elastic sediments. 

During the deposition of the Lower Germ anic Trias 
Group, the main part of The Netherlands was occupied by a 
large domal swell , the Netherlands Swell, comparable to the 
similarly directed Hunte and Eichsfeld swe lls in Germany 
(text fig. 2). T he Netherlands Swell was flanked in the east by 
the Ems Low and in the west by the Off-Holland Low. These 
swells and lows, with a genera l NNE-SSW st rike, a re a com­
mon feature of the so uthe rn margin of the Northwestern 
European Permo-Triassic Basin , with its ESE-WNW direc­
ted axis. 

In orde r to maintain the re lationship to the formerly ap­
plied nomenclature it was felt advantageo us to continue the 
usage of most of the well-established German names. Con­
seq uently, the two major subdivisio ns of the Lower Ge rma­
nic Trias Group are named (fro m top to bottom): 

Main Buntsandstein Formation (RBSS) , 
Lower Buntsandstein Formation (RBSH). 

After the deposition of the Lower Buntsandstein Formation, 
the differences in rates of subsidence, which ca used the pre-
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sence of the highs and lows, became more pronounced and 
on the swe lls interruptions in sedimentation occurred by non­
deposition and, occasionally, by appreciab le erosion . Such 
breaks are co mmon in the Main Buntsandstein sequence and 
become increasingly more important upwards. The up­
permost one, th e H ardegsen U nconformity (below the Sol­
ling seq uence), is apparent by its co nsiderable erosion of the 
unde rl yi ng seq uences in the a rea of the above- mentioned 
swells. In the centre of the Netherlands Swell in particular 
the Hardegsen eros ion has removed even parts of the Lower 
Buntsandstein Formation, although in the adjacent lows th e 
Hardegsen erosio n is hardly noticeab le. Thus, the choice of 
the Hardegsen Unconformity as a major leve l in the Germa­
nic Trias stratigraphy becomes obvious for the separation of 
the Lower and Uppe r Germanic Trias Groups. 

Along the margin of the Germa nic Trias basin, the Har­
degsen Unconformity (although -assumed to be present) is 
hard ly discernible. The eq uiva len t of the Main Buntsandstein 
Formation , or sometimes the whole of the Lower Germanic 
Trias Group and the lower part of the Upper Germanic Trias 
Group, are developed as relatively massive sa ndsto nes, 
which for practica l purposes for m one unit , th e so-ca lled 
Bunter Group. T his unit is followed by the marly-shaly eq ui­
va lents of the Muschelkalk and Keuper Formations. 

Fo r practical purposes, it is proposed to apply the ter­
minology of th e Lower Germanic Trias Group to those areas 
where the individual sha ly me mbers of th e Main Bunt­
sa ndstein Formation can easi ly be recognized. Outside such 
basinal areas the Bunter terminology is more applicab le. It is 
realized that in such a concept some units within the Bunter 
Gro up are co rre latable with those of the Lower Bunt­
sa ndstein and Rot Formatio ns of the Lower and Upper Ger­
manic Trias Groups. These have -been a llocated new names. 

Name - The name 'Germanic Trias ' is derived fro m th e 
Germ an strati graphic nomenclature whe re it is commonl y 
applied to denominate the whole of the sedimentary seq uen­
ce between the evaporites and carbonates of the Zech ste in and 
the marine shales of the Lias. In thi s paper, the prefix 'Lo­
wer' is applied to that part of the Germanic Trias that ot'.c urs 
below the so-called Hardegsen Unco nfor mity. 

Definilion (text figs. 7,8) - Group of formations composed of 
sa ndstones, si ltstones and sha les ( often an hydritic) and si­
tuated between the top of the uppermost distinct carbonate or 
evaporite bed of the Zechstein Group and the level of the 
Hardegsen Unconformity which fo rms the base of the clastic­
carbonate-evaporite sequence of the Upper Germ anic Trias 
Group. 

Age - Skythian. 

Reference sec1ion Well Blijham-1 : 2732-3273 m, coord. 
N 53°05'41.1 ' , E 07°04 '40 .2' (encl. 8). 

Subdivision - Two fo rm ations are distinguished : a lower 
predominantly shaly seq uence, and an upper alternation of 
sa ndstones and sha les, viz. (from top to bottom) : 

Main Buntsandstein Formation 
Lower Buntsandstein Formation 

(RBSS), 
(RBSH). 

LOWER BUNTSANDSTEIN FORMATION (RBSH) 

Name - Name derived from the German stratigraphic no­
menclature whe re the Buntsandstein is subdivided into a 
Lower, Middle and Upper Buntsandstein. In the he re presen­

ted nomenclature, the Dutch Lower Buntsandstein Formation 
co incides with its German counterpa rt but the Midd le and 
Upper Buntsandstein are not maintained any longer. 

Definition - A monotonous seq uence of silty, an hyd ritic, 
redbrown sha les to claystones, with inte rcalated oolite-bea­
ring beds towards the top ; situated between the top of the 
uppermost distinct evapo rite or carbonate bed of the Zech­
ste in Group and the base of the lowest distinct sandstone of 
the Main Buntsa ndstei n Formatio n. 

As stated o n page 20, the definition of the top of the Zech­

stein Gro up is so mewhat ambiguous. However, by e mployi ng 
the qualification that the uppermost distinct evaporite o r car­
bonate bed of the Zechstein Group must be at least 1 m thick, 
thi s ambiguity ca n normally be avoided. 

Age - Skyth ian . 

Referen ce sec1ion - Well Blijham-1 : 2898-3273 m, coord. 
N 53°05'41.J " , E 07°04'40 .2" (encl. 8). 

Subdivision - A tripartite subdivision of the Lower Bunt­
sandste in Formation is customarily applied, which is, from 
top to bottom : 

Rogenstein Member 
Main Claystone Member 
Basal Buntsandstein Member 

Blijham-I 
(RBSHR) 2898-3066 m 
(RBSHM) 3066-3251 m 
(RBSHB) 3251-3273 m 

The Basal Buntsandstein Member is a successio n of co m­
monly very silty, anhydritic claysto nes, frequently with an­
hydrite strin ge rs. 

The Main Clayswne Member consists of redbrown, silty, 
often anhydritic cl aystones. Thi s monotonous seq uence is 
characterized o n wireline logs by a fai rly monotonous ga mma 
ray expression. 

T he Rogenstein Member is a seq uence of claystones similar 
to those of the Main Claystone Member but con taining se­
vera l iron-stained oo lite -beds. T he base of the lowest of 

these beds fo rms the bo undary with the Main Claystone 
Member. Three conspicuous oo lite-beds situated in ap-
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proximate ly the middle part o f the Member, expressed on the 
available wire-line logs by three distinct readings of low 
ga mma ray radiation and high so nic/resistivity response, are 
a characteristic feature . 

MAIN BUNTSANDSTE!N FORM A T!O N (RBSS) 

Name - The name ' Buntsandstein ' is de rived from the Ger­
man stratigraphic nomenclature. The interval corresponding 
most close ly to the Main Buntsandste in Formation is, in 
German te rminology, described as the Middle Bunt­
sandstein. However, in Germany the top of the Middle 
Buntsandstein is commonly taken at the base of the Rot 
Evapo rite, whereas the upper limit of the Main Bunt­
sandstein Formation of The Netherlands is taken at the leve l 
of the Hardegsen Unconformity, i.e. at the base o f the Soiling 
seque nce. Thus, to avo id confusio n in th e current no men­
clature, the name Main Buntsandste in is introduced for 
Dutch usage. 

Definition - Sequence of reddish brown sandstones, altern a­
tin g with silty, often anhyd ritic clays to nes, and situated be­
tween the base of the lowest di stinct sandstone bed of the 
Formation (o n top of the Lower Buntsandstein Fo rmation) 
and the base of the Soiling sequence, equivalent to the leve l 
o f the Hardegsen Unconformity. 

The level of the Hardegsen Unconformity is mark ed by an 
overl ying shale with one or more leve ls of hi gh ga mma-ray 
radi at ion (TRUS H EIM , 1961 ). Below thi s leve l, the Formation is 
freq ue ntly incomplete due to erosion. 

Age - Skythian. 

Reference section - Well Blijham-1 : 2732-2898 m, coord. 
N 53°05'41.L" , E 07°04'40.2" (encl. 8). 

Additional reference sections -
Well L 2-1: 3964-4205 m, coord. N 53°57'14.2", E 

04°30'46.6" (e ncl. 8) , 
Well E leve ld-101 : 2525-2540 m, coord . N 52°57 '28.0", E 

06°34'42.0" (encl. 9). 

Subdivision - The pronounced sandstone-c laystone alte r­
nat ion o f the Main Buntsandste in Formation enables a sub­
division into a series of easily recogni zable members, viz. : 

The Volpriehausen Sandstone Member is a well defin ed 
sandstone unit, frequentl y with a distinct blocky character on 
the ga mma ray logs. 

The Volpriehausen Clay-Siltstone Memb er is a claystone 
body gradin g upwards into a siltstone. It overlies the Yol­
priehausen Sandsto ne Member with a sharp base , but its up­
per contact with the D e tfurth Sandstone Member is a grada­
tional one, no t easy to define uniquely. 

The Detfurth Sandstone Member usuall y consists of two 
distinct sandstone beds with an inte rca lated laye r of reddi sh 
brown, anhydritic siltston e or silty claystone. 

The Detfurth Clays1one Member is a homogeneous, slightly 
silty, anh ydritic claystone seq uence. 

The Hardegsen Member compri ses an altern at ion of ge­
ne rally thin sandstones and very silty sha les. In many areas 
thi s Member demonstrates an easily recognizable sandstone 
bed at its base, thus all owing for a loca l subdi vision into : 

Hardegse n C laystone Member (RBSSA) 
Hardegsen Sandstone Member(RBSSS) 

L 2 -I 

3964-4002 m 
4002-4009 m 

The sandstone me mbers of the Main Buntsandstein For­
mation, although well correlatable throughout most of The 
Neth e rlands, appear as thicke r and more massive units to­
wards the southe rn basin edge where the shaly me mbers are 
gene rally thin and sandy. Along the basin margin proper, 
these shale members a re bare ly deve loped and the sand­
stones form, in reality, one unit. In this case such a rel at ively 
massive sandstone body is denominated as the Bunter Sand­
stone Formation of the Bunte r Group. 

6.3. UPP E R G E RMANI C TRIAS GROUP (RN ) 

G eneral - Afte r the te rrestri al sedimentary circumstances 
prevailing during the deposition of the Lower Germanic 
Trias Group, marine conditions return ed to The Netherlands 
during th e sed imentat ion of th e Upper Germ anic Trias · 
Grou p. However, only occasionally open-marine deposition 
took place (part of the Muschelkalk Formation). 

Nam e - The name 'Germ anic Trias' is derived from the 
German stratigraphic nomenclature where it refe rs to the 
sedimentary sequence between the evaporites and carbona­
tes of the Zechstein and the marine shales of the Lias. The 

Blijham- 1 L 2- l Eleveld-I OT 

Hardegsen Me mbe r (RBSSH) 2732-2748m 3964-4009 m 
Detfurth Claystone Mbr. (RBSSC) 
De tfurth Sandstone Mbr. ( RBSSD ) 
Yolpriehausen C lay-Siltstone Membe r (RBSS P) 
Yolpriehausen Sandstone Member ( RBSSY) 

2748-2783m 
2783 -2815m 
28 15-2892 m 
2892-2898m 

4009-4033 m 
4033-4085 m 
4085-4158m 
4 158-4205 m 

2525 -2532 m 
2532-2540 m 
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prefix ' Upper' is applied to that part of the Germanic Trias 
that occurs above the so-call ed Hardegsen Unconformity. 

Definition ( text fi gs. 7, 8) - Gro up of formations composed of 
silty shales, evapo rites, carbonates and some subordin ate 
sandstones, and situated between the sand-shale seq uence of 
the Main Buntsandstein Formation , or the predominantly 
sandy succession of the Bunter Gro up, and the fossi li ferous 
shales of the Sleen Shale Formation. 

Age - Skythian - Norian . 

Reference section - Well L 2-1 : 2808-3964 m, coord. 
N 53°57'14", E 04°30 '46.6" (e ncls. 9-1 3). 

Subdivision - A distinct tripartite subdivi sion is recognized in 
the basinal deve lopmen t of the Upper Germanic Trias 
Group, viz. (fro m top to bottom): 

Keuper Formation 
Muschelkalk Formation 
Rot Format ion 

(RNKP), 
(RNMU), 
( RNR0). 

Towards the basin margin the Muschelkalk and Keuper 
Formations remain recognizable, whereas the Rot Formation 
passes grad ually into the sandy beds of the Bunter Gro up. 

ROT FORM A TJON (RNR0) 

Name - Name derived from the German stratigraphic no­
menclature where it is applied as an alternative name for the 
so-ca ll ed Upper Buntsandstein. 

Definition - Sequence of evapo rites ' redbrown, silty, an­
hydritic claystones and occasional sandstones, and situated 
between the top of the sand-shale seq uence of the Main 
Buntsandstein Formation and the base of the marls-car­
bonates of the Muschelkalk Formation. Within the Dutch 
subso il , the Muschelkalk Formation shows a decreasing car­
bonate content towards the north and west , but the boundary 
with the Rot Fo rm ation remai ns discernible on wire-line logs 
by the lower gamma ray and higher son ic ve locity response of 
the basa l Muschelkalk compared to the claystones of the Rot 
Formation. 

Age - Skythi an - ? Anisian. 

Reference section - Well L 2-1 : 3650-3964 m, coo rd . 
N 53°57'14.2", E 04°30'46 .6" (encl. 9). 

Additional reference sections - Well E leve ld- JOI : 2241-2525 
m, coo rd. N 52°57'28.0", E 06°34'42.0" (encl. 9) ; 

Well K 17-1 : 1613-1807 m, coo rd . N 53°02'40.9" , E 
03°37'05.6" (e ncl. 9). 

Subdivision - Throughout most of its depositional area, th e 
Rot Formation has an evaporitic interva l in its middle part , 
which allows for a basic threefold subd ivision. In the basin 
centre, however, va rious members can be distinguished 
wi thin the evaporitic series and the following subdivision is 
recognized: 

L 2 -1 Eleveld-101 

Upper Rot Claysto ne Member 
(RNR0U) 3650-3749 m 2241 -2316 m 

Upper Rot Evaporite Member 
(RNR02) 3749-3765 m 

Intermed iate Rot Claystone Member 
(RNR0M) 3765-3786 m 

Main Rot Evaporite Member 
(RNR01 ) 3786-3929 m 

Soiling C laystone Member 
(RNR0S) 3929-3964 m 

2316-2321 m 

2321-2337 m 

2337-2447 m 

2447-2525 m 

Towards the basin margi n the evaporite interval cann ot be 
subdivided, probably due to absence of the Upper Rot Eva­
porite Member, and there th e member sequence is as fol­
lows: 

Upper Rot Claystone Member 
Rot Evapo rite Member 
Soiling Claystone Member 

K J 7-1 

(RNR0U) 1613-1709 m 
(RNR0E) 1709-1761 m 
(RNR0S) 1761-1807 m 

The Soiling Claystone Memb er often shows a thin shale with 
a characteristica lly hi gh gam ma rad iation at its base (rnus­
HEIM, 1961 ). Within the Member occasional sand strin gers 
occur, mainly in the lower part. Towards the basin margin 
these sandy intervals increase in importance and the distinc­
tion between th e Soiling and Hardegsen Members becomes 
less and less clear until both units pass into the Middle Bun­
te r Sandstone Formation. 

In southeastern Drenthe and the adjoining parts of Ger­
many a somewhat thicker sandstone bed occurs at the base, 
or in the basal part of the Soiling Member. As this level is 
gas-productive in some wells, a mo re detailed separate no­
menclature can be app lied fo r this area, viz. 

Eleveld-JO I 
Upper Soiling Claystone Member (RNR0C) 2447-2513 m 
Soiling Sandstone Member (RNR0B) 2513-25 15 m 
Lower Soiling Claystone Member (RNR0A) 2515-2525 m 

The Main Rot Evaporite Member is usually a massive halite 
bed followed by a re lat ively thin anhydrite. 

The Intermediate Rot Claystone Member is a reddish 
brown, silty, anhydritic claystone sequence separat ing the 
evaporites of the Main Rot Evaporite Membe r from the Up­
per Rot E vaporite Member. 

The Upper Rot Evaporite Member consists of a rapid alter­
nat io n of rock sa lt and anhydrite. From well-to-well co rre la-
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tio n it is ev ident that both this member and the Main Rot 
Evaporite Member thin and disappear towards the basin 
margi n. It seems reasonable to assume that the Main Rot 
Evapo rite Member extends beyo nd the a rea of the Upper 
Rot .Evaporite as a thin halite-anhydrite sequence which 
passes into an anhydritic bed before to tal disa ppearance to­
wards the basin edge. It is then described as the Rot Evapo ­
rite Member. 

T he Upper Rot Claystone Member is a redbrown, silty, 
anhydritic, sometimes slightly dolomitic claysto ne succession, 
distinguishable from th e overlying Muschelka lk Formation 
by an often pronounced increase of carbo nate content in the 
basa l part of the latte r ( expressed on wire- line logs by a 
decrease in gamma ray response and an increase of so nic 
ve locity read in gs). 

MUSCHELKALK FORMATION (RNMU) 

Name - Name derived from the German stratigraphic no­
mencl ature where it is applied to the middle unit of the Ger­
man ic Trias. 

Definition - Sequence of grey and variegated marls, argill a­
ceous dolomites and limestones, anh ydritic claystones as well 
as an interca lated rock sa lt series. In the eastern and centra l 
parts of The Netherlands the lower and upper limits of th e 
Fo rm ation a re marked by a re lat ive ly hi gh carbonate content 
compared to the under- and ove rlying fo rmations. Towards 
the northern and weste rn parts of The Netherlands, es­
pecia ll y in the offshore sect ion, thi s ca rbonate content gra­
dually diminishes but the boundaries are still disce rnible o n 
wire-line logs. 

Age - ? A nisian - Ladinian. 

Reference section - Well Sleen - 4: 1376-1601 m, coord . 
N 52°48 '30.5", E 06°50' l5" ( encl. LO). 

Additional reference section - We ll L 2- L : 3368-3650 m, 
coord. N 53°57'14.2", E 04°30'46.6" (encl. LO). 

Subdivision - In The Nethe rl ands, the Formatio n can be 
subdivided into Lower, Middle and Upper Muschelka lk, 
fo llowing Ge rm an usage (encl. 11 , acc. to woLBURG, 1969). 
Ove r large part s of the basin a rock sa lt laye r in the Middle 
Musche lk alk enables a twofold subdi vision of this part of the 
sequence. Consequentl y, the fo llowing nomenclature is pro­
posed : 

Upper Muschelkalk Me mber 
Middle Muschelka lk Marl Mbr. 
Muschelkalk Sa lt Membe r 
Lowe r Muschelkalk Member 

Sleen-4 
( RNMUU) 1376-1420 111 

( RNM UA) 1420-1468 m 
( RNMUH ) 1468-1480 m 
(RNMUL) 1480-1601 m 

T hi s sequence is locally incomplete due to gentle discon­
for mities across regional swe lls (woLBURG, 1969). Fur­
thermo re, in some places, the sa lt bed is no t prese nt, e.g., 
disso lved by leaching. 

In the western and northe rn offs hore areas the boundary 
between th e Middle Muschelkalk Marl Member and the Up­
per Muschelkalk Member tends to become obscure, due to 
the diminishing carbonate content of the latter unit. For such 
a reas, the fo llowing subd ivision can be applied: 

Muschelkalk Claystone Member 
Muschelkalk Salt Member 
Lower Muschelkalk Member 

( RNMUC) 
( R MUH) 
(R MUL) 

L 2-1 

3368-3443 m 
3443 -3550 m 
3550-3650 m 

The Lower Muschelkalk Member is characterized by an 
appreciable carbon ate content througho ut The Netherlands, 
a ltho ugh it passes from marls with intercalated argillaceous 
do lo mites and limestones (in the onshore pa rt of the country) 
into ca lcareous claystones towa rds the northe rn and weste rn 
offshore. 

T he Muschelkalk Salt Member is widely distributed 
throughou t the basin, but it thins and d isappears towards the 
basin margin. 

T he Middle Muschelkalk Marl Member has a re latively low 
carbonate conten t compared with th at of the Lower and Up­
per Muschelkalk Members and normally demonstra tes an 
appreciable anhydritic content in its basal part. Where, fo r 
practical purposes, the Muschelkalk Salt is not distinguished 
separa te ly as a member, the combinat ion is called the Middle 
Muschelkalk Member (( RNMUM) (e.g. , we ll Sleen-4, 1420-
1480 m, encl. 10). 

The Upper Muschelkalk Member is, in the centra l and 
eastern part of The e th erlands, deve loped as a dolomite­
limestone-marl seq uence with a dist inct dolomitic interva l at 
the base. Towa rds the west and north the ca rbo nate content 
of the Member decreases markedly, obscurin g the distin ction 
between the Middle Muschelka lk Marl Member and the Up­
per Muschelkalk and, in such cases, the two units are com­
bined into the Muschelkalk Claystone Member. 

Towards the basin margin , the equivalent of the described 
Muschelkalk sequence is sti ll discernible, but a subdi vision 
into separate me mbers is no lo nge r possible. Here, the Mu­
sche lkalk Formation is deve loped as a sequence of marls, 
dolom itic marls and do lomi tes, limited at the base by the 
lowest marl or carbonate bed on top of the elast ics of the 
Bunte r Group and at the top by the uppermost marl o r ca r­
bonate be low the claystones of the Keuper Formation . A long 
the basin margin regional unconfo rmities play an important 
role, and render the Muschelkalk Formation a rather incom­
plete seq ue nce. 

K EUPER FO RMATION (RNKP) 

Name - ame derived from the German stratigraphic no-
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menclature where it is applied to the hi ghest unit of the Ger- The identification of the seven units requires a careful wire-
manic Trias. line log co rre lation exe rcise. However, for regiona l purposes, 

a more simplified subdivision may be advisable, i. e . 
Definition - Sequence of redbrown to variegated, silty, an­
hydritic claysto nes, with intercalated anhydrite and rock salt 
beds. It is situated between the top o f the dolomitic clays­
marls of the Uppe r Muschelkalk Member, or the Mu­
sche lkalk Clays ton e Member, and the base of the marine 
shales of the Sleen Shale Formation . As the above lithologi­
cal crite ri a for boundary recognitio n a re sometimes subtle, 
wire- line log cha racte ristics play an important additional ro­
le. 

Age - Ladinian - Nori an. 

Reference section - Well L 2-1 : 2808-3368 m, coord. 
N 53°57'14.2", E 04°30'46.6" (encl. 12). 

A dditional reference sections - Well E mmen-7 : 1610-1740 m, 
coord. N 52°46 '56.7", E 06°50'37 .5" (encl. 14), 

Well K 14-1 : 1623-1810 m, coord. N 53°17'15.2", E 
03°37'07.3" (e ncl. 14) . 

Subdivision - The full Keuper sequence consists essentially 
of fo ur claystone zo nes alternatin g with three anhydritic in­
te rvals (with o r without rock sa lt beds). The boundaries be­
tween these seven members are mainly based on those wire­
line log crite ri a th at supposedly re fl ect lithological changes. 
The proposed subdivi sion follows broadl y the one in use in 
G erm any ( encl. 13; WOLBU RG, 1969). 

At mari y places the succession is incomple te due to the 
presence of some gentle disconformities on regional swe lls. 
O f th ese, the one at the bo und ary be tween the Keuper For­
mation and the Sleen Shale Forma tion is the most important, 
causing absence of pa rt , or all , o f the Keupe r Fo rm ation. In 
th ese areas, the Sleen Shale-Fo rm ation rests unconformably 
on the Muschelkalk or even on the Rot Formation . 

L 2 -r 

Upper Keuper C laystone Member 
(RNKPU) 2808-2845 m 1623 -1628 m 

Dolomitic Ke upe r Member 
(R KPD ) 2845-2917 m l628 -L663 m 

Red Keuper Claystone Membe r 
( RNKPR) 29 17-2947 m 1663 -1 674 m 

Red Keuper E vapo rite Member 
(RNKPE) 2947-3030 m 1674-1677 m 

Middle Keupe r C laystone Membe r 
( RNKPM) 3030-3076 m 1677 -1703 m 

Main Keupe r Eva po rite Member 
( RNKPS) 3076 -3247 m 1703-1738 m 

Lower Ke upe r C laystone Member 
( RNKPL) 3247-3368 m 1738-1810 m 

L 2 -l Emmen-7 
Argillaceous Ke uper Member 

(RNKPC) 2808-3076 m 1610-1 6 14 m 
Main Ke uper Evapo rite Member 

(RNKPS) 3076-3247 m 1641-1670 m 
Lower Keupe r Clays tone Member 

(RNKPL 3247-3368 m 1670-1740 m 

T he Lower Keuper Claystone Mem ber is frequently an an­
hydritic sha le with some anhydrite strin gers. 

The Main Keuper Evaporite Mem ber consists mainly of 
ha lite alternating with anhydrite and anhydritic shales and is 
capped by a unit of anhydrite and anhydritic shal e. Towards 
the basin margin it passes into an a lte rnatio n of anhydrite 
and anhydritic shales. 

The Middle Keuper Claystone Member co nsists of silty 
and/or anhydritic shales. 

The Red Keuper E vaporite Mem ber is a unit of siltstones 
and anhydritic sha les with inte rcalated anhydrite beds. 

The Red Keuper Claystone Member consists of silt y sha les. 
The Dolomitic Keuper Member is a sequence of anhydritic, 

pa rtly dolomitic, partly marly shales with anhydrite beds. In 
the easte rn part of The Netherlands dolomite stringers are 
common, but towards the north and west the dolomitic com­
ponents decrease markedly in importance. 

The Upper Keuper Claystone Member consists of silty sha­
les. 

The presence o f local unconformities within the Keuper 
may res ult in incomple te sequences in which especially the 
Red Keuper Evaporite Member and th e Do lomitic Keuper 
Member may be strongly reduced o r absent. Probably th e 
depositiona l a rea of the Ke uper was somewhat reduced du­
rin g the sedimentation of these evaporitic members, with , on 
hi gher blocks, a tendency to no n-deposition o r erosion , e .g., 
K 14- 1. 

Towards the basin margin the Keuper Fo rm ation is re­
prese nted by a sequence of va ri egated anh ydritic clays tones 
and some inte rcalated anhydrite beds. In thi s situatio n, a 
form al subdi visio n of the Fo rm ation is no t wa rranted . 

6.4. BU NTE R G ROU P ( BS) 

General - The Hardegsen Unco nfo rmity, which se parates th e 
Lower and Upper Germanic Trias G ro ups in the basin cen­
tre, cannot be recognized within the in creasingly coarse el as­
tic sequence fo und along the basin margin . Here, the litho­
stratigraphi call y equi valent sediments consist of a lowe r 
sand -clay a lte rn ation, o r a massive sand sequence along the 
basin margin pro per, o ve rlain by dolo mitic and anh ydritic 
shales and marls. The lower elastic succession is described as 
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the Bunter Group, whilst the shales and marls fall unde r the 
basin margin facies of the Keuper and Muschelkalk For­
mations within th e Upper Germ anic Trias Group. 

The above concept of th e Bunter G roup foll ows close ly the 
o ne in use in the strat igraphic nomenclature for the British 
o nshore, where a predominantly coarse elastic Bunter is en­
co unte red between the Zechste in evaporites-carbon ates and 
the so-ca lled Keuper anh ydritic shales. 

Name - Name derived from the Briti sh st ra tigraphic nomen­
clature where it is applied in the same manne r as proposed in 
this paper. 

Definition (text fi gs. 7, 8) - Sequence of coarse and fi ne 
va ri egated sandstones, siltstones and shales, the latter oft en 
being anhydri tic and occasionall y dolomitic. It is bo unded at 
the base by the top of the uppermost carbonate of the Fringe 
Zechstein Formation ( or, locally, by the e rosion surface on 
top of the Limburg Group). Its top is marked by the cont act 
with the overlying marls o r carbonates of the Muschelkalk 
Form ation. 

Age - Skyth ia n - ? Ani sian. 

Reference section - Well Nederweert 1 : 1870-2583 m, coord . 
N 51°18'41.9", E 05°46'14.7" (encl. 15) . 

A dditional reference section - Well Buurmalsen-1 : 1239-
1972 m, coord. N 51 °54 '18.8", E 05°18'49.2" (encl. 16). 

Subdivision - In the area o f the Bunter Group two belts of 
litho logical development can be recognized : an exte rior one 
a long th e basin margin proper whe re, in a predo minantly 
massive sandstone succession, objective criteri a fo r a subdi ­
vision are lacking; and an inte rio r one where a threefo ld 
subdivision is possib le into Lower, Midd le and Upper Bunte r 
Fo rm ations (approxim ately equivalent to the basin-centre 
sequence of Lower Buntsandste in , Main Buntsandstein and 
Rot Form ations, respectively) . 

LO WER B UNTER FORMA TION (BSLB) 

Definition - Sequence of redbrown, anhydritic, silty claysto­
nes, alte rn ating with sandstone beds. Oolite beds a re corn -

mon in the top part of th e Form ation . The Formatio n is 
situated be tween the top of the Upper Carbonate Member of 
the Fringe Zechstein Formation and the base of the sand­
stone sequence of the Middle Bunter Form ation. 

Age - Skythi an. 

Reference section - Well Buurmalsen-1 : 1576-1972 m, coord. 
N 51°54 '1 8.8", E 05°18 '49.2" (encl. 16). 

MIDDL E B UNTER FORMATION (BSMB) 

Definition - Sequence of redbrown sandsto nes, massive o r 
inte rbedded with silty claystone beds. T he Formation lies on 
to p of the clayey beds of the Lower Bunter Formation, whilst 
the top is marked by the contact with the clayey and/or an­
hydritic beds of the Upper Bunter Formation. 

Age - Skythi an. 

Reference section - Well Buurmalsen-1 : 1378-1576 m, coord . 
N 51°54'18.8", E 05°18'49.2" (encl. 16) . 

UPPER BUN T ER FO RMATIO N (BSUB) 

Definition - Sequence of redb rown, anhydritic, silty claysto­
nes, o ften with sandstone inte rca lations, especially towards 
the top of the Formation. It is situated between the predomi ­
nantly sandy beds of the Midd le Bunter Fo rmation and the 
marls/carbonates of the Muschelkalk Form atio n. 

Age - Skythi an - ? Ani sian. 

Reference section - Well Buurmalsen-1 : 1239-1378 m, coord. 
N 51 °54 '18.8", E 05°18'49.2" (encl. 16) . 

Remarks - The Upper Bunter Fo rm ation resembles, ra ther 
close ly, the Rot Form ation. T his latter Fo rm ation is defin ed 
as the clayey-evaporitic unit th at occurs directly above th e 
so-ca lled H ardegsen Unconfo rm ity which, as stated ea rlie r, 
cannot be recognized along the basin margin . It is therefore 
suggested that the name Uppe r Bunter Formatio n be 
maintained fo r this situatio n. 
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7. ALTENA GROUP (AT) 

General - The T ri assic was brought to a close when, during 
the Rh aeti an, a major marine incursio n took place in north­
western E urope. It was the onset of a pe riod of distinctl y 
open-marine sedimentary conditions which pe rsisted durin g 
the Ea rl y Jurassic and, in some areas, continued we ll into th e 
Middle Jurassic. Towards the end of the Earl y Ju rassic re­
gressive conditions set in and a progressively sha llowing ba­
sin is envisaged in which shoa ls and islands developed. 

T he sediments co rresponding to this marine sequence, 
which in its most co mplete deve lopment extends in age from 
Rh aeti an to O xfo rdian , are described as th e A ltena Group. 
Over the whole of The Nethe rlands the G roup is topped by 
an e rosion surface commonly call ed th e Mid-Kimmerian Un­
confo rmity. T hi s unconfo rmity is connected with Middle Ju­
rassic, intermittent tectonic movements coupled with haloki­
nesis of the unde rl ying Zechste in sa lt. U plift had little e ffect 
on the e longated depressio ns which developed adj acent to 
growi ng salt wa lls and most of the sedimentary sequence was 
he re preserved. 

It should be realized that the Mid-Kimme ri an movements 
consisted of several pulses : in the no rthern offsho re a rea the 
Batho ni an- Ea rly Callovian phase was the most important, 
whereas in the so uth ern Nethe rl ands marine sedim entation 
of the A ltena Group continued into the Oxfordi an befo re it 
was halted by Late O xfordi an movements. 

T he present-day di stribution of the Altena Gro up is pre­
sented on N AM's geo logical map of Pre-Cretaceo us ( + Up­
per Ju rassic) fo rm ations under the headin g of Lower and 
Middle Jurass ic ( H EY BROEK, 1974). 

Name - The A ltena Gro up is named afte r ' Het Land van 
Altena' , which is th e northe rn pa rt of the Dutch province of 
Noord-Brabant, and where the most complete sequence of 
the Gro up has been encountered in wells. 

Definition (text fi gs. 9, 10) - G roup consistin g of, in the lower 
part , mainly argill aceous form atio ns with some ca lca reous 
inte rca lations and, in the upper pa rt , a lte rn ating ca rbonates 
and elastic sediments. It is defin ed as those units occurring 
between the redbrown variegated, anh ydritic beds of the 
Keuper Form ation, and the regiona l unconfo rmity separa tin g 
thi s G roup fro m th e variegated el astic beds of th e Nieder­
sachsen Gro up (easte rn Netherlands), the coa rse elas tics of 
the Delfl and G roup (so uthweste rn Netherl ands) or the pa ra­
lie sandstones and shales of the Cent ra l Graben G roup (north­
e rn Ne th e rl ands). 

Age - Rh ae ti an-Oxfordi an. 

Reference section - Well Werkendam-2 : 1507-2838 m, coo rd . 
N 51°47'29.8", E 04°50'22.1 " (encl. 17, 18). 

Subdivision - T he Allena Group comprises fo ur fo rm ations 
which are, fro m top to bottom: 

Brabant Fo rmation 
Werkend am Shale Fo rm ation 
Aalburg Shale Fo rm ati on 
Sleen Shale Fo rm atio n 

(ATBR), 
(ATWD ), 
(ATAL), 
(ATRT). 

SL EEN SHA L E FOR MATIO N (ATRT) 

Name - Named after the municipality of Sleen which is si­
tuated in the so uth easte rn pa rt of the Dutch province of 
Drenthe. 

Definition - Sequence of grey, marin e, fossilifero us shales 
fo ll owed by brown shales ( often with a considerab le content 
of megaspores). It is situated between the reddish, anhydritic 
beds of the Keupe r Formation and the argill aceo us limesto ne 
at the base of the Aalburg Shale Form ation. Generall y, the 
Sleen Shale Fo rm ation is easily recognizab le on wire-line 
logs by its re lative ly high ga mma ray and low so nic velocity 
readin gs. 

Age - Rh aeti an. 

Reference section - We ll K 14-1: 1604-1623 m, coord. 
N 53°17'15.2", E 03°37 '07.3" (encl. 14) . 

Subdivision - No fo rmal subdi vision of the Sleen Shale For­
mation is pro posed, altho ugh, loca lly, a distinct sandston e 
bed within the sha le seq uence as described above wo uld al­
low a tripartite subdivision to be made. 

A ALBURG SHA L E FORMA TIO N (AT AL) 

Name - Named aft er the municipality of Aa lburg in 'H et 
La nd van Altena' (northern part of the Dutch province of 
Noord-Brabant) . 

Defin ition - Sequence of dark grey, ca lcareo us, loca lly silty 
shales with occasio na l thin limestones. At the base is a dis­
tin ct argill aceous limestone bed which marks the contact with 
th e silty sha les of th e Sleen Shale Formation be low. T he top 
of th e Form atio n is mark ed by th e basa l bitumino us sha les 
(Posidoni a Shale) of the Werkend am Shale Formatio n. 
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Age - Hettangian-Pliensbachian. 

Reference section - Well Werkendam-2 : 2228-2803 m, coord. 
N 51°47'29.8", E 04°50'22.1" (encl. 17). 

Subdivision - On wire-line log characteristics a subdivision 
would be possible in some areas, but, lithologically , there are 
hardly any grounds available for a form al subdivision of this 
monotonous shale sequence. Furthermore, the regional cor­
relation of log markers in the Aalburg Shale Formation is 
considered unreliable and, therefore, not to be recom­
mended. 

A lithostratigraphic subdivision may be introduced for the 
southern offshore of The Netherlands based on the presence 
of an oolite-bearing, calcareous, si lty to sandy interval in the 
upper part of the Aalburg Shale Formation. It is probably a 
latera l equivalent of the sandy 'Middle Lias' (Late Pliensba­
chian in age) which is present in southern England. Lack of 
sufficient data prevents a forma l name from being assigned to 
this unit. 

Biostratigraphically, the Aalburg Shale Formation can be 
subdivided into Lias a , /3 , y and 0. Correlation based upon 
these foraminifera l-ostracodal units has proved to be satis­
factory for regional studies, both in Germany and The Ne­
therlands (KLINGLER, 1962). 

WERKENDAM SHALE FORMATION (ATWD) 

Name - Named after the municipality of Werkendam in 'Het 
Land van Altena' (northern Noord-Brabant). 

Definition - Sequence of grey, slightly marly shales, with a 
dark grey to black bituminous sha le unit at the base. Towards 
the middle of the section a more calcareous, silty to sandy 
interval occurs, developed occasionally into silt- or sandstone 
beds. The Formation is limited at its base by the lower limit 
of the afore mentioned bituminous shale and at the top by 
the base of the marl-limestone sequence of the Brabant For­
mation. 

Age - Toarcian-Bajocian. 

Reference section - Well Werkendam-2 : 1746-2228 m, coord. 
N 51°47'29.8" , E 04°50'22.1" (encl. 18). 

Subdivision - Four units of member status are recognized in 
the Werkendam Shale Formation, which are from top to 
bottom : 

Upper Werkendam Shale Mbr. 
Middle Werkendam Member 
Lower Werkendam Shale Mbr. 
Posidonia Shale Member 

(ATWDU) 
(ATWDM) 
(ATWDL) 
(ATWDP) 

Werkendam-2 
1746-1953 m 
1953-2007 m 
2007-2205 m 
2205-2228 m 

The Posidonia Shale Member is a dark grey to black bitumi­
nous shale unit, which on wire-line logs is recognized by its 
high gamma ray and resistivity readings. Minor bituminous 
beds occur above this Member, but are included in the suc­
ceeding unit. The Posidonia Shale Member is a very marked 
layer occurring throughout The Netherlands and is generally 
recognizable as a good reflection horizon on seismic profiles. 

The Lower Werkendam Shale Member is a grey, occasio­
nally silty shale sequence, often with characteristic clay­
ironstone concretions and/or iron-ooliths. Its top is marked 
by the base of the more calcareous, si lty to sandy beds of the 
overlying member. 

The Middle Werkendam Member consists of a marly, silty 
sha le/calcareous si ltstone-sandstone alteration, which is re­
cognizable on wire-line logs by a marked increase in sonic 
velocity and resistivity values compared to those of the Up­
per and Lower Werkendam Shale units. 

The Upper Werkendam Shale Member is a grey, homoge­
neous, somewhat marly shale, with a uniformly low sonic 
velocity and resistivity expression on wire-line logs. 

BRABANT FORMATION (ATBR) 

Name - Named after the Dutch province of Noord-Brabant, 
where this formation is found in its most complete develop­
ment. 

Definition - Sequence of limestones, marls and shales, which 
are often sandy, and with an increasing sand content towards 
the top where some calcareous sandstone beds occur. Its base 
is marked by the contact of marl or limestone with the shales 
of the Upper Werkendam Member, whilst the top is a regio­
nal unconformity, fo llowed by the sand-shale sequence of the 
Delfland Group. 

Age - Bajocian -Oxfordian. 

Reference section - Well O isterwijk-1 : 1787-2154 m, coord. 
N 51°35'32.7", E 05°10'56.2 " (encl. 18) . 

Additional reference section - Well Werkendam-2 : 1507-
1746 m, coord . N 51°47'29.8" , E 04°50 '22.l " (encl. 18). 

Subdivision - The Brabant Formation is recognized as an 
erosional remnant and occupies a small area of the Roer 
Valley Graben in a belt from ' Het Land van Altena ' to ap­
proximately the we ll Veldhoven-1 in the southeaste rn part of 
Noord-Brabant. The marly, sandy, fo ssilife rous and some­
times oolitic limestones together with the intervening shales 
were laid down in a shallow open -marine environment with , 
locally, shoa ls above surf base. Throughout the small area of 
the Brabant Formation, local facies changes and varying 
thicknesses of the units within the succession are indicative of 
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such a sha llow marine environment. Despite thi s, the Bra­
bant Formation can be subdi vided into seven members. 
These are based upon the presence of fo ur intervals con­
sisti ng of sandy limestone/calcareous sandstone beds which 
are se parated by three units of predo min antly sandy marl. 
From top to bottom they a re : 

Oisterwijk-r Werkendam-2 

Oisterwijk Limestone Member 
(ATB R0) 1787-1808 m (absent) 

Uppe r Brabant Marl Member 
(ATBR U) 1808-1898 m 1507-1542 m 

Upper Brabant Limestone Mbr. 
(ATBR3) 1898-1929 m 1542- 1577 m 

Middle Brabant Marl Member 
(ATBRM) 1929-1995 m 1577-1593 m 

Middle Brabant Limestone Mbr. 
(ATBR2) 1995-2035 m 1.593 -1622 m 

Lower Brabant Marl Member 
(ATB RL) 2035-2095 m 1622-1665 m 

Lower Brabant Limestone Mbr. 
(ATB Rl ) 2095-2154 m 1665-1746 m 

T he boundaries between the va rious members are based on 
differences in carbon ate/sand content as expressed on wire­
line logs, especiall y in sonic velocity and resistivity. Due to 
loca l fac ies changes these boundaries are ce rtainly not 
synchrono us. 

The Lower Brabant Limestone Member often begins with a 
marl interval. 

T he Lower Brabant Marl Member is deve loped as a sandy 
marl , which is often fe rruginous at the top. 

T he Middle Brabant Limestone Member is a very sandy 
fossiliferous limestone, with some interca lated sandy marls. 

The Middle Brabant Marl Member is a sandy marl unit , 
often ferruginous towards the base. This me mber is some­
times strongly reduced in thickness, thus hampering the dis­
tinction between the Middle and Upper Brabant L imestone 
Members. 

The Upper Brabant Limestone Member is a calcareous unit 
characterized by a very high sand content. 

The Upper Brabant Marl Member is a unit .of sandy marls 
with, especially in the lower part, a relatively high sand con­
tent o r even intercalated sandstones. 

The Oisterwijk Limestone Member consists of rather mas­
sive, oo litic alga l limestones. 

8. CENTRAL GRABEN, SCRUFF, NIEDERSACHSEN AND DELFLAND GROUPS 

8.1. INTRODUCTION 

During the Middle Jurassic much of T he Netherlands was 
subjected to stro ng but intermittent tectonic movements. As 
a conseq uence an unstable system of basins and swe lls devel­
oped across the area with the resu lt th at uplift and erosion in 
some areas took place as ear ly as the Bathonian and con­
tinued sporadicall y until the Kimmeri dgian, whereas in the 
so uthe rn part of the co untry sedimentation of the A ltena 
Gro up continued until as late as th e Oxfordian. ln the north­
ern offshore-sedimentat io n had a lready resu med d urin g the 
Ca llovian. 

T he sed imentary basins recognizable fro m th e later Juras­
sic period are : 

the Lower Saxony Basin, 
the Roer Valley Graben - West Net herlands Bas in , 
th e Cent ra l Net he rl ands Basin, 
the Broad Fourteens Basin , 
the Vliel and Basin , 
the Central North Sea G raben (text fig. 3). 

In each basin deposition was stro ngly influenced by loca l 
tecto nic movements, often related to halok inesis of the un­
derlying Zechstein sa lts. 

In the Dutch area three depositional sequences are distin­
guished in th e ' Upper Jurassic' succession, each differing ba­
sically from the o th ers, i.e. 

1. the Cent ra l Graben Group - Scruff Group of the 
Central North Sea Graben , 

2. the iedersachsen Group from the Lower Saxony 
Basin , 

3. the Delfland Group in the so uth weste rn basins. 

T hese three seq uences, a lthough lithologica ll y rathe r dis­
simila r, co rrespond in their delimitation , i.e . be tween the un­
confor mities at the top of the Altena Group and a t the base 
of the Rijnl and Group. Regiona ll y these successions cannot 
be delimited disti nctly as they interfi nge r and overl ap in 
broad t ra nsitio n zones (see text fig. 3 ). For example, the 
depositional pattern in the Vlie land and the Cent ra l Ne­
the rl ands Basins fo llowed initially that of th e Niedersachsen 
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Gro up and later th at of the Delfla nd Gro up. Consequently, 
the nomenclature of th ese transitional sequences, especially 
fo r those of the Vlie land and the Centra l Neth e rl ands Bas ins, 
will be a mi xture of the stand ard successio ns descri bed in this 
chapte r. An exception has been made fo r the no menclature 
of the Broad Fourteens Bas in and the Centra l North Sea 
G raben, since the st ra tigraphic re lationships between the 
successions in both basins are at present not we ll unde rstood, 
a ltho ugh inte rfin ge rin g relationships are seemingly evident. 
T he no menclatures fo r both th ese basins a re the refo re sepa­
rate ones . 

8.2. CENTR A L G RABE N G ROU P (CG) 

General - ln th e Dutch part of th e Centra l No rth Sea G raben 
sedimentat ion resumed, afte r the pe riod of uplift and erosion 
of the Mid-Kimmeri an movements, with the depositio n of a 
para lic seq uence: th e Central Graben Group. 

T he structure and sedimentary sequence of th e Central 
No rth Sea G raben were described in 1975 by HEYBROEK. 

Subsequent d rillin g acti vi ties have yie lded much new data 
which justify a revisio n, especia lly on the dating of the Mid­
dle and Late Jurassic events. 

Name - Na me de ri ved fro m th e Centra l North Sea G raben to 
which the Group is confined . 

Definition (text fi gs. 9, 10) - Group of fo rm ation s deposited 
in a predominantly paralic envi ronment and consisting of 
shales, sandsto ne beds and some coal seams. This succession 
overlies unconfo rm ab ly the A ltena G roup and is limited at its 
top by th e marine sha les of the Scruff G ro up . 

Age - Ca llovian-O xfordi an. 

Reference section - Well F 3-3: thickness 1105 m (a lo ng ho-

ra ll y less th an IO m thickness, with intercalatio ns of 
greybrown silty and variably sandy sha les. Lignite pa rticles 
a re abundant and coa l seams are occasionall y present. 

T he Form ation rests unconfo rmabl y on the sha ly sequence 
of the A al burg Shale Formatio n or the Werkendam Shale . 
Fo rm atio n, bo th of which are form ations in the A ltena 
Gro up. It is conformably overl ain by the silty sha les of th e 
Middle Graben Shale Form ation. 

Age - Ca llovian- Ea rl y Oxfordian. 

Reference section - Well F 3-3: thickn ess 562 m (a lo ng hole) , 
coo rd . N 54°50'45.5", E 04°42'29.3" (encl. 21) . 

MIDDL E GRA BEN S HA L E FO RMATION (CG MS) 

Name - Na med afte r the Centra l North Sea Graben. 

Definition - Sequence of dark grey, locall y very silty shales, 
with commo n detrital carbonaceous materi al and some coal 
seams, of which 2 o r 3 in the lowermost part of the Formation 
a re seemin gly persistent on a regiona l scale. T he Form atio n 
is very va ri able in thickness but is found in most of the Cen­
tra l No rth Sea G raben. It is situated be tween the ve ry fin e­
gra ined, mainl y lignitic sands of the Lower and Upper Gra­
ben Sand Fo rm ations, respectively. 

Age - Ea rly O xfordian. 

Reference section - Well F 3-3 : thickness 420 m (a long hole) , 
coord. N 54°50 '45.5" , E 04°42'29.3" (encl. 21). 

le), coo rd. N 54°50'45.5", E 04°42 '29.3" (encl. 21). UPPER G RA B EN SAND FORMATION (CGUS) 

Subdivision - In the type a rea three fo rm ations are distin- Na me - Named afte r the Cent ra l North Sea Graben. 
guished, which are fro m top to botto m: 

Upper G raben Sand Fo rm ation 
Middle Gra ben Shale Form ation 
Lower Gra ben Sand Formatio n 

(CGUS), 
(CGMS ), 
(CG LS). 

L O WER G RA B EN SAND FORMA TION (CGLS) 

Name - Na med afte r the Cent ra l North Sea Graben. 

Definition - Sequence of pa le greyish brown, ve ry fin e­
grained, we ll so rted sandstones, occurring in beds of ge ne-

Definition - Sequence of two coarsely elastic intervals sepa­
rated by a silty-sandy shale sequence. The sandstones are 
greyish brown, ve ry fine- grained, we ll sorted and contain 
abundant lignite particles. T he sequence succeeds the silty 
shales of the Middle G raben Shale Formation and is foll owed 
by the marine sha les of the Kimmeridge Clay Form ation. The 
Fo rm ation is known only from the area adj acent to the refe­
rence sectio n. 

Age - Late O xfordi an. 

Reference section - Well F 3-3: thickness l23 m (a long ho le) , 
coord . N 54°50'45.5", E 04°42'29 .3" (encl. 21). 
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8.3. SCRUFF GROUP (SG) 

General - During the Late Oxfordian the deposition of the 
Centra l Graben Group was halted when marine conditions 
spread southwards and the holo marine shales of the Kim­
meridge Clay Formation were laid down. Throughout thi s 
Late Oxfordian-Berriasian period paralic cond itio ns pre­
vailed directly to the south of the Central North Sea Graben 
and occasiona lly extended northwards into the depositional 
area of the Kimmeridge Clay Formation . T he corresponding 
sediments are here described as the Scruff Group. 

Name - Named after the offshore Upper Scruff bank, wh ich 
lies adjacent to the reference well F 3-3. 

Definition (text figs. 9, 10) - Group of formations sit uated 
between the carbonaceous, very fine sandstones and sha les of 
the Centra l Graben Group and the basal, ge nerall y glauconi­
tic sed iments of the Rijnland Group. 

Age - Late Oxfordian-Berriasian. 

Reference section - Well F 3-3 : thickness 767 m (along hole), 
coord. N 54°50'45.5", E 04°42'29.3" (encl. 22). 

Subdivision - Within the Scruff Group two formations are 

Age - Late Oxfordian-Berriasian. 

Reference section - Well F 3-3: thickness 767 m (along hole), 
coord. N 54°50 '45.5 " , E 04°42'29.3" (enc l. 22). 

Subdivision - In the southern part of the Central North Sea 
Graben , a major tongue of the Puzzle Hole Formation divi­
des the Kimmeridge Clay Formation into two parts, as 
exemplified by the we ll F 11 -2 (coord. N 54°24'54.6 ", E 
04°27'38.8" (encl. 23)). 

F II-2 

Upper Kimmeridge Clay Member (SGKIU)2035 -2149 m 
Lower Kimmeridge Clay Member (SGKIL) 2397-2520 m 

T he Lower Kimmeridge Clay Memb er is of Late Oxfordian 
age. 

The Upper Kimmeridge Clay Member is of Kimmeridgian­
Berri asian age and is, at least in part , probably the latera l 
equiva lent of the Fourteens Clay Formation of the Broad 
Fourteens Basin. 

distinguished, viz. PUZZLE HOLE FORMATION (SGDF) 

Puzzle Hole Formation (SGDF) , Name - Named after the Puzzle Hole bank in the Dutch 
Kimmeridge Clay Formation (SGK I). northern offshore. 

KIMMERIDGE CLAY FORM A TJON (SGKI) 

Name - Name derived from the British strat igraphic nomen­
clature where it is applied to si milar clayey deposits which are 
widespread in the general North Sea region. 

Definition - In the northern part of th e Central North Sea 
Graben, the Formation is a seq uence of medium to dark 
olive-grey, generall y silty shales with numerous thin dolomite 
streaks ( expressed on wire-line logs with a characteristic 
peaked appearance). Fossil fragments are common in lenses ; 
lignitic particles occur frequently. Towards the south, the 
carbonate streaks and the o live hue gradually disappear. 
Furthermore, the shales become increasingly silty to sandy 
which probably reflects deposition nearer to the coast. Its 
base is characterized by holomarine shales on top of the pa­
ralic, predominantly carbonaceous shales and/or sandstones 
of the Centra l Graben Group. At its top the Formation is 
unconformab ly overlain by the basal , genera lly glauco nitic 
deposits of the Rijnland Group. Laterall y, towards the south , 
the Fo rm ation interfingers with the Puzzle Hole Formation. 

Definition. - Sequence of light brownish grey si lty cl aystones 
and argill aceo us siltstones with common lignitic materia l. 
Throughout the Formation thin sandstone beds and argi ll a­
ceous lignite layers occur although the amounts vary from 
well to well. North of the reference section the Formation 
shows a decreasing silt content and an increasing amount of 
lignite. 

The Puzzle Hole Formation fo rms a silty-sandy tongue 
within the Kimmeridge Clay Formation and , consequently, 
its lower and upper limits are marked by the contact of these 
silty beds with the shales of the Kimmeridge Clay Form ation. 
Furthermore, northwa rds it grad ually passes latera lly into the 
Kimmeridge Clay Formation. In the extreme southern part 
of the Central North Sea Graben it overlies directly the Alle­
na Group. At many places within the Graben the Upper 
Kimmeridge Clay is absent due to erosion, and the Puzzle 
Hole Formation is covered unconformably by the basal beds 
of the Rijnland Group. 

Age - Early Kimmeridgian . 

Reference section - Well F 11-2 : 2149-2397 m, coord. N 
54°24'54.6", E 04°27'38.8" (encl. 23). 
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8.4. NIE DE RSACHSE N GROUP (ND ) 

General - Late Jurassic-earliest Cretaceous sedimentation 
occurred in the so-called Lower Saxony Basin which ex­
tended from the easte rn part of The Netherl ands eastwards 
over approximately the whole of Western G ermany (w here it 
is known as the 'Niedersiichsisches Becken'). The fo rm atio ns 
which correspond to the sedimentary regime of the weste rn 
frin ges of the Lower Saxony Basin are asse mbled in th e 
Niedersachsen Group. 

Up till now Dutch geo logists wo rkin g on the eastern Ne­
therl ands have applied the nomenclature as established in 
Germ any by authors such as KLI NGLER, MALZ & MARTI N 

(1962) and BISCHO FF & W OLBU RG (1963). It is fe lt , however, 
th at this Germ an nomenclature refers more to the basin cen­
tre sequence th an to the Dutch development, which is one of 
a basin margin with its correspondin g extreme reductions of 
the successio n, especially in the lowe r part. The subdi vision, 
as presented here, fo llows basically the one published by 
'T HART (1969) who attempted to combine lithological, pa­
laeonto logical and wire-line log characte ri stics. In the pre­
sent scheme lithology and corre lated log expressions are 
stressed. 

The approximate chronostratigraphic para ll elisation of th e 
Dutch and Germ an subdivisions reads as fo ll ows: 

Coevorden Fm. 

Weiteveen Fm. 

THE NE THERLANDS 

U pper Coevorden Clay Member 
Middle Coevorden Clay Member 
Lower Coevorden Clay Member 

Serpulite Member 

Upper Weiteveen Marl Member 
Upper Weiteveen Evap. Member 
Lower Weiteveen Marl Member 

Lower Weiteveen Evap. Member 

Basa l 
Weiteveen Clastic Member 

In the Central Neth erlands and Vlie land Basins the rock se­
quences are in the lower part similar to the lower po rtion of 
the Niedersachsen G roup, but the upper sections resemble 
the De lfl and Gro up more closely (text fig. 3). In the Vlie land 
Basin volcanic rocks of similar age are treated as the Zuidwal 
Volcanic Formation. 

Name - Na med afte r the Germ an area of Niedersachsen. 

Definition (text fi gs. 9, 10) - G ro up of fo rm ations with a 
predominant clayey lithology, but also including limestones 
and evaporites in the lower part. T he Group rests unconfo r­
mably on the Altena Gro up (or older sediments) and is un­
confo rm ably overlain by the sands o r clays of the Rijnland 
Gro up. It is complete ly developed only in the eastern 
Netherlands (western margin of the Lower Saxony Bas in) . It 
a lso occurs in the Central Netherl ands and Vlieland Basins, 
where it is conform ably overlain by the Delfland G roup. 

Age - Middle Kimmeridgian-Berri asian/? Early Valan­
ginian. 

Reference section - Well Schoonebeek-197: 944-1590 m, 
coord . N 52°38'58", E 07''02'34.4" (encl. 19). 

GERMANY 

Serpulite 

Obere Munder Merge l 

Mittle re Munder Mergel 
U ntere Munder Mergel 
E imbeckhauser Plattenkalk 

Gigas Schichten 

O be res Kimmeridge 

Wealden 
( = B uckeberg Fm.) 

Obermalm 

(= Munder Fm.) 
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Subdivision - In the Lower Saxony Basin , two formations are 
recognized which are, from top to bottom: 

Coevorden Formation (N DCF) , 
Weiteveen Formation (NDWF) . 

The volcan ic rocks which occur in the Vlieland Basin within 
the Niedersachsen Group are distinguished as the 

Zuidwal Volcanic Formation (NDV0). 

WEITEVEEN FORMATION (NDWF) 

Name - Named after the vi ll age Weiteveen , municipality 
of Schoonebeek, in southeaste rn part of the province of 
Drenthe. 

Definition - This seq uence has a variable thickness, and was 
laid down in subembayments a long the western margin of the 
Lower Saxony Basin. When in reduced thickness, i.e. laid 
down on swe lls, it consists of basal, generally coarse to con­
glomerat ic elastics, followed by anhydritic, marly shales with 
limestone inte rcalations. In the depocentres interca lated an­
hydrite and o ther evapo rite beds also occur. 

It overlies unconformably the Altena Gro up or older se­
diments. Its upper boundary with the Coevorden Formation 
is marked by a characteristic wire-line log marker, co r­
responding to a conspicuous shale break in a clayey-marly 
interva l with limestones (see encl. 19). 

Age - Kimmeridgian -Late Portlandi an/? Berri asian ('T HART, 

1969 ; KEMPER , 1976) . 

Reference section - Well Schoonebeek-197: 1230-1590 m, 
coord. N 52"38'58", E 07°02 '34.4" (encl. 19). 

Subdivision - The subdivision, as presented here , applies in 
essence o nly to th e Schoonebeek area, where a thick seq uen­
ce of this Formation was laid down in a subembayment of the 
Lower Saxony Basin known as the 'Meppener Bucht' (MEYER, 

1969) . Correlations of these members to units in other a reas, 
where the Formation is generally reduced in thickness, is 
hazardous and not recommended. 

The proposed scheme reads as follows (from top to bot­
tom): 

Schoonebeek-197 
Serpulite Membe r (NDWFF) 1230-1330 m 
Upper Weiteveen Marl Member (NDWFE) 1330-1358 m 
Upper Weiteveen Evaporite Member 

(N DWFD) 1358-1428 m 
Lower Weiteveen Marl Member (N DWFC) 1428 -1470 m 
Lower Weiteveen Evaporite Me mber 

(NDWFB) 1470-1567 m 
Basa l Weiteveen Clastic Member (N DWFA) 1567-1590 m 

The Basal Weiteveen Clastic Member is a sequence of con­
glomerates, sandstones and shales, transgressive ly ove rlying 
the Altena Gro up or older sediments. Its top is marked by 
the lowest distinct occurrence of anhyd rite or limestone beds 
within the seq uence of the Weiteveen Formation, which a lso 
coincides with the di sappearance of the variegated co lours 
that distinguish this Member. Usually the Member is barren 
of fossils , but occasionally some foss ils typica l for the Middle 
Malm (in the German sense, i.e. app roxi mately Kimmerid­
gian) are fo und . It is assumed that the unit is time-transgres­
sive, markin g the onset of Late Jurassic sedimentation in th e 
eastern Netherlands. 

The Lower Weiteveen Evaporite Member consists of an 
alternation of do lomitic anhydritic shales, anh ydrites, halites 
and limestones. Over contemporaneous hi ghs the halite 
layers thin and disappear, accompanied by a marked de­
crease of the anhyd rite content. The lower limit of the Mem­
ber is taken at the base of the lowest limestone or anhydrite 
bed on to p of th e Basal Weiteveen Clas tic Member. 

T he Lo wer Weiteveen Marl Member is a predo minantly 
marl sequence, characterized on wire-line logs by re latively 
low resistivity and high ga mma ray read ings, in comparison 
with the under- and overlying units. 

The Upper Weiteveen Evaporite Member is characterized 
by a high anhydrite and halite content , with the co rrespon­
ding rel ative ly low ga mma ray response on wire-line logs. 

The Upper Weiteveen Marl Member is a marly shale unit 
wi th some limestone inte rcalations and anhydrite beds . 
These inte rbeds increase towards the top and mark the 
transitio n into the next higher unit. 

The Serpulite Member is a limestone-rich shale interval. Its 
top is marked by a conspicuous shale break at the base of the 
Coevorden Formation. In German literature this shale is ta­
ken as coinciding with the palaeontologica lly marked base of 
the so-called Germanic Wea lden. 

COEVORD EN FORMATION (N DCF) 

Name - Named after the town of Coevorden in the south­
easte rn part of the Dutch province of Drenthe . 

Definition - Sequence of marly claystones with occasional 
limestone beds, notab ly in its basal part. It is located be tween 
the shale-marl-evapo rite-limestone succession of the Weite­
veen Formation and th e basal, generally glauconitic beds of 
the Rijnland Group. 

Age - Be rri asian-? earliest Valanginian . (The described se­
quence corresponds to the so-called Germanic Wealden for 
which the age attributio n is controversial in literature. Latest 
publications suggest an age range as above; KEMP ER, 1973, 
1976) . 
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Reference section - Well Schoonebeek-197: 944-1230 m, 
coord. N 52"38 '58" , E 07"02'34.4 " (encl. 19). 

Subdivision - On palaeontological evidence the correspon­
ding seq uence in NW Ge rm any has been subdivided into 
Wealden-1 to -6 (wrcK & WOLBURG, 1962) . This subdivisio n 
is, however, not recognizable in the li thologica l expression of 
the Coevorden Formation . 

On account of the differences in lime content of this Fo r­
mation a tripartite subdivision is possible, viz. 

Upper Coevorden C lay Member 
Middle Coevorden C lay Member 
Lower Coevorden C lay Member 

Schoonebeek-r97 
(NDCFU) 944-1041 m 
(NDCFM)1041-ll26 m 
(NDCFL) 1126-1230 m 

The Lower Coevorden Clay Member is characterized by a 
very calcareous basal part (with limestone intercalations) , 
while its upper part has a relatively low calcareous content. 
Its base, on top of the Serpulite Member of the Weiteveen 
Formation, is marked by a distinctive shale break in a marly­
limestone seq uence. T he top is taken at the base of an inter­
va l with a distinct increase in lime content (with a correspon­
ding increased resist ivity reading on wire-line logs). 

T he Middle Coevorden Clay Memb er is an interval of cal­
careous clays to nes. 

T he Upper Coevorden Clay Member is a section of only 
slightly calcareous claystones. On wire-line logs it can be 
distinguished from the Middle Coevorden Clay Member by 
its re latively low resistivity expression. 

ZU!DWAL VOLCANIC FORMATION (N DV0) 

Name - Named after the Zuidwal gas discovery in the Dutch 
Waddenzee. 

Definition - [n the Vlieland Basin, notably in the a rea of 
Petro land 's Zuidwal gas discovery, eroded Upper Germanic 
T rias sediments are unconfo rmab ly overlain by volcanic 
rocks of the Zuidwal Volcanic Formation. This unit is suc­
ceeded by the clays of the Coevorden Formation , or by the 
basal sandy beds of the Rijnland Gro up. These rocks consist 
of basaltic breccias and tufts ( COTIENt,;:ON ET AL. , 1975). 

Age - Probably Berriasian (repo rted as probably Purbeckian 
by COTTEN':;ON ET AL., 1975). 

Reference section - Well Zuidwal-1 : 1944-3002 m, coo rd . 
N 53°11'14.7", E 05°09'19.5" (see COTIEN',;ON ET AL. , figs . 1, 
4). 

8.5. DELFLAND GROUP (DF) 

General - After the erosion period which was brought about 
by the Mid-Kimmerian movements, fluvi atile to deltaic 
sedimentat ion prevailed over the weste rn and central 
Netherlands. The correspondin g sediments are asse mbled in 
the Delfland Group, whi ch is approximately time-eq uiva lent 
to the Niedersachsen and Scruff Groups. 

In the Roer Valley Graben , the West Net herlands Basin 
and the main part of the Broad Fourteens Basin the Delfland 
Gro up lies between the marine sed iments of the A ltena and 
Rijnland Gro ups, respectively. However, in the Cent ral 
Netherlands and Vlieland Basins the Group overlaps sed i­
ments assigned to the Niedersachsen Gro up, whilst in parts 
of the Centra l North Sea Graben and the Broad Fourteens 
Basin it appears to inte rfin ger with the marine Kimmeridge 
Clay Form ation of the Scruff Group. In the latter case too 
few data are avai lab le to understa nd fu ll y the stratigraphic 
relationships of these sequences, and, therefore, a separate 
no menclatu re is maintained for these two areas: 

a. the deltaic-fl uviat il e sed iments in th e Centra l North 
Sea Graben are described as the Puzzle Hole Formation of 
the Scruff Gro up, 

b. the marine clays, intercalated in the Delfland Gro up in 
the northe rn part of the Broad Fourteens Basin, are included 
as the Fourteens Clay Fo rmation (fig. 9). 

Name - Named after the polder authority of Delfland in the 
province of Z uid- Ho lland. 

Definition (text figs. 9, 10) - Sequence of rapidly alte rn ati ng 
paralic sands and shales, with some coa l beds and with com­
mon lignitic matter. Towards the basin cent re there is a ma­
jor intercalation of marine clays. In the type area, the D elf­
land Group is unconformab le over the Altena Gro up, whe­
reas in the Central Netherlands and Vlieland Basins it rests 
conformably upon the restricted- marin e sed iments of the 
Niedersachsen Gro up. In all areas, it is fo llowed unconfor­
mab ly by the Rijnl and Gro up, which usuall y has a glauconitic 
sandy basal unit. 

Age - Kimmeridgian-Berriasian (-? Ea rly Valanginian). The 
age of the Delfland Group is controversia l due to the ex­
treme paucity of age-diagnostic foss ils. [t rests unconfor­
mably upon Oxfordian deposits in the Roer Valley Graben. 
It is followed , aga in unconformably, by the Late Va langinian 
beds of the Rijn land Group so that the top part might be as 
yo ung as Middle Valanginian. However, some authors 
maintain that in a basin-margin position the Delfland Group 
might be as yo ung as Barremian, when its upper part wo uld 
represent the fluviatile eq ui valent of the marin e beds of the 
Rijnland G ro up which are in a mo re basin al position ( e.g., 
HAANSTRA, 1963). 
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Reference section - Well Nieuwerkerk-1 : 968-1942 m, coord. 
N 51 °57 100.2", E 04"37 132 .4 11 (encl. 20). 

A dditional reference section - Well K 15-1 : 1559-2270 m, 
coord . N 53°13 128 .2" , E 03°53 147.6" (encl. 20). 

Subdivision - In the whole of the Roe r Valley Graben , the 
West Netherlands Basin and the southern part of the Broad 
Fourteens Basin the Delfl and G rou p consists of a monoto­
nous sequence of rapidly alte rn ating sands and clays which , 
fo r practical purposes, have not been subdivided into units of 
form atio nal rank, although the introduction of a Roer Valley 
Graben Formation can be considered. In the northern part of 
the Broad Fourteens Basin , a tripartite subdivisio n is possible 
into (from top to botto m): 

U pper Delfl and Formation 
Fourteens Clay Formation 
Lower Delfl and Formation 

(DFUP), 
(DFFC) , 
(DFL0). 

LOWER DELFLAND FORMA TIO N (DFL0) 

Name - As for Delfl and G roup. 

Definition - Sequence of rapidly alte rn ating sands and clays, 
with common lignitic matter, contained be tween the erosio­
nal surface on top of the Altena Group and the base of the 
marine clays of the Fourteens Clay Formation. 

Age - Early Kimmeridgian. 

Reference section - Well K 15-1 : 21 10-2270 m, coord . 
N 53°13 128 .2", E 03°53 147.6" (encl. 20). 

FOURTEENS CLA Y FORMATION (DFFC) 

Name - Named afte r the Broad Fourteens, an offshore shoal 
west of th e Dutch province of Noord-Ho ll and. 

Definition - Sequence of predominantly greenish grey, silty, 
slightly marly clays, with some intercalated thin fossilife rous 
limestones. The Formation is contained between the sand­
clay sequences of the Lower and U pper Delfl and For­
matio ns. 

Age - Late Kimmeridgian. 

Reference section - Well K 15-1: 1833-2110 m, coord . 
N 53°13 128.2", E 03°53 147.6" (encl. 20). 

UPPER DELFLAND FO RMA TIO N (DFUP) 

Name - As for Delfl and Gro up. 

Definition - Sequence of rapidly alte rn ating clays and sands, 
with common lignitic matte r. Its base ove rlies the marine 
clays of the Fourteens Clay Form atio n, whilst its to p is 
marked by th e base of the glauconitic sands of the Rijnl and 
Group. 

Age - Latest Kimme ridgian-Berriasian(-? Early Valan­
ginian). 

Reference section - Well K 15 -1 : 1559-1 833 m, coord . 
N 53°13 128.2" , E 03°53 147.6" (encl. 20). 

9. RIJNLAND AND CHALK GROUPS 

9.1. INTROD UCTION 

At the beginning of the Cretaceous (Berri asian) paralic con­
dit ions prevailed over most of The Netherlands, e.g., Delf­
land G roup of the Roer Valley Graben, the West Nether­
lands Basin, Central Netherlands Basin and Broad Fourteens 
Basin , and the Coevorden Form ation of th e Lower Saxony 
Basin. It is assumed that a genera l uplift of the region, which 
began in the latest J urass ic, reached its max imum durin g the 
late Berriasian-ea rly Valanginian, causing the remova l of 
much of th e para lic Delfl and-Coevorden sediments fro m the 

highs and basin edges, whilst leaving the sedimentary se­
quences in the basins proper intact. 

During the Valanginian sedimentation resumed over most 
of the area, but now under a full y marine regime. This major 
Cretaceo us transgression fo llowed the pre-existing pattern of 
basins and highs by ingressing first into the basin centres and 
gradu ally engulfin g the highs. The oldest of these transgres­
sive beds can be dated as Middle Valanginian. 

Marine sedimentatio n continued during th e whole Creta­
ceous, altho ugh within the sedimentary succession several 
local and some regional hi atuses are recognized, being the 
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result of the inte rpl ay of sealevel oscillations and continuing 
tectonic movements in the basins and hi ghs ( H EYBRO EK, 

1974 ). 
The corresponding sedimentary sequence is clearly sub­

dividable into two groups, viz. 
the Rijnland Gro up, mainly of argill aceous nature and es­

senti all y of an Ea rl y Cretaceous age, and 
the Chalk Group, composed in the main of a mo notonous 

chalk succession and essentially of Late Cretaceous age but 
locally extending into the Early Paleocene (D anian). 

Over much of the country, these two groups demonstrate 
great thickn esses (up to several tho usands of metres) whilst 
some of the units of lower rank are equally characterized by 
thick, monotonous lithologies . To gain a fin er subdivision , 
micro palaeonto logica ll y defined intervals, supplemented lo­
cally by wire-line log correlations, are successfull y applied. 

9.2. RIJ NLAND G ROUP (KN) 

Name - Na med after the polder authority Rijnl and in the 
Dutch province of Zuid-Holland . 

DefiniLion (text fi gs. 11 , 12) - Gro up of argill aceous for­
matio ns which may contain sandstone beds at the base and, 
locally, simil ar coa rse elastic intercalations at higher levels 
contiguous with the basin margin . It fo llows the Delfl and­
Scruff-Niedersachsen sequences when encountered in suc­
cession, but is often located between older fo rmations and 
the base of the chalky carbonates of the Chalk Gro up. Along 
the southern margin of the West Netherlands Basin its top is 
mark ed by the base of greensands interpreted as the basal 
beds of the Chalk Gro up. 

A ge - Middle Valanginian-Albian (locall y earli est Cenoma­
ni an). 

Reference section - Well Vlieland Oost-1 : 1522-2246 m, 
coo rd . N 53°17'22 .3", E 05"04'17.7" (encl. 24). 

Subdivision - Two fo rmations are distinguished: the (lower) 
Vlieland Formation, which is of an argill aceo us-sandy natu­
re, and the ( uppe r), essentially marly Holl and Fo rm atio n. 

VL/ELAND FORMATIO N (KNN C) 

Name - Named after the Dutch Wadden island of Vlieland, 
where the reference well is located . 

DefiniLion - Sequence of marine, grey to brownish grey, 
slightly marly shales, with , locall y, basa l sandstone beds as 
we ll as hi gher sandstone intercalations along the basin mar­
gin . The Formation is limited at the base by the top of the 

Niedersachsen-Delfl and-Scruff Groups when encountered in 
succession but it often rests on older form ations, whilst its top 
is form ed by the base of the marls or marly, bitumino us clays 
of the Ho ll and Fo rmation. This 1:1pper boundary is usually 
characterized on wire-line logs by a change to a lower gamma 
ray response and increased resistivity and velocity readings. 
It often marks a disconfo rmity within the sequence. 

Age - Middle Valanginian-Barremian. 

Reference sec/ion - Well Vlieland Oost-1 : 1650-2246 m, 
coo rd . N 53°17'22.3", E 05"04 '17.7" (encl. 24) . 

A dditional reference sec1ions (for the Vlieland Shale Mem­
ber) - Well Ruin en-1 : 848-956 m, coord . N 52°44'10.0", E 
06°27 '12.8" (encl. 26). 
Well Berke) Schi ebroek-2 1115-1483 m, coord. 
N 51°57'54. l " , E 04°28'03.0 " (encl. 25) . 

Subdivision - In many parts of The Netherl ands a twofold 
subdivision is applicable, viz. 

Vlieland Oosl-I 
Vlie land Shale Member (KNNCM) 1650-2200 m 
Vlieland Sandstone Member (KN NCZ) 2200-2246 m 

The Vlieland Sands/one Member forms the transgressive ba­
sal section o f the Vlieland Formation and , consequently, its 
age may vary acco rding to the emplacement of sedimen­
tation. Most freq uently, it consists of fin e- to medium­
grained argill aceous, glauconitic sandstones although locally it 
can grade into conglomeratic sandstones. Bioturbation is a 
commo n fea ture, shell fragments and lignite particles are often 
present. Freque ntly it shows a coa rsening-upward sequence, o r 
a succession of such sequences( COTTEN<;:ON ET AL. , 1975) . These 
beds are interpreted as barrier sands, partly rewo rked into 
tra nsgressive sheet sands. 

The Vlieland Shale Member is a dark brownish grey to 
grey, slightly marly shale. 

Jn the West Netherlands Basin a number of sandsto ne ton­
gues penetra te the Vlie land Shale Format ion fro m the south , 
resulting in a succession of altern ating sand and shale beds, 
and distinguished as (from top to bottom): 

De Lier Sand-Shale Member (KN NCL) 
ref. well Eemhaven-1 : 1676-1759 m, coo rd . N 51 °53'26.2", 
E 04°24'21.5" (encl. 26) 
Eemhaven Shale Member (KNNCU) 
ref. well Eemhaven-1 : 1759-1778 m (encl. 26) 
!Jsselmonde Sandstone Member (KNNCY) 
ref. well Ridderkerk-2: 1034-1216 m, coord . 
N 51°53'11.4" , E 04°34 '17.9" (encl. 26) 
!Jsselmonde Shale Member (KNN CA) 
ref. well Ridderkerk-2: 1216-1234 m (encl. 26) 
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Berke/ Sandstone Member (KNNCB) 
ref. well Berke! Schiebroek-2: 1483-1586 m, coord. 
N 5 1°57 '54.l" , E 04°28'03.0" (encl. 25) . 

Berkel Sand-Shale Member (KNNCC) 
ref. well Berke! Schiebroek-2 : 1586- 1695 m ( encl. 25) 
Rijswijk Sandstone Member (KNNCR) 
ref. well De Lier-40 1928-1995 m, coo rd . 
N 5 1°58'57.7" , E 04°13'23.3" (encl. 25) 

A ll of these sandstone tongues pinch out into the Vlieland 
Shale Member towards the north. T hey for m E-W oriented 
sandstone bodies along the southern basin margin. Each 
yo un ger tongue is found further towards the south compared 
to th e previous one, thus fo llowing the gradual transgression 
of the Ea rly C retaceo us sea. Conseq uentl y, hardly any well 
shows all sandsto ne tongues in one section. 

Separate names are given to the shale bodies which are 
interca lated between these sandstone members. Where such 
sha les are located between the base of the Holland For­
mation and the uppermost named sandstone tongue, the 
sha le body is described as the Vlieland Shale Member (e.g. , 
Berke! Schiebroek-2, encl. 25) . ln the West Neth erlands Ba­
si n the Vlieland Shale Member as we ll as the othe r named 
shale tongues show a considerable sand-silt content com­
pared to the reference section in well Vlieland Oost-1. 

The Rijswijk Sandstone Member is a massive sandsto ne 
sequence with only a few mino r shale inte rcalations. It is 
fine-to medium- , occasio nally coarse-grained, frequently 
containing shell fragments, lignite particles and bio turbat io n. 
It is interpreted as a transgressive sheet sand . Foraminifera l 
data indicate an Hauterivian age. 

The Berke/ Sand-Shale Member consists of an alte rn ation 
of fin e -grained sandstones, si ltstones and shale streaks, 
someti mes with a somewhat thicker shale bed at the base. Its 
upper bo und ary with th e Be rke! Sandstone Member is gra-

few clay inte rcalations. The sandstones are norm ally fine- to 
med ium-grained with some coarser, conglomeratic streaks. It 
is interpreted as a barrier sandstone body which at its very 
top shows some evidence of transgressive reworking below 
the Eem haven Shale Member. Micropalaeontological data 
suggest a Late Barremian age. 

The Eemhaven Shale Member is a very silty-sandy shale 
seq uence, which yields Late Barremian microfaunas. 

T he De Lier Sand-Shale Member consists of an altern at ion 
of thin sandstones and sandy shales, com monl y glauconitic, 
and with she ll fragments and frequent bio turbation. It is in ­
terpreted as the distal part of a more southerly situated delt a 
complex. Where present, it for ms the top part of the Vlie land 
Formation , and lies directly below the Holland Formation. 
Based upo n foraminiferal data, a Late Barremian age is con­
cluded. 

In the Lower Saxony Basin, a similar penetration of the 
Vlie land Shale Formation by sandstone tongues is observed. 
The fo llowing subdivision is applicable (from top to bottom): 
(coord. N 52°46'08.1 ", E 06°36'54.2" , encl. 26) 

Gi ldehaus Sandstone Me mber 
Westerbork Shale Member 
Ruinen Shale Member 
Bentheim Sandstone Member 
Bentheim Shale Member 

(KNNCG ) 
(KNNCW) 
(KNNCE) 
(KNNCP) 
(KNN CV) 

Westerbork-1 
1084-1091 m 
1091-1121 m 
1121-1143 m 
1143-11 76 m 
1176-1192 m 

T he above su bdivision of the sedi mentary sequence found 
a long the edges of the Lower Saxony Basin in T he Nether­
lands is a simplified counterpa rt of the German subdivision, 
as applied in outcrops and subsurface in the adjacent Ger­
man area (wOLBURG, 1954 ; BOIGK, 1960 ; KEMPER , 1976) . T hese 
two no menclatu res re late as fo llows: 

dational but is normally taken at the base of the massive , The Netherlands Germany 
Brunsvicensis Tone 
Blatter Tone 

clean and porous sandstones of this Me mber. Foraminiferal 
data suggest an age of approximately Ea rly Barremian. Vlieland Shale Member 

T he Berke/ Sandstone Member is a massive sequence of Tonmergeliges Oberhauterive 
fin e- to medium-gra ined sandstones with conglomerat ic 
streaks, shell fragments and lignite particles. All sedimen ­
to logical evidence points to an inte rpretat io n of the both 

G ildehaus Sandstone Member- Gildehaus Sandstein 

Berke! me mbers as a barrier sand body. The Berke! Sand­
stone Member is approximately Middle Barremian in age 
(foramini fera). At places where these two members are dif-
fi cu lt to separate, both can be taken together as the Berke/ 
Clastic Member (KNNCD). 

The llsselmonde Shale Member marks a transgressive 

Westerbork Shale Member 

phase th at brought about a considerable southward extension Ruinen Shale Member 
of the marine depositiona l realm. Therefore, it often overlies, 
unconfo rm ab ly, the Delfl and Group. Its age is approximately 
Middle Barremian. Bentheim Shale Member 

. T he !Jsselmonde Sandstone Member is, in typical deve-
lopment, a mass ive, we ll strat ified sandstone unit with only a Bentheim Shale Member 

Noricum Zwischenmittel 
No ricum Sandstein 
Senckenbergi Tonstein 
G renzsandste in 

To ni ges Obervalendis 
Dichotomiten Sandstein 
Toniges Zwischenmittel 

- Bentheimer Sandstein 

- Toniges Mittelvalendis 
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The Bentheim Shale Member usua ll y form s the basa l por­

tion o f the Vlie land Form atio n alon g the edges of the Lowe r 
Saxony Basin. It ove rli es, unco nform ably, the Coevorden 

Formatio n . Microfa un al d ata suggest a Middle Yalangini an 

age. 
The Bentheim Sandstone Member usually consists of fin e ­

to me dium-grained ba rrie r sand bo dies deposited in a 

re lative ly sha llo w sea between land to ngues and islands 

( KEMPER, 1976 ). Loca ll y these sa ndsto nes are ca lcareous and 

co ntain shell fragments, in additio n to lignite particles and 

gla uco nite grain s. Fossil evide nce suggests a Midd le Yalan­

gini an age. 
T he Ruinen Shale Member in typica l deve lo pme nt is a 

re la tive ly thin seque nce of silty sha le beds. In The Nether­

lands an inte rca la ted sandsto ne bed observed in G e rm any 
( 'Dichotomite n Sandste in ') has not as ye t been found . The 

top of thi s member is taken a t the base of a thin siltsto ne or 

sandsto ne bed (' Grenzsandste in ' o f Germ an te rminol ogy). 

On pa laeonto logical grounds a Middl e to Late Yalanginian 

age is a ttributed to this Me mbe r. 
The Westerbork Shale Member is a rel ative ly thin shaly 

seque nce with, frequently, a thin siltsto ne o r sa ndstone a t its 
base, which is co rre latable with the 'Gre nzsandste in ' of 

Germ an nomencl ature . Both in northweste rn G ermany and 

the easte rn e therlands the base o f this me mbe r usuall y 
m ark s a small uncon fo rmity which se para tes two de positio na l 

cycles, the lowe r one o f approximate ly Middle to Late V a­

langini an age (comprisin g Benth e im Shale Membe r-B e nt­

he im Sandsto ne Me mber-Ruinen Sha le Me mber) , and the 

uppe r o ne o f approximate ly H aute rivi an- Ba rremi an age 
(Westerbo rk Shale Me mbe r-Gilde haus Sandsto ne M e mbe r­

Ylie land Shale Membe r) . 

The above me ntio ned basa l sandy bed ('Gre nzsandstein ' ) 

is recognized o n wire- line logs as a band of so mewh at lowe r 
gamm a ray radi a tion . E ithe r due to poo r qu ality wire-line 

logs o r minim al deve lopment of thi s bed , it is unrecognizable 

in a number of we lls and , for practica l purposes, the Ruinen 
and Weste rbo rk Shale Mem be rs can be lumped toge the r as 

the Schoonebeek Shale Mem ber ( KN NCS). 
Nowhere in th e Neth e rl ands has an equiva le nt o f the G er­

man ' Noricum Sandste in ' bee n enco untered . 

Fossil evide nce suggests an Ea rly Ha ute rivi an age fo r the 
Weste rbo rk Shale Me mbe r. 

e. g., in Twe nte and weste rn Drenthe, the vario us sandstone 

bodies me rge into o ne, usua lly conglomeratic, sandsto ne at 
the base of the Vlie land Fo rm atio n. Following the ea rlie r 

definiti ons such occurrences should the n be describe d as th e 

Ylie land Sandstone Member, e.g. , well Oldenzaa l-5 (see 

WOLB U RG, 1954 ). Agewise this sandsto ne might loca lly be as 

young as B arre mi an ('T HART, I 969). 

H O LLAND FO RMA TION (KNGL) 

Name - N amed aft e r the Dutch province o f Zuid-Holland, 

whe re thi s fo rmation is we ll-known fro m vario us well sec-

tion s. 

Definition - Sequence o f grey and redbrown marls and marly 

sha les, often with bituminous shale interca la tio ns in the basa l 

portio n. Alo ng the bas in margin glauconitic sa ndsto nes are 
occasio nally inte rcalated. 

The Holland Fo rmation o ve rlies the Ylie land Fo rm ation , 
the contact bein g characte rized by a prono unced and sudde n 

upward incre ase in ca rbon ate conte nt , which is refl ected on 

wire-line logs by a decrease in gamma ray readings and an 
increase in resistivity and sonic ve locity respo nse . Thi s 

bo und ary m arks regio nally a sli ght but distinct unco nformity. 

A t its top the Holl and Fo rm ation is limited by the base of 

the ca rbon ates o f the C ha lk Fo rmation. Loca lly thi s 

bo undary is t ransitio nal by way of a ve ry gradual upwa rd 

increase of ca rbon ate conte nt. Altho ugh in such cases the 
boundary de finition is ambi guous, th e base o f the lo west dis­

tinct limesto ne is take n as the to p o f the Fo rmatio n. Alo ng 

the bas in margin , e.g., alon g the so uthe rn bas in edge of the 

West Nethe rl ands B asin , th e top of the Ho ll and Formation is 

de fin ed as th e contact of marly deposits be low glauconitic 
sandston es o f th e C halk Fo rm ation . 

Age - Apti an- A lbi an- (loca ll y) ea rliest Ceno mani an. Pa­
laeonto logica l da ta suggest a regio nal di sco nformity within 

the Ho lland Fo rm atio n with th e abse nce of the U ppe r A pti an 

and pa rt o f th e Lowe r Albi an. 

The Gildehaus Sandstone Mem ber consists chiefl y of Reference sec1ion - We ll L 5-J: 2295-2403 m, coord. 

coarse-grain ed to co nglo meratic sandstones with pe bbles o f N 53°4-+ '31.8", E 04°31 '44 .6" (e ncl. 27 ). 

qua rtz, sandsto ne and limesto ne . It frequentl y contains cl ay 

fl a kes, c lay-iron ston es and so me coa ls e mbedded in an a r­
gill aceo us, ve ry glauconitic sa ndsto ne . Medium -grain ed 

sandsto nes, o fte n with a high conte nt of calcareous ceme nt , 

occur as we ll and grade loca ll y into lime -sa ndstones. In some 

localities a hi gh conte nt of sponge spi cul es is typica l. Pa­

laeo nto logica l d a ta indicate a Late H auterivian age fo r thi s 

M e mbe r. 
In so me areas alo ng the edge o f the Lowe r Saxo ny Basin , 

Additional reference sec1io 11 - We ll D e Lie r-2 : ll 27 -1 580 m, 
coo rd . N 51 °58'44 .0 " , E (l4° 13 '39.5 " (encl. 27). 

Subdivision - Ove r most o f The Neth erlands a tripa rtite sub­
d ivi sion of th e ma rl -s ha le sequ e nce of th e Ho ll and Fo r­

matio n is apparent. In th e West Nethe rl ands Bas in , a fo urth 

unit o f glauco nitic sa ndsto ne is recogni zed . The units a re 
(fro m to p to bo tto m): 
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L5- r De Lier-2 
Uppe r Holland Ma rl Me mber 

(KNGLU) 2295-23711111127-1279111 
Middle Holl and Shale Member 

(KNGLM ) 237 1-2384 1111 279- 1358 111 
Holland Gree nsa nd Me mbe r 

(KNGLG ) 
Lower Holl and _ Ma rl Member 

1358-1408 Ill 

(KNGLL) 2384-2403 m 1408-1580 m 

The Lower Holland Marl Member is a grey and redbrown 
marl or ca lcareo us shale unit, frequently with inte rca lated 
bitumino us sha le beds (especially in the basa l portion). On 
wire- line logs the Me mber i recognizab le by its relatively 
low ga mma ray respo nse in co mpariso n to that of the Vlie­
land Sha le and Middle Holl and Clay Member, respectively. 
Microfaun al data indica te an Ea rly Aptian age. 

The Holland Greensand Member in the West Netherlands 
Bas in is a green, very glauco nitic, fin e-grained sandsto ne to 
siltston e, present on ly a long the so uthe rn margin of th e basin 
a nd rap idly sha ling o ut towa rds the no rth. The o th e r parts of 
the Ho ll and Formation are, in thi s basin , deve loped as 
greeni sh grey, silty to very silty, glaucon itic ma rls and sha les . 
An Early Albi an age is concluded fro m the avail able faunal 
data. 

R ecognitio n of the Middle Holland Shale Member is based 
upo n its distin ct ly lowe r lime co ntent in comparison with that 
of the Lowe r and Upper Membe rs, respective ly. Fauna! data 
evide nce an Early A lbi an age. 

The base of the Middle H o ll and Sha le Me mbe r marks a 
prono unced transgressio n throughout The Netherlands(' Al­
bian transgressio n'). Jn so me places the transgressive base is 
mark ed by a thin basa l sand o r conglo me rate, e.g., in 
Southwestern Drenthe and in the Betuwe (province of 

Gelderland). These thin coa rse elastic beds are included in 
th is Me mber. 

The Upper Hollan d Marl Member is characterized by its 

carbo nate co nte nt which grad uall y increases to wards the top 
o f the Me mbe r. Its base, on top of the Midd le Holl and Shale 
Member, is marked by a sudden decrease in ga mm a ray rea­
din g and an increase of resistivity and so nic velocity charac­
ter. Its to p is taken at the base of the chalky limesto nes of the 
C halk Group and thi s can be obse rved o n wire-line logs as a 
rathe r pronounced decrease in ga mm a ray respo nse and in ­
crease in resist ivity and so nic ve loci ty readings. In a numbe r 
of cases such wire- line log characterist ics indicate a very gra­
dua l cha nge across thi s bo unda ry rende ring its de finition 
rather a mbi guo us. Microfa un a l data suggest a Middle-Late 
Albian- ( loca lly) ea rliest Ceno mani an age. 

In the regio n of Nijmegen , an unn amed greensa nd is e n­
co untered as an inte rca lation in the Uppe r Ho ll and Marl 
Member. 

9 .3. CHALK GROUP (CK) 

General - The Rijnl and Group is overlain by a genera ll y 
thick seque nce of carbonates and marls described as the 
Chalk Group. It is well- known from o utcrops in the southe rn 
part of the Dutch province of Limburg, where it is deve loped 
as ge ne rally soft, porous, fri able limesto nes ( o n top of 
glauconitic sa ndsto nes) . In th e subsurface it consists no rm a ll y 
of hard, densely cemented, cha lky and ma rly limesto nes. 

One of the ma in characte ristics of the cha lks is its re lative ly 
low co nte nt of te rrige nous mate ri al and its dominance of 
ma inly pelagic calca reo us foss ils, such as cocco liths, plank­
toni c fora minife ra, e tc. In most of the Dutch chalks bentho­
nic ca lca reo us o rgani sms form an impo rtant constitue nt as 
well , e.g. , benthonic fo raminifera, sponges, bryozoa , inoce­
ramid lame ll ibranchs, e tc. Towards the basi n edges biocal­
carenites a nd -rudites are co mmon. 

Name - The nam e C ha lk is the o ne in common use 
througho ut no rth weste rn E urope for these esse ntia lly Late 
C retaceo us rocks. 

Definition (text fi gs. 11 , 12)-Sequence of white to li ght grey, 
fin e-grained b ioclastic carbonates and marly carbonates . 
C hert concretio ns, usua lly in layers parallel to th e bedding, 
a re commo n. Along the basin margin sand tongues are pre­
sent as well as coarser bioclas tic limesto nes . Argillaceo us 
mate rial is admi xed in va ryi ng propo rtio ns in pa rts of the 
section, notably in the basal portion of th e Group. Howeve r, 
it appears th at varia tio ns in clay content do no t fo rm a basis 
for a regional subdi visio n as these a re too variab le over lo n­
ger distances. 

The base of the Cha lk Gro up is taken at the base of th e 

limestone succession o n top of the marls of th e Holl and For­
mation. On wire-line logs thi s boundary is usu a ll y marked by 
a pronounced decrease in ga mm a ray radi at io n and an in ­
crease in resist ivity and sonic log response. In th e West 
Netherlands Basin the basa l portion co nsists loca lly of 
greensa nds o n to p of the marls of the Ho ll and Format io n. In 
so uth e rn Limburg the lowest formation of the C halk Group 
(Aken Formation) co nsists of clays and sa ndsto nes coverin g 
Palaeozoic rocks. 

The top of the Group is ta ke n at th e top o f th e ca rbo nates 
below the sa nds, marls and clays of the Lower North Sea 
Gro up. 

Age - Ceno manian-Dani an. 

Reference section - Well De Paauwen-1: 822 -1 720 m, coo rd . 
N 53°16 '30.6" E 06°45 ' 15 .6 " (encl. 29). 

Subdivision - A persistent basin-wide shale bed in th e lowe r 
part of the C halk Group a ll ows fo r a twofo ld subdivisio n, 
which is (from top to bottom): 
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Ommelande n C halk Fo rmatio n 
Texe l C halk Formatio n 

(CKG R), 
(CKT X ). 

In the so uthe rn part of Limburg a nd its adj ace nt areas m 
Be lgium a nd Ge rm a ny, a more de tailed subdivisio n has been 
established (FELDER, 1975). In this bas in -ma rgin de ve lopme nt 
le nses of coarse bioc lastic limesto nes, sandsto nes and shales 
occur. He re five fo rm atio ns a re distin guished , which are 
(fro m top to bo tto m): 

Ho uthe m Fo rmatio n 
Maastricht Fo rm atio n 
G ulpe n Fo rm atio n 
Vaa ls Fo rm ation 
A ke n Fo rm atio n 

(C KHM), 
(C KMA), 
(CKG P), 
(CKVA), 
(CKA K). 

Fo r mo re de ta iled in fo rmatio n (also o n the subdi visio n of 
these fo rmatio ns) refe re nce sho uld be made to FELDER's pu­

blicatio n. 

TEXE L CHA LK FORMA TIO N (CKT X) 

Name - Na med after the Dutch Wadde n Island Texel, so uth 

of the re fe rence we ll L 12-2 . 

Definition - Sequence o f light grey chalks and ma rly cha lks 

with so me marl inte rca latio ns, co mprised between the base 
of th e C ha lk Group a nd the to p of a pe rsiste nt shale bed , 
described in E ngland as the Actinocamax plenus Marl. 

Age - Ceno manian. 

Reference section - We ll L 12-2 : 2324-2405 m, coord . 
N 53"20'24.5" , E 04°45'42 .6" (encl. 28). 

A dditional reference section - We ll De Lie r-2 : J084- l L27 m, 
coo rd. N 5 1°58'44 .0" , E 04°13'39.5" (encl. 28). 

Subdivision - T wo me mbers are di stinguished (from to p to 

botto m): 

L 12-2 De Lier-2 
Texe l Marlsto ne Me mbe r 

(CKTXM) 2324-2405 111 1084-111 0 m 

Texe l G reensa nd Me mber 
(CKTXG ) 111 0-11 27 m 

T he Texel C reensand Member occurs in the West Neth er­
lands Bas in and in the region of Ni jmegen as the basal me m­
be r of the Texe l C halk Fo rmatio n. It is a greenish, glauconi­
tic, fi ne-gra ined, calcareo us to ve ry ca lca reo us sa ndsto ne, 
with inte rca lated marls. 

The Texel Marlsione Member is the characte ristic ma rly 
chalk of the Fo rmatio n. lts top is marked by a black sha le o f a 
fe w metres thickn ess, which occurs th ro ugho ut The Neth e r-
1:rnds. 

O MM ELAND EN CHALK FO RMATIO N (CKG R) 

Name - Na med aft er the surro undin gs of the town of G ro­
nin ge n, co mmo nly kno wn as th e Ommelande n, in whi ch the 
refe re nce sectio n is located . 

Definition - Seque nce o f chalks, chalky limesto nes and marly 
cha lks, with occasio na l marl inte rca la tio ns. A lo ng th e basin 
edge le nses of coarse, bioclastic limesto nes and to ngues of 
sa ndsto ne occur which are described as se pa rate fo rm atio ns 
in so uthe rn Limburg and adj ace nt areas. T he Fo rm atio n is 
limited at its base by the top of the Texe l Marlstone Me mbe r 
(o r in abse nce of th is Me mber by o lder fo rm atio ns), and at its 
to p by the base o f the sa ndsto nes, cl ays and marls o f the 
Lo we r No rth Sea G roup. 

Age - Turo ni an - Early Pa leoce ne (D ani an). 

Reference section - We ll D e Paa uwen-1: 822-1654 m, coo rd . 
53°L6'30.6" , E 06°45'15 .6" (encl. 29) . 

Subdivision - The mo notonous litho logica l deve lo pment of 
the Ommelande n C halk Fo rm ation does not a llow fo r a re­
gio nall y recognizable fo rm al subdi visio n. Vario us atte mpts a t 
a subdivisio n o n wire- line log characte ristics pro ved useful 
for loca l purposes, but not accepta ble ove r la rge r areas . 

Micropalaeo nto logica l studies o n the Omme landen C ha lk 
Fo rm ati o n have yie lded a pro misin g biostra ti graphic subdi­
visio n. O n na nn o plankto n especia lly wo rk has still to be car­
ried o ut a lo ng the lines suggested by S ISSING H ( L977), who has 
sta ted th at good results have been atta ined fo r central and 
no rthe rn regio ns o f the No rth Sea. Alth o ugh improve me nts 
ca n be ga in ed by furth e r studi es, th e ava il able fora mini fe ral 
data de monstrate now a lready th at seve ral unconfo rmiti es 
a re prese nt within th e seque nce. Ho weve r, th e ir regio nal 
ex te nt and co rre la tio n re ma in as ye t undefin ed . 
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10. REVIEW OF POST-CHALK SUCCESSION 

The post-C ha lk de posits fo rm an almost co ntinuo us cover 
over the who le o f The Nethe rl and s and its o ffsho re a reas. 

The thickn esses o f this cover vary from a few me tres in th e 

extre me so uthe rn and so utheaste rn pa rts of the co untry to 

mo re th an 2000 me tres in the no rthe rn o ffsho re . 
A lmost a ll Cenozo ic sedim ents ca n be asse mbled in three 

gro ups, viz. th e Lowe r, Middle and U ppe r North Se a 
Gro ups. In view o f the simil ar elastic nature o f the gro ups, 

these ca n be asse mbled, if required , into th e o rth Sea Su­

pe rgroup. The cha lks a nd soft limesto nes of Ea rly Paleoce ne 

(D a ni an) age, which are of loca l occurrence and res tricted 
natu re, a re in sed ime nta ry co ntinuit y with th e L ate Cre ta­

ceo us pa rt of th e Chalk Group. 

Distributio n maps o f the lithostrati graphic units unde r des­

criptio n were published by KEIZE R & LETSC H (1963) and by 
ZAG WIJ N & VAN STAALDU I EN (1975). In the fo rme r publica­

tio n a chronostrati gra phic nom e ncla ture is appli ed. Ac­
cordin g to the subdi visio n presente d in thi s pape r K EIZER & 

LETSC H' s Lower Mo nti an is part of th e C ha lk G ro up, the 

Uppe r Mo nti an-B arto ni an correspo nds to th e Lowe r No rth 

Sea G roup, th e T o ngrian-C hatti an to the Middle North Sea 
G ro up a nd th e Lowe r Miocene-Plio ce ne fo rm s part of the 

Upper No rth Sea G ro up. 
T he ages o f th e diffe re nt lithostra tigraphic units a re based 

o n the fo ramini fe ra l biozo nation as established for th e No rth 

Sea regio n (see KEIZER & LETSC H, 1963; DO PP ERT, 1975). T he 

co rre latio n of th ese zo nes with the wo rldwide chronostrati-

graphic frame is no t a lways assured . The area of co nte ntio n 

co ncentrates o n the central an d upper pa rt o f the seq ue nce 

fo r which the subdi visio n of th e O ligocene, the Oligocene ­
Mioce ne bo und ary, the Mioce ne subdi visio n, th e Miocene~ 

Plioce ne and th e Pliocene -Ple istocene bo und a ri es a re not 

gene ra ll y agreed upo n. Fo r the pre-Miocene part, the chro­

nostratigraphic subdivisio n of KEIZER & LETSC H is foll owed. 
Fo r the Mioce ne -Rece nt sectio n th e views o f the RGD are 

adhe red to. 
Fo r hyd roca rbon explo ratio n purposes th e post-C ha lk se­

que nce co nstitutes an overburden successio n which is o f little 

econo mic inte rest and, co nseque ntl y, da ta-gathe ring is no t of 
prime impo rt ance. o rm ally, th is sequence is drill ed with 
la rge hole di ameters with a resulting poor qua lity of th e wire­

line logs. Furthermo re, the no n- to poorly co nso lidated na­

ture of these sedim ent s a llows fo r high pe ne tra tio n ra tes du­
ring drillin g and, as a result of this, cutting sa mpl es are mostly 

of poor qu a li ty beca use o f th e hi gh degree of co nt amin atio n 
by caving fro m highe r leve ls. 

U nder th ese circumstances, and takin g into acco unt th a t 
the successio n unde r descriptio n co nsists for the majo r part 

of ra th e r mo noton o us elastic sequences, micropalaeo nto logi­
ca l crite ri a (especia lly to p occurre nces of foss il types) pl ay an 

impo rta nt role in th e subdivisio n of th e post-C halk de posits 
in we lls. Both th e RGD and NAM have studi ed such biostra­

tigrap hica l aspects in de tail. 

11. LOWER NORTH SEA GROUP (NL) 

General - Afte r the de positio n of the C ha lk G roup, elas tic 
sedime nt at io n p reva iled durin g th e Ea rly Tertia ry. T he Pa­

leoce ne-Eocene pa rt of thi s successio n is asse mbled in the 

Lower North Sea Group, which rests unconfo rmably on the 

C ha lk Gro up, except possibly in those areas whe re D ani an 

chalk deposits a re fo und . Ove r practica ll y th e who le of The 
Neth e rl ands th e boundary with th e Middle No rth Sea Gro up 

is ma rke d by a n impo rta nt sedime ntary ga p, correspo ndin g 

app roximate ly to the Lowe r Oligoce ne .') 

Some names of th e subdivi sio ns o f the Lowe r o rth Sea 
G ro up a re ta ke n fro m th e Be lgian stratigraphic no me n­

cla ture, whe re these units a re ex posed and have been studi ed 
in great de ta il (FOU RMAR IER , 1954; KAASSC HI ETER, 1961 ) . 

Name - Named a fte r th e No rth Sea. The pre fi x ' Lowe r' is 

added to deno min ate the lowe r pa rt o f the elas tic seque nce 

lyi ng immedi a te ly o n to p o f th e C halk Gro up. 

Defini1ion (text fi gs. 13, 14) - Sequ ence o f predo min antly 

grey, so metimes calca reo us clays, with sa ndsto ne inte rca la­

tions a lo ng the edge of the No rth Se a B as in . It o ve rli es, 
usua ll y unco nform ably, the ca rbonates o f the Cha lk G roup . 

Its to p is marked by the erosio n surface be low the Middle 
North Sea Gro up . 

Age - Pa leocene- Eocene . 

x) Upon comple ti o n of the present manuscript , result s of ca lcareous 
na nnopla nkton stud ies o n the lowermost pa rt of the Rupe l For­
mat ion in some we ll s in the so uthern Net he rl ands suggested an Earl y 
Ol igocene age - zo ne N P 2 1 (vERBEEK , RG D, persona l commu nica­
tio n). The refore, the abse nce of the Lower O ligocene in the Dutch 
subso il ca n be se ri o usly do ubted . Based o n the above, it seem mo re 
logic to ass ume th a t the Tonge ren Formatio n represents a coasta l- la­
goona l-te rrestria l age-eq ui va le nt of the lowe r pa rt of the Ru pel 
Form atio n, as present in a more basi nal posit io n. 
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Reference section - We ll Dongen- 1: 69 1- 1063 m, coord. 
N 51°37'36.4" , E 04°54 '48 .2 " (encl. 30). 

Subdivision - In the so uthern Neth e rl ands a twofold subdi­
vision is recogni zed based upon the occurrence of a sa ndy 
interval in the lower part of the Group. Towards the northern 
Neth erl ands and its adjacent offsho re areas this sandy zo ne 
passes into a persistent tuffaceous interva l, hence (from top 
to bottom) : 

Dongen Formation (NLFF), 
Landen Fo rm ation (NLLF). 

LANDEN FORMATIO N (NLLF) 

Name - Named after the Belgian municipa lity of Landen in 
the province of Brabant. As early as 1839, DUMONT se lected 
Landen as the type locality for th e Paleocene elastics on top 
of the Chalk Group. 

Definition - Fo rm ation of light grey marls and calcareous 
clays, with or without a sandy basa l sequence . It overlies, 
usua ll y unconform ably, the carbo nates of th e Chalk Group. 
Jts top is taken at the lower limit of the sand y o r tuffaceous 
inte rva l th at marks th e basa l part of the Dongen Formation. 

A ge - Paleoce ne. 

Reference section - We ll Ye ldhoven-l: 1363- 1425 m, coord. 

DONGEN FORMATIO N ( LFF) 

Na me - Named after the Dutch municipality of Dongen, in 
the province of Noord-Brabant. 

Definition - Formation of greengrey and brown, slightly cal­
ca reous clays, with an interca lated sa ndstone sequence, oc­
cu rrin g in most of the onshore Netherlands. 1n the so uthern 
part of the co untry a basal sandy interva l is found , whereas in 
the no rthe rn and offshore Netherlands the lowermost part of 
the Formation is characterized by tuffaceo us clays. The top 
of the Fo rmation is marked by the unconformab le contact 
with the sands and clays of the Middle o rth Sea Group. 

Age - Eoce ne. 

Reference section - Well Dongen-1: 691-993 m, coord. 
N 5 1°37'36.4" , E 04°54'48.2 " (encl. 30). 

Additional reference section - We ll L 2-4: 1007-1532 m, 
coo rd. 53°51 '22 .2 ", E 04°38'59.2 " (e ncl. 31) . 

Subdivision - The subdivision of the Dongen Fo rm at ion is 
no t uniform across The Nethe rl ands due to some litho logica l 
variations within the sequence . Jn gene ral a fourfold subd ivi­
sion ca n be recognized , with e ither a sandy or tuffaceous 
inte rval forming the base, viz. ( from top to bottom): 

Dongen-1 L 2-4 
N 5 1°26'20.9" , E 05°2 1 '37.2" (encl. 30). Asse Clay Member (NLFFB) 691 - 735 111 1007-1035 m 

Additional reference section - We ll K 17-2 : 998 -1069 m, 

coord. N 53°04'33.5 ", E 03°30'5 1.4" (encl. 30). 

Subdivision - In the so uthe rn pa rt of T he eth e rl ands and 
the adjoinin g parts of Be lgium two members are recognized , 
wh e reas over th e rest o f th e Dutch region on ly the upper 
member is present, viz. 

Veldhoven-1 K 17-2 
Landen Clay Member (NLLFC) 1363- 14 12 m998-1069 m 
Hee rs Sand Member (N LLFS) 1412-1 425 m 

The Heers Sand Member is a glauconitic, ca lcareous sa nd, 

a lte rn atin g wi th cl ay beds, and characte ri zed by Cyprina 
m orris i. In The Netherlands it is known o nly from a restricted 
a rea in th e provinces of Noord-B rabant and Limburg. Jn the 
Pee l area thi s sa nd cove rs a thin , non -marin e clay-sa nd se­
quence with brow n coa l. These beds a re included in the 

H ee rs Sand Member (vAN DEN TOORN, I 967). 
T he Landen Clay Member co nsists, in the so uthern 

Nether lands, of a ye llowbrown ma rl ove rlain by a da rk grey, 

silty clay. Towards the no rth these two inte rvals me rge into a 
grey to greenish grey clay with loca l marl interca lat ions 
(especia ll y in th e basa l part o f th e Member). 

Brussels Sand Member 
(NLFFS) 735 - 844 m 

Brussels Marl Membe r 
(NLFFM) 1035- 1099 m 

l eper Clay Member ( LFFY) 844-985 m I 099-1524 m 
Bas al Donge n Sand Membe r 

(NLFFD) 985 - 993 m 
Basa l Dongen Tuffite Member 

(NLFFT) 1524-1 532 m 

In th e no rth e rm ost offshore area th e Brusse ls Marl Member 

becomes gradually less calca reo us and tends to loose its 
identity. In thi s area the sedim ents equivalent to the leper 
Clay-Brussels Marl-A sse Clay can be combined into th e 

Donge n Clay Me mber (NLFFC) 

The Basal Dongen Sand Mem ber is usuall y a thin (max. 3 
metres), glauconitic sandston e bed . However, it increases 
mark ed ly in thickn ess in the eastern part of the province of 
Noord-Brabant wh e re it also co nta ins so me clay inte rca la­

tions. Towards the north it is repl aced by the Basal Donge n 
Tuffite Member. 

The Basal Dongen Tuffi te Member is a tuffaceous se-
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quence of markedly widespread distribution throughout the 
North Sea Basin. It consists of tuffaceo us clays alte rn ating 
with dark grey and redbrown clays. The volcanic beds for m 
an exce llent marker horizon th roughout the area, especially 
in view of its characteris tic wire-line log exp ression ( JA CQUE 

& THOUVENI N, 1975). 
The leper Clay Member is a sequence o f da rk grey and 

green ish grey, often slightly ca lcareous, commonly glauconi­
tic clays. [n the so uthern part of the co unt ry these clays are 
very silty and thin sand stringe rs are common. 

The Brussels Sand Member consists of ca lcareous, glauco­
nitic sandstones with streaks o r bands rich in Nummulites. 
This characteristic deve lopment, however, occurs mainly in 
the so uthe rn Netherlands. Northwards the grai nsizes gra­
dually diminish, and the Member becomes very silty to the 
extent th at it is unrecognizab le as a sandy unit . Neverthe less, _ 

the eq uiva lent beds rem ain discernible over most of The 
Netherlands, including the offshore, by its re lative ly high li­
me and silt content, and is then called the Brussels Marl 
Member. 

The Brussels Marl Member is a greenish grey to brownish 
grey, silty, calcareous clay to mar l. On wire-line logs, it is 
distin gui shable from the under- and overl ying clays by higher 
resistivity and so nic velocity expressions as well as by lower 
gamma ray readings. 

The Asse Clay Member is a dark green ish grey, slightl y 
calca reo us clay succession. In the southeastern Net he rlands it 
conta ins thin sand inte rcalations which increase in numbe r 
towards the top of the Member. 

The Dongen Clay Member consists of dark grey to greenish 
grey, usua lly slightly calcareous clays, and is found on ly in the 
northern offshore area. 

12. MIDDLE NORTH SEA GROUP (NM) 

General - Afte r the deposition of the Lower North Sea 
Gro up, erosion preva iled over practi ca lly the who le of T he 
Nether lands. During thi s pe riod varying amounts of the Lo­
wer North Sea Gro up were removed, as is evident from the 
maps give n by KEIZER & L ETSCH (1963 ). Sed imentation resu­
med aga in with the Middle North Sea Group, which rep­
resents approx imately the depositional package laid down 
during the O ligoce ne . Wit h the exception of th e so uthern 
part of the province of Limburg, the Lower O ligocene is 
absent ove r the who le co untryx)_ At the Oligo -Miocene 

boundary e rosion aga in prevailed over part of The e th­
e rla nds . This erosional level (or its latera l equivalent) is ta­
ken as the upper boundary of the Middle North Sea Gro up. 

Name - Named after the North Sea. The prefix ' Midd le' is 
added to designate the middle (approximate ly Oligoce ne) 
part of the elast ic sequence on top of th e Chalk G ro up. 

Definition (text figs. 13, 14) - Sequence of dark browni sh 
grey and greeni sh grey clays with va rying amounts of inte r­
ca lated sand beds. T hese sands are restricted mainl y to the 
so utheaste rn margin of the o rth Sea Basin . The succession 
is bounded at the base by the e rosional unconfo rmity on top 
of the Lower North Sea Gro up. Its upper limi t is taken di­
rectly below the glauco ni tic basal beds of th e Upper North 
Sea Gro up. 

Age - O ligocene (- Ea rl y Miocene) 

xlsee foot no te , p. 48 

Reference section - We ll Veldhoven-1 : 935- 1229 m, coord. 
N 51"26'20 .9", E 05"21 '37.2" (encl. 32). 

A dditional reference section - Well Doornspijk-2 : 619-779 m, 
coord. N 52"24'36.2" , E 05°46' 15.6" (encl. 32). 

Subdivision - The Middle North Sea Group is subdivi ded 
into three format ions, wh ich are (fro m top to bo ttom ): 

Veldhoven Format ion ( MVF) , 
Rupe l Fo rm ation (NM RF), 
Tongeren Formation (N MTF) . 

TONG ER EN FORMATION (N MTF) 

N<1me - Named afte r the Belgian town of To nge ren, in th e 
province of Limburg. To ngeren was se lected by DUMONT 

(1839) as th e type loca li ty of th e Tongrian , the o ldest stage of 
the O ligoce ne . 

Defini1ion - Sequence of fine -grained micaceous sands, 
overla in by lagoo nal to te rrestri al clay deposits conta ining 
so me sand and brown coa l beds (KUYL, 1975) . 

Age - Ea rl y Oligocene. 

Reference sec1ion - o t designated, a ltho ugh KUYL ( 1975) 
selected stra to types from th e so uthe rn pa rt of the province of 
Limburg for th e se parate members. 
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Subdivision - The To nge ren Formation, known only from 
the southern part of the Dutch province of Limburg, has 
heen fully described by KUYL. This author subdivided the 
Formation into two me mbers, which are (from to p to bot­
tom): 

Goudsberg Membe r (NMTFG), 
Klimme n Membe r (NMTFK). 

RUPEL FORMATION (NM RF) 

Locally an unn amed sand bed separates the Boom and 
Nucula C lay units. 

For the Achterhoek-Twente a rea a loca l subdivision was 
proposed by VAN DEN BOSCH ET AL. (1975 ) . This can be com­
pared with the ge neral Dutch no me ncl ature as fo llo ws: 

(this pape r) 

Boom Clay Membe r 

(VAN D E BOSCH ET AL.) 

Winte rswi jk Member (NM RFW) 
Brinkhe urn e Member (NMRFH) 

Name - Named afte r the Be lgian rive r Rupe l. In 1849 , D U- Berg Sand Me mber Ratum Member (N MRFR) 
MONT used this name to describe the middle part of the Bel-
gian Oligocene seque nce. 

Definition - Sequence of dark browngrey clays with va rying 
a mounts o f sand beds a lo ng the southe rn bas in margin . In the 
so uthe rn part of Limburg it overlies the lagoonal to ter­
res trial clays of the uppe r part o f the To ngeren Formation. 
E lsewhe re it rests unco nformably on th e Lower No rth Sea 
Group. It is overlain by the sa nds and silty sha les o f the 
Veldhoven Formation. 

Age - Middle Oligocenex>_ 

Reference section - We ll Veldhove n-1: 1098-1229 m, coord. 
N 5 l"26'20.9", E 05"2 1'37.2" (e ncl. 32). 

Additional reference section - Well Doo rn spijk-2: 715-779 m, 
coord. N 52"24'36.2" , E 05°46'15.6" (e ncl. 32). 

Subdivision - In most of the Dutch subso il the Rupe l Fo r­
mation consists of a mono to no us clay seque nce. In the 
so uthe rn Netherlands a sand y bed occ urs a t the base of th e 
Formation, thus a llowin g a twofold subdivisio n into : 

Veldhoven-1 Doornspijk-2 
Boom C lay Me mbe r (NMRFB) 1098 -1 213 m 7 15-779 m 
Berg Sand Member (NM RFS) 1213-1229 m 

Local subdivisio ns are in use in the a reas of southe rn Lim­
burg and the Achterhoek-Twente ( easte rn parts of the pro­
vinces of Ge lde rl and and Overijssel). In so uth e rn Limburg 
the Formation consi sts of a basa l sa nd overlain by clayey 
sa nds with clay le nses a nd topped by silty clays, and descri ­
bed by KUYL (1975) as (from top to bottom): 

Boom C lay Membe r 
Nucula C lay Membe r 
Berg Sand Membe r 

x>see foot note, p. 48 

(NMRFB), 
(NM R F ). 

(NM RFS ). 

The Ratum and Brinkheurne Members co mpare rather 

closely with the Berg Sand and Boo m C lay units. The Win ­
terswijk Member is described as a sandy clay with inte rcal a­
ted very fine-grained sa nds. It is correlated with the more 
silty uppe r part of the Rupe l Fo rm atio n in the Lowe r Rhin e 
e mbayme nt (FRG) where it is known as the Lintforter 
Schichten . 

T he Berg Sand Member is a thin bed o f greenish grey, fin e­
grained sa nd, occasional ly with a layer of grave l at the base. 
It is inte rpreted as the tra nsgressive base o f the Rupel For­
mation . It is known from th e so uthern part of The Nether­
lands. 

The Boom Clay Member is a dark brownish grey, sli ghtl y 
silty clay, co mmo nl y with septa ri a in which the lime content 
of the Formation is co nce ntrated. In the so uthe rn Nether­
la nds the uppe r part of th e Boom C lay Member usua ll y 
shows a re la tive ly high silt co ntent. In those areas where the 
Be rg Sand Member is abse nt the Boom C lay rests directly o n 
the Asse o r Dongen C lay Members. The determination o f 
the boundary can be difficult on litho logica l gro un ds ; on 
wire-line logs the Boom Clay shows a so mew hat highe r 
gamm a ray respo nse co mpared to the clays of the Lower 
No rth Sea Gro up. Micropalaeontological criteria are co m­
monly applied to assist in the de te rmination of this boundary. 

VE LDHOVEN FORMATION ( MVF) 

Name - Named a fte r the Dutch municipality o f Veldhoven , 
in the province o f Noo rd-Brabant. 

Definition - Seque nce of sands and silt y clays, located be­
tween the top o f th e Boom Clay Me mbe r a nd the glauconitic 
base of th e U ppe r North Sea Gro up . 

Age - (M idd le-) Late Oligoce ne (-Ea rly Mioce ne) . 

Reference section - We ll Ve ldhoven- 1: 935-1098 m, coord . 
N 5 1°56'20.9", E 05 °2 1'37.2" (encl. 32). 
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Additional reference section - We ll Doo rnspijk-2: 61 9-715 m, 
coo rd . N 52"24 '36.2 ", E 05°46'15.6" (encl. 32). 

Subdivision - The Ve ldhoven Fo rm atio n ca n be subdivided 
into two me mbers: 

Veldhoven-T Doornspijk- 2 
Ye ldho ve n C lay Me mbe r 

(NMV F0) 935-1047 m 619-715 m 
Voort Sand Me mber 

(NMVFV) 1047-1098 m 

T he Voo n Sand Member is a browni sh grey to gree ni sh 
black, o ft e n clayey, fin e- to medium-grained sand . Jt is 

known fro m the so utheaste rn Nethe rl ands where it overl ays 
the Boom C lay. In the Pee l- Kempe n area it a ttains a co n­
sidera ble thickness (mo re th an 50 111), but thin s rapidly to­
wa rds the no rth . 

T he Veldhoven Clay Member is a greeni sh grey, silty clay 

seque nce. Whe re the Voo rt Sand Me mber is absent , the 
Ye ldhoven C lay Membe r ca n be di stin gui shed fro m the 
Boom C lay by the highe r silt co ntent in the uppe r part of the 
lowe r me mbe r, ex pressed o n th e ga mm a ray by a lowe r rea ­
din g. Furthe rm o re, the Boom C lay shows typica l browni sh 
co lo urin g, whe reas the Ye ldhoven C lay ex hibit s greeni sh 

grey aspects. 
T he Ye ldhoven Clay Me mbe r is found in the so uth e rn a nd 

central pa rts o f th e co untry. Further no rth it is absent. 

13. UPPER NORTH SEA GROUP (NU) 

General - O ve r most o f The Ne the rl ands, an impo rt ant hi atu s 
marks th e Oligo- Mioce ne bo unda ry. Howeve r, in th e 
so uth easte rn part of the co untry, no tably in the Peel area , 
Central G raben and southeaste rl y continuation in Germ any 
(Lo we r Rhin e di strict), sedim e ntatio n was co ntinuous. These 
post-Oligocene sediments have been asse mbl ed in the Upper 
North Sea C roup. 

T he U pper No rth Sea Gro up is subdi vided into many fo r­
matio ns, as treated in deta il by ZAGW IJ N & VA STAALDU INEN 

( 1975) . T he large ly contin e ntal fo rm atio ns of Quate rn ary age 

will not be dea lt with he re since th ey have been described full y 
in ZAGW IJ N & VAN STAALDU INEN. 

Name - Na med after the No rth Sea. T he pre fi x 'U ppe r· is used 
to de note the upper part of the elas tic sequence above th e 
C halk Gro up. 

Definition (text figs . 15, 16) - Seq ue nce of clays and fin e to 
coa rse sa nds of marin e o rigin , and of clays, sa nds and grave ls 
of te rrest ria l o rigin, the latte r incl uding occasio nal peat a nd 
b rown coa l seams and glac ige no us beds towa rds the uppe r 
pa rt. T he te rrestri al beds occ ur ma inly in th e easte rn pa rts of 
the co untry whe reas the marin e deposits are typica l fo r the 
weste rn Nethe rl ands. ln genera l the prese nce of marin e she ll s, 
an easil y recogni za ble fe ature in bo re ho le sa mpl es, is take n as 
indica ti ve o f the ma rin e o rigin o f a bed. There is a ge ne ral 
tre nd fro m coa rse- to fin e-gra ined sed ime nts towards the 
no rth a nd west. In most places, the successsio n un co nformab ly 
ove rli es the Midd le North Sea Group, or o lde r beds. The top is 

fo rmed by the Recent la nd sur face o r sea floo r. 

Age - Miocene-Q uate rn ary ( Ho locene). 

Reference section - We ll Rijsbe rge n 50A/l54: 0-234 m, coord . 
N 5 1°30'50.5", E 04°39'15.4" (encl. 33). 

Subdivision - The subdi visio n o f the U ppe r North Sea Gro up 
is a lmost exclusive ly based o n data fro m o nshore we lls (ZAG­

W IJ N & VAN STA AL D UI NEN, 1975). T he ma rine seque nce is 
subd ivided by two marke rs, na me ly (fro m top to bo ttom ): the 
top o f a sequence of clayey beds, a nd the to p occurre nce of 
beds rich in glauconite. T his results in (fro m top to botto m): 

Maass lui s Fo rm at io n (NUMS) , 
Ooste rh o ut Fo rmatio n (NU0T), 
Breda Fo rmat io n (NUBA). 

T he te rrestri a l deposit s of Mio-Plioce ne age are subd ivided 

into three fo rm atio ns: 
Scheemda Fo rm atio n (NUSA), 
Ki ese loo lite Fo rm at io n (NU K0), 
Hekse nbe rg Fo rm ati o n (NU HG). 

The Hekse nberg Formatio n is restr icted to the so uth easte rn 
Net herl ands, the Kiese loolite Format ion to th e so utheaste rn 
and easte rn Nethe rl ands, a nd the Scheemd a Fo rm ation to the 
no rtheaste rn and easte rn e the rl ands . The ir definiti o n, whi ch 
is d iscussed be lo w, is by litho logica l crite ri a and by th e pro ­
vena nce of the elastic sedim e nts as revea led by th e heavy 
min era l and grave l asse mblages. 

B R EDA FO RMATION (NUBA) 

Nam e - Na med afte r th e town of Breda in the provin ce of 
Noo rd-Brabant . 
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Definition - Seque nce of marine, gla uconitic sa nds, sandy 
clays and clays. In many places a laye r rich in glauconite occurs 
a t the base. In thi s respect the o rigin al definition of th e Breda 
Formation (DOPPERT ET AL. , 1975) , which included strata from 
be low the glauconitic-rich layer, has been slightly ame nded . 
The la tte r strata are ass igned at present to the Middle North 
Sea Group. 

ln many places an unconformity is present at the base of the 
Breda Fo rmatio n. T he yo ungest beds beneath the Formation 
be long to th e Ye ldhoven C lay Member o f the Ve ldhoven 
Fo rm atio n. In o ther pl aces, in pa rticular in the so utheastern 
Pee l region and part of southe rn Limburg, the lower limit of 
the Formation is difficult to establish, as a gradual transition 
from the slightly glauconitic beds of the Ye ldhoven Formation 
into the greensands of the Breda Formation occurs. 

The uppe r limit of the Breda Formation is ta ken at the 
uppermost occurrence of greensands or clays rich in glauco­
nite. 

Age - Miocene, loca lly also earli est Pliocene. 

Reference section - We ll Rij sbe rge n 50A/154 : 174-234 m, 
coo rd. N 5l°30 '50.5 ", E 04°39'15.4 " (encl. 33). 

Additional reference section - We ll Klunde rt 43 H/63: 281-318 
m, coord . N 5 l 039' l7.3", E 04°33'07. I " (encl. 33) 

Subdivision - No ge nera l subdivi sio n into sa nd and clay mem­
be rs ca n be made. Some me mbers of loca l importance , how­
ever,are me ntio ned. ln so uthe rn Limburg,contin e ntal deposits 
of the Heksenbe rg Formation (see be low) inte rto ngue with 
the Breda Formation. T his co ntine nta l tongue divides the 
Breda Formation into a lower Kakert Member and an upper 
Vrijherenberg Member (KUYL, 1975). These me mbers consist 
of loamy, glauco nitic sands. 

In the centra l Peel region, two local me mbers have been 
named in the upper part of the Formation (ZAGWIJN, 1967): 
Oploo Sand Member (shelly, glauco nitic sands) overlain by 
the Haps Sand Member (glauconitic sands which are poor in 
fossils and contain ironstone horizo ns a nd a grave lly bed at the 
base). The last me ntio ned Me mber is related to an ancient 
sho re line in this area. 

In the easte rn Netherlands, in the regio n o f the Achterhoek 
and Twente, a detailed subdi visio n has been proposed by VAN 
DEN BOSCH ET AL. (1976) . From top to bottom the following 
me mbe rs have been na med: 

De lde n Me mbe r, 
Zenderen Me mbe r, 
E ibe rge n Me mbe r, 
Aa lte n Member. 

The subdivi sio n is based on va ri at io ns in clay and sa nd con­
te nt. All deposits are mo re or less rich in gla uco nite. 

In the no rth easte rn Netherlands, notab ly in the easte rn 
pa rts o f the provinces of Groningen a nd Drenthe, the topmost 

beds of the Breda Formation have been described as the 
Nieuweschans Member (oorr ERT ET AL., 1975 ). They are, ge­
ne rall y, greeni sh, live r-co loured , clayey sa nds, co ntaining a 
heavy minera l assembl age, rich in ho rnbl end e, which is char­

acte ristic fo r this Member in this area. T he deposits lack re­
mains of ma rine she ll s, but palyno logica l data po int to a ma ri­
ne o ri gin. 

Remarks - The Breda Formation is rare ly exposed . In the 
subsurface it is generall y prese nt , except in small areas in the 
south and east of the country. 

In the so utheast the Formation consists mainly of sand, but 

towards th e no rth and west it is graduall y replaced by cl ay 
with a va ri ab le sa nd content. 

The Formation overlies eithe r the Veldhoven C lay Mem­
be r o r the Boom Clay Member. When the basal part of the 
Formation is clay, the lower bo undary is in many places mar­
ked by a bed with high ga mm a ray radiation, probably due to 
a n e nrichme nt in glauco nite. Whe re this marker-bed is mis­
sing designat io n of the bo und ary has to re ly o n palaeontolo­
gica l data. 

In the so uth easte rn Nether lands th e lower and middle 
pa rts o f th e Breda Fo rm atio n inte rto ngue with continental 

beds of the He kse nbe rg Formatio n. The upper pa rt of the 
Formation, howeve r, interto ngues with th e contin e ntal beds 
of the Scheemda Formation in the north easte rn Netherlands 
and with the Kiese lo61ite Formation in the so utheaste rn 
Ne the rl ands. 

OOSTERHOUT FORMATION (NU0T) 

Name - Na med after the municipality of Oosterhout in the 
province of Noord-Brabant. 

Definition - Sequence of marine sa nds, grey and greeni sh 
clays a nd sa nd y clays. The glaucon ite co nte nt is mode rate to 

low. In the so uth ern and northeaste rn parts of The Neth­
e rlands the lower part of the Formation consists of sa nds 
ex tre me ly rich in she ll de bris and she ll beds ('Crag fac ies'). In 
most areas the la tter deposits are ove rlain by clays. 

The Formation ove rli es beds, rich in glauco nite but poor in 
she lls, be lo ngin g to the Breda Formation. The uppe r 
boundary of the Formation is, in most places, take n at the top 
of a series of clay beds which are ove rl ain by she lly, fin e to 
coarse sa nds with sparse clay inte rca latio ns and forming part 
of th e Maassluis Format io n. In o the r pl aces the Formation 
inte rto ngues with and is ove rl ain by contine ntal de posits of 
the Kiese lo6lite and Scheemda Formations. 
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Age - Pliocene, locally possibly latest Miocene. The topmost 
beds are in some places of earliest Pleistocene age. 

Reference section - Well Klundert 43H/63, 105-281 m, coord. 
N 51 °39'17.3" , E 04°33'07.l" (encl. 33). 

Additional reference section - Well Hellevoetsluis-1, 217-337 
m, coord. N 51°51'28.4" , E 04°10 '20.2" (encl. 33). 

Subdivision - No formal subdivision of the Formation is in 
use. The Lievelde Member in the Achterhoek region (vAN 
DEN BOSCH ET AL. , 1976) is considered to be a continental 
deposit . 

Remarks - The Formation is exposed at a locality close to 
Nieuwnamen in the southern part of the province of Zeeland. 
It is present in the subsurface over the greater part of The 
Netherlands, but passes laterally into continental deposits of 
the Scheemda Formation and Kieseloolite Formation in the 
northeastern, eastern and southeastern parts of the country. 
In the southern part of the country the continental upper clay 
member of the Kieseloolite Formation (Reuver Clay Mem­
ber) grades laterally into the marine clay beds at the top of 
the Oosterhout Formation. 

MAASSLUIS FORMATION (NUMS) 

Name - Named after the municipality of Maassluis in the 
province of Zuid-Holland. 

Definition - Sequence of marine coarse- and fine-grained 
sands containing shells and shell fragments, and with- some 
intercalated sandy clays and clay lenses. Glauconite is sparse 
or absent. The Formation overlies the clays or sandy clays of 
the Oosterhout Formation, and is overlain by continental 
beds of Quaternary age. 

Age - Early Pleistocene. 

Reference section - Well Gaag-1 , 113-231 m, coord. 
N 51°57'15.4" , E 04°14'15.5" (encl. 33). 

Additional reference section - Well Rijsbergen 50A/154, 60-
77 m, coord. N 51°30'50.5", E 04°39'15.4" (encl. 33). 

Remarks - The Formation is present in the subsurface over 
most of The Netherlands, but is absent in the eastern , south­
eastern and extreme southwestern parts of the country. The 
lower boundary is taken at the base of sands overlying the 
clays of the Oosterhout Formation. The top of the Formation 
is taken at th e uppermost occurrence of sands, or locally 
clays, containing marine shells, and which are overlain by 
continental beds of Early Pleistocene age . 

HEKSENBERG FORMATION (NUHG) 

Name - Named after Heksenberg, a village near Heerlen in 
the province of Limburg. 

Definition - Sequence of continental quartz sands (with 
brown coal seams) , over- and underlain by marine beds of 
the Breda Formation (KUYL, 1975). 

Age - Early Miocene. 

Reference section - Well Asten-1, 722-800 m, coord. 
N 51°23'47 .8" , E 05°47 '27 .4" (encl. 33). (intertonguing with 
Breda Formation). 

Remarks - The Formation has a restricted distribution in the 
southeastern Netherlands, notably in southern Limburg. It 
consists of sands, which in some places are very pure white 
quartz sands, but locally they can be very humic. Several 
brown coal seams occur which continue eastwards into Ger­
many where they form part of the Niederrheinische 
Braunkohlen Formation. This Formation has, however, a 
wider stratigraphic age range th an the Heksenberg For­
mation , namely from Middle Oligocene to Late Miocene. 
The most prominent seams are the Morken and Frim­
mersdorf seams. 

According to their sed imentary structures in some places 
the lower sands of the Formation were deposited in a beach 
or tidal flat environment. Marine fossi ls are, however, ab­
sent. 

KIESELOOLJTE FORMATION (NUK0) 

Name - The name is well established in Dutch stratigraphy 
and is based on the presence of oolitic chert pebbles in gra­
vels. 

Definition - Sequence of continental gravels, sands and clays 
which overlie the marine beds of the Breda Formation and 
underlie non-marine Quaternary deposits. They were depo­
sited by an ancient River Rhine system. 

Age - Late Miocene and Pliocene, locally earliest Pleistoce­
ne . 

Reference section - Exposures east of Reuver in Germany 
and near Schinveld and Brunssum in southern Limburg. 

Subdivision - The Formation is subdivided into several sand, 
gravel or clay members. The most complete sequence (from 
southern Limburg) is from top to bottom : Meinweg-Reuver 
Clay Member, Schinveld Sand Member, Brunssum Clay 
Member, Waubach Sand Member, Waubach Gravel Member 
(ZAGWIJN & VAN STAALDUINEN , 1975). 
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Remarks - The Formation is restricted to the surface and 
subsurface of the southeastern Netherlands and the adjoining 
area in Germany (Lower Rhine Embayment). The sands and 
gravels are rich in quartz and, according to their heavy mi­
neral and grave l assemb lages, were deposited by an ancient 
River Rhine system. The clays are very compact and often 
very organic. Thin brown coal seams may be intercalated in 
the clay members. 

The Formation intertongues with the upper part of the 
Breda Formation and with the Oosterhout Formation . The 
Reuver Clay Member grades latera lly into marine upper clay 
beds of the Oosterhout Formation of the southern and 
southwestern Netherlands. 

SCHEEMDA FORMATION (NUSA) 

Name - Named after the municipality of Scheemda in the 
province of Groningen. 

Definition - Sequence of continental sands with occasional 
gravel and clay beds. The Formation lies between the marine 

beds of the Breda Formation and non-marine Quaternary 
deposits, and was deposited by ancient rivers flowing out of 
northern Germany. 

Age - Pliocene, perhaps in parts also Late Miocene. 

Reference section - Well Zuidlaren 12E/84, 91 .60-151.10 m, 
coord. N 53°05'28.5" , E 06°42'11 .5" (ZAGWIJN & VAN STAAL­

DUINEN , 1975). 

Additional reference section - Well Onnerpolder 12E/16, 
114.50-165.00 m, coord. N 53°08'28.6", E 06°39'52.8" (op. 
cit. ). 

Remarks - The Formation is restricted to the subsurface of 
the northeastern Netherlands, notably to the provinces of 
Groningen, Drenthe and the northern part of Overijssel. The 
sands and gravels are extremely rich in white quartz, and 
some clay beds and thin brown coal seams occur. The For­
mation intertongues with the uppermost party of the Breda 
Formation and with the Oosterhout Formation. 
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Index of Lithostratigraphic units 

Page Page 

Aalburg Shale Fo rmation ATAL 33 Delfl and Formation, Upper DFUP 42 
Aalten Member 53 Detfurth C laystone Member RBSS C 28 
Aken Fo rm atio n CKAK 47 Detfurth Sandstone Member RBSSD 28 
Altena Gro up AT 33 Donge n Clay Member NLFFC 50 
Ame land Claystone Member R0CLA 20 Donge n Formation NLFF 49 
Asse C lay Member NLFFB 50 Do ngen Sand Member, Basal NLFFD 49 

Do nge n T uffi te Member, Basa l LFFT 49 
Barren Measures DCCR 16 
Bentheim Sandstone Member KNNCP 45 Eemh avcn Shale Member KNNC U 44 
Bentheim Shale Member KNNCV 45 Eibergen Member 53 
Berg Sand Me mber NMRFS 51 
Berke! Clastic Member KNN CD 44 Fourteens Clay Formation DFFC 42 
Berke! Sand- Shale Member KNNCC 44 Fringe Zechste in Form ation ZEF R 24 
Berk e! Sandstone Member KNNCB 44 
Boom Clay Member MRFB 51 Germanic T ri as Gro up, Lower RB 25 
Brabant Fo rm atio n ATBR 34 Germ anic T rias Group, Upper R 28 
Brabant Limestone Member, Lower ATBRl 35 G ildehaus Sandstone Member KNNCG 45 
Brabant Limestone Member, Middle ATBR2 35 Go udsberg Me mber NMTFG 51 
Brabant Limesto ne Member, Upper ATBR3 35 Graben Sand Form ation, Lower CG LS 37 
Brabant Marl Member, Lower AT BRL 35 G raben Sand Formation, Upper CG US 37 
Brabant Marl Member, Middle ATBRM 35 Graben Shale Formation, Middle CGMS 37 
Brabant Marl Member, Upper ATBRU 35 Grey Salt Clay Member Z EZ3 G 23 
Breda Fo rm ation NUBA 52 Gulpen Fo rm ation C KGP 47 
Brinkhe urne Member NMRFH 51 
Brunssum Clay Member 54 Haps Sand Member 53 
Brusse ls Marl Member NLFFM 50 Hardegsen Claysto ne Member RBSSA 28 
Brusse ls Sand Member LFFS 50 Hardegsen Me mbe r RBSSH 28 
Bunter G roup BS 3 1 Hardegsen Sandstone Member RBSSS 28 
Bunter Fo rm ation, Lower BSLB 32 Hee rs Sand Member NLLFS 49 
Bunter Form ation, Middle BSMB 32 He ksenbe rg Form ation NU HG 54 
Bunter Fo rmatio n, Upper BSUB 32 Ho ll and Fo rmation KNGL 45 
Buntsandste in Member, Basal RBSHB 27 Holl and Greensand Member KN G LG 46 
Buntsandste in Fo rm ation , Lower RBSH 27 Holland Marl Member, Lower KNGLL 46 
Buntsandste in Fo rm ation , Main RBSS 28 Holl and Marl Member, Upper KN G LU 46 

Ho lland Shale Member, Middle KNGLM 46 
Carbo nate Member, Uppe r Z EFRC 24 Ha llum Claystone Member R0CLH 18 
Central Graben G roup CG 37 Houthem Form ation CKHM 47 
Chalk Group CK 46 
Claysto ne Member, Mai n RB SHM 27 lepe r Clay Member NLFFY 50 
Coal Measures DCCM 16 
Coevorden Formation NDCF 40 Kakert Membe r 53 
Coevorden Clay Member, Lower NDCFL 40 Keuper Claystone Member, Lowe r RNKPL 31 
Coevorden Clay Me mber, Midd le NOCFM 40 Keuper Claystone Member, Middle RNKPM 31 
Coevo rden Clay Me mber, Upper NDCFU 40 Keuper Claysto ne Member, Red RNKPR 31 
Coppershale Member ZEZ lK/ 21 Keuper C laystone Member, Upper RNKPU 31 

ZEF RK 24 Keuper Evapo rite Member, Main RNKPS 31 
Delde n Member 53 Keuper Evapo rite Member, Red RNKPE 31 
Delfl and Group OF 41 Ke uper Formation RNKP 30 
Delfl and Formation, Lower DFL0 42 Keuper Me mber, Argillaceous RNKPC 3 1 
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Page Page 

Keuper Member, Dolomitic RNKPD 31 Rotliegend Group, Lower PB 16 
Kiese loolite Formation NUK0 54 Rotliegend Group, Upper R0 17 
Kimmeridge Clay Formation SGKI 38 Rotliegend Vo lcanics PBV0 17 
Kimmeridge Clay Member, Lower SGKIL 38 Ruinen Shale Member KNNCE 45 
Kimmeridge Clay Member, Upper SGKlU 38 Rupel Formation NMRF 51 
Klimmen Member NMTFK 51 Rijnl and Group KN 43 

Rij swijk Sandstone Member KNNCR 44 
Landen Clay Member NLLFC 49 
Landen Formation NLLF 49 Scheemda Formation NUSA 55 
Lier Sand-Shale Member, De KNNCL 44 Schinveld Sand Member 54 
Lievelde Member 54 Schoonebeek Shale Member KNNCS 45 
Limburg Group DC 14 Scruff Group SG 38 

Serpu lite Member NDWFF 40 
Maass lui s Formation NUMS 54 Sil verpit Claystone Formation R0CL 18 
Maastricht Formation CKMA 47 Silverpit Claystone Member, Lower R0CLL 20 
Mei nweg-Reuver Clay Member 54 Si lverpit Claystone Member, U pper R0CLU 20 
Muschelkalk Claystone Member RNMUC 30 Silverpit Evaporite Member R0CLE 20 
Muschelkalk Formation RNMU 30 Steen Shale Formation ATRT 33 
Muschelkalk Marl Member, Middle RNMUA 30 Slochteren Sandstone Formation R0SL 18 
Muschelkalk Member, Lower RNMUL 30 Slochteren Sandstone Member,Lower R0SLL 18 
Muschelkalk Member, Middle RNMUM 30 Slochteren Sandstone Member, UpperR0SLU 18 
Muschelkalk Member, Upper RNMUU 30 Soiling Claystone Member RNR0S 29 
Muschelka lk Sa lt Member RNMUH 30 Soiling Claystone Member, Lower RNR0A 29 

Soiling C laystone Member, Upper RNR0C 29 
Niede rsachsen Group ND 39 Soiling Sandstone Member RNR0B 29 
Nit:uweschans Member 53 
North Sea Group, Lower NL 48 Ten Boer Claystone Member R0CLT 20 
North Sea Group, Middle NM 50 Texel Chalk Formation CKTX 47 
North Sea Group, Upper NU 52 Texel Greensand Member CKTXG 47 
Nucu la Clay Member NMRFN 51 Texel Marlstone Member CKTXM 47 

Tongeren Formation MTF 50 
Oisterwijk Limestone Member ATBR0 35 Tubbergen Sandstone Formation DCCT 15 
Ommelanden Cha lk Formation CKGR 47 
Oosterhout Formation NU0T 53 Upper Carbonate Member ZEFRC 24 
Oploo Sand Member 53 

Vaals Formation CKVA 47 
Posidonia Sha le Member ATWDP 34 Veldhoven Clay Member NMVF0 52 
Productive Measures DCCP 15 Veldhoven Formation NMVF 51 
Puzzle Hole Formation SGDF 38 Vlieland Formation KNNC 43 

Vlieland Sandstone Member KN cz 43 
Ratum Member NM RFR 51 Vlieland Shale Member KNNCM 43 
Red Salt Clay Member ZEZ4R 23 Volpriehausen Clay-

Reuver Clay Member 54 Siltstone Member RBSSP 28 
Roe r Valley Graben Form ation 42 Volpriehausen Sandstone Member RBSSV 28 
Roge nstein Member RBSHR 27 Voort Sand Member NMVFV 52 
Rot Claystone Member, Inte rmed iate RNR0M 29 Vrijherenberg Member 53 
Rot Claystone Member, Upper RNR0U 30 
Rot Evaporite Member RNR0E 30 Waubach Gravel Member 54 
Rot Evaporite Member, Main RNR01 29 Waubach Sand Member 54 
Rot Evaporite Member, Upper RNR02 29 Weiteveen Clastic Member, Basal NDWFA 40 
Rot Formation RNR0 29 Weiteveen Eva po rite Member, Lower NDWFB 40 
Rotliegend Clastics, Basa l PBBA 17 Weiteveen Evaporite Member, Upper NDWFD 40 
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Weiteveen Formation NDWF 40 Zechstein 1 Carbonate Member ZEZl C 22 
Wei teveen Marl Member, Lower NDWFC 40 Zechstein 1 Formation ZEZl 21 
Weiteveen Marl Member, Upper NDWFE 40 Zechstein 1 Lower Anhydrite Member ZEZlA 22 
Werkendam Member, Middle ATWDM 34 Zechstein l Salt Member ZEZIH 22 
Werkendam Shale Formation ATWD 34 Zechste in 1 Upper Anhydrite Member ZEZl T 22 
Werkendam Shale Member, Lower ATWDL 34 Zechstein 2 Basal Anhydrite Member ZEZ2A 22 
Werkendam Shale Member, Upper ATWDU 34 Zechstein 2 Carbonate Member ZEZ2C 22 
Westerbork Shale Member KNN CW 45 Zechstein 2 Formation ZEZ2 22 
Winterswijk Member NMRFW 51 Zechstein 2 Roof Anhydrite Member ZEZ2T 22 

Zechstein 2 Salt Member ZEZ2H 22 
IJ sse lmonde Sandstone Member KNNCY 44 Zechstein 3 Anhydrite-
IJ sselmonde Shale Member KN NCA 44 Carbon ate Member ZEZ3B 23 

Zechstein 3 Carbonate Member ZEZ3C 23 
Zechstein Caprock ZECP 24 Zechstein 3 Formation ZEZ3 23 
Zechstein Formation, Fringe ZEFR 24 Zechstein 3 Main Anhydrite Member ZEZ3A 23 
Zechstein Group ZE 20 Zechstein 3 Salt Member ZEZ3H 23 
Zechstein Member, Main Fringe ZEFRL 24 Zechstein 4 Form ation ZEZ4 23 
Zechstein Salt ZESA 24 Zechstein 4 Pegmati te-
Zechstein Salt, Lower ZESAL 24 Anhydrite Member ZEZ4A 23 
Zechstein Salt, Upper ZESAU 24 Zechstein 4 Salt Member ZEZ4H 23 
Zechstein l Anhydrite Member ZEZlW 22 Zenderen Member 53 
Zechstein 1 Anhydrite- Z uidwal Volcanic Formation NDV0 41 

Carbonate Me mbe r ZEZlB 22 
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AT Altena Group 33 BS Bunter Group 31 
ATAL Aalburg Shale Formation 33 BSLB Lower Bunter Formation 32 
ATBR B raba nt Formation 34 BSMB Middle Bunter Formation 32 
ATBRL Lower Brabant Marl Member 35 BSUB Upper Bunter Formation 32 
ATBRM Middle Brabant Marl Member 35 
ATBR0 Oisterwijk Limestone Member 35 CG Central Graben Group 37 
ATBRU Upper Brabant Marl Member 35 CGLS Lower Graben Sand Formation 37 
ATBRJ Lower Brabant Limestone Member 35 CGMS Middle Graben Shale Formation 37 
ATBR2 Middle Brabant Limestone Member 35 CGUS Upper Graben Sand Formation 37 
ATBR3 U pper Brabant Limestone Member 35 CK Chalk Group 46 
ATRT Sleen Shale Form ation 33 CKAK Aken Formation 47 
ATWD Werkendam Shale Formation 34 CKGP Gulpen Formation 47 
ATWDL Lower Werkendam Shale Member 34 CKGR Ommelanden Chalk Form atio n 47 
ATWDM Midd le Werk endam Member 34 CKHM Ho uthem Formation 47 
ATWDP Posidonia Shale Member 34 CKMA Maastricht Formation 47 
ATWDU Uppe r Werkendam Shale Member 34 CKTX Texe l Chalk Formation 47 
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CKTXG Texel Greensand Member 47 NLFF Dongen Formation 49 
CKTXM Texel Marlstone Member 47 NLFFB Asse Clay Member 50 
CKVA Vaals Formation 47 NLFFC Dongen Clay Member 50 

NLFFD Basal Dongen Sand Member 49 
DC Limburg Group 14 NLFFM Brussels Marl Member 50 
DCCM Coal Measures 16 NLFFS Brussels Sand Member 50 
DCCP Productive Measures 15 NLFFT Basal Dongen Tuffite Member 49 
DCCR Barren Measures 16 NLFFY leper Clay Member 50 
DCCT Tubbergen Sandstone Formation 15 NLLF Landen Formation 49 
DF Delfland Group 41 NLLFC Landen Clay Member 49 
DFFC Fourteens Clay Formation 42 NLLFS Heers Sand Member 49 
DFL0 Lower Delfland Formation 42 NM Middle North Sea Group 50 
DFUP Upper Delfland Formation 42 NMRF Rupel Formation 51 

NMRFB Boom Clay Member 51 
KN Rijnlang Group 43 NMRFH Brinkheurne Member 51 
KNGL Holland Formation 45 NMRFN Nucula Clay Member 51 
KNGLG Holland Greensand Member 46 NMRFR Ratum Member 51 
KNOLL Lower Holland Marl Member 46 NMRFS Berg Sand Member 51 
KNGLM Middle Holland Shale Member 46 NMRFW Winterswijk Member 51 
KNGLU Upper Holland Marl Member 46 NMTF Tongeren Formation 50 
KNNC Vlieland Formation 43 NMTFG Goudsberg Member 51 
KNNCA IJsselmonde Shale Member 44 NMTFK Klimmen Member 51 
KNNCB Berke! Sandstone Member 44 NMVF Veldhoven Formation 51 
KNNCC Berke! Sand-Shale Member 44 NMVF0 Veldhoven Clay Member 52 
KNNCD Berke! Clastic Member 44 NMVFV Voort Sand Member 52 
KNNCE Ruinen Shale Member 45 NU Upper North Sea Group 52 
KNNCG Gildehaus Sandstone Member 45 NUBA Breda Formation 52 
KNNCL De Lier Sand-Shale Member 44 NUHG Heksenberg Formation 54 
KNNCM Vlieland Shale Member 43 NUK0 Kieseloolite Formation 54 
KNNCP Bentheim Sandstone Member 45 NUMS Maassluis Formation 54 
KNNCR Rijswijk Sandstone Member 44 NU0T Oosterhout Formation 53 
KNNCS Schoonebeek Shale Member 45 NUSA Scheemda Formation 55 
KNNCU Eemhaven Shale Member 44 
KNNCV Bentheim Shale Member 45 PB Lower Rotliegend Group 16 
KNNCW Westerbork Shale Member 45 PBBA Basal Rotliegend Clastics 17 
KNNCY !Jsselmonde Sandstone Member 44 PBV0 Rotliegend Volcanics 17 
KNNCZ Vlieland Sandstone Member 43 

RB Lower Germanic Trias Group 25 
ND Niedersachsen Group 39 RBSH Lower Buntsandstein Formation 27 
NDCF Coevorden Formation 40 RBSHB Basal Buntsandstein Member 27 
NDCFL Lower Coevorden Clay Member 40 RBSHM Main Claystone Member 27 

NDCFM Middle Coevorden Clay Member 40 RBSHR Rogenstein Member 27 
NDCFU Upper Coevorden Clay Member 40 RBSS Main Buntsandstein Formation 28 
NDV0 Zuidwal Volcanic Formation 41 RBSSA Hardegsen Claystone Member 28 
NDWF Weiteveen Formation 40 RBSSC Detfurth Claystone Membe.r 28 
NDWFA Basal Weiteveen Clastic Member 40 RBSSD Detfurth Sandstone Member 28 
NDWFB Lower Weiteveen Evaporite Member 40 RBSSH Hardegsen Member 28 
NDWFC Lower Weiteveen Marl Member 40 RBSSP Volpriehausen Clay-Siltstone Member 28 
NDWFD Upper Weiteveen Evaporite Member 40 RBSSS Hardegsen Sandstone Member 28 
NDWFE Upper Weiteveen Marl Member 40 RBSSV Volpriehausen Sandstone Member 28 
NDWFF Serpulite Member 40 RN Upper Germanic Trias Group 28 
NL Lower North Sea Group 48 RNKP Keuper Formation 28 
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RNKPC Argi ll aceous Keuper Member 31 UCAT Base Jurassic Unconformity 14 
RNKPD Dolomitic Keupe r Member 31 UCCT Intra-Chalk Unconformity 14 
RNKPE Red Keuper Evapo rite Member 31 UCJT Intra-J urassic U nconfo rmity 14 
RNKPL Lower Ke uper Clayston e Member 31 UCKN Base Cre taceous Unconformity 14 
RNKPM Middle Keuper Claystone Membe r 3 1 UCNL Base Tertiary Unconformity 14 
RNKPR Red Ke uper Claystone Member 3 1 UCNM Base Oligocene Unconformity 14 
RNKPS Main Keuper Evaporite Me mber 31 UCNU Base Upper Terti ary U nconformity 14 
RNKP U Upper Keuper Claystone Member 31 UCPB Base Lower Rotliegend U nconformity 14 
R MU M uschelkalk Format io n 30 UCR Intra-Triassic Unconformity 14 
RNM UA Middle Musche lk alk Marl Member 30 UCR0 Base U pper Rotliegend Unco nform ity 14 
RNM UC Muschelkalk Claystone Member 30 UCZE Base Zechstein Unconformity 14 
RNM UH Muschelkalk Salt Member 30 
RNMUL Lower Musche lk alk Member 30 ZE Zechstein Group 20 
RNMUM Middle Muschelkalk Me mber 30 ZECP Zechste in Caprock 24 
RNMU U Uppe r Muschelkalk Member 30 ZEFR Fringe Zechstein Form ation 24 
RNR0 Rot Formation 29 ZEFRC Upper Carbonate Member 24 
RNR0A Lower Soiling Claystone Member 29 ZEFRK Coppersha le Member 24 
R NR0B Soiling Sandstone Member 29 ZEFRL Main Fringe Zechstein Member 24 
RNR0C U pper Soiling Clays to ne Me mbe r 29 ZESA Zechstein Salt 24 
RNR0E Rot Evaporite Member 30 ZESAL Lower Zechstei n Salt 24 
R NR0M Intermed iate R ot C laystone Member 29 ZESAU Upper Zechstein Salt 24 
R N R0S Soiling Claystone Member 29 ZEZl Zechste in 1 Fo rm ation 21 
RNR0U Upper R ot Claystone Member 30 ZEZ IA Z l Lower Anhydrite Member 22 
RNR0 1 Main R ot Evaporite Member 29 ZEZ IB Z l A nhydrite-Carbonate Me mber 22 
RNR02 Upper Rot Evapo rite Membe r 29 ZEZlC Z I Carbonate Me mber 22 
R0 Upper Rotliegend Gro up 17 Z EZ IH Zl Salt Member 22 
R 0CL Si lverpit C lays t<;rn e Formatio n 18 ZEZIK Co ppersha le Me mber 21 
R0CLA A meland Claystone Member 20 Z EZl T Z l Upper Anhydrite Member 22 
R0CLE Si lverpi t Evaporite Membe r 20 ZEZIW Zl An hydr ite Member 22 
R0CLH Hollum Claystone Member 18 ZEZ2 Zechstein 2 Formation 22 
R0CLL Lowe r Silverpit C lays tone Member 20 ZEZ2A Z2 Basal An hydrite Member 22 
R0CLT Ten Boer Claystone Member 20 ZEZ2C Z2 Carbonate Member 22 
R0CLU Upper Silverp it Claystone Member 20 ZEZ2H Z2 Sa lt Member 22 
R0SL Slochte ren Sandstone Fo rm atio n 18 ZEZ2T Z2 Roof Anhydrite Member 22 
R0SLL Lowe r Slochteren Sandstone Me mbe r 18 ZEZ3 Zechstei n 3 Formation 23 
R0SLU Uppe r Slochteren Sandstone Member 18 ZEZ3A Z3 Main Anhydrite Member 23 

ZEZ3B Z3 Anhydrit e-Carbona te Membe r 23 
SG Scruff Gro up 38 ZEZ3C Z3 Carbonate Member 23 
SGDF Puzzle Ho le Formation 38 ZEZ3G G rey Salt Clay Member 23 
SGK I Kimmeridge Clay Formation 38 ZEZ3H Z3 Sa lt Member 23 
SGKIL Lower Kimmeridge Clay Member 38 ZEZ4 Zechstei n 4 Formation 23 
SG KI U Upper Kimmericlge Clay Member 38 ZEZ4A Z4 Pegmatite-Anhydrite Member 23 

ZEZ4 H Z4 Salt Member 23 
ZEZ4 R Red Sa lt Clay Member 23 
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Stratigraphic nomenclature of the Netherlands 

MAIN ROCK TYPES MIXTURES TEXTURES 
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TAeLE 

OF THE 

STRATIGRAPHIC NOMENCLATURE 

OF 

THE NETHERLANDS 

Various Pleistocene and Holocene formations and 
members ( see ZAGWIJN and VAN STAALOUINEN 1975) 

{ SCHEEMDA NUSA 
KIESELOOLITE NUK.0 
HEKSENBERG NUHG 

{ MAASS LUIS NUMS 
OOSTERHOUT NU.0T 
BREDA NUBA 

VELDHOVEN NMVF 

RUPEL NMRF 

TONGEREN NMTF 

DO NGEN NLFF 

LANDEN NLLF 

OMMELANDEN CKGR 
TEXEL CKTX 

HOUTHEM CKHM 
MAASTRICHT CKMA 
GULPEN CKGP 
VAALS CKVA 
AKE N CKAK 

HOLLAND KNGL 

VLIELAND KNNC 
In general 

Lower Saxony Basin 

S.W. Nethertonds Basin 

COEVORDEN NDCF 

WEITEVEEN NDWF 

ZUIDWAL VOLCANIC NDV.0 

UPPER DELFLAND DFUP 
FOURTEENS CLAY DFFC 
LOWER DELFLAND DFL0 

KIMMERIDGE CLAY SGKI 

PUZZLE HOLE SGDF 

UPPER GRABEN SAND CGUS 
MIDDLE GRABEN SHALE CGMS 
LOWER GRABEN SANO CGLS 

BRABANT ATBR 

WERKENDAM SHALE ATWD 

AALBURG SHALE ATAL 
SLEEN SHALE ATRT 

KEUPER RNKP 

MUSCHELKALK RNMU 

ROT RNR.0' 

UPPER BUNTER BSUB 
MIDDLE BUNTER BSMB 

LOWER BUNTER BSLB 

MAIN BUNTSANDSTEIN RBSS 

LOWER BUNTSANOSTEIN RBSH 

ZECHSTEIN 4 ZEZ4 

ZECHSTEIN 3 ZEZ3 

ZECHSTEIN 2 ZEZ2 

ZECHSTEIN 1 ZEZ 1 

Basin Centre { 
Eastern Subbosin 

f 
1 

FRINGE ZECHSTEIN ZEFR 

ZECHSTEIN CAPROCK ZECP 
ZECHSTEIN SALT ZESA 

SLOCHTEREN SANDSTONE R0SL 

SILVER PIT CLAYSTONE R0CL 

Basin Centre { 

ROTLIEGEND VOLCANICS PBV.0 
BASAL ROTL. CLASTICS PBBA 

BARREN MEASURES DCCR 
TUBBERGEN SANDSTONE DCCT 
PRODUCTIVE MEASURES DCCP 

COAL MEASURES DCCM 

ENCL.36 

Several local members ( see text) 

Several local members { see text) 

Veldhoven Cloy NMVF.0 
Voort Sand NMVFV 

Boom Cloy NMRFB 
Winterswij k NMRFW 
Bri nkheurne NMRFH 
Nuculo Cloy NMRFN 
Rotum NMR FR 
Berg Sand NMRFS 

Goudsberg NMTFG 
Klimmen NMTFK 

Asse Clay NLFFB 
Brussels Sand NLFFS 
Brussels Mori NLFFM 
leper Clay NLFFY 
Basal Dongen Sand NLFFD 
Basal Dongen Tuffite NLFFT 
Dongen Clay NLFFC 

Landen Cloy NLLFC 
Heers Sand NLLFS 

Texel Marlstone CKTXM 
Texel Greensand CKTXG 

Upper Holland Mori KNGLU 
Middle Holland Shale KNGLM 
Holland Greensond KNGLG 
Lower Holland Mori KNGLL 

Vlielond Shale KNNCM 
Vlielond Sandstone KNNCZ 

Vlielond Shale KNNCM 
Gildehous Sandstone KNNCG 
Westerbork Shale KNNCW 
Ruinen Shale KNNCE 
Schoonebeek Shale KNNCS 
Bentheim Sandstone KNNCP 
Bentheim Shale KNNCV 

Vlielond Shale KNNCM 
De Uer Sand- Shale KNNCL 
Eemhaven Shale KNNCU 
IJsselmonde Sandstone KNNCY 
IJsselmonde Shale KNNCA 
Berkel Clastic KNNCD 
Berkel Sandstone KNNCB 
Berkel Sand- Shale KNNCC 
Rijswij k Sandstone KNNCR 

Upper Coevorden Clay NDCFU 
Middle Coevorden Cloy NDCFM 
LowerCoevorden Clay NDCFL 

Serpulite NDWFF 
UpperWeiteveen Marl NOWFE 
Upper Weiteveen Evoporite NDWFO 
LowerWeiteveen Mori NOWFC 
LowerWelteveen Evaporite NDWFB 
Boso! Weiteveen Clastic NDWFA 

Upper Kimmeridge Cloy SGKIU 
Lower Kimmeridge Cloy SGKIL 

Oisterwijk Limestone ATBR.0 
Upper Brabant Mori ATBRU 
Upper Brabant Limestone ATBR3 
Middle Brabant Mori ATBRM 
Middle Brabant Limestone ATBR2 
Lower Brabant Mori ATBRL 
Lower Brabant Limestone ATBRl 

Upper Werkendam Shale ATWDU 
Middle Werkendam ATWDM 
LowerWerkendom Shale ATWDL 
Posidania Shale ATWOP 

Argillaceous Keuper RNKPC 
Upper Keuper Claystone RNKPU 
Dolomitic Keuper RNKPD 
Red Keuper Cloystone RNKPR 
Red Keuper Evoporite RNKPE 
Middle Kevper Claystone RNKPM 
Main Keuper Evaporite RNKPS 
Lower Keuper Claystone RNKPL 

Muschelkolk Claystone RNMUC 
Upper Muschelkalk RNMUU 
Middle Muschelkalk RNMUM 
Middle Muschelkolk Mori RNMUA 
Muschelkolk SOit RNMUH 
Lower Muschelkolk RNMUL 

Upper Rot Claystone RNR0U 
RBt Evaporite RNR0E 
Upper Rot Evaporite RNR02 
Intermediate Rot Cloystone RNR0M 
Main Rot Evoporite RNR01 
Salling Cloystone RNR.05 
Upper Soiling Cloystone RNR0C 
Salling Sandstone RNR.08 
Lower Soiling Cloystone RNR0A 

·. 

Hordegsen RSSSH 
Hordegsen Claystone RBSSA 
Hardegsen Sandstone RBSSS 
Detfurth Claystone RBSSC-
Detfurth Sandstone RBSSD 
Volpriehausen Cloy-Siltstone RBSSP 
Volpriehausen Sandstone RBSSV 

Rogenstein RBSHR 
Main Claystone RBSHM 
Basal Buntsondstein RBSHB 

Z4 Solt ZEZ4H 
Z 4 Pegmatite Anhydrite ZEZ4A 
Red Salt Cloy ZEZ4R 

23 Salt ZEZ3H 
Z3 Main Anhydrite ZEZ3A 
Z 3 Carbonate ZEZ3C 
Z 3 Anhydrite- Carbonate ZEZ38 
Grey Salt Clay ZEZ3G 

Z 2 Roof Anhydrite ZEZ2T 
Z 2 Solt ZEZ2H 
Z 2 Bosa I Anhydrite ZEZ2A 
Z 2 Carbonate ZEZ2C 

Z 1 Anhydrite ZEZl W 
Z 1 Carbonate ZEZ 1 C 
Z 1 Anhydri te-Carbonate ZEZ 1 B 
Coppershole ZEZ 1 K 

Z 1 Upper Anhydrite ZEZ 1 T 
Z 1 Solt ZEZ 1 H 
Z 1 LDwer Anhydrite ZEZl A 
Z 1 Carbonate ZEZ 1 C 
Z 1 Anhydrite-Carbonate ZEZl 8 
Coppershale ZEZ 1 K 

Upper Carbonate ZEFRC 
Main Fringe Zechstein ZEFRL 
Coppershole ZEFRK 

Upper Zechstein Solt ZESAU 
Lower Zechstein Solt ZESAL 

Upper Slochteren Sandstone R0SLU 
Lower Slochteren Sandstone R0'SLL 

Ten Boer Cloystone R0CLT 
Amelond Claystone R0CLA 
Hollum Cloystone R.0'CLH 

Upper Silverpit Claystone R0'CLU 
Silverpit Evaporite R0CLE 
Lower Silverpit Claystone R0'CLL 
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