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Abstract

Samples from the Maastricht Formation and the Houthem Formation, latest Maastrichtian to earliest Danian, exposed in the
Curfs quarry, southern Limburg, the Netherlands have been examined micropalaeontologically. Foraminiferal, nannoplankton and

palynomorph studies, emphasizing dinoflagellate cysts and sporomorphs, were carried out mainly on the same sampled section.

With the exception of sporomorphs, this classic Dutch Cretaceous[fertiary boundary (KTB) section contains rich and well preserved

assemblages,

The stratigraphically diagnostic dinoflagellate cysts and foraminifers confirm that the lower part of the succession represents the latest

Maastrichtian, and that an Early Danian age may be assigned to sediments from the base of the Berg en Terblijt Hoizon upwards.

Positioning of the KTB at this horizon is supported by the presence of detrital clays just above it. The Woenhoven Horizon, previously

thought to represent the KTB is now placed in the Lower Danian.

0n the basis of the quantitative palynological evidence it is suggested that the lithological succession represents relatively marginal
marine, probably inner neritic, conditions, with most of the hardgrounds marking periods of sea-level lowstand. A'second-order'

deepening trend from the latest Maastrichtian into the Early Danian can be inferred. Superposed on this trend, three 'third-order'

sea-level cycles may be recognized, one in the uppermost Maastrichtian and two in the Lower Danian. The KTB, represented by the

Berg en Terblijt Horizon falls within the third-order cycle TA1.1 of Haq et al. (1988) and is characterized by the first occurrences (FOs) of
SenoniasphaerainornataandLanternosphaeridiumreinhardtii andadistinctinfluxofbryophytespores.TheKTBsuccessioncanbe
well correlated with the time-equivalent interval in the Geulhemmerberg caves.

Some benthic foraminifer marker species, as well as the ostracod Dumontina slellala, indicate a Danian age for the interval above

theBergenTerbliitHorizon.Neitherthenumbersofthepredominant?ararolaliatuberculifera northespeciesdiversftysuggesta
maior change at or around the KTB. A considerable number of reworked Upper Maastrichtian forams is found in the youngest unit of
the Maastricht Formation between the Berg en Terblijt and Vroenhoven Horizons.

Controversially, the nannofossil data indicates that the entire examined section around the KTB is of Danian age, with standard zone

NP1 extending from 2.5 m below the Berg en Terblijt Horizon to 0.1 m above the Vroenhoven Hoilzon. This hypothesis is partly based

onthepresence ofNeobiscutum spp.throughoutthesequence,althoughthereisapossibilitythattheseformsevolvedinthe
Maastrichtian.However,theadditionalpresenceofCruciplacolithusspp., alsofromthebaseofthesequence,lendsweighttothe
argument that the section around both hardgrounds is Danian. lncontrovertible nannofossil evidence for the later Early Danian occurs

above the Vroenhoven Horizon, which explains why this was originally interpreted as representing the KTB. Two cycles of reworking
can be demonstrated, the first involving Upper Maastrichtian to lowest Campanian sediments, the second, the basal Paleocene and

Upper Maastrichtian.

The sporomorph data do not indicate a drastic change at the KTB. There is a distinct decrease in the lJpper Cretaceous Eunormapolles

taxa in the Houthem Formation, whereas the so-called Tertiary Postnormapolles pollen grains increase in this formation. Species of
Pseudotrudopollis proved to be useful index fossils for the Maastrichtian, while Jarzenipollenites trinus is a good marker species for
the Danian. Changes in the sporomorph assemblages indicate a cooler latest Maastrichtian.
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lntroduction

The sporomorph results from the Gulpen and the lower

part of the Maastricht Formations have been dealt with in

two previous publications, respectively Kedves & Hern-

green (1980) and Herngreen et al. (1986). ln order to com-

plete this research programm, which was set up fifteen

years ago to study the palynofloral changes around the

Cretaceous/Tertiary boundary (KTB), samples from KTB

transitional strata were taken in the Curfs quarry, near

Maastricht, the Netherlands (Figures 1 and 2).

As much micropalaeontologic information as possible,

other than sporomorphs, has been incorporated in previ-

ous studies and has been used in the present paper.

