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s h s i r a c t . A 3 0 2 m deep , cored reconnai s sance well was dri l led in 1 9 8 0 , at J a g c r s b o r g to the northwest o f M a a s c i k 
( 4 7 W 0 2 2 0 ) . T h c borehole is located north o f the Fcldbtss fault sy s t em, in the R u r Valley G r a b e n . T h c top o f the sect ion 
cons i s t s o f Saa l i an to P lcn iAVcichsc l i an M c u s c gravels c a p p e d by l o a m . 
Ihe sect ion between 22 and 193 m is identif ied as the Kicscl<xi!ith F o r m a t i o n , cons i s t ing main ly o f quarrzic s ands 

with the intercalat ion o f four l ignite and clay intervals. L t tholog ica l character is t ics and geophys ica l well logs al low 
the tradit ional identif ication of the W a u b a e h s a n d s a n d gravels at the base o f the Kicsc lool i th F o r m a t i o n , overlain by 
the Pcy sands l ictwccn two l ignite and clay levels which arc interpreted as B r u n s s u m clay; u s ing the s a m e a p p r o a c h . 

to the qu i n / sand below 9 0 m depth. Two palymr/oncs occur with a boundary around 57 .6 m. The top ot the lower 
palynozonc A . between 57 .6 and 87 .5 m, has a similar composition as the Mol sand lignites occurring to the west, 
outtidi the Rur Valley ( i rabcn.Ihc upper palymwonc B between 57 .6 m and the top of the sands characterizes the 
Rcuvcrtan C and the clay layers present in this section arc consequently interpreted as Rcuver clay. The palynozonc A 
represents a f i n d i r - covered b>' dense torcst in contrast to the upper palvno/onc B durtnir which the clearance ot the 
w o o d s hail already started, the forest became less dense and enclosed mi res more extensive.The top of the Kicscloolith 
Formation marks the transition to the Praetigliau. All lignites show a rank between the brown coals in the Lower-

Ihe interval between 193 and 198 m is a yellow quarrzic, mica-containing marine sand of uncertain stratigraphic pmt-

Ihc green glauconitic sands between l'>K and 302 m arc identified as the Breda Formation ami can be further subdivided 
bawd on grain size and gtaiuonitc content Dirvoflagcllatcs and mollusc fragments allow the identification of a lower 
Kar t 1 • ''•>.' • M '»>' ind al»>ut 2 7 1 m tint i t hi ..'r i ' i .-t iphi. illv iinular t o the upper part of the Antwcrpcn Member 
and ZoodandMN Member of the Berchem Furmation to the west It is considered as Middle Scrravallian in age based 
o n .1 tli.-.. II it. . An upper part between about 235 ami 198 m is btostratiirraphicallv equivalent to the Dcurne ami 
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Figure 1 Situation of .he Maaseik well ( Ma / 49W0220) in northeast Belgium on a regional fault map. All boreholes indicated on 
the map have been been strat.graphically interpreted and correlated in Figure 10. The faults and .heir nomenclature have been taken 
Irom Gullentops and Vandenberghe (1995), Langenaeker (2000) and Van der Sluys (2000). 
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Figure 2. Geophysical well logs and synthesis of the stratigraphie results of the Maaseik borehole (49W0220). based on core descrip­
tion, geophysical well logs, sediment analysis and biostratigraphy (palynology, dinoflagellates, molluscs, ostracodes and benthie 
foraminifera). The stratigraphie interpretations are discussed in the text. 



4 V A N D E N B E R G H E . LAGA. L O U W Y E . VANHOt )RNE. MARQUET. DE M E L T E R . W O L T E R S & HAGEMANN 

The cores have been descr ibed by V a n d c n b e r g h e , L a g a 
and Vandormae l already in 1 9 8 1 and their full deta i led 
descr ipt ion is kept in the files o f the G e o l o g i c a l S u r ­
vey o f B e l g i u m by the n u m b e r 4 9 W 0 2 2 0 ( V I I I , b ) . 
The b o r e h o l e d e s c r i p t i o n is o n - l i n e ava i lable via the 
subsurface borehole da tabase o f the F l e m i s h M i n i s t r y 
http : / /dov.vlaanderen.be. A synthetic overview l i tholog 
is represented in F ig . 2 . 

H a m m e n e c k e r ( 1 9 8 0 ) i n i t i a t e d a r e g i o n a l s t u d y o f 
P l io-P lc i s tocene o f the area and Van der S luys ( 2 0 0 0 ) 
reviewed the borehole da ta in the Be lg ian part o f the Rur 
Valley G r a b e n . The deta i led s trat igraphy o f the borehole 
M a a s e i k 4 9 W 0 2 2 0 , penetrat ing through the P le i s tocene 
into the N e o g e n e , however has not been publ i shed . S ince 
the cores b e c a m e available for further research, several 
pa leonto log ica l analyses have been carr ied o u t a n d as 
the M a a s e i k borehole is o n e o f the few cored wells north 
o f the Feldbiss fault sys tem in B e l g i u m , its s trat igraphy 
can contr ibute in l inking the B e l g i a n and the D u t c h 
tradit ions in s t rat igraphie nomenc la ture (see a l so Se l s 
et al . , 2 0 0 1 ) . 

A s the l i thological c o l u m n can be subd iv ided in M e u s e 
sed iments a t the top ( 0 - 2 2 m ) , a quar tz d o m i n a t e d s a n d 
complex be low ( 2 2 - 1 9 8 m ) and a g lauconi t ic green s a n d 
at the b o t t o m ( 1 9 8 - 3 0 2 m ) , a n d as the b ios trat igraphic 
techniques for the s tudy o f the q u a r t z s ands a n d the 
glauconit ic s ands are different, the paper is subdiv ided 
according to these three l i thological types . 

1. Pleistocene loam and Meuse gravel (0 - 22 m) 

The u p p e r m o s t 6 m consis t s o f l o a m . In the area it is 
known as a usual ly thinly l aminated loam o f fluvio-lacus-
trine to lacustro-eolian or ig in , the Molenbeerse l M e m b e r 
(Kinrooi F o r m a t i o n ) , o f P leni-Weichse l ian age . B e l o w 
the loam occur, till 2 2 m, M e u s e river gravels with l o a m 
and carbonate at their ba se . The higher g a m m a ray s ignals 
(F ig . 2 ) probably represent clayey intervals . The gravels 
be long to the L a n k l a a r F o r m a t i o n and are Saa l i an and 
Pleni-Weichsel ian in a g e . T h e l i thostrat igraphic n o m e n ­
clature system used here has been deve loped dur ing the 
Quaternary m a p p i n g organized by the F l e m i s h M i n i s t r y 
(see Beer ten et al . , 2 0 0 0 ) . 

2. The complex of quar tz-r ich s ands , clays 
and brown coal (22 - 198 m) 

2. / . Lithological description 

T h e 2 2 - 5 0 . 5 m interval can be ind iv idua l i sed on the 
geophys ica l logs and it is c o m p o s e d d o m i n a n t l y o f a 
fine-grained to m e d i u m - s i z e d s a n d . T h e d o m i n a n t 
structure in the sand is a horizontal l aminat ion but also 
obl ique stratification and clay drapes over sand ripples 
occur. T y p i c a l m m laminated clays al ternate with c m 

scale sand l aminae between 4 5 and 4 6 m. S o m e levels 
are coarse g ra ined . Several erosional surfaces interrupt 
the sed imenta t ion and l ignite and clay f r a g m e n t s occur 
as e roded l u m p s in the sed iment . S m a l l synsed imentary 
de format iona l features occur. C l a y l aminae o f over 10 c m 
th icknes s occur and s o m e levels have a character i s t ic 
g a m m a ray log clay response (F ig . 2 ) . C l a y s can be pale 
grey, pa l e g r e e n i s h or b l a c k w i t h a d m i x t u r e o f p lant 
r e m a i n s . S e d i m e n t t r anspor t s o m e t i m e s concent ra ted 
mica flakes. The sand is often purple s ta ined because o f 
the admixture o f p lant remains . A t 34 .8 m even a b lack 
gyt t ja type m u d occurs . 

In the interval between 3 5 . 4 5 m and 3 7 . 6 5 m metall ic 
spherules with d i ameter s between 5 0 p m and 1 7 0 0 p m 
were detec ted . M i n e r a l o g i c a l and chemica l analysis in 
several laborator ies c o n c l u d e d that the magne t i t e spher­
ules are artificial and probably p r o d u c e d by a weld ing-arc 
at the well site (see D e Geyter , 1 9 8 9 ) . 

B e t w e e n 5 0 . 5 m and 5 2 . 5 m grey a n d b lu i sh clay o c ­
curs with s o m e thin l ignitic layers. The clay is under la in , 
between 5 2 . 5 m and 56 m , by a thick brown coal layer 
( l ignite 1 on F ig . 2 ) . W o o d f r a g m e n t s can still be recog­
nised in this brown coa l layer. 

The interval be tween 5 6 m a n d 62 m cons i s t s o f s imilar 
grey s a n d s as occur above the over lying clay and brown 
coal layer. A l s o the resistivity logs , p o i n t i n g to p e r m e ­
able s a n d s , and the low g a m m a - r a y log are s imilar to the 
s ands higher u p in the borehole (F ig . 2 ) . S o m e sands in 
this interval are l amina ted and s o m e s h o w the p rominent 
presence o f e roded l u m p s . 

The 6 2 m - 76 m interval consists o f less permeable sands , 
a s indicated by the s imilar resistivity values measured by 
l o n g - and shor t - spaced electrodes . This interval is char­
acter i sed by the sys temat ic presence of thin clay layers o f 
5 to 10 c m th ickness . T h e clays are co loured green , pale 
brown and black. The b lack colour po int s to the presence 
o f vegetal organic matter and within this interval, at 71 m 
d e p t h , a 4 0 c m thick brown coal layer occurs ( l ignite 2 
on F ig . 2 ) . Severa l eros ional surfaces occur and clays are 
s o m e t i m e s r ipped up into c las t s , apparent ly by s t rong 
current activity. 

Be tween 76 m and 88 m clay layers, black clayey brown 
coal and black gytt ja type m u d s are d o m i n a t i n g the lithol-
ogy. A l s o s o m e thin sand layers occur and silt layers are 
present within the clavs. H i is alternation ot urinologies 
explains the rapid changes in the spontaneous potent ia l , 
the resistivity, cal iper and g a m m a - r a y logs (F ig . 2 ) . The 
two brown coals at the ba se o f this interval are labelled 
as l ignite 3 on F ig . 2 . 

G e o p h y s i c a l well logs s h o w a permeab le sand unit b e ­
tween 8 8 m and 125 m. The s e d i m e n t conta ins milky 
quar tz gra ins , smal l t ransported lignite f r a g m e n t s , thin 

http://dov.vlaanderen.be
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P h o t o p l a t e 2 

Deta i l s f rom the cores in P h o t o plate 1, d i sp lay ing different types o f horizontal and obl ique types o f l amina t ions , a l ternat ions between clay and s and , erosive contact s a n d 
clay pellets derived f rom di srupted clay l aminae . The n u m b e r above each core is the depth o f the top o f the core be low surface and the c m scale a long each core identif ies the 
exact d e p t h o f each core f r a g m e n t shown. The detai led s trat igraphic pos i t ion o f each core can be found on F igure 2 . 
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clay l aminae , r ipped up clay f r a g m e n t s , and concentrat ion 
o f m i c a flakes in thin l aminae . The s a n d s are often purp le 
s ta ined by col loidal o rgan ic matter . L i g n i t i c f r a g m e n t s 
are s o m e t i m e s w a s h e d together in thin l a m i n a e ; larger 
l igni t ic f r a g m e n t s s h o w b i o - p e r f o r a t i o n s a n d several 
l ignite f r a g m e n t s conta in pyri te . A t 1 1 6 m d e p t h a clay 
hor i zon occurs . T h e s and be tween 8 8 m and 1 1 6 m can 
b e subd iv ided in t w o fining u p w a r d s cycles w h i c h have 
at about 103 m and 1 1 7 m a coarse basa l level (F ig . 2 , see 
resistivity l o g and l i tho log) . B o t h cycles e n d in clay and 
l ignite at their top . 

B e l o w the clay hor i zon at 116 m , the s a n d unit , which 
extends till 125 m d e p t h , is m o r e h o m o g e n e o u s a n d has 
typical low g a m m a ray intensi t ies c o m p a r e d to h igher 
readings above 116 m . S o m e o f the m o r e variable l i tho lo-
g ie s above 1 1 6 m are s h o w n in t w o p h o t o p l a t e s (P la te 
1 , 2 ) . 

B e t w e e n 125 m and 1 2 7 m a clay a n d brown coal layer 
occurs , ind ica ted as l ignite 4 on F ig . 2 . 

T h e 1 2 7 m to 193 m interval cons i s t s o f pa l e to w h i t ­
ish grey s a n d s . T h e top par t , d o w n to 148 m is m e d i u m 
g r a i n e d a n d very p e r m e a b l e ; b a s e d on the l o g d a t a a 
further subdivi s ion can b e m a d e at a b o u t 1 3 8 m , wi th 
a lower par t b e i n g m o r e clay rich and less p e r m e a b l e . 
B e l o w 148 m the s and is coar se and even conta ins gravel , 
especially between 156 m and 170 m . Several , meter-scale , 
fining-upward cycles can b e d i s t ingu i shed . M a n y thin 
clay l a m i n a e exist in the s and , of ten r ipped u p in to clasts . 
C o l l o i d a l o rgan ic mat te r ha s s ta ined the s a n d purp le . 
M a n y lignite f r agment s occur in the sand , especially in the 
coarser h o r i z o n s ; a l so clay f r a g m e n t s occur in the coarse 
s a n d s . F o r this reason, the coarse level at 165 m - 166 m 
appear s rather as a m o r e clayey interval on the resistivity 
and g a m m a ray logs . 

I n the relatively coarse s ands be low 166 m , the c h a n g e in 
the pat terns o f the resistivity and s p o n t a n e o u s - p o t e n t i a l 
l og s , w i thout a not iceable c h a n g e in the a c c o m p a n y i n g 
g a m m a - r a y pat tern , could sugges t a m o r e sa l ine g r o u n d ­
water ; however this geophys ica l log pat tern is genera l ly 
observed in ne ighbour ing water wells wi thout any indica­
tion o f increas ing sal init ies in the p r o d u c i n g water (Van 
der S luys , o ra l . com) . S m a l l quanti t ies o f g lauconi te gra ins 
or other part icularit ies in the minera log ica l c o m p o s i t i o n 
o f the sand could have a s imilar effect. A few thin clay h o ­
r izons occur at the ba se o f the interval a round 1 9 0 m . 

T h e interval between 1 9 2 . 7 0 m and 198 m is an inter­
m e d i a t e to fine p;ile yel lowish grey s a n d ; a m o d a l s ize 
between 128 and 174 p m is measured on three s a m p l e s . 
I t conta ins smal l g l auconi te gra ins ( 1 . 7 to 3 .5 % g l a u c o ­
nite m e a s u r e d in three s a m p l e s ) . T h e s and is r ich in m i c a 
flakes, a l so expressed by the h igh g a m m a ray s ignal . T h e 
s and is faintly l amina ted and conta ins towards the ba se 
greeni sh clay, peat f r a g m e n t s , s o m e smal l gravels and a 
3 c m large pebb le . 

2.2. The depositional environment 

T h e m i c a - r i c h s e d i m e n t s be tween 1 9 8 and 193 m are 
interpreted as u n d e e p m a r i n e s e d i m e n t s , seen their fine 
h o m o g e n e o u s nature , the presence o f s o m e g lauconi te 
gra ins and a l so their d inof lagel late content (see further) . 
B e t w e e n the under ly ing green s and with a b u n d a n t g l a u ­
conite gra ins and m a r i n e mol lu sc s , a cont inenta l p h a s e 
m u s t have occurred as s h o w n by the pea t f r a g m e n t s at 
the ba se o f the unit . 

The overlying coarse s ed iment s between 193 and 148 m 
are interpreted as riverplain depos i t s .The coarse levels and 
r ip-up clasts represent the stream channel depos i t s whilst 
the m o r e clayey and s o m e t i m e s h u m i c hor izons represent 
floodplain depos i t s . F r o m the relative propor t ion o f bo th 
l i tholog ies , it can be c o n c l u d e d that the l andscape w a s 
d o m i n a t e d at that t ime by a h igh s and load bra ided river 
system and s o m e s w a m p y areas in which humic clays were 
d e p o s i t e d . T h e repetit ion o f several meter- sca le fining-up 
cycles sugges t s that the channel s were laterally shi f t ing, 
turning into s w a m p y lakes or p o n d s w h e n a b a n d o n e d . 
F r o m 148 to 116 m the quar tz s ands are rather h o m o g e ­
neous c o m p a r e d to the under ly ing and over lying sands 
and be tween 138 and 116 m the sands are character ized 
by a dis t inct ive l o w g a m m a ray s igna l . T h e l a n d s c a p e 
w a s still d o m i n a t e d by s andy p la ins b u t the d r a i n i n g 
waters had lower energy than before . A t 1 2 5 - 1 2 7 m the 
l a n d s c a p e had turned into a s w a m p y vegeta ted area for a 
short t i m e ( l ignite 4 ) . 

C o a r s e r river s ands are a ppea r i ng aga in dur ing a short 
t ime at 116 and 106 m, to fine u p and fill in the river 
pla in with s and and evolving at the top in a s w a m p with 
a b u n d a n t vegeta t ion . Vegetat ion m u s t have been fairly 
wide spread seen the m a n y l ignit ic f r a g m e n t s d i spersed 
in the s and . A t the top o f the second cycle the s w a m p y 
vegeta t ion condi t ions s tay for a longer per iod , f r o m 88 
t o 7 6 m (l ignite 3 ) . 

F r o m that t ime on, s w a m p y condi t ions with a b u n d a n t 
vege ta t ion d o m i n a t e d the l a n d s c a p e as s h o w n by the 
regular occurrence o f black clay and lignitic layers between 
76 a n d 2 0 m . T w i c e , an extensive l ignite ( l ignites 1 & 
2 ) ha s deve loped . H o w e v e r a finely l aminated clay s and 
facies , p o i n t i n g to t idal influences indicates that the sea 
shore was not very far nor thwards o f the area. A l s o river 
channel s were cros s ing the area as indicated by the m a n y 
eros ional surfaces and e r o d e d c las t s . 

2.3. The lithostratigraphy 

The strat igraphic s ignif icance o f the 1 9 3 - 1 9 8 m mar ine 
interval is not clear. The unit is not formal ly n a m e d in 
the area. 

In the tradition o f the l i thostrat igraphy in the Rur Val­
ley G r a b e n , the continental quar tz sands with a mixture 
o f river, s w a m p and coastal plain facies and the occur­
rence o f l ignite layers between 2 2 and 193 m b e l o n g to 
the Kiese lool i th F o r m a t i o n (Wes te rho f f et al., 2 0 0 3 ) . 

http://oral.com
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Figure 3 . Diagram of the palynological counts (parts 1 & 2) in the section between 30 and 197.9 m. The lilhological column and 
its legend are the same as in Fig.2. 
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W i t h i n this format ion several m e m b e r s can b e d i s t in­
g u i s h e d . The lower c o a r s e g rave l ly r iver- fac ies s a n d s 
between 193 and 148 m represent the W a u b a c h M e m b e r , 
oldest m e m b e r o f the Kieseloolith Format ion (Westerhoff 
et al., op .c i t . ) . O n the 1 :50 .000 geo log ica l m a p M a a s e i k , 
ba sed on the geophys ica l well l og pat tern and the cor­
relation with ne ighbour ing wells , Se l s et al. ( 2 0 0 1 , fig. 11 
and geologica l m a p profile 3 ) erroneous ly interpreted the 
168 to 193 m section as Kaster lee S a n d , a m a r i n e s a n d o f 
earliest P l iocene ( L a g a et al., 2 0 0 1 ) . 
In the D u t c h southern L i m b u r g and the southern part 
o f the Rur Valley G r a b e n , the B r u n s s u m C l a y M e m b e r 
occurs above the fluviatile W a u b a c h M e m b e r . It has a 
m a x i m u m thickness o f s o m e tens o f meter ( W e s t e r h o f f 
et al., op .c i t . ) . A l i thological ly s imilar clay overl ies the 
B r u n s s u m Clay, namely the Reuver C l a y occur r ing in 
the top o f the Kiese lool i th F o r m a t i o n and d e p o s i t e d in 
alluvial plains near the coast ; Reuver clay is general ly thin­
ner than 10 m thick ( W e s t e r h o f f et al., op .c i t . ) . B a s e d o n 
l i thology a lone , it is not poss ible to precisely differentiate 
between bo th clay m e m b e r s . However , as t idal influences 
are observed towards the top o f the sect ion in the M a a ­
seik well , it is expected that the u p p e r c lays cou ld b e l o n g 
to the Reuver M e m b e r . T h e lower b o u n d a r y can not be 
precisely de te rmined . 

In the practice o f well descr ipt ions in the southern par t o f 
the Rur Valley G r a b e n , a coarse p e r m e a b l e s and between 
two lignitic c lay layers is descr ibed a n d m a p p e d as Pey 
S a n d s and the b o u n d a r y l ignit ic clays are descr ibed as 
lower and upper B r u n s s u m clay (see Z a g w i j n and van 
Staa lduinen 1 9 7 5 , fig. 2 . 1 . 4 7 ; van A d r i c h e m B o g a e r t & 
K o u w e 1 9 9 3 , sect ion I, p . 3 3 ) . A l t h o u g h these subdiv i­
sions are not precisely def ined, the sands be tween l ignite 
3 and lignite 4 fit the descr ipt ion o f the Pey S a n d and 
therefore lignites 3 a n d 4 are descr ibed as B r u n s s u m I and 
II clays in the M a a s e i k well (F ig . 2 ) . L i thologica l ly , the 
sand be low l ignite 4 till 148 m , ressembles m o r e the Pey 
S a n d than the W a u b a c h S a n d . This regional pract ice o f 
l i thostrat igraphic interpretat ion has also been sy s temat i ­
cally appl ied by Van der S luys ( 2 0 0 0 ) . 
In the D u t c h strat igraphic pract ice the s ands above the 
B r u n s s u m C l a y are called the Schinve ld S a n d s . V a n h o o -
rne et al. ( 1 9 9 9 J have p roposed for the white quar tz sands 
under the M e u s e gravel depos i t s in the area, the n a m e 
J a g e r s b o r g S a n d , which they cons ider as a m e m b e r o f the 
M o l Format ion in the Kieselool i th G r o u p . Unfortunate ly 
the base of the J a g e r s b o r g S a n d was not formal ly def ined. 
Se l s et al. ( 2 0 0 1 ) and L a g a et al. ( 2 0 0 1 , p . 1 4 6 ) cont inue 
to rank the Kiese lool i th as a format ion . 

2.4. Geophysical log characterisation of the units and 
their correlation in the area. 

This l ithostratigraphic interpretation o f the M a a s e i k well 
leads to a consistent stratigraphic f rame in the area, s trad­
dl ing the D u t c h - B e l g i a n border (Fig . 10) . In figure 10, the 
l ithostratigraphic interpretations are based on geophysical 

log correlations and calibration o f the log signatures with 
the cored and analysed wells o f M a a s e i k ( 4 9 W - 2 2 0 ) (this 
paper) and B o c h o l t ( 3 3 W - 1 5 3 ) (Van der S luys , 2 0 0 0 ) , 
the 1:50.000 F l e m i s h Geo log ica l m a p s o f the area and 
information f rom N I T G - T N O for the D u t c h boreholes 
(Westerhoff , oral c o m . ) . The Sterksel F m (see G u l l e n -
tops et al., 2 0 0 1 ) is characterised by a high g a m m a - r a y 
signal , the S t ramproy Format ion ( including the former 
K e d i c h e m ) (Westerhof f et al., 2 0 0 3 , p . 3 4 3 - 3 4 4 ) by a very 
low g a m m a - r a y signal , and the Kieseloolith Format ion 
shows characteristic log signatures for its different m e m ­
bers; the J ager sborg /Sh inve ld sands with clay and lignitic 
hor izons have an irregular but relatively high g a m m a - r a y 
signal with moderate separation between the resistivity logs 
with different-spacing, the B r u n s s u m clay packages have 
peak g a m m a - r a y values and the Pey (between B r u n s s u m 
packages ) and W a u b a c h (below lowest B r u n s s u m clay) 
sands have a more regular g a m m a - r a y s ignal and a high 
separation between the resistivity logs with different-spac­
ing. H i g h g a m m a - r a y values in the J ager sborg /Sh inve ld 
sands could po in t to Reuver clays (Westerhof f et a l . , 2 0 0 3 , 
p .319 ) . The unit X is the pale yellowish mica rich marine-
sand between 193 and 198 m in the M a a s e i k well and 
character ized by a marked ly higher g a m m a - r a y signal. 
The Breda Format ion is characterised by green glauconitic 
sands a n d a very low resistivity signal. 

2 . 5 . PaJynological investigations 

2 . 5 . 1 . T h e s a m p l e s a n d the po l l end iagram 

In the lignitic s c a m s o f the uppermos t 2 0 0 m fifty samples 
were taken for pa lynologica l invest igat ion, thir ty-one o f 
which y ie lded a reliable pol len a s s e m b l a g e . The c h e m i ­
cal t rea tment o f the s a m p l e s consis t s o f boi l ing in 1 0 % 
K O H a q u e o u s solution fol lowed by acetolysis . The results 
are represented in F ig . 3 a n d F ig . 4 . T h e taxa percentages 
are b a s e d on a s u m conta in ing the pol len gra ins o f trees, 
shrubs a n d h e r b a c e o u s p lants except wa te rp l an t s and 
spores . T h e n u m b e r o f pol len gra ins c o u n t e d and the 
percentages o f the Ter t iary types are arranged in two 
c o l u m n s in the m i d d l e o f the d i agram in F ig . 3, separat ing 
the s u m m e d pol len and the taxa excluded f rom the s u m 
to the right . T h e Tert iary types compr i se Tsuga, Sequoia, 
Taxodium, Sciadopitys, Cupressaceae, Podocarpus, Pterocarya, 

Juglans, Carya, Ostrya, Castanea, Eucomnia, Liquidamba, 
Nyssa, Cyrillaceae and Symplocos ( Z a g w i j n , 1 9 6 0 ) . In Fig . 
4 the relative i m p o r t a n c e o f these Tert iary types is indi­
cated with respect to the total vegetat ion cover unveiled 
by pol len analysis . 

2 . 5 . 2 . T h e descr ipt ion o f the d i a g r a m 

The pollen d i a g r a m in F ig s . 3 8c 4 shows a p redominance 
o f arboreal pol len (A.P. ) except at d e p t h s o f 8 5 . 9 0 m and 
70 .10 m as well as at the levels 3 4 . 8 0 m, 3 2 . 5 0 m, 3 0 . 0 0 m 
where the non arboreal pol len ( N . A . P . ) are d o m i n a n t . 
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The coni ferous pol len const i tutes the m o s t i m p o r t a n t 
c o m p o n e n t o f the A . P . g r o u p except at 8 7 . 6 0 m and the 
levels 3 2 . 5 0 m (only represented in F ig . 4 ) and 3 0 . 0 0 m 
where A n g i o s p e r m tree pol len are sl ightly m o r e n u m e r -

Pintis is the m o s t a b u n d a n t tree t axon , even at t h o s e 
depths where the A n g i o s p e r m trees exceed the G y m -
n o s p e r m trees , n a m e l y 3 0 . 0 0 m a n d 1 1 6 . 4 0 m (on ly 
represented in Fig . 4 ) . T h i s taxon c o m p r i s e s three differ-

Figure 5. Photographs of pollen grains of Mastixia (type 1 & 2). 
l a & lh: Pollen grain in oblique polar view of Mastixia (Type 1 ) 
from depth 150.20 m. Note the endexine thinnings, indicated in 
la by arrows in la and the perforate tectum and baculae in I b 
2a & 2b: Pollen grain in oblique equatorial view of Mastixia 
(type 1 ) from depth 150.20 m. Note the perforate tectum in 2a 
and the tapering colpi in 2b. 
3a, 3b & 3c: Pollen grains in oblique equatorial view of Mas­
tixia (type 2) from depth 183.93 m. Note the perforate tectum 
in 3a, the endexine thinnings indicated by an arrow in 3b, the 
baculae in 3b and the tapering colpi in 3c. 
4: Pollen grain in slightly oblique polar view of Mastixia (type 2) 
from deplh 197.90 m. Note the perforate tectum, the baculae and 
the rounded triangular amb. 

ent species (F ig . 3 ) : Pinus diploxylon (sylvestris-Typc) with 
pollen gra ins o f 6 0 - 8 0 p m total length , Pinus diploxylon 
disp lay ing a total length varying between 8 0 and 100 p m 
and a pollen structure at the limit o f the diploxylon and the 
haploxylon type , and finely the scarcely represented Pinus 
haploxylon where the sacci arc a t tached to the corpus o f 
the pol len gra in a long a s tra ight line and have the s a m e 
height as the corpus . S c o r i n g best after Pinus, are Sequoia 
and Cupressaceae which are especial ly well represented in 
the lowermos t par t o f the d i a g r a m (Fig . 3 ) . 
Pollen o f other coniferous trees such is Abies, Tsuga, Picea, 
Taxodium, Sciadopitys, Podocarpus and Taxus are scarce; 
their f requencies remain be low 4%. 

C o n c e r n i n g the A n g i o s p e r m trees, Alnus pollen is an i m ­
por tant c o m p o n e n t o f the pol len rain especial ly between 
1 0 9 . 8 0 m and 1 5 8 . 8 5 m . A l s o Nyssa is regularly present 
in the lower part o f the d i a g r a m (F ig . 3) reaching even 
m o r e than 1 5 % at 1 5 2 . 6 5 m d e p t h . 
The pol len o f other A n g i o s p e r m trees, including/z/g/rt?;.!, 
Salix, Betula, Carpinus, Ostrya, Fagus, Castanea, Quercus, 
Ulmus, Eucommia, Liquidambar, Acer, I/ex, Cornaceae, 
Cyrillaceae a n d Fraxinus occur in m i n o r quant i t ies . 

A t 1 5 0 . 2 0 m (F ig . 4 ) four pol len grains o f Mastixia are 
identif ied, with a d i ameter o f 3 1 to 4 1 p m (type 1 in Fig . 
5 ) , whi le at 1 8 3 . 9 3 m a n d 1 9 7 . 9 0 m one pollen grain o f 
the s a m e g e n u s with a d iameter o f 4 5 to 58 p m is found 
(type 2 in F ig . 5 ) . T h e pol len spec t rum at 1 5 0 . 2 0 m is 
not represented in F igure 3. B o t h types are tr icolporate 
with a per fora ted tec tum and clearly discernible baculae 
in the ektexine. E n d e x i n e and ektexine have about the 
s a m e thickness . The a m b is tr iangular with sl ightly c o n ­
vex s ides . E a c h o f the l o n g , taper ing colpi is bordered by 
th innings in the endex ine , running parallel to the colpi 
(F ig . 5 ) . T h e g e n u s Mastixia is abundant ly represented in 
M i o c e n e depos i t s but is also recorded in smal l a m o u n t s 
in the Pl iocene . This is also the case for Symplocos which 
occurs at 7 0 . 1 0 m d e p t h ( M a i , 1 9 9 5 ) . 

T h e N . A . P . are d o m i n a n t at the d e p t h s o f 8 5 . 9 0 m and 
7 0 . 1 0 m but especial ly at the top levels o f the d i a g r a m in 
Fig . 3 .This pollen group is mainly c o m p o s e d o f represent­
atives o f Ericales except at 123 .88 m where herbs , mainly 
c o m p o s e d o f gra s se s exceed the Ericales (F ig . 4 ) . A t the 
top o f the d i a g r a m , the Ericales d i splay h igh percentages , 
a t ta ining at two levels m o r e than 7 0 % (F ig . 4 ) . S p o r e s o f 
Sphagnum cont inuously accompany the tetrads o f Ericales 
but they are less numerous with m a x i m a l percentages o f 
m o r e than 2 0 % at 3 4 . 8 0 m and 8 5 . 9 0 m. 

2 . 5 . 3 . T h e botanica l interpretat ion 

B a s e d on the frequency o f the Ericales, bu t especial ly o f 
the Tert iary types , the pollen d i a g r a m can be subdivided 
into two parts , the l imit lying probably ju s t above 5 7 . 5 7 
m . In the lower part , called pa lynozone A , the A .P . -group 
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d o m i n a t e s and the Ter t i a ry types are a b u n d a n t l y repre­
sented ; in the upper part , ca l led p a l y n o z o n e B the N . A . P . 
g roup d o m i n a t e s in the upper levels and the Tert iary types 
u n d e r g o a substant ia l decrease . Thi s subdiv i s ion m a y n o t 
be confused with that o f Z a g w i j n , w h o subd iv ided the 
Reuver ian into three s tages A , B and C ( Z a g w i j n , 1 9 6 0 , 
% 5 ) . 

T h e pol len a s s e m b l a g e s o f the lower p a l y n o z o n e A reflect 
a mixed , mesophyt ic forest d o m i n a t e d by coniferous trees, 
especial ly Pin us. T h e a c c o m p a n y i n g Ericales t e t rads m a y 
derive f r o m the u n d e r g r o w t h o f the forest , e s tab l i shed 
on the quar tz-r ich up land or f r o m enc lo sed o l igo t rophic 
mires wi thout or with scattered trees. 
T h e upper p a l y n o z o n e B is character ized by a decrease 
t o w a r d s the top o f the A . P . p e r c e n t a g e s a n d by h i g h 
f requencies o f the N . A . P , o f w h i c h the great ma jor i ty is 
c o m p o s e d o f Ericales. Pinus r e m a i n s the d o m i n a n t tree 
and the t h e r m o p h i l o u s trees such as Carpinus, Quercus, 
Ulmus as well as the Ter t i a ry e l ement s i n c l u d i n g Tsuga, 
Podocarpus, Cupressaceae, Pterocarya, Carya and Ostrya are 
still present but in smal ler quant i t ies than in the under ly­
ing p a l y n o z o n e A . However , the Ter t i a ry types inc lud ing 
Sequoia, Sciadopitys, Taxodium, Nyssa a n d Symplocos are 
l ack ing f r o m 5 0 . 2 5 m till the top o f the sect ion. 

A s the ana lysed s a m p l e s are taken in pea t layers , the 
Ericales m a y o r i g i n a t e t o a l a r g e e x t e n d f r o m o l i g o ­
trophic mires in w h i c h they throve. O n the o ther h a n d 
the presence o f t h e r m o p h i l o u s a n d s o m e Ter t i a ry types 
trees w h i c h d o not g r o w in such o l igot rophic m a r s h e s , 
sugge s t s that the sur round ing minera l soils were covered 
by trees. In order to check if h igh percentages o f Ericales 
in a pol len s p e c t r u m are not only o w i n g to a de ter iora­
tion o f the c l imate , bu t can also be f o u n d in a w o o d e d 
area with enc lo sed o l igot rophic mire s , a c o m p a r i s o n is 
m a d e wi th the pol len analytical results o f pea t s a m p l e s 
col lected in a c o m p a r a b l e l a n d s c a p e . F o r c o m p a r i s o n , a 
H o l o c e n e peat depos i t is chosen f r o m the coas ta l plain 
which deve loped a long the N W E u r o p e a n coas t f r o m 
C a l a i s in N W France to D e n m a r k . A l o n g the B e l g i a n 
c o a s t , th i s p e a t w a s g r o w i n g b e t w e e n the N o r t h S e a 
and the dense ly w o o d e d , c o n t i g u o u s , s andy u p l a n d f r o m 
L a t e At lant i c to Subat l ant i c t i m e s . A t s o m e places the 
peat evolved into a raised b o g where the Ericales were 
a b u n d a n t as d e m o n s t r a t e d by the twig s a n d s e e d s o f 
Ericales in the peat . Pub l i shed pol len d i a g r a m s ( S t o c k -
m a n s & V a n h o o r n e , 1 9 5 4 ) c a n n o t be used as such and 
percentage recalculat ions have to b e m a d e in order to 
obtain comparab le pol len d i a g r a m s as used in the present 
study. Reca lcu la ted pol len spectra cou ld be o b t a i n e d at 
d i s tances o f 7.6 k m , 4 k m , 3 .7 k m and 2 .3 k m f r o m the 
limit o f the w o o d e d u p l a n d , and m a x i m a l Ericales values 
at these d i s tances are respectively 5 8 % , 5 4 % , 3 7 % and 
3 5 % . These percentages , decreas ing w h e n a p p r o a c h i n g 
the w o o d e d u p l a n d , are lower than in the p a l y n o z o n e B 
in the M a a s e i k borehole but s o m e exceed the A . P . va lues . 
These pol len da ta indicate that in a w o o d e d area wi th 

c o n t i g u o u s o l igot rophic mires , Ericales m a y attain in the 
pea t s a m p l e s f r o m the mires h igh percentages exceed ing 
even the A . P . values and m a y vary as a function o f the 
d i s tance to the w o o d e d up land . 

For the two pa lynozones in the M a a s e i k borehole it can be 
c o n c l u d e d that in the upper B z o n e a w o o d e d l andscape 
existed enc los ing o l igotrophic mires and that , c o m p a r e d 
to the older z o n e A , the forest was less dense and the 
enc losed mires m o r e extensive. 

In the M a a s e i k sect ion the c learance o f the w o o d s had 
already started as is d o c u m e n t e d by the presence o f t w o 
l ight d e m a n d i n g p lant s g r o w i n g on minera l soi l s : the 
cont inuous curve o f Artemisia f r o m 5 0 . 2 5 m to the top 
o f the sect ion and the appearance o f Plant ago at the very 
top level o f the pol len d i a g r a m . 

2 . 5 . 4 . Pa lyno-s t ra t ig raphic interpretat ion 

T h e tree pol len in the d i a g r a m or ig ina t ing f r o m exotic 
taxa , b e l o n g to E a s t A s i a n genera inc lud ing Sciadopitys 
and Eucommia, to N o r t h A m e r i c a n g e n e r a i n c l u d i n g 
Sequoia and Taxodium and to genera occurr ing in bo th 
reg ions inc lud ing Tsuga, Carya and Nyssa. Their coexis t­
ence wi th g e n e r a extant in E u r o p e inc lud ing Pinus, Salix, 
Alnus, Betula, Carpinus, Corylus, Fagus, Quercus, Acer and 
Fraxinus p leads for a Pl iocene age o f the deposi t . This con­
clus ion is n o t contended by the occurrence o f Symplocos 
and Mastixia, a ppea r i ng a few t imes in smal l quant i t ies , 
as these genera which are abundant ly represented in M i ­
ocene depos i t s , are regularly recorded in the P l iocene .The 
lack o f Tricolporopollenites villensis, Tricolpopollinites micro-
henrici and liblarensis, which are abundant iy represented 
in M i o c e n e depos i t s , could confirm the P l iocene age . 

T h e pa lynozone A is characterised by a d o m i n a n c e o f tree 
pol len a m o n g which the Tert iary types play an i m p o r t a n t 
role. F r o m the A . P . / N . A . P . ratio it m a y be conc luded 
that the l andscape at that t ime was covered by a dense , 
mixed , mesophyt i c forest d o m i n a t e d by coniferous trees, 
e spec ia l ly Pinus. T h e regular t rend o f the tree po l l en 
curves shows n o m a j o r change in the c o m p o s i t i o n and 
therefore hardly allows any subdivis ion o f the p a l y n o ­
z o n e A . I f however the m o d e r a t e but clear increase o f 
Sequoia observed be low 8 7 . 5 m d e p t h would corre spond 
to the h igh Sequoia values cons idered by Z a g w i j n ( 1 9 6 0 ) 
as characterist ic for the B r u n s s u m i a n , the lower par t o f 
the p a l y n o z o n e A could correspond to this s tage ; i f not , 
the w h o l e pa lynozone A would corre spond to the R e u ­
verian, a poss ibi l i ty s u p p o r t e d by the rarity o f Symplocos 
and Mastixia which occur regularly in the B r u n s s u m i a n 
pol len a s s e m b l a g e s , as well as by the lack o f Tricolpopol-
lenites liblarensis, which can attain up to 1 3 % in the D u t c h 
B r u n s s u m i a n . 

The upper part o f the pa lynozone A above 8 7 . 5 m re sem­
bles fairly well the pollen spectra o f the bor ings 4 9 W 0 2 0 6 
and 4 9 W 0 2 0 8 (files G e o l o g i c a l Survey o f B e l g i u m ) near 
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Depth (m) Samples H/C O/C N/C 

52.5-52.9 95 1.10 0.34 11.02 

52.9-53.5 96 1.05 0 34 9.72 

53.5-53.9 97 1.13 0.30 9.07 

53.9-54.5 98 1.24 0.36 8.49 

54.5-55.0 99 1.12 0.39 7.54 

55.0-56.0 100 1.16 0.33 7.45 

56.0-57.0 101 1.13 0.39 6.57 

68 7-69 0 102 1.11 0.27 12.61 

69.0-69.4 103 1.16 0.30 11.19 

70.2 104 1.27 0.49 1 06 

70.8-71.0 105 1.08 0.35 9.43 

81.0-81.6 106 1.35 0.50 10.78 

82.7-82.8 107 1.09 0.32 7.90 

84.1-84.6 108 1.06 0.20 7.58 

85.9-86.0 109 1.13 0.33 8.09 

86 0-87.0 110 1.31 0.38 7.26 

Table 1. The values of the elemental ratios (H.C.O.N) in the 
lignite 1 (52.5-57.0 m). lignite 2 (68.7-71.0 m) and lignite 3 
(81.0-87.0 m) (see also Fig. 6a). 

M a a s e i k in the R u r Valley G r a b e n and d e s c r i b e d by 
Vanhoorne ( 1 9 7 9 ) . A t the t o p o f borehole 0 2 0 6 the first 
s igns o f c l imate coo l ing appear , sugge s t ing that this top 
level may b e cons idered as the onse t o f the p a l y n o z o n e B 
or o f the Praet ig l ian. O u t s i d e the R u r Valley G r a b e n to 
the west , l ignite occurr ing in the S a n d s o f M o l ( G u l i n c k , 
1963) also has pollen spectra comparab le to the upper part 
o f the p a l y n o z o n e A ( V a n h o o r n e , 1 9 7 3 ) . 

The upper levels o f pa lynozone B are domina ted by N . A . R 
pollen, most ly cons i s t ing o f Ericales while the lower levels 
o f zone B display 5 0 % and less. In the A . R g r o u p , Pinus, 
Alnus and Betula are best represented, while thermophi l ­
ous trees and Tertiary types are still present but less than in 
pa lynozone A . The pollen a s semblages evoke a less dense 
forest with enc losed o l igotrophic mires . N o t w i t h s t a n d ­
ing the high a m o u n t s o f N A P , especial ly at the top , the 
correlation o f the pa lynozone B with the L a t e P l iocene 
or the Reuverian C in the N e t h e r l a n d s is preferred above 
the Praet igl ian, because thermophi lous trees and Tert iary 
types cont inuous ly occur and the Ericales are cons idered 
to or ig inate for a great part f rom enc losed o l igotrophic 
mires in the forest. Wil l i s et al. ( 1999) have found a similar 
zone in an annually layered sequence o f the L a t e P l iocene 
lake s e d i m e n t s f r o m P u l a m a a r in C e n t r a l H u n g a r y 
and cons idered it as transit ional to the next glacial . This 

H/C o/c 
03 05 

1 1 1 
ƒ 1 

\ / \ \ t 
i 1 1 / 

/ r 
i 

\ 
1 

i 

• 

ko f— 
I 

) 
4 

' X 

/ / 

/ 
/ 

* 
** 

• 

/ 

/ ; 
J \ I 

i 
J i 

• J 

< 
4 
A 

a 

• 

X S p h a g n u m 

A P e a t ( P e e l a r e a ) 

n Soft brown coal 

.' • i "1 exploitations) 

o Borehole M a a s e i k 

Figure 6. (a) The elemental ratios H/C. O/C and N/C in samples 
of lignite 1, 2 and 3 (see Fig. 2). (b) Van Krevelen diagram of 
elemental ratios of H. C. O. showing the Maaseik brown coals 
intermediate between peat samples and brown coal from Lower 
Rhine exploitations (Hagemann, 1981). 

z o n e , character ized by the d i s appearance of subtropical 
taxa such as Sequoia, Nyssa, Eucommia, Pterocarya and 
Sciadopitys is da ted f rom 2 . 7 2 1 to 2 . 6 7 6 M a . 
The regular occurrence o f Ilex,Myrica and Osmunda s u g ­
ges t s oceanic c l imat ic condi t ions , while Chenopodiaceae 
m a y betray the proximity o f the sea. S u c h condit ions could 
be expected as to the west t ime-equiva lent mar ine sedi­
ment s are depos i ted dur ing the later part o f the Reuverian 
( M e r k s e m S a n d s , Zandv l i e t S a n d s , S a n d s with Corbula 
complánala S O W . , see also Vanhoorne , 1963 ; Buffel et al., 
2 0 0 1 , V a n d e n b e r g h e et al., 2 0 0 0 ) . T a k i n g into account 
the envi ronmenta l differences, the pa lynozones B and 
A s e e m to correspond reasonably well with the former 
mar ine regional s tages , respectively the M e r k s e m i a n and 
the Sca ld i s i an , sensu de Heinze l in ( 1 9 6 3 ) . 
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2.6. Brown coal characterisation 

In the depth ranges 5 2 . 5 - 5 7 m (lignite 1 on F ig . 2 ) , 6 8 . 7 -
7 1 m (lignite 2 on F ig . 2 ) , and 8 1 - 8 7 m (lignite 3 on Fig . 2 ) , 
16 brown coal s ample s o f about 5 0 c m length were taken 
a m o n g s t which 1 xylith sample . D u r i n g s u b s a m p l i n g care 
was taken to obtain representative samples for the analyses 
( H a g e m a n n , 1 9 8 1 ) . 
T h e water content ot the s a m p l e s , at the t ime o f s a m p l i n g 
the cores , var ied be tween 2 9 and 5 9 % whilst the sa tura­
tion water content var ied be tween 5 7 and 6 5 % . T h e s e 
f igures po in t to weakly evolved soft brown coal , s imilar 
to the O b e r f l o z - G r o u p in the L o w e r R h i n e b rown coal 
exploi tat ion area at E schwei l e r ( K o t h e n & R e i c h e n b a c h , 
1 9 8 1 ) . T h e ash content , ba sed on water free coal s a m p l e s , 
var ied be tween 10 and 6 6 w e i g h t %. T h e xylith s a m p l e 
only ha s 3 . 1 % ash content . T h e s e ash content s are gener ­
ally h igher than in the brown coal exploi tat ion area o f the 
L o w e r R h i n e area. 

T h e b rown coal s o f the M a a s e i k b o r e h o l e are w e a k l y 
layered, pa le to l ight co loured and preserv ing 10 to 3 5 
v o l u m e % o f p lant remains . G e n e r a l l y the coa l s conta in 
a b u n d a n t minera l matter , xylith, fusain and resins . 
T h e caloric va lue o f the M a a s e i k b rown coal var ies b e ­
tween 8 8 3 0 to 1 1 . 2 5 0 J / g r and therefore can be classified 
as soft brown coal ( G e r m a n rank) or l ignite B ( A S T M 
rank) . A n e lementa l analysis ( T a b l e 1 and F ig . 6a ) p lot ted 
on a Van Krevelen d i a g r a m (F ig . 6 b ) shows the M a a s e i k 
b ro w n coal to be in termedia te be tween soft brown coal 
f r o m L o w e r R h i n e explo i ta t ions and peat s . 

3. The green glauconit ic s a n d s (198 - 302 m) 

.?./. The lithological description 

T h e s a n d s b e l o w 1 9 8 m a n d till 3 0 2 m are genera l ly 
f ine-gra ined , g lauconi t ic , b io turba ted and often conta in­
ing a b u n d a n t shell debr i s , as de sc r ibed for the B r e d a 
F o r m a t i o n in this area (see a l so W e s t e r h o f et al., 2 0 0 3 , 
p . 3 0 0 - 3 0 3 ) . 

B a s e d on t h e core d e s c r i p t i o n , g e o p h y s i c a l w e l l - l o g 
characterist ics , gra in-s ize analysis and g lauconite content , 
several subuni t s can be approx imate ly de l ineated (F ig s . 
2 & 7 ) . 

B e t w e e n 1 9 8 m a n d 2 2 5 . 5 m , the s a n d s are s l i gh t ly 
coarser than below. A t the ba se o f this unit a coarse level 
occurs , enr iched in g lauconi te . Thi s upper interval is also 
character ized by h igher g l auconi te content s than be low 
(F ig . 7 ) . W i t h i n this interval , at about 2 1 2 m a further 
subdivi s ion can be m a d e with an u p p e r m o s t part that is 
f iner-gra ined, clay-richer, less g lauconi t ic and conta in ing 
a b u n d a n t fine shell debris . The lower part has a very loose 
p a c k i n g and at its base occur s o m e c a r b o n a t e - c e m e n t e d 
layers. This further subdivis ion is a l so expressed on the 
g a m m a - r a y log (F igs . 2 8c 7 ) . 

The 2 2 5 . 5 m to 2 3 4 m interval contains slightly finer sand 
than above and is character ized by 5 to 1 0 % clay fract ion, 
as also expressed on the g a m m a - r a y log . T h e g lauconi te 
content is relatively h igh and increases towards the top. 
Shel l debris is present . 

The 2 3 4 m to 2 4 0 m interval is characterized by a cycle 
o f coarser s and , less than 5 % clay fract ion and relatively 
h igh g lauconi te contents (F ig . 7 ) . 

A t about 2 4 9 - 2 5 0 m a c h a n g e in g ra in- s i ze propert ies 
and a g lauconi te-r ich level subdivides a low-g lauconi te 
sand interval between 2 4 0 m and 2 6 1 m , in two par t s .The 
interval be tween 2 4 0 and 2 4 8 m is enr iched in mica . 
The under ly ing interval between 2 6 1 m and 2 7 3 m is 
f ine-grained and sl ightly richer in clay content than the 
under- and overlying intervals (F ig . 7) as a l so expressed 
on the g a m m a - r a y and resistivity logs (F ig . 2 ) . 
In the lowest interval, between 2 8 8 m and the deepest level 
o f the borehole , the sed iment describes a coarser cycle and 
has relatively higher g lauconi te contents (F ig . 7 ) . 

lite J c p M s i u n i i . i l environment foi the w h o l e Breda sand 
sect ion in this well mus t have been m a r i n e seen the m a n y 
mar ine fossils and the g lauconi te . Dcpos i t iona l depth was 
probab ly deeper than about 10 to 2 0 meter because o f 
the abundance o f g lauconi te . The two gravelly hor izons at 
2 3 6 . 9 and 2 4 0 m, the abundance o f shells and shell debris 
in several levels, c o m m o n traces o f b io turbat ion , and also 
the presence o f smal l w o o d f r a g m e n t s in several cores all 
po in t to a rather sha l low depos i t iona l env i ronment , s i tu­
at ing the depos i t iona l d e p t h a round the m i n i m a l depth 
l imit o f 1 0 - 2 0 m given above . 

3.2. Dinoflagellate analysis 

3 . 2 . 1 . In t roduct ion 

A n ana lys i s o f m a r i n e o r g a n i c - w a l l e d p h y t o p l a n k t o n 
ba sed on a low resolution s a m p l i n g o f the B r e d a F o r m a ­
tion was carried out for the as ses sment o f the stratigraphie 
pos i t ion o f the sequence and the e s t a b l i s h m e n t o f its 
re la t ionship to other M i o c e n e depos i t s in c o n t i g u o u s 
a rea s . S i x t e e n s a m p l e s ( T a b . 2 ) w e r e p r e p a r e d u s i n g 
s tandard pa lynolog ica l macera t ion techniques involving 
déminéra l i s a t ion wi th H C 1 and H F . N o ox ida t ion or 
alkali t rea tments were appl ied in order to avoid d a m a g e 
( loss o f p i g m e n t , th inn ing o f cyst wal l s ) and selective loss 
o f species . A better d i spers ion o f fine organic debris was 
ob ta ined through a short u l t ra sound t rea tment for 15 s. 
A m i n i m u m o f 2 5 0 m a r i n e p a l y n o m o r p h s was counted 
systematica l ly in every s a m p l e . The rest o f the sl ide w a s 
then scanned for rare spec imens . A total o f 1 0 0 in situ 
organic-wal led mar ine pa lynomorphs , mainly dinoflagel­
late cysts and acritarchs, were recorded. Preservat ion o f 
the p a l y n o m o r p h s is variable. The basa l three s ample s 
( T a b . 2 ) yie lded a poor ly preserved a s s e m b l a g e o f d i n o ­
flagellate cysts and a b u n d a n t well preserved spec imens 
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GLAUCONITE SHELL 
MODE (urn) 90% finer percentile (u,m) CLAY % % DEBRIS 

IN sample 
0 50 100 150 200 250 0 60 100 160 200 260 300 360 400 0 5 10 20 30 40 0 5 10 20 30 0 * 

Figure7. Sediment analysis data: modal size, 90% percentile-finest. clay and glauconite content, shell fragments abundance, for the Breda Formation ( l98-300m) and the overlying unit X 
(192.7-198m) of possibly Sylt stratigraphic position. Size analysis is carried out by laser diffraction: clay content is therefore defined as < 8 pm. glauconite is separated by an electromagnet and 
shell debris content is estimated visually in the samples taken from the cores for sediment analysis. Depths are expressed in meters below surface. Sample positions are indicated by the short 
horizontal lines, left of the zero value line of each parameter. The subdivisions are discussed in the text and the legend of the lithological column is the same as in Fig.2. 
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D i n o f l a g e l l a t e s (n=81) 

Bitectatodinium arborichiarum 1.2 1,1 19,3 9,0 21 ,3 7,9 3,8 <1 + 1,5 4,4 + 5.4 <1 <1 

Dapsilidinium pseudocolligerum + + 2,7 <1 1,9 3,0 2,3 1,9 2,5 1,5 1.8 1.5 1,1 1.9 

Labyrinthodinium truncatum truncatum <1 1,9 1.5 <1 4 ,8 3,0 2,3 3,3 <1 1,1 1,5 3 , 1 <1 <1 

Lejeunecysta sp 1 Louwye 2002 <1 + <1 1,5 2 ,3 + 1,1 <1 1,5 + + + <1 <1 1,5 <1 

Lingulodinium machaerophorum machaerophorum <1 4 ,9 1,9 2,3 <1 11,2 1,1 2,1 3,3 6,2 5,2 5,0 9,5 15,6 

Operculodinium centrocarpum + 0 . israelianum + + 2,3 + 1,5 3,1 1.9 5,8 1 ,5 2,1 1,9 8,4 7,3 1,9 3,8 <1 

Reticulosphaera actinocoronata <1 <1 1,9 1,3 < 1 <1 1.5 1,3 <1 2,6 2,1 1,2 <1 3,1 

Round brown pro toper id in iacean cys ts + + 2,3 <1 1,1 8.8 <1 1,5 + 1,7 <1 <1 4 ,9 1,2 2 .3 3,4 

Spiniferites spp. 1 Achomosphaera spp . 3,7 2,2 28 ,0 6<1 34,6 25 ,1 63 ,5 55 ,6 65 .9 21,4 23,4 43 ,1 29 .7 46 ,2 56 ,5 37,0 

Trinovantedinium spp . ind. + <1 + + <1 <1 

Operculodinium? eirikianum + 1,9 1 ,5 <1 <1 + < 1 <1 1,2 + <1 

Selenopemphix dionaeacysta <1 <1 1,8 <1 + + <1 + 1,0 1,5 + <1 

Selenopemphix quanta + + <1 

Tectatodinium pellitum <1 <1 <1 <1 <1 <1 + + <1 + <1 <1 

Trinovantedinium ferrugnomatum <1 + <1 + 1,4 5,0 <1 <1 

Trinovantedinium variabile <1 <1 + < 1 

Hystrichosphaeropsis obscura + + <1 <1 1,9 1,1 + 3,8 15,6 

Melitasphaeridium choanophorum 1.5 <1 1.8 1,5 <1 1,1 <1 1,1 1.8 1,0 + <1 <1 

Achomosphaera andalousiensis andalousiensis 2,3 1,1 <1 <1 <1 <1 <1 

Invertocysta lacrymosa <1 <1 <1 

Barssidinium graminosum + <1 <1 

Bitectatodinium'? serratum <1 1,5 <1 

Selenopemphix sp. 1 H e a d e t a l . 1989 + <1 

Operculodinium antwerpensis <1 

Lejeunecysta spp . ind. + + 3,8 <1 3,1 <1 <1 + <1 + + <1 

Selenopemphix nephroides + <1 <1 + + + + + + + 

Selenopemphix brevispinosa + <1 <1 + <1 <1 <1 <1 + 1.1 
Hystrlchokolpoma rigaudiae <1 <1 2,3 1.1 11,3 + 2,9 2.8 <1 <1 

Barssidinium pliocenicum 1,9 <1 <1 <1 <1 <1 1.0 < 1 

Habibacysta tectata 1,9 1,1 4.9 26,9 + 2,3 2,2 + 1,1 1,1 + + <1 

Echinidinium euaxum <1 1,3 + + <1 + <1 

Trinovantedinium glorianum <1 <1 + <1 

Batiacasphaera spp, ind. 1 .5 2,6 <1 + + 

Heteraulacacysta campanula < 1 1,1 <1 

Operculodinium borgerholtense + + <1 <1 

Gramocysta verricula + <1 42 ,9 < 1 <1 1.1 
Pentadinium iaticinctum laticinctum + <1 <1 

Pyxidinopsis tuberculata + <1 1 ,5 

Organ ic wal l of ca lcareous cyst 1,1 + <1 <1 
Amiculosphaera umbraculum + < 1 <1 
Ataxiodinium zevenboomii <1 
Batiacasphaera minuta < 1 2,3 + <1 1 .2 2,2 <1 <1 <1 + 3.1 
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Dlnopteryglum cladoides < 1 

Trinovantedinium harpagonium 

Selenopemphix armageddonensis 

Leleunecysla s p A 

Lingulodinium multivlrgatum 

Tuberculodlnium vancampoae < 1 • • 

Operculodinium piaseckii < 1 

Systemalophora placacanlha • • < 1 < 1 < 1 

Splniferites pseudofurcatus pseudofurcatus • + 
Barssidinium taxandrianum < 1 

Capisocysta wallii • 

Operculodinium glganteum 

Trinovantedinium s p . A 

Palaeocystodlnlum goliowense < 1 < 1 2 . 2 

Sumatradinium soucouyantiae < 1 < 1 

Pyxidlntopsls s p i n d . 

Geonettia clineae 

Batiacasphaera deheinzelinii < 1 < 1 

Trinovantedinium? xytochophonjm < 1 

Barssidinium olymposum < 1 

Palaeocystodinium s p p I n d • 

Pyxidiniopsis brabanttana 

Scaktecysta s p I n d . 

Selenopemphix s p A 

Operculodinium s p i n d . < 1 

Bitectatodinium tepikiense < 1 

Apteodinium tectatum 

Cerebrocysta? s p 1 L o u w y e 2 0 0 2 

Pyxidiniopsis cf reticulata 

Cerebrocysta poulsenii 

Sumatradinium druggii • 

Achomosphaera cf andalousiensis andalousiensis < 1 

Cannosphaeropsis passm + 
Selenooemphix s p i n d -
Operculodinium s p 3 d e V e r t e u i l & N o r r i s 1 9 9 6 < 1 < 1 

Le/eunecysta cf marieae + 

Selenopemphix conspicua -
Tectatodmium cf simplex < 1 + 

FHisphaera microomata < 1 

M a r i n e a l g a e i n c e r t a e s e d i s (n=16) 

CydopsieUa ? trematcphora 3 . 3 < 1 3 , 4 3 . 0 5 . 3 4 . 4 

Parahcamella indentata 8 7 . 6 8 9 . 3 1 4 . 4 4 . 5 5 . 7 3 . 1 
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tncer tse t a d n 1 < 1 < 1 < 1 < i < 1 

Paiaaostomacysta Qtobosa 1 . 1 3 . 8 • + < 1 

i n c w t a e s o d a 2 - + < 1 < 1 < i < 1 

A c n t a r c h s p 2 H e a d « a l 1 9 6 9 < i 

S m a l s p m y a c n u r c h s * 1 . 1 < 1 < 1 < 1 < 1 < i 

Cyo t tps ieaa etpbcatgranosa - 6 . 7 1 . 1 -f < 1 1 , 8 5 . 9 

Waasland» gamma + < 1 

Alga l d u s t e r + 

Hannobartxphoia gedlu 1 . 1 + 
ComasDhaandtum sp m d 

1 r-t^aiikrtmaa *jLa**̂ i«&. "1 < 1 

Acrnarch sp 1 L o u w y e 2 0 0 2 < 1 1 . 5 

< 1 

Cy&opsielia top md < 1 < 1 + 

Quadtma condiia < 1 4 . 5 

G r a a n a l g a * ( n * 3 ) 

r a a m a n l M < 1 + < 1 + < 1 

Pterospeimela s p m d < 1 + + 

P e d i a s f r u m boryanum < 1 + + < 1 + 

R e w o r k e d p a r y n o m o r p h s ( n = 1 5 ) 

Carabfocysta s p i n d + 

Chvoptandium s p p i n d + + 

Ennaadocysta top m d + 1 , 2 

s p I n d . 1 . 2 

HomooyblHjm s p p m d 3 . 0 < 1 6 . 8 < 1 4 9 . 8 4 , 6 

Aiaoligara s p m d + 

Cnbmpandmium top m d < 1 + < 1 < 1 

Aieospnaandium dctyoplokus < 1 

Panssaiasphaandium s p i n d < 1 

Raetidinium s p m d + 

C o m / a u l a c a c y s l a s p m d < 1 + < 1 

Dellandraa to m d < 1 

Lkvgo/ns<>/i.»er>dium a m O g u u m + 

0«jojp/ iaev«J«jm comp*»i complet + 

S B r M b d n i u m s p m d < 1 

T o t a l n u m b e r o f p a r y n o m o r p h s 2 4 1 2 7 0 J 64 .... 2 6 3 2 2 7 2 6 6 2 5 9 2 7 0 2 3 8 2m 2 7 4 2 8 6 2 6 0 2 6 2 2 6 2 

Table 2. Distribution of marine palynomorphs in ihe Maaseik borehole: percentages are given for each sample. * : reworked or suspected reworking, +: recorded outside 
the count, n. number of recorded species. 
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o f Paralecaniella indentata. O t h e r s ample s , e.g. 2 0 1 . 5 m , 
yielded a very g o o d preserved a s s e m b l a g e with a h igh 
species diversity. R e w o r k i n g o f p r e - N e o g e n e is m o d e r ­
ate, except for s a m p l e 2 2 7 . 5 m where h igh n u m b e r s o f 
Homotryblium spp. are recorded (Tab . 2 ) . Al l species o f the 
g e n u s Spiniferites are g r o u p e d together because o f their 
l imited b ios t ra t igraphica l va lue , except for Spiniferites 
pseudofurcatus subsp . pseudofurcatus, w h i c h is a marker 
species in the northern G e r m a n M i o c e n e b i o z o n a t i o n 
o f S t raus s et al. ( 2 0 0 1 ) . The nomenc la ture u sed is after 
W i l l i a m s et al. ( 1 9 9 8 ) , L o u w y e ( 1 9 9 9 , 2 0 0 1 ) a n d D e 
S c h e p p e r et al. (in press ) . 

The a s semblage of mar ine organic-wal led p a l y n o m o r p h s 
f r o m the B r e d a F o r m a t i o n in the M a a s e i k b o r e h o l e 
compare s well to the M i d d l e and U p p e r M i o c e n e a s ­
semblages recovered by de Verteuil 8c Norr i s ( 1 9 9 6 ) f r o m 
the Sa l i sbury E m b a y m e n t (At lant ic M a r g i n , U S A ) and 
by S t raus s et al. ( 2 0 0 1 ) f r o m the N i e d e r O c h t e n h a u s e n 
Research Wel l in N o r t h e r n G e r m a n y . T h e dinof lagel-
late cyst b i o z o n a t i o n s cons t ructed in b o t h latter areas 
can readi ly b e app l i ed to our s tudy mater i a l , and are 
di scussed below. A n overview o f the b ios tra t igraphica l 
useful species for correlation and relative da t ing are given 
in figures 1 and 2 . 

3 .2 .2 . Sa l i sbury E m b a y m e n t , At l ant i c M a r g i n , U S A - de 
Verteuil 8 c N o r r i s ( 1 9 9 6 ) 

S a m p l e s 2 9 5 . 8 m and 2 9 2 . 4 m are s trongly d o m i n a t e d 
( 8 7 . 6 % and 8 9 . 3 % ) by the acritarch Paralecaniella inden­
tata (Tab . 2 , F ig . 8 ) .Th i s species is a c o m m o n e lement in 
M e s o z o i c and C e n o z o i c organic-wal led p a l y n o m o r p h s 
a s s e m b l a g e s . P. indentata apparent ly has a broad e c o ­
logical tolerance since it thrives in mar ine to margined 
mar ine environments (E l s ik , 1 9 7 7 ) . N o t e w o r t h y is that 
dinoflagel late cysts diversity in these s a m p l e s is very low 
- only 19 species were recorded - and the preservat ion o f 
the cysts is poor. The h igh a b u n d a n c e o f P. indentata in 
this interval indicates a depos i t ional env i ronment highly 
unfavourable for d inof lagel la tes , m a y b e very marg ina l 
mar ine or even bracki sh . The decrease o f P. indentata in 
the above- ly ing s a m p l e s ( 1 4 . 4 % in 2 8 5 . 8 m and 4 . 5 % in 
2 7 9 . 9 m ) points to a gradual return to m o r e favourable 
m a r i n e depos i t iona l e n v i r o n m e n t s for d inof lage l l a te s . 
A l t h o u g h the dinoflagellate cyst diversity in the two latter 
samples is higher, the preservat ion o f the cysts remains 
poor. The increase o f the relative abundance ofP indentata 
in a higher interval ( 234 .5 m to 2 1 5 . 6 m ) to a m a x i m u m 
o f 1 8 . 5 % testifies o f a return to m o r e unfavourable c o n d i ­
tions for dinoflagel lates (F ig . 8 ) . Thi s is underscored by 
the relative increase o f Cyclopsiella species . This interval 
is furthermore characterised by a pronounced influx o f 
reworked dinoflagel late cysts ( T a b . 2 ) . 
Poorly preserved specimens o f Systematophoraplacacantha 
are sporadically present in low numbers in some samples . 
W h e t h e r the specimens are reworked or not is unclear 
and cannot be j u d g e d solely from the state o f preservation. 

However , both de Verteuil & Norr i s (1996) and Strauss 
et al. ( 2 0 0 1 ) stress the abrupt last c o m m o n , and well 
da ted , occurrence o f this species in the base o f calcareous 
nannoplankton Z o n e N N 6 , an event not recorded in our 
study material . This implies that the whole studied interval 
is younger than early Serravallian. The D N 6 Z o n e o f de 
verteuil & Norr i s (1996) is defined as the interval from 
the highest occurrence ( H O ) o f S. placacantha to the lowest 
occurrence ( L O ) o f Cannosphaeropsispassio.Thc L O o f 5<?-
lenopemphix dionaeacysta is a diagnost ic event for this zone. 
This zone is recognised in samples 2 8 5 . 8 m and 2 7 9 . 9 m. 
The D N 6 Z o n e is considered equivalent with part o f cal­
careous nannoplankton Z o n e N N 6 and is thus o f middle 
Serravallian age . C. passio is recorded in sample 2 7 5 . 8 m 
and this points to the presence o f the D N 7 Z o n e , defined as 
the interval from the L O to the H O o f the aforementioned 
species . B a s e d on O D P data , de Verteuil & Norr i s (1996) 
propose a chronostrat igraphic posit ion o f upper Middle-
M i o c e n e to uppermos t M i d d l e M i o c e n e for their C.passio 
D N 7 Z o n e , i.e., equivalent to the upper part o f calcareous 
nannoplankton Z o n e N N 6 to N N 8 (late Serravall ian). 
H a r d e n b o l et al. ( 1998) and W i l l i a m s et al. ( 2004) place 
the H O o f C. passio at 11.3 M a (latest Serraval l ian) , jus t 
below the M i d d l e - L a t e M i o c e n e boundary. Strauss et al. 
(2001) stress the very restricted range o f C. passio o f only a 
couple o f meters in the upper M i d d l e M i o c e n e sequences 
in the N o r t h Sea Bas in and the N o r t h A d a n t i c realm (a.o. 
B r o w n 8c D o w n i e , 1 9 8 5 ; L u n d 8c L u n d - C h r i s t e n s e n , 
1 9 9 2 ; E n g e l , 1 9 9 2 ) , which underl ines the stratigraphic 
potential o f this species. However , the chronostratigraphic 
calibration o f this event remains uncertain because o f the 
lack o f a parallel record o f calibration data from other fos­
sil g roups . S trauss et al. ( 2001) furthermore speculate that 
the short last ing occurrence o f C. passio might be situated 
j u s t before the important sea level drop associated with 
sequence boundary 10.5 M a sensu H a q et al. ( 1987) or 
the major sequence boundary S e r 4 / T o r l at 11.7 M a sensu 
Hardenbo l et al. ( 1998 ) .The single record o f C.passio, as C. 
utinensis, in the M a z z a p i e d i section (Italy) by Z c v e n b o o m 
(1995) in the earliest Tortonian is dissonant vis-a-vis other 
regions (Nor th S e a Bas in and the N o r t h Atlantic realm), 
and thus needs further research. 

The interval f r o m 2 7 0 . 9 m to 2 2 7 . 5 m holds the D N 8 
Z o n e , which is def ined as the interval f rom the H O o f C. 
passio to the H O o f S. soucouyantiae. Addit ional diagnost ic 
events are the H O of C.poulsenii ( sample 2 6 5 . 8 m ) within 
the z o n e and the H O o f Palaeocystodinium spp . ( sample 
2 2 7 . 5 m ) near the upper b o u n d a r y o f the zone . Neoglo-
boquadrina acostaensis is recorded in the basal beds of the 
D N 8 Z o n e in the type area. Its appearance , at 10.9 M a 
accord ing to B e r g g r e n et al. ( 1 9 9 5 ) , defines the lower 
boundary o f p lanktonic foraminiter Z o n e N 1 6 . T h e upper 
boundary o f the D N 8 Z o n e is close to the calcareous nan­
noplankton Z o n e N N 1 0 / N N 1 1 boundary . D e Verteuil 
8c N o r r i s ( 1 9 9 6 ) e s t imate that this D N 8 Z o n e spans the 
t ime f rom the beg inning o f the L a t e M i o c e n e to the early 
part o f C h r o n C 4 r . T h e H O of Hystrichosphaeropsis obscura 
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Figure 8. Distribution of selected dinoflagellate cysts in the Maaseik borehole (49W0220) and correlation with the biozonation of 
de Verteuil & Norris (1996). Depth of samples is given in m below topographic surface. 

defines the upper b o u n d a r y o f the D N 9 Z o n e , while its 
ba se is def ined by the upper b o u n d a r y o f the D N 8 Z o n e . 
The five u p p e r m o s t s a m p l e s of the M a a s e i k borehole can 
be a c c o m m o d a t e d within the D N 9 Z o n e . Labyrinthod-
inium truncatum occurs in the u p p e r m o s t s a m p l e o f our 
s tudied section and has its H O at the upper b o u n d a r y o f 
the D N 9 Z o n e in the Sa l i sbury E m b a y m e n t . T h e D N 9 
Z o n e is equivalent to the lower par t o f ca lcareous n a n -
noplankton Z o n e N N 1 1 and has a late T o r t o n i a n age . 
Selenopemphix armageddonensis has in our s tudy mater ia l 
an early entry already in the D N 9 Z o n e , while in the type 
area it only appears in the super jacent latest T o r t o n i a n to 
M e s s i n i a n D N 1 0 Z o n e . H a r d e n b o l et al. ( 1 9 9 8 ) place the 
L O o f S. armageddonensis at 9 .0 M a , w h i c h is before the 
H O o f H. obscura at 7 .34 M a . 

3 .2 .3 . N i e d e r O c h t e n h a u s e n Research Wel l , N o r t h e r n 
G e r m a n y - S t r aus s et al. ( 2 0 0 1 ) 

The low species diversity and poor preservation in samples 
2 9 5 . 8 m and 2 9 2 . 4 m hinder the recognition o f a b iozone . 
S a m p l e s 2 8 5 . 8 m and 2 7 9 . 9 m might hold the N a q Z o n e , 
defined as the strata between the L O o f Unipontedinium 
aquaeductum to the L O o f Cannosphaeropsispassio (Fig . 9 ) . 
A c c o r d i n g to S t r aus s et al. ( 2 0 0 1 ) , the last c o m m o n o c ­
currence o f Systematophoraplacacantha and the H O o f U. 
aquaeductum are situated high in this zone . U. aquaeductum 
is absent in the M a a s e i k well and S. placacantha occurs 
only in low n u m b e r s ( see above) . T h u s , it is probab le 
that only the u p p e r m o s t part o f the N a q Z o n e is present 
in the M a a s e i k well. S ince this z o n e is correlated with 
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the m i d d l e and upper part o f ca lcareous nannop lankton 
Z o n e N N 5 ( lower to m i d d l e S e r r a v a l l i a n ) , s a m p l e s 
2 8 5 . 8 m and 2 7 5 . 8 m could have a m i d d l e Serraval l ian 
age . S a m p l e 2 7 5 . 8 m holds the C p a Z o n e , def ined as the 
interval f rom the L O to the H O o f C. passio. C o n t r a r y 
to the findings o f de Verteuil 8c N o r r i s ( 1 9 9 6 ) in the U S 
At lant ic M a r g i n , Cerebrocystapouhenii has a H O within 
this zone at N i e d e r O c h t e n h a u s e n . S t raus s et al. ( 2 0 0 1 ) 
suggest a correlation with calcareous nannoplankton Z o n e 
N N 6 ( m i d d l e to late Serraval l ian) ba sed on an indirect 
correlat ion by m e a n s o f b o l b o t o r m s . 
The upper boundary of the superjacent San Zone lies just 
below the L O of Gramocysta verricula, recorded in sample 
256.3 m. The San Zone , also characterised by the L O of 

Achomosphaera andalousiensis andalousiensis, is thus present 
in samples 270 .9 m and 265 .8 m.This zone is interpreted by 
Strauss et al. (2001) to be equivalent to the upper part of N N 6 
and the lower part o f N N 7 , and to be of (middle to) late Ser­
ravallian age. The G v c Zone , defined as the interval from the 
L O of Gramocysta verricula to just below the L O of Amicu-
losphaera umbraculum, is recorded in samples 256.3 m and 
245.5 m.The Gve Zone is interpreted to straddle the Midd le 
- Upper Miocene boundary (Strauss et al. 2001) . However, 
this interpretation should be considered tentative since it is 
based on an indirect correlation, namely the occurrence of G. 
verricula in an interval of the Gros s Pampau borehole which 
is indirectly calibrated with calcareous nannoplankton Zones 
N N 8 and N N 9 by means of bolboforms. 
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Northern Germany 
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Figure 9. Distribution of selected dinoflagellate cysts in the Maaseik borehole (49W0220) and correlation with the biozonation of 
Strauss et al. (2001). Depth of samples is given in m below topographic surface. 
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The above lying A u m Z o n e covers the greater par t o f 
the U p p e r M i o c e n e a n d is de f ined by the L O o f A. 
umbraculum ( s a m p l e 2 3 4 . 5 m ) to the L O o f Spiniferites 
cf.pseudofurcatus sensu H a r l a n d (not recorded) . T h e u p ­
per part of the s tudied sect ion f r o m s a m p l e s 2 3 4 . 5 m 
to 1 9 1 . 5 m thus ho lds the A u m Z o n e . T h e A u m Z o n e 
is subdiv ided into four s u b z o n e s a n d an u p p e r m o s t u n ­
n a m e d interval (F ig . 9 ) . R e c o g n i s i n g these s u b z o n e s o f 
S t raus s et al. ( 2 0 0 1 ) in the interval 2 3 4 . 5 m to 1 9 1 . 5 m 
is m u c h m o r e difficult. 
The lowermost Pal S u b z o n e is defined as the interval f rom 
the base o f the regular occurrence at A. umbraculum to the 
H O of Palaeocystodinium spp . However , the latter spec ies 
has its h ighes t c o m m o n occurence in s a m p l e 2 4 5 . 5 m . 
W h e t h e r the two s ingle s p e c i m e n s o f Palaeocystodinium 
spp . in s a m p l e s 2 3 4 . 5 m a n d 2 2 7 . 5 m , recorded out s ide 
the count ing , are reworked or in situ i f difficult to as ses s , 
and renders the formal recogni t ion o f the Pal S u b z o n e 
difficult (F ig . 9 ) . Thi s interval is fur thermore typified by 
the substantial presence o f reworked cysts (see above) .The 
Pal s u b z o n e is ca l ibrated aga ins t N N 8 / N N 1 0 and has a 
supposed ly early to m i d d l e T o r t o n i a n age . 
S a m p l e 2 2 0 . 5 m poss ib ly ho lds the S p s S u b z o n e w h o s e 
u p p e r b o u n d a r y is de f ined by the t o p o f the regular 
occurrence o f Spiniferites pseudofurcatus. H o w e v e r , the 
occurrence o f this spec ies is s p o r a d i c in the M a a s e i k 
borehole and never regular. T h e S p s S u b z o n e is probab ly 
equivalent to calcareous nannoplankton Z o n e s N N 1 0 and 
N N 1 1 (pars ) ( m i d d l e T o r t o n i a n t o ?earl iest M e s s i n i a n ) . 
The under ly ing thin N c r S u b z o n e , def ined by the L O and 
H O o f Nematosphaeropsis crassimuratus, w a s m o s t p r o b ­
ably not recognised in the M a a s e i k well because of the 
low s a m p l i n g resolut ion. F u r t h e r m o r e , this N c r S u b z o n e 
is difficult to cal ibrate s ince N. crassimuratus was never 
recorded out s ide the type local ity N i e d e r O c h t e n h a u s e n . 
S a m p l e s 2 1 5 . 6 m to 2 0 1 . 5 m can p o s s i b l y b e p l a c e d 
within the P la S u b z o n e , w h o s e upper b o u n d a r y is defined 
by the H O o f Pentadinium laticinctum laticinctum. Thi s 
species , however, a l so has a very sporad ic occurrence and 
is never a b u n d a n t . A c c o r d i n g to S t r aus s et al. ( 2 0 0 1 ) , this 
s u b z o n e is m o s t probably equivalent to the upper par t o f 
calcareous n a n n o p l a n k t o n Z o n e N N l l , a n d they sugges t 
a ?latest T o r t o n i a n - early M e s s i n i a n age . 
T h e u p p e r m o s t " u n n a m e d " S u b z o n e in the N i e d e r 
O c h t e n h a u s e n well is character i sed by c o m m o n occur­
rences of, a.o. , Hystrichosphaeropsis obscura and Reticulat-
opshaera actinocoronata, a p h e n o m e n o n also observed in 
s a m p l e 191 .5 m . 

3 .2 .4 . C o m p a r i s o n with M i o c e n e depos i t s in northern 
B e l g i u m 

The dinoflagel late cyst a s s e m b l a g e s recorded f r o m s a m ­
ples 2 8 5 . 8 m to 2 7 5 . 8 m are comparab le to those found in 
the upper par t o f the A n t w e r p e n S a n d s , a m e m b e r f r o m 
the B e r c h e m F o r m a t i o n , in the " B o r g e r h o u t Riv ierenhof " 
outcrop in the A n t w e r p area by L o u w y e et al. ( 2 0 0 0 ) . T h i s 

correlation is mainly based on the recognition o f the D N 6 
Z o n e and D N 7 Z o n e o f de Verteuil & N o r r i s ( 1 9 9 6 ) . 
L o u w y e ( 2 0 0 2 ) recorded a wel l-preserved and rich d i n o ­
flagellate cyst a s s e m b l a g e f rom the D e u r n e S a n d s , a local 
m e m b e r o f the U p p e r M i o c e n e D i e s t F o r m a t i o n . T h e 
invest igated sequence is located in the A n t w e r p area and 
has a th ickness o f only a few meters . The dinof lagel late 
cyst a s s e m b l a g e recorded in the D e u r n e S a n d s is c o m ­
parable to the a s s e m b l a g e s recorded in s a m p l e s 2 3 4 . 5 m 
to 2 2 0 . 5 m o f the M a a s e i k borehole . The c o m p a r i s o n is 
based on the occurrence o f species such asAmiculosphaera 
umbraculum, Lejeunecysta sp . 1, Sumatradinium soucouy-
antiae, Spiniferites pseudofurcatus and Trinovantedinium 
glorianum. The D e u r n e S a n d s were correlated with d i n o ­
flagellate cyst z o n e D N 8 o f d e Verteuil 8c N o r r i s ( 1 9 9 6 ) 
and the A u m b i o z o n c o f S t raus s et al. ( 2 0 0 1 ) , and , m o r e 
tentatively, with their S p s S u b z o n e . A s stressed by L o u w y e 
( 2 0 0 2 ) , neither the lower nor upper boundar ie s o f the 
above m e n t i o n e d z o n e s were recognised in the unit . T h e 
presence o f Impagidiniuw species in the D e u r n e S a n d s 
is noteworthy. A c c o r d i n g to D a l e ( 1 9 9 6 ) , the presence 
of this species (and also Nematosphaeropsis spec ies ) , even 
in very low n u m b e r s , is an indicat ion o f the influence o f 
oceanic water m a s s e s , a p h e n o m e n o n not recorded in the 
M a a s e i k borehole . S t r ik ing is the absence o f Gramocysta 
•verricula in the D e u r n e S a n d s , which m i g h t be environ­
menta l ly control led. 

The D e s s e l S a n d s and D i e s t S a n d s are the two other 
m e m b e r s o f the D i e s t F o r m a t i o n and are found in the 
C a m p i n e area. B o t h m e m b e r s are d iachronous ( L o u w y e 
et al.. 1 9 9 9 ) . T h e fine-grained D e s s e l S a n d s and coar se­
gra ined D i e s t S a n d s are genet ical ly related to the f o r m a ­
tion and infilling o f a large gul ly in the eastern C a m p i n e 
area, which p r e s u m a b l y f o r m e d at the end o f M i d d l e 
M i o c e n e t imes or d u r i n g early L a t e M i o c e n e t imes . The 
D e s s e l S a n d s in the vicinity o f the gul ly in the eastern 
C a m p i n e area hold the D N 8 Z o n e o f d e Verteuil 8c N o r ­
ris ( 1 9 9 6 ) , while the s a m e sands hold the D N 9 Z o n e in 
the western C a m p i n e area. The above- ly ing D i e s t S a n d s 
holds , in respectively the s ame areas , the D N 9 and D N 1 0 
Z o n e s . The recognit ion o f these b iozones in bo th units 
a l lows a correlation with the M a a s e i k sequence (F ig . 8 ) . 

3 .2 .5 . C o n c l u s i o n s 

A t M a a s e i k , the d e p o s i t i o n o f the B r e d a F o r m a t i o n 
started in a marg ina l mar ine env i ronment unfavourable 
for d inof l age l l a te cys t s , test i f ied by h i g h n u m b e r s o f 
Paralecaniella indentata in the very base o f the sequence . 
D e c r e a s i n g n u m b e r s o f this spec ies h igher up in the 
sequence indicate that depos i t ion took place in increas­
ingly m o r e mar ine condit ions dur ing m i d d l e Serravall ian 
t imes . A n age for the basal section c a n n o t be p r o p o s e d . 
A c c o r d i n g to the b iozonat ion o f de Verteuil 8c Norr i s 
( 1 9 9 6 ) , the M i d d l e - U p p e r M i o c e n e boundary is located 
between s a m p l e s 2 7 5 . 8 m and 2 7 0 . 9 m, while accord ing 
to S t raus s et al. ( 2 0 0 1 ) the b o u n d a r y lies somewhere in 
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the interval 2 5 6 . 3 m to 2 4 5 . 5 m . T h e u p p e r M i o c e n e 
sequence in the M a a s e i k well was depos i t ed s o m e t i m e 
dur ing Tor ton ian t imes . The M e s s i n i a n b i o z o n e D N 1 0 
o f de Verteuil & Norr i s ( 1 9 9 6 ) was not recognised in 
the M a a s e i k borehole , while accord ing to the S t raus s et 
al. ( 2 0 0 1 ) b iozonat ion the u p p e r m o s t s a m p l e could hold 
their M e s s i n i a n " u n n a m e d " b i o z o n e . The low-reso lut ion 
s a m p l i n g d o e s not a l low us to draw conc lus ions regard­
ing c h a n g e s o f the dcpos i t iona l rate. A n increase o f P. 
indentata and Cyclopsiella species in the upper par t o f 
the sequence f r o m sample s 2 3 4 . 5 m to 2 1 5 . 6 m, and a 
pronounced influx o f reworked species in sample 2 2 7 . 5 m 
indicate a return to less favourable condi t ions for d i n o -
flagellate cysts , i .e. m u c h shal lower condi t ions dur ing a 
per iod o f low sea level or uplift . 

3.3. Calcareous microfossils 

3 . 3 . 1 . Benthic foraminifera 

The section between 196 .50 m and 2 3 2 . 5 0 m was e x a m ­
ined. B e l o w 2 0 3 . 5 0 m a b u n d a n t Florilus boueanus and 
s o m e Elphidium antoninum are present . In addi t ion, in 
some samples with abundant foraminifera, also Uvigerina 
bosiusi deurnensis is present. The planktonic forams , the so 
called Globigerinapachyderma, in the samples are generally 
dextrally coil ing (see D e M e u t e r 8c L a g a , 1970 and also 
H o o y b e r g h s et al., 2 0 0 4 ) . 

This sect ion between 1 9 6 . 5 0 and 2 3 2 . 5 0 m can therefore 
be correlated biostrat igraphical ly to the Uvigerina bosiusi 
deurnensis - Elphidium antoninum a s s e m b l a g e zone ( D e 
M e u t e r 8c L a g a , 1 9 7 6 ) or the B F N 3 ( B e l g i u m B e n t h i c 
Foramini fera ) - F C 2 (b iozone in the N e t h e r l a n d s ) o f 
D o p p e r t et a l . ( 1 9 7 9 ) . This b i o z o n e cor re sponds in B e l ­
g i u m to the D e u r n e and Desse l S a n d s o f the Die s t F o r m a ­
tion; in addi t ion , characterist ic foraminifera associat ions 
of known over- and under ly ing l i thostrat igraphic units 
are mi s s ing in this interval . 

3 . 3 . 2 . T h e O s t r a c o d s 

In the approx imate ly s a m e interval be tween 2 0 1 . 5 0 m 
and 2 3 5 . 5 0 m os t racods are de te rmined . Espec ia l ly the 
presence o f Thaerocythere sp.l, Sagmatocythere variolata 
and Propontocyprispropinqua are typical for the S a n d s o f 
D e u r n e . N o n e o f these three species were ever found in 
other M i o c e n e or Pl iocene strat igraphic units in the area. 
The other species present po in t to a M i o c e n e rather than 
P l iocene depos i t . 

The presence ot Callistocytheresp.l and 2 and Leptocythere 
sp. is interest ing as these species were never recorded in 
the D e u r n e S a n d s o f their classical A n t w e r p C a m p i n e 
occurrence area. It could po int to a different pa laeoenvi-
ronment as the species o f bo th genera preferentially live 
in shal low environments in associat ion with a lgae . 
H o o y b e r g h s et al. ( 2 0 0 4 ) have recently descr ibed the 
Bolboforma z o n e s in the borehole M a a s e i k and identified 

the boundary between M i d d l e and U p p e r M i o c e n e zones 
between 2 2 8 . 5 and 2 3 7 . 5 m represented by a hiatus o f 
m o r e than 2 M a . 

3.4. Molluscan fauna 

3 . 4 . 1 . M a t e r i a l and m e t h o d s 

A n u m b e r o f cores , taken between 2 0 0 and 2 9 8 m depth , 
were sieved on a 0 .5 m m m e s h and all identif iable f r ag­
m e n t s ot mol lusca were col lected (depos i ted in the I R -
S c N B / K B I N col lect ion, D e p a r t m e n t o f Palaeontology, 
sect ion Invertebrate Pa l aeonto logy ) .The cores sorted out 
cons i s ted o f ha l f ot tubes o f 1 m long , with a cross section 
o f 10 c m , taken in the intervals 2 9 7 - 2 9 8 m , 2 8 5 - 2 8 6 m, 
2 7 9 - 2 6 7 m , 2 5 8 - 2 4 8 m , 2 4 2 - 2 2 8 m and 2 1 8 - 2 0 0 m . T h i s 
yielded a collection o f m o r e than 3 0 0 0 shells and shell 
f r a g m e n t s . The h ighes t dens i ty was reached between 2 4 2 
and 2 2 8 m, in which several lenses or beds mainly consist­
ing o f s ingle valves o f the bivalve subspec ies Glycymeris 
obovata baldii G l i b e r t 8c Van de Poel , 1965 occurred. 
T h e r e m a i n i n g mater ia l w a s d i s t r ibu ted r a n d o m l y in 
the cores . 

Thi s mater ia l was identif ied u s i n g the works o f G i i r s 
( 2 0 0 1 , 2 0 0 2 ) , G i i r s 8 c W e i n b r e c h t ( 2 0 0 1 ) , J a n s s e n ( 1 9 8 4 ) , 
H e e r i n g ( 1 9 5 0 ) , H i n s c h ( 2 0 0 0 ) , M e n z e l et al. ( 1 9 9 4 ) , 
M o t h s ( 1 9 8 9 ) , Van Voorthuysen ( 1 9 4 4 ) and W i e n r i c h 
( 2 0 0 2 ) . The da ta are represented in T a b l e 3. 

3 . 4 . 2 . Prev ious research a b o u t the M i o c e n e M o l l u s c a 
f r o m B e l g i u m 

A l t h o u g h a l r e a d y N y s t ( 1 8 4 5 ) d e s c r i b e d m o l l u s c a n 
species f r o m the M i o c e n e o f the A n t w e r p area, the first 
sy s t emat i c s tudies were these o f G l i b e r t ( 1 9 4 5 , 1 9 5 2 , 
1 9 5 4 ) and G l i b e r t 8 c d e H e i n z e l i n de B r a u c o u r t ( 1 9 5 5 ) . 
T h e first three w o r k s m e n t i o n e d treated respectively the 
bivalves, g a s t r o p o d s (minus Turr idac ) a n d T u r r i d a e o f the 
E a r l y a n d M i d d l e M i o c e n e , the last the w h o l e f auna o f 
the L a t e M i o c e n e D e u r n e S a n d M e m b e r . Al l G i lber t ' s 
s tud ie s h o w e v e r were b a s e d on mater i a l co l lec ted in 
the n ine teenth century, by N y s t a n d other a m a t e u r co l ­
lectors . A sys temat ic field survey was never a t t e m p t e d , 
b e c a u s e o f l ack o f exposure s before a n d at the t i m e o f 
the s tudies o f this f auna by G l i b e r t a n d d e H e i n z e l i n . 
T h i s h a d however several d r a w b a c k s . First of all, a lot 
o f mater ia l w a s col lected ex situ, so that a n u m b e r o f 
P l i o c e n e spec i e s w e r e i n c l u d e d in M i d d l e M i o c e n e 
fauna lists. T h i s was e m p h a s i z e d b y j a n s s e n & Van D e r 
M a r k ( 1 9 6 9 ) a n d c o n f i r m e d by M a r q u e t ( 1 9 9 5 , 1 9 9 7 a , 
b , 2 0 0 2 , in pres s ) r e g a r d i n g the P l i o c e n e m a l a c o f a u n a . 
Second ly , only par t o f the B e l g i a n M i o c e n e was k n o w n 
to G l i b e r t : the E a r l y M i o c e n e H o u t h a l c n a n d E d e g e m 
S a n d M e m b e r s , the M i d d l e M i o c e n e A n t w e r p c n S a n d 
M e m b e r , the L a t e M i o c e n e D e u r n e S a n d M e m b e r and 
the reworked silicified B o l d e r b e r g fauna. Thirdly, in the 
col lect ion o f the I R S c N B / K B I N , the mater ia l o f the 
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K a t t e n d i j k F o r m a t i o n ( E a r l y P l i o c e n e ) is inc luded in 
that o f the L a t e M i o c e n e D e u r n e S a n d , (pers . o b s . ) , so 
that the a g e o f this M e m b e r cou ld be u n d e r e s t i m a t e d . 
Last ly , only large shell spec ie s w e r e co l l ec ted , m i n u t e 
ones are u n d e r r e p r e s e n t e d . S o this p r e - 1 9 6 0 mater ia l is 
for a large par t u n s u i t e d for s t ra t i g raphic c o m p a r i s o n s . 

F r o m the 1960's onward , large scale works a l lowed the 
collection o f a large a m o u n t o f material f rom the Be lg ian 
M i o c e n e . This mater ia l was col lected better, inc lud ing 
the smal ler spec ies , bu t it has not yet been pub l i shed 
completely. T h e R i n g M o t o r w a y and K e n n e d y T u n n e l 
a round A n t w e r p and the A n t w e r p M e t r o w o r k s c o n ­
tained a b u n d a n t mater ia l f r o m the E d e g c m , A n t w e r p e n 
and D e u r n e S a n d M e m b e r s . In D o e l , O o s t - V l a a n d e r e n 
( D e u r g a n c k d o k ) a M i o c e n e fauna preserved in sands tone , 
of yet u n k n o w n age , was discovered. In D e u r n e ( A n t w e r p , 
Midde lare s H o s p i t a l ) , the D e u r n e S a n d M e m b e r could be 
sampled . F u r t h e r m o r e , in H e i s t - O p - D e n - B e r g the rich 
Z o n d e r s c h o t S a n d M e m b e r was discovered and s a m p l e d 
extensively dur ing several large scale d i g g i n g s , o rgan ized 
mainly by the "Werkgroep voorTert ia ire en Kwartaire G e -
ologie" . Smal ler exposures also proved to contain unknown 
molluscan faunae, especially a clay pit in R a m s e l (Antwerp 
province) with an internal m o u l d fauna a n d b u i l d i n g 
works in Put te , near L ier ( A n t w e r p province) . L a s t o f all, 
a fauna, preserved in phosphori te nodules , could be studied 
in B r o e c h e m ( s a m e province) , which seems to represent a 
M i o c e n e - P l i o c e n e b o u n d a r y a s s e m b l a g e . M a t e r i a l o f all 
these exposures is conserved in the collection M a r q u e t (to 
be transferred to the I R S c N B / K B I N in Brusse l s ) and the 
N N M Natura l i s in L e i d e n . T h e N e t h e r l a n d s , as well as in 
numerous private collections. Publ icat ions however about 
this new material are scarce: J a n s s e n S c M i i l l e r ( 1 9 8 4 ) d i s ­
cussed the R a m s e l fauna, M a r q u e t ( 1 9 8 0 ) the B r o e c h e m 
fauna and M a r q u e t in Bosse laer s et al. ( 2 0 0 4 ) that o f the 
D e u r n e (Midde l a re s H o s p i t a l ) sect ion. T h e bulk o f the 
newly collected material remains however to be descr ibed; 
the doctora l thesis by Ringe le ( 1 9 7 4 ) about the N e o g e n e 
Bivalvia, unfortunately was never publ i shed. A systematic 
revision o f the whole Be lg i an M i o c e n e mol luscan fauna is 
consequently needed and this would considerably enhance 
its s trat igraphic utility. 

3 .4 .3 . Resu l t s 

Even taking the unpubl i shed material collected after 1960 
into account , the M a a s e i k b o r i n g yielded 3 2 taxa new to 
the B e l g i a n M i o c e n e fauna , p robab ly represent ing a part 
o f the M i o c e n e which w a s not found before in B e l g i u m 
and therefore not to be correlated wi th any o f the k n o w n 
M e m b e r s (see T a b l e 3 ) . 

A total n u m b e r o f 1 8 7 species w a s found , c o m p o s e d o f 
75 bivalve, 2 s c a p h o p o d and 1 0 7 g a s t r o p o d taxa. T a b l e 
3 gives a list o f the dis tr ibut ion o f these species . M o s t 
were represented by few s p e c i m e n s in each core par t 
only. E x c e p t i o n s are m a i n l y Glycymeris obovata bal-

dii G l i b e r t 8c Van d e Pocl , 1 9 6 5 , Modiolula phaseolina 
(Phi l ipp i , 1 8 4 4 ) , Scaccbia degrangei ( C o s s m a n n 8c Peyrot , 
1 9 1 1 ) ; Goodalia wae/i waeli ( G l i b e r t , 1 9 4 5 ) , Digitaria 
beyschlageri ( K a u t s k y , 1 9 2 5 ) , Ervilia pusilla ( P h i l i p p i , 
1 8 3 6 ) , Parvicardium scabrum ( P h i l i p p i , 1 8 4 4 ) , Spani-
odontella nitida ( R e u s s , 1 8 6 7 ) , Gouldia minima ( M o n t a g u , 
1 8 0 3 ) (Biva lv ia ) , Hyalia laevigata (von K o e n e n , 1 8 8 2 ) , 
Fusiturris dachasteli fiexiplicata (Kautsky , 1 9 2 5 ) , Retusa 
subangystoma (d 'Orb igny , 1 8 5 2 ) and Cylichna cylindracea 
( P e n n a n t , 1 7 7 7 ) ( G a s t r o p o d a ) . A l l these however are 
spec ies wi th a l o n g s t rat igraphic r ange , e n c o m p a s s i n g 
the whole M i o c e n e and s o m e even reaching till now. A 
notable except ion is E. pusilla, an extremely rare species 
in other B e l g i a n M i o c e n e s ed iment s : it is very c o m m o n 
in the upper part o f the M a a s e i k bor ing , bu t a l so occurs 
rarely in the lower part ; before , it has been found in the 
E a r l y M i o c e n e E d e g e m S a n d M e m b e r . 
O n l y a rather low number o f taxa - 2 4 - s e e m to have 
s t rat igraphic s ignif icance. First o f all, s o m e character ize 
only part o f the sect ion invest igated and are well e n o u g h 
represented in the s ample s . T h e y a l low the dis t inct ion 
o f two different par t s in the sect ion, a l though there is 
a c o n s i d e r a b l e o v e r l a p p i n g par t in their r ange s . They 
are l isted in T a b l e s 4a and 4b . The over l app ing par t is 
between 2 3 9 and 2 2 7 m , with one species characterist ic 
o f this par t by its great a b u n d a n c e , bu t reaching above as 
well as be low: Anodontia benoisti ( C o s s m a n n 8c Peyrot , 
1 9 1 2 ) found between 2 6 8 and 2 1 4 m d e p t h . Secondly , 
o ther species only were found in one or few sample s , but 
character ize part o f the N e o g e n e in other par t s of the 
N o r t h S e a B a s i n . 

O f the 14 species character iz ing the upper part o f the 
sect ion, only t w o have been found before in the Be lg i an 
M i o c e n e , whi le o f the 10 species in the lower part , only 
o n e is new {A. benoisti). The upper part o f the sect ion a p -
p a r e n d y conta ins mol luscs new to the B e l g i a n M i o c e n e ; 
only t w o spec ies in this pa r t are k n o w n f r o m earlier 
research, n a m e l y f rom the D e u r n e S a n d M e m b e r , o n e 
o f w h i c h is also found in P l iocene depos i t s . The lower 
par t o f the sect ion conta ins species found in bo th the 
Z o n d e r s c h o t and the A n t w e r p e n S a n d M e m b e r s , so it 
cou ld be cor re spond ing to b o t h ; their general mol luscan 
content only differs slightly. 

3 .4 .4 . N o t e s on sys temat ics 

G/ossus lunulatus hmulatus (Nyst , 1835 ) was found in f rag­
menta ry condi t ion in the whole sect ion, but the lack o f 
shell sculpture and the shape o f the u m b o are recognizable 
in the material col lected.This subspecies is only present in 
the middle part o f the Be lg ian M i o c e n e : the A n t w e r p and 
Z o n d e r s c h o t S a n d M e m b e r s . T h e D e u r n e S a n d M e m b e r 
conta ins another species , Glossus (Glossus) forchhammeri 
( B e c k in R a v n , 1907 ; M a r q u e t , in pre s s ) , differing by its 
lower shell and m u c h less p ro t rud ing u m b o . 
Aequipecten operculars ( L i n n a e u s , 1 7 5 8 ) s.l. m a k e s par t 
o f a g r o u p o f very s imi lar spec ies and the s p e c i m e n s 
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Isocrassina f. ariejansseni Ma rque t . 2 0 0 5 X X X X X X X X X X X X X X X X X 

Lentidium turonensis ( C o s s m . & Peyr . , 1914) X X 

Arcopagia cf. ventricosa (De Ser res . 1819) N X X X X X 

Callista chione (L innaeus , 1758) X X X X X X X 

Digitana beyschlageri (Kau tsky , 1925) X X X X X X X X X X X X X X X X 

Glossus lunulatus lunulatus (Nyst , 1835) X X X X X X X X X X 

Scacchia degrangei ( C o s s m . & Peyr. , 1911) X X X X X X X X X X X X X X X X X X X X X X 

Dosinia cf. lupinus (L innaeus , 1758) X X X X X X X X X X X X X 

Spaniodontella nitida (Reuss , 1867) X X X X X X X X X X X X X X X X 

Aequipecten opercularis ( L i nnaeus , 1758) s.I. X X X X X X X X X X X X X X X X X X X X X X ? 
Mactra sp . nov . ? N X X X X X X 
Yoldia gtaberrima (von Müns te r , 1817) X X X X X X X X X X X X X X X X X X X X X X 

Goodallia angulata ( L e h m a n n , 1885) X X X X X X 

Nuculajeffreysi Be l la rd i , 1875 X X X X X X X X X X X X X X X X X X X X X 

Leionucula laevigata (Sowerby , 1818) X X X X X X X X X X X X 

Lucinoma borealis (L innaeus , 1758) X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

Parvicardium scabrum (Phi l ipp i , 1844) X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

Abra antwerpiensis GNbert, 1945 X X X X X X X X X X X X X X X 

Corbula gibba gibba (Ol iv i , 1792) X X X X X X X X X X X X X X X X X X X 

Thracia (T.) i. microgranosa Marque t , 2 0 0 4 X X X X X X X X X X X X X X X X X X 

Glycymeris o. baldii G l . & V . d . Poe l , 1965 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

Angulus benedeni fallax (Beyr . in v. K.. 1868) X X 

Periploma ariei Gü rs . 1996 X X 

Turneria cylindrica ( W o o d , 1850) X X X 

Nucula trigonula W o o d , 1851 X X X X X X X X 

Panopea kazakovae Gl iber t & V . d . P o e l , 1966 X X X X X X X 

Ensis X X X X X X X X X X X X X X X X X 

Pododesmus squamula ( L i nnaeus . 1758) X X X X X X X X X X X X X X X 

Modiolula phaseolina (Ph i l ipp i , 1844) X X X X X X X X X X X X X X X X X X X X X X X X X 

Hiatella árctica ( L i nnaeus , 1758) X X X X X X X X X X X X X X X X X 

Scapharca diluvii ( Lamarck , 1805) X X X X X X X X X X X X X X X X X X X X X 

Spisula "subtruncata" auct . X X X X X X X X X X X X X X X X X X X X X X X X X X X 
Acanthocardia hanseata (Kau tsky , 1925) X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

Angulus donacinus ( L i nnaeus . 1758) X X X X X X X X X X X X X X X X X X 
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Goodalha waeli waeli (Gilbert. 1945) X X X X X X X X X X X X X X X X X X X X X 

Similipecten similis (Laskey, 1822) X X X X X X X X X X 

Lyons/a X 

Erycinidae X X 

Teredinidae X X X 

Etvilia pusilla (Philippi. 1836) X X X X X X X X X X X X X X X X X X X X X X X 

Timodea ovala (Pennant, 1777) X X 

Aligena X 

Lapnkairea lajonkairei ? (Payraudeau, 1826) N X X X X X 

Arcopema sericea (Bronn, 1811) X X X 

Mioerycma coarclala (Wood, 1859) X X 

Pandora copiose Sorgenfrei. 1958 X X X X X X X X X X X 

Limopsis anomala auct. X X X X X X X X X X X X X 

Pilar rudis rudis (Montagu. 1803) X X X X X X X X 

Pseudamussium Ulli (Pusch. 1837) X X X X X X X X X X X X 

L e p f o n X X 

Anodonlia benoisti (Cossm. & Peyr., 1912) N X X X X X X X X X X 

Bathyarca pectunculoides (Scacchi, 1844) X X X X 

Cyclocardia scalaris (Leathes in Sow., 1825) X X X 

Gouldia minima (Montagu, 1803) X X X X X X X X X X X X X X X X X 

Pseudamussium clavatum (Poli, 1795) X X X 

Yoldielta p . wesselinghi Marquet. 2002 X X X X X X X X X X X X X X X X X X 

Thyasira tlexuosa (Montagu, 1803) X X X 

Musculus sorgenfrei! Anderson, 1967 X 

Axinulus germanicus A.W. Janssen, 1972 X 

Limatula sulcata (Brown. 1827) X X 

Pteria phalaenacea ( L a m a r c k . 1818) X X X X X X X X 

Afrina sp. X 

Cahnastarte anus (Philippi, 1843) N X X 

Nuculana westendorpi (Nyst. 1839) X X X X X 

Cuspidaria cuspidata (Olivi, 1792) X X X X 

Mysella bidentata (Montagu, 1803) X X 

Cardiomya costellata (Oeshayes, 1835) X X X 

Ostreidae mdet X 
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Spaniorinus cimbhcus {Kautsky, 1925) X 

Limea strigillata (Brocchi, 1814) X X X X X 

Ventricoloidea multilamella (Lamarck, 1818) X X 

Clausinella scalaris {Bronn, 1831) X X X 

Laevicardium subturgidum (d'Orbigny, 1852) X X X X 
Mimachiamys angelonii (De St. & P., 1880) X 

? Callista chionides (Nyst, 1844) X 

Name: Scaphopoda 

Dentalium X X X X X X X 

Laevidentalium X X X X X X X X X X X X X 

Name: Gastropoda 

Svellia var. paucicoslata (Peyrot, 1927) X X X X X X X X X X 

Ringicula ventricosa (Sowerby, 1824) N X X X X X X X X X X X X X X 

Ficus conditus (Brongniart, 1823) X X X X X X X X X X X X X X X X X X 

Turritella eryna d'Orbigny, 1852 X X X X X X X X X X X X X X X X 

Semicassis bicoronata (Beyrich, 1854) X X 

Turbonilla sp. nov. ? N X X X X X X X X 

Coralliophila bracteata (Brocchi, 1814) X X 

Calliostoma laureatum (Mayer, 1874) X X X X X X X 

Orculus subcirculus (Cossm. & Peyr., 1916) X X X X X X X 

Alvania curta nieheimensis Hinsch, 1972 N X X X X X 

Eulima glabra (Da Costa, 1778) X X X X X X X X X 

Turbonilla gastaldi auct. X X X X X 

Epitonium frondiculum (Wood, 1848) X X X X X X X X X X X X 

Hadriania coelata (Dujardin. 1837) N X X X X 

Brocchinia mitr. parvula (Beyrich. 1856) X X X 

Turbicauda spinicoslata (Bronn, 1831) X X X X X X 

Nassarius prysmaticus (Brocchi. 1814) N X X X X X X X X X X X 

Asthenotoma pannoides (von Koenen, 1872) X X X X X X X X X X X 

Sorgenfreispira sorgenfreii (Nordsieck, 1972) X X X X X XX X X X X X X 

Xenophora X X X X X X X X X 

Euspira helicina protracla (Eichwald, 1830) X X X X X X X X X X X X X X 

Chrysallida semireticulata Sorgenfrei, 1958 N X X X X X X X 

Daphnobela miocaenica Gürs. 2003 N X X X 
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Fusiturrisd. flexiplicata (Kau tsky , 1925) X X X X X X X X X X X X X X X X X X X X X 

Retusa subangystoma (d 'Orb igny , 1852) X X X X X X X X X X X X X X X X / 

Calyptraea chinensis ( L i nnaeus , 1758) X X X X X X X X / 

Babylonella fusiformis (Can t ra ine , 1835) X X X X X X X X X X X X X 

Pleurotomella mioweberi (Nords ieck , 1972) N X X X X X X X X X / X X X 

Roxania utriculus (B rocch i , 1814) X X X X X X X X X 

Cylichna cylindracea (Pennan t , 1777) X X X X X X X X X X X X X X X X X X X X X X / X X 

Ringicula buccinea (B rocch i , 1814) X X X X X X X X X X X X X X X 

Hyalia laevigata ( von K o e n e n , 1882) X X X X X X X X X X X X X X X 

Asthenotoma obtusangula (B rocch i , 1814) X 

Turritella subangulata (B rocch i , 1814) X X X X X X X X X X 

Mitrella nana (Van V o o r t h u y z e n , 1942) N X X X X X X X X X 

Aporrhaisdingdenensis Ma rque t et at., 2 0 0 2 X X X X X X X X X X X 

Semicassis miolaevigata ( S a c c o , 1890) X X X X X X X X X X 

Philine aquila V a n Der L inden & A W . J a n s s e n , 1996 X 

Hyaloscala X X X 

Hermiaclis walleri (Je f f reys. 1867) X X 

Caecum banoni (Beno is t , 1872) N X X X X X X 

Calcarata calcarata (B rocch i , 1814) N X X X X X X 

Nassarius tenuistriatus (Beyr i ch , 1854) X X X X X X X X X 

Odostomia conoidea auct . X X X X X X X X X X X X X X X X 

Retusa elongata (von E i chwa ld , 1830) X X X X X X X X X X X 

Scaphander grateloupi (M iche lo t t i . 1847) X X X X X X X X X X X X X X X X X X X 

Circulus hennei Gl iber t , 1952 X X 

Evalea basistriata (E the r idge & Bel l , 1898) N X X X X X 

Crenilabium terebelloides (Phi l ipp i , 1843) X X X X X 

Acteon arnumensis Sorgen f re i , 1958 X X X X X 

Tectonatica miopusilla (Kau tsky , 1925) X X X X X X X X X X X 

Conus dujardini D e s h a y e s , 1845 X, X X 

Acteon laevigatus (Gra te loup , 1827) X X X X X X X X X X X X 

Baryspira obsoleta (B rocch i , 1814) X X X 

Orthosurcula steinworthi (von K o e n e n , 1871) X 

Chrysallida pygmaea (Gra te loup . 1838) X X X X 

Sinum aquense (Rec luz , 1850) X 
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Tornalina bellardii (von K o e n e n , 1882) N X X X X X X 

T e r e b r i d a e X X X X X X X X X X X X 

Syrnola neumayri (von K o e n e n , 1882) X X X X X X X X X 

Balcisalba (Da C o s t a , 1778) X X X 
Relusa cf. Iruncatula (B rugu ie re , 1792) N X X X X 
Amyclina facki (von K o e n e n , 1872) X X X X X X 

Volvulella acuminata (B rugu ie re , 1792) X X X X X X X X X X X X X 

Pyramidella elata (von K o e n e n , 1882) X X X X X X X X X X X 
Actaeopyramis elatus (von K o e n e n . 1882) X 

Trigonostoma umb. pluricostata (Kau tsky , 1925) X X X 

Turbonilla undulata (von K o e n e n . 1882) X X X X X 

Lyrotyphis sejunctus (Semper . 1861) X X 

Euspira nysti (d 'Orb igny , 1852) X X X X 

Crassispira borealis (Kau tsky , 1925) X 

Mitrella nassoides (Gra te loup , 1832) X X X 

Nassarius karinae (W ien r i ch , 2001 ) N X 

Natica X 
Oliva dufresnei Bas te ro t , 1825 X 

Raphitoma spinoreticulatum Gu rs , 2001 N X 

Pyramidella grateloup! C o s s m . & Peyr. , 1917 N X 

Semibittium duvergieri ( C o s s m . S P e y r . , 1921) N X X 

Cer i th iops idae X X 

Erato exmaug. hemmoorensis Sch i lder , 1929 X X 
Latirusrothi (Beyr i ch , 1856) X X 

Trigonostoma extractrix (Boet tger , 1906) X X X 
Neverita jos. olta (De Ser res , 1829) X X X X 
Acamptogenotia escheri (Mayer , 1861) X X X X X 

Agatothoma hontensis ( C s e p r e g h y - M e z n . , 1954) N X X X X 

Ficus simplex (Beyr i ch , 1854) X X X 
Bathytoma c. jugleri (Ph i l ipp i , 1847) X X X X X X 
Nassarius holsaticus (Beyr i ch , 1856) X X X X X X X X X X 
Teretia anceps (von E i chwa ld . 1830) X X X X X X X X X 

Genota ramosa (Bas tero t , 1825) X X X X X X X 

Alvania antwerpiensis Gl iber t , 1952 X 



N a m e : G a s t r o p o d a 
2 

S 8 
ro 
O 

t o 
Q 
t o 

r o 
o 
co 

r o 

8 
ro 
O 
t h 

t o 

8 o o 
(X) s 

ro 

O 

ro ro 

fO 

r j 

U 

ro ro 

Cfl 

ro 

o» 

ro 

- J 

ro 
t o 
cn 

ro 
r -9 

ro 
f > K 

CO 

ro 
ro 
tO 

ro ro-
CO 

r o 
co 
r j 

r o r o 

' t 
r o 

8 
r o 

'6', 
ro 
Co 
•«J 

ro. ro 
CO 
CO o 

r J 
1-

r -
r -
to 

ro 

s 
f -
'/I 

r > r o 

2 
r - r -

I? 
r . 
n 2 

r . 

3 - J 
r - r -

- J --4 
r . t -

3 - 4 

Be/a ankae Giirs, 2001 N X X 

Nassarius cavatus (Bellardi, 1882) N X X X X X 

Actaeocina spirata (Brocchi, 1814) N X X X 

Putilla gottscheana (von Koenen. 1882) X 

Brachystomia N x 
Acirsa duvergieri (de Boury in C. & P., 1912) X 

Hydrobiide X 

Opalia pertusa (Nyst, 1871) X 

? Dorsanum semiplicata (Van Voorlhuyzen, 1944) N X 

Trigonostoma apertum (Beyrich, 1856) X 

Tornus quadrifasciatus (Graleloup, 1832) X 

Vexillum plicatulum (Brocchi, 1814) X 

Billium spina (Homes, 1855) X 

Milra grateloupi (d'Orbigny, 1852) X 

Spirotropis gramensis R. J ans sen , 1993 N X X 

Pleurotomoides luisae (von Koenen, 1878) X 

Table 3. Distribution of molluscs (Bivalvia, Scaphopoda and Gastropoda) identified in the Breda Formation arranged according to their depth of first occurrence in the borehole. The depths 
given in the top of the table are the tops of the core interval in meter below surface. The molluscs described for the first time in the area are indicated with N in the first column. 
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Species Minimum depth Maximum depth 

Mac tra sp. nov. ? 201-202 211-212 

Arcopagia cf. ventricosa (De Serres, 1819) 201-202 232-233 

Callista chume (Linnaeus, 1758) 201-202 233-234 

Lenticiiiim turonensis (Cossm. & Peyr., 1914) 202-203 207-208 

Turbonilla sp. nov. ? 202-203 229-230 

Turneria cylindrica (Wood, 1850) 202-203 233-234 

Caecum banoni (Benoist, 1872) 207-208 237-238 

Alvania curta nieheimensis Hinsch, 1972 202-203 238-239 

Calcarata calcarata (Brocchi, 1814) 207-208 238-239 

Evalea basistriata (Etheridge & Bell. 1898) 207-208 238-239 

Lajonkairea lajonkairei ? (Payraudeau, 1826) 209-210 230-231 

Anodontia benoisti (Cossm. & Peyr., 1912) 214-215 267-268 

Pseudamussium clavalitm (Poli, 1795) 226-227 228-229 

Turbonilla undulata (von Koenen, 1882) 227-228 276-277 

Carinastarte anus (Philippi, 1843) 229-230 230-231 

Nuculana westendorpi (Nyst, 1839) 229-230 278-279 

Acamptogenotia escheri (Mayer, 1861 ) 232-233 255-256 

Bathytoma c. jugleri (Philippi, 1847) 232-233 276-277 

Nassarius holsaticus (Beyrich, 1856) 232-233 278-279 

Teretia anceps (von Eichwald, 1830) 232-233 278-279 

Genota ramosa (Basterot, 1825) 232-233 278-279 

Nassarius cavatus (Bellardi, 1882) 233-234 277-278 

Clausinella scalaris ( Bronn, 1831 ) 271-272 276-277 

Laevicardium subturgidum (d'Orbigny, 1852) 275-276 278-279 

Table 4a. List of the stratigraphie important molluscs in the Breda Formation arranged according to depth of occurrence in the borehole, 
expressed as the highest (minimum depth) and lowest (maximum depth) core intervals of occurrence, in meter below surface. 

encountered b e l o n g to a type , s l ightly dev ia t ing f r o m 

Pl iocene to R e c e n t mater ia l , descr ibed in M a r q u e t & 

Di jks t ra ( 2 0 0 0 ) . Further s tudy is needed to ascertain this 

identif ication. 

Spisula "subtruncata" met. docs probably be long to another 

species , as d o Be lg i an P l iocene s p e c i m e n s , formerly re­

ferred to by the s a m e n a m e , which b e l o n g to the extinct 

taxon Spisula (S.) obtruncata ( W o o d , 1 8 5 7 ) ( M a r q u e t , in 

pres s ) . Mactra sp. probably is a new species , f r o m which 

unfortunate ly only f r agmenta ry material was found . 

Mitrella nana (Van Voorthuysen , 1 9 4 4 ) was original ly 

descr ibed as a variety o f Mitrella nassoides ( G r a t e l o u p , 

1 8 3 2 ) , with which it can cocxist .Tfie differences be tween 

both however are clear e n o u g h to di s t inguish both on the 

species level. M. nana remains half as smal l as M. nassoides, 

for adult spec imens with comple te ly deve loped apertural 

dent ic le s . I t s s iphonal cana l is shorter and the suture 

is more dist inct . A n i m p o r t a n t difference is the m u c h 

lower, but broader aperture. It is furthermore only found 

together with M. nassoides in a l imited part o f its M i o c e n e 

range and s e e m s to be e n d e m i c to the N o r t h S e a B a s i n , 

while M. nassoides has an extremely wide g e o g r a p h i c and 

strat igraphic dis tr ibut ion. In a n u m b e r o f characterist ics , 
it c o m e s closer to the Pl iocene Mitrella scaldensis (Van 
Regteren A l t e n a ) , with which it could fo rm an e n d e m i c 
evolut ionary series . 
The mater ia l f rom Amyclinafacki (von K o e n e n , 1 8 7 2 ) is 
in general badly preserved; f r agments f rom the upper part 
o f the b o r i n g are larger than ordinary spec imens f rom 
the A n t w e r p e n S a n d M e m b e r and appear to be relatively 
broader. These could be long to Amyclina badensis (Partsch 
in H o m e s , 1 8 5 6 ) ; this is a species probably typical o f 
M i o c e n e depos i t s younger than sed iment s with A. facki 
(especial ly B a d e n i a n o f the Paratethys) , but also found by 
Van Voorthuysen ( 1 9 4 4 ) in the N o r t h S e a Bas in . 
F r o m Dorsanum semip/icata(Van Voorthuysen, 1944) only 
o n e spec imen was found , which is, however, m u c h less 
s lender than the type material and complete ly lacks spiral 
o r n a m e n t . This identi f icat ion is clearly only provis ional . 

3 .4 .5 . C o m p a r i s o n with other M i o c e n e mol luscan faunas 
f r o m the N o r t h S e a B a s i n 

First , the fauna o f the b o r i n g can be c o m p a r e d to that o f 
the known Be lg i an M i o c e n e F o r m a t i o n s and M e m b e r s . 
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Species Depth range (m) 

Characterist ic of upper part 
Pseudamussium clavatum (Poli, 1795) 226-229 
Anodontia benoisti (Cossmann & Peyrot, 1912) 214-268 
Carinastarte anus (Philippi, 1843) 229-231 
Mactra sp. nov.? 201-212 
Lajonkairea lajonkairei ? (Payraudeau, 1826) 209-231 
Arcopagia cf. ventricosa (De Serres, 1819) 201-233 
Callista chione (Linnaeus, 1758) 201-234 
Turncria cvlindrica (Wood. 1X50) 202-234 
Lentidium turonensis (Cossmann & Peyrot, 1914) 202-208 
Alvania curta nieheimensis Hinsch, 1972 202-239 
Caecum banoni (Benoist, 1872) 207-238 
Calcarata calcarata (Brocchi, 1814) 207-239 
Evalea basistriata (Etheridge & Bell, 1898) 207-239 
Turbondla sp. nov.? 202-230 
Characterist ic of lower part 
Nuculana westendorpi (Nust, 1839) 229-2^9 
Laevicardium subturgidum (d'Orbigny, 1852) 275-279 
Clausinella scalaris (Bronn, 1831) 271-277 
Nassarius holsaticus (Beyrich, 1856) 232-279 
Nassarius cavatus (Bellardi, 1882) 233-278 
Bathytoma cataphracta jugleri (Philippi, 1847) 232-277 
Teretia anceps (von Eichwald, 1830) 232-279 
Genota ramosa (Basterot, 1825) 232-279 
Acamptogenotia escheri (Mayer, 1861) 232-256 
Turbondla undulata (von Koenen, 1882) 227-277 

Table 4b. List of the molluscs characteristic for the upper and lower part of the Breda Formation with the indication of their depth 
range in meter below surface. 

The upper part ( above 2 3 9 m ) o f the M a a s e i k M i o c e n e 
depos i t s c a n n o t be direct ly correlated with any o f the 
depos i t s , k n o w n f r o m the A n t w e r p B a s i n . T h e m o l l u s -
can fauna f r o m the D e u r n e S a n d M e m b e r in borehole 
M a a s e i k differs cons iderable f rom the a s s e m b l a g e s in the 
s a m e m e m b e r in the A n t w e r p reg ion, especia l ly by the 
absence o f species that are character i s t ic for the latest 
M i o c e n e ( L a n g e n f e l d i a n and G r a m i a n ) such as G/ossus 

forchhammeri ( B e c k in R a v n , 1 9 0 7 ) a n d the s c a p h o p o d 
FissidentaliumJloratum R . J a n s s e n , 1 9 8 7 . However , e c o ­
logical differences could a l so expla in dif ferences in m o l ­
lusc content between t ime-equiva lent uni t s . 
The lower part o f the bor ing examined differs only s l ighdy 
f rom the A n t w e r p c n / Z o n d e r s c h o t S a n d M e m b e r s , all 
spec ies ind ica ted in T a b l e 4 b as l a c k i n g in the upper 
part o f the b o r i n g b e i n g present in these M e m b e r s . O n e 
species , Turbkauda spinicostata ( B r o n n , 1 8 3 1 ) , has been 
found until n o w in B e l g i u m only in the R a m s e l internal 
m o u l d mater ia l . Its range in M a a s e i k d o e s not include 
the l o w e s t pa r t o f the M i o c e n e , b u t it r e a c h e s wel l 

be low 2 3 9 m . Anodontia benoisti ( C o s s m a n n & Peyrot , 
1 9 1 2 ) also is a species u n k n o w n f r o m the A n t w e r p e n / 
Z o n d e r s c h o t M e m b e r s , reaching be low this l imit . It has 
not been found in R a m s e l , but recogniz ing this species in 
internal m o u l d material would be very difficult. It could 
b e c o n c l u d e d that the lower M i o c e n e part o f the bor ing 
could be correlated with the R a m s e l fauna , younger than 
the A n t w e r p e n / Z o n d e r s c h o t M e m b e r s . 

T h e best m a t c h for the b o r i n g M a a s e i k can be found in 
boreholes f rom adjacent regions in T h e N e t h e r l a n d s . Van 
R o o i j e n et al ( 1 9 8 4 ) descr ibed bor ings f r o m B r o e k h u i -
z e n v o r s t a n d G e l d e r n in the Pee l -Venlo area , w h i c h 
they d i v i d e d in to z o n e s u s i n g di f ferent s t r a t i g r a p h i c 
marker g r o u p s : foramini fera , ca lcareous nanop lankton 
and mol lusc s , bes ides heavy minerals . They introduced 
a mol luscan z o n e F (see further) , which they correlated 
wi th the la tes t par t o f the G e r m a n " R e i n b e k S t u f e " . 
S l i gger s & van L e e u w e n ( 1 9 8 7 ) , work ing with material 
f r o m the s a m e a n d other b o r i n g s , inc lud ing mater ia l 
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f rom D u t c h L i m b u r g , publ i shed a m o r e deta i led m o l -
luscan and foraminiferal divis ion o f the M i o c e n e o f the 
sou thea s t e rn par t o f T h e N e t h e r l a n d s . Severa l o f the 
spec ie s , not e n c o u n t e r e d in the M i o c e n e o f B e l g i u m 
previously, and f o u n d most ly /exc lus ive ly in the upper 
part o f the M a a s e i k bor ing , s eem to b e characterist ic o f 
their mol luscan ccozones. Astartejusca "incrassata"(= A.f. 
ariejanssemMarquet, 1 9 9 5 ) is found f rom M o l F 5 to F 3 , 
Caecum banoni (Beno i s t , 1 8 7 2 ) characterises M o l F 4 only, 
Ervilia pusilla (Phi l ipp i , 1 8 3 6 ) , Lentidium donaciformis 
( C o s s m a n n & Peyrot , 1 9 1 4 ) and Actaeocina lajonkai-
reana (= A. spirata (Brocch i , 1 8 1 4 ) here) occur in F 4 and 
reappear in M o l H . T h i s M o l H , however, also conta ins 
species , characterist ic o f o lder M i o c e n e depos i t s , such as 
Patinopecten brummeli (Nys t , 1 8 6 4 ) , Lembulus emarginatus 
( L a m a r c k , 1 8 1 9 ) and Conus clavatulus d 'Orb igny , 1 8 5 2 . 
These species are absent f r o m our mater ia l . S o a correla­
tion with M o l F 4 seems m o s t appropriate .Their zone M o l 
G conta ins two species , Eudolium dingdense A n d e r s o n , 
1 9 6 4 and Aqui/ofusus festivus (Beyr ich , 1 8 5 6 ) , (both a l so 
marker species for the early M i d d l e M i o c e n e " R e i n b e k 
S t u f e ) , which are absent in borehole M a a s e i k . For this 
reason a correlation with M o l F 4 seems m o s t appropr ia te . 
M o l F 4 corre sponds with the foraminiferal z o n e F C 2 B , 
which accord ing to D o p p e r t et al. ( 1 9 7 9 ) character izes 
the U p p e r M i o c e n e D i e s t F o r m a t i o n by the presence o f 
Uvigerina hosiusi deurnensis. 

G i i r s ( 2 0 0 2 ) d iv ided the G e r m a n M i o c e n e by m e a n s 
o f the occurrence o f m e m b e r s o f the G a s t r o p o d family 
N a s s a r i i d a e . Al l species o f the g e n u s Nassarius present in 
the M a a s e i k b o r i n g are accord ing to this paper typical o f 
the Re inbekian , Ear ly as well as L a t e . The Turr idae , found 
in M a a s e i k and new to the M i o c e n e o f B e l g i u m , were 
however descr ibed by G i i r s ( 2 0 0 1 ) f rom the P inneberger 
S c h i c h t e n , which have a G r a m i a n - S y l t i a n or L a t e M i ­
ocene age . A l s o AIvania carta nieheimensis H i n s c h , 1 9 7 2 
(R i s so idae ) is a Re inbek ian species . 
Be/a ankae (G i i r s , 2 0 0 1 ) is the first species o f its g e n u s 
to appear in the N o r t h S e a B a s i n , in which it will have a 
marked evolut ionary diversification dur ing the P l iocene 
(see M a r q u e t , 1 9 9 7 c ) . 

3 .4 .6 . C o n c l u s i o n 

The best m a t c h for the upper part ( 2 0 0 - 2 3 9 m ) o f the 
M a a s e i k b o r i n g accord ing to its mol luscan fauna is the 
M o l F 4 z o n e in The N e t h e r l a n d s . The lower part , s l ightly 
o v e r l a p p i n g wi th the u p p e r par t ( 2 3 2 - 2 9 8 m ) , c o u l d 
correspond to the R a m s e l fauna, which is R e i n b e k i a n -
H e m m o o r i a n in c o m p o s i t i o n and c o m e s c lo se to the 
A n t w e r p e n - Z o n d e r s c h o t M e m b e r s . 

4. Genera l Conclus ions 

A t the very top o f the M a a s e i k borehole , the Saal ian to 
Plcni-Weichsel ian M e u s e river gravels occur ( L a n k l a a r 

F o r m a t i o n ) , w i t h a thin cover o f P l e n i - W e i c h s e l i a n 
fluviolacustrine to col ian l o a m depos i t s (Molenbecr se l 
M e m b e r ) . The base o f these Pleistocene depos i t s occurs 
at 2 2 m depth . 

The main m a s s o f quartzic pale grey sands below, with base 
at 193 m d e p t h , is known as the Kiese lool i th F o r m a t i o n . 
I t conta ins four l ignite and clay-r ich l ignite hor i zons . 
Palynological associat ions divide this Kieseloolith F o r m a ­
tion in two part s at 5 7 . 6 m . T h e upper associat ion shows 
a w o o d e d l andscape with extensive enc losed mires , open 
e n o u g h to al low light d e m a n d i n g plants to grow. The 
lower assoc ia t ion shows a denser forest l andscape with 
less extensive mires . 

C l e a r increase o f Sequioa deeper than 87 .5 m could be 
linked to the Brunssumian (Pl iocene, Zanclean) as charac­
terized by Zagwi jn (1960 ) , a l though according to the paly-
nology also this part o f the section is preferably interpreted 
as Reuverian. The association in the top o f pa lynozone A 
between 87 .5 and 57 .6 m is similar to the palynology o f 
the lignites in the M o l S a n d lignite to the west. 
The u p p e r associat ion A can b e correlated with the latest 
Reuvcr C (P l iocene , P iacenz ian) . 

B a s e d on the occurrence o f the l ignite hor izons and the 
g r a i n - s i z e proper t i e s o f the s a n d s , the W a u b a c h , Pey, 
Sch inve ld / Jager sborg units have been identified as well as 
the B r u n s s u m and Reuver C l a y s . This tradit ional l i thos-
trat igraphic subdivis ion o f the Kieselool i th F o r m a t i o n in 
the area, is not entirely corresponding to the palynological 
interpretat ion in this study. T h e pa lyno logy sugges t s a 
Reuver -P l iocene age for the whole section whilst in the 
D u t c h s t ra t igraphic nomenc la ture the W a u b a c h S a n d 
unit is cons idered as Suster ian o f U p p e r M i o c e n e age ; 
only the modera te increase in Sequioa be low 9 0 m depth is 
suppor t ing a poss ible B r u n s s u m i a n age for this lower part 
o f the Kiese lool i th F o r m a t i o n , an interpretat ion in line 
with the l i thostrat igraphic interpretat ion o f B r u n s s u m 
clays and intercalated Pey S a n d s in the borehole . 

The thin pale yel lowish gray mica-r ich mar ine s and unit 
X between 193 m and 198 m , could not unequivocal ly 
b e l inked to any known l i thostrat igraphic unit in the 
area. B a s e d on dinof lagel latc content compar i son with 
the N i e d e r O c h t e n h a u s e n borehole a Sylt ian u p p e r m o s t 
M i o c e n e age is p r o p o s e d . 

T h e m a r i n e B r e d a F o r m a t i o n b e l o w e x t e n d s till the 
total d e p t h o f the borehole at 3 0 2 m . B ios t ra t ig raphi -
cally an upper part , approx imate ly above 2 3 5 m , can be 
d i s t ingui shed in this format ion which based on mol luscs , 
d inof lage l la tes and ca lcareous microfoss i l s , re s sembles 
the b ios tra t igraphic content o f the D e u r n e S a n d ( D i e s t 
F o r m a t i o n , U p p e r M i o c e n e . T o r t o n i a n ) . S imi lar ly a low­
est part be low approximate ly 2 7 5 m, can be di s t inguished 
which ba sed on mol luscs and dinoflagel lates corresponds 
to the B c r c h e m F o r m a t i o n , best c o m p a r a b l e to the A n t ­
w e r p , Z o n d e r s c h o t M e m b e r s ; the dinoflagel late z o n e s 



Figure 10. Resistivity and gamma-ray logs in selected boreholes in the Rur Valley Graben in northeast Belgium and the southeast Netherlands, are illustrating the regional correlation of the 
detailed study in the Maaseik borehole (49W0220). The origin of the different lithostratigraphic names are explained and justified in the text. 
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r e c o g n i z e d in this interva l in the M a a s e i k b o r e h o l e 
c o r r e s p o n d to a M i d d l e Serrava l ian age . The interval 
in between these upper and lower parts in the borehole 
contains dinoflagellates and molluscs which have not been 
identified before in the Be lg i an C a m p i n e area. 
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