For many years, the KTB in the Maastrichtian type-area

was thought to be represented by an unconformity,

marked by a well-defined hardground, the Vroenhoven

Figure 1

Map showing localities

mentioned in this paper.
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Horizon (e.9. Felder 1975). Although not present at the

ENCI quarry, the Maastrichtian type-locality, where the

topmost Maastrichtian is missing, this horizon is well-ex-

posed in the nearby Curfs quarry located some 7 km NE

of Maastricht (Figs 1 and 2). Recently, however, a rela-

tively complete KTB section was found for the first time in

the man-made Geulhemmerberg caves (see papers in

Brinkhuis & Smit 1996; Fig. 1). Here the KTB is repre-

sented by another hardground, named the Berg en Ter-

blijt Horizon (Felder & Bosch, in press), which occurs upto

5 m below the Vroenhoven Horizon.

The entire section exposed in the Curfs quarry was origi-

nally referred to as a single lithological unit, the Md (Uh-

lenbroek 1912). Following Hofker (1955) and Felder (1975)

the Curfs quarry exposes the topmost Maastrichtian

members (Nekum Chalk and Meerssen Chalk of the Maas-

tricht Formation), as well as part of the Lower Danian

(Geulhem Chalk Member of the Houthem Formation)

above the Vroenhoven Horizon (Figs 3 and 4). A few me-

tres below the Vroenhoven Horizon, another hardground

can be observed, recently described as the Berg en Ter-

blijt Horizon at Curfs by Felder & Bosch (in press), Figs 5

and 6. Slightly above the base of this horizon, thin iso-

lated clay layers occur, comparable to those found in the

Geulhemmerberg caves above this horizon. These are

thought to represent remnants of the 'boundary' clay

(Smit & Brinkhuis 1996). Near the base of the quarry, the

Caster Horizon is developed, a hardground separating the

Nekum and Meerssen Chalks (Felder 1975).

P.J. Felder (1988) extensively studied the lithology of the

entire quarry and concluded that, with the exception of

the Vroenhoven Horizon which is easily distinguished by

its thick hardground and a fossil grit layer, no distinct

changes in lithology, bioclast assemblages and gamma

radiation occur across the KTB.

Figure 7 illustrates the position of the Berg en Terblijt and

Vroenhoven hardgrounds around the KTB, at various lo-

cations in the Maastricht type-area.

1""r" 
"ntr"n""

Figure 2

Plan of the Curfs quarry with

location of the

C retaceo u slfe fti a ry bo u n d a ry

sections.

1-4 Position of localities

sanpled by Hofker (1966):

1. 182.000-320.200,

2. 182.200"s19.920,

3. 182.100-320.030,

4. 182.320-320.080;

5-6 Location of RGD sites

for detailed sampling at the

KTB transition:

5, 1985 181.800-320.020 and

6. the 1996 site

181.840-319.930;

7 Position of LPP sanpling

site 1 992, 1 81.740-320.050;

8 Location of the main

sampling site within the

Geulhemmerberg caves

(papers in Brinkhuis & Smit

199d.
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Figure 5

Lithology and sanple

position around the KTB in

the Curfs quarry; sa,mpling

carried out April 25, 1996.
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FigureT NE
Generalized overview of the

stratigraphy around the KTB

in South Limburg.
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Material and rnethods

The first series of samples, originally intended for a large-

scale palynomorph (dinoflagellates and sporomorphs)

study - with foraminifera and nannoplankton support - of

the uppermost Maastrichtian deposits, was taken by

GFWH and WMF during two sessions. 0n the first occa-

sion, May 1st 1985, six samples were collected for a provi-

sional sporomorph examination. The preliminary results

showed that a detailed examination would be justified

and a more complete set of 27 samples was taken on No-

vember 1st, 1985 (Fig. 3). JWV examined these samples

for nannofosils.

ln the mid-nineties, it became clear in the light of the re-

sults obtained from the Geulhemmerberg caves (papers

in Brinkhuis & Smit 1996) that the section around the KTB

in the Curfs quarry might be more complete than previ-

ously thought. Moreover, the exposures in Curfs are well

accessible and occupy a key position, geographically as

well as stratigraphically, between the Maastricht type-sec-

tion in the ENCI quarry and the nearly complete Creta-

ceous/Tertiary transition in the Geulhemmerberg caves.

For this reason, an additional set of 19 closely-spaced

samples from 2.5 m below the Berg en Terblijt Horizon to

1 m above the Vroenhoven Horizon was taken on April

25th, 1996 by GFWH and WMF (Fig. 5). This set of sam-

ples was examined for forams and ostracods (HAHMS)

and nannoplankton (JAB).

ln addition to the November 1985 sampling campaign by

the Geological Survey, the Laboratory of Palaeobotany

and Palynology, University of Utrecht, collected material

from crucial intervals around the KTB in the Curfs quarry

in 1992, for dinoflagellate analysis (Figs 8-10). The results

of both integrated sample sets are reported by HB.

12 Mededelingen Nederlands lnstituut voor Toegepaste Geowetenschappen TN) Nr67 7 998



Dinof lagellates

lntroductaon

Brinkhuis & Schioler (1996) described the rich palynologi-

cal associations of the Geulhemmerberg KTB section in

detail, emphasizing dinoflagellate cysts. Their results indi-

cate that the lowermost Danian may be characterized by

the first occurrences (F0s) of the dinoflagellate cysts Se-

noniasphaera inornata and Lanternosphaeridium rein-

hardtii, as well as massive occurrences of presumed bryo-

phyte spores, Although several studies have described

the palynology of parts of the Upper Cretaceous and

Lower Danian succession in the southern Netherlands

and its immediate surroundings (e.9. Wilson 1971,1974;

Schumacker-Lambry 1977; Robaszynski et al. 1985; Hern-

green et al. 1986; Batten et al. 1988; Bless & Streel 1988;

SchiOler et al. 'i997), no such studies are available from

the Curfs quarry, the classic Dutch KTB section, relatively

close to the Geulhemmerberg locality. 0nly Wilson (1974)

briefly described a single sample from the western part of

the quarry immediately below the contact with Foraminif-

eraZone P. ln this sample, which correlates well with his

sample ACl (top Md; top of Zone M) from the Albert Ca-

nal section, marginate and chorate cysts predominate

(93%) with Areoligera coronata, A. senonensis and Hystri-

chosphaeridium tubiferum being the most abundant spe-

ci es,

The present study is therefore aimed at (1) a palynobios-

tratigraphical analysis of the KTB transition at Curfs, com-

plemented by (2) palaeoenvironmental interpretations,

and (3) correlation to the Geulhemmerberg KTB section.

For the present study, use is made of two sets of samples

derived from the succession exposed in the Curfs quarry.

The first set encompasses 27 samples taken by the Geo-

logical Survey of the Netherlands (BGD) in 1985, labled

'RGD'. A second set of 14 samples was taken from crucial

intervals in 1992, labled'CURF' (Figs 8-10). Approximately

10-15 g of sample was processed following standard paly-

nological techniques. Heavy liquid separation (ZnClr) was

applied in all cases. Residues were sieved using a 1Opm

precision sieve. After extensive mixing to obtain homoge-

neity, two to eight slides were prepared using glycerine

jelly as the mounting medium. Where possible, approxi-

mately 250 palynomorphs were counted per sample;

dinoflagellate cysts were counted on species level while

other palynomorphs were counted in broad categories

(e.9. bisaccate pollen, other pollen, spores, different

groups of prasinophyte algae, acritarchs, inner walls of

foraminifera). The remaining material was scanned for

additional dinoflagellate cyst taxa.

The taxonomy of dinoflagellate cysts follows that cited in

Lentin & Williams (1993), Previously undescribed taxa and

those n0t included in that index are briefly treated in the

taxonomic section which, also includes a list of recorded

taxa. Characteristic taxa are illustrated on Plates 1-4.

Light-photomicrographs were taken from permanent

scatter mounts, using a Leitz orthoplaniorthomat combi-

nation and interference-contrast illumination. England

Finder coordinates are provided for photographed speci-

mens. All material is filed in the collection of the Labora-

tory of Palaeobotany and Palynology, University of

Utrecht, the Netherlands.

Results

Pa lyn o rn orp h d istri b ut io n
The relative distribution of the recorded categories of pa-

lynomorphs within the main section is plotted in Figure 9.

The aquatic component mainly consists of dinoflagellate

cysts and representatives of the acritarch genus Paraleca-

niella.The latter are particularly pronounced in the lower-

most and uppermost parts of the succession. The terres-

trial component, only common above the Berg en Terblijt

Horizon, is dominated by well-preserved, simple, spheri-

cal or spiny spores, momentarily attributed to bryophytes

(compare with Brinkhuis & SchiOler 1996).

Dinoflagellate cysts
Rich and diverse dinoflagellate cyst associations were re-

covered from the majority of samples. The dinoflagellate

cyst distribution within the samples from the main sec-

tion is plotted in Figure 8. Typically, however, only a few

groups of morphologically related taxa consistently make

up about 80% ofthe associations. These are 11) the Spini

ferites complex (mainly consisting of subspecies of Spinr:

ferites ramosus), grouped herein together with species of

the morphologically similar genus Achomosphaera, \21

Areoligera spp. and Glaphyrocysta spp. (mainly Areolig'

era senonensis and Glaphyrocysta perforata, but also in-

cluding the morphologically similar Senoniasphaera inor-

n ata and G I a p hy r ocy st a p a sti e I si il, \31 Hyst ri ch os p h ae ri d'

ium spp., here combined with the few occurring

)ligosphaeridium spp. and Hystrichokolpoma bulbosa,

\41 Cribroperidinium spp., and (5) Disphaerogena carpos-

phaeropsis and morphologically related forms such as

Co rdosphae ridi u m, Ca rpatel I a, F ib rocysta, Th al assi pho ra

N161 7998 BiostratigraphyofCretaceous,rfertiaryboundarystrataintheCurfsquarry,theNetherlands 13
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and Damassadlnlum spp., all placed in the'Cordosphaer-

idium group'. The relative distributions of these groups

are plotted in Figure 10. All other taxa have been grouped

together in the category'others'.

Representatives of lhe Spiniferites complex dominate the

assoclations in the middle and upper parts of the succes-

sion, showing an optimum just above the Vroenhoven

Horizon. ln the relatively poorly diversified samples from

the lower part of the succession, lhe Areoligera-Glaphyro-

cysfa group is dominant. lt may be noted that dinoflagel-

late cysts presumably derived from heterotrophic dino-

flagellates, viz. the peridinioids, are not quantitatively

pronounced in any of the investigated samples.

Biostratigraphic analysis

Perhaps not surprisingly, the recovered dinoflagellate

cyst associations from Curfs are very similar to those re-

cently described by Brinkhuis & SchiOler (1996) in their

study of the nearby Geulhemmerberg KTB section. They

primarily compared their associations with the available

data from relatively nearby Denmark, referring to the

studies of, for example, Hansen (1977, '1979), Klellstrom &

Hansen (1981), Hultberg (1985, 1986), Hansen et al. (1986),

Damassa ('1988), and SchiOler & Wilson (1993). All these

papers stress the importance of the last occurrence (10)

of Palynodinium grallator at the KTB, and the FOs of Da-

m assadi ni u m californicu m, Se n o n i asph aera i n o r n ata and

Carpatella cornuta above the boundary. The uppermost

Maastrichtian succession in Denmark is characterized by

the co-occurrence of Thalassiphora pelagica and Palyno-

dinium grallator (e.9. Hansen 1977). According to Hansen

\1977, 19791 and Hultberg (1985, 1986), the upper part of

the Lower Danian may be characterized by the successive

FOs of several Xenicodinium or Tectatodinium species

(see also Powell 1992). Notably, the FOs of Damassadin-

ium californicum and Carpatella cornuta ate thought to be

of global significance for the recognition of the KTB, as

evidenced from sections from Denmark, Tunisia and the

USA (e.g. Brinkhuis & Zachariasse 1988; Damassa 1988;

Habib et al.'1992; Moshkovitz & Habib 1993; Habib et al.

1996). Moshkovitz & Habib (1993) recently introduced

Lanternosphaeridium reinhardtii as an additional Danian

marker (see also Habib 1994; Habib et al. 1996). ln addi-

tion, Brinkhuis & Schi0ler (1996) suggested that the F0 of

Disphaerogena carposphaeropsis characterizes the up-

permost Maastrichtian, its inception possibly being

younger than that of Thalassiphora pelagica (compare

also, for example, Benson 1976; Brinkhuis & Zachariasse

1988; Moshkovitz & Habib 1993; Habib 1994; Habib et al.

1996). They furthermore suggested that the F0 of the

morphologically similar Thalassiphora patula may be of

additional importance for characterisation of the upper-

most Maastrichtian.

However, Habib (1994), Habib et al. (1996), Brinkhuis &

SchiOler (1996) and Brinkhuis et al. (1998) pointed out

that, although it has long been believed that the FOs o1

Senoniasphaera inornata, Damassadinium californicum

and Carpatella cornuta at the KTB are simultaneous (e.9.

Hansen 1977), only the FO of Senoniasphaera inornata

more or less coincides with the boundary, or occurs

slightly higher, calibrated against planktonic foraminifer

zone P0. According to Habib (1994), Habib et al. (1996)

and Brinkhuis et al, (1998), the FOs of Damassadinium

calfornicum and Carpatella cornuta occur significantly

higher, calibrated against planktonic foraminifer zones Po.

or P1a. Furthermore, Habib et al. 11996) as well as Brink-

huis et al. (1998) claim that the lO of Palynodinium gralla-

for occurred in the Early Danian rather than at the KTB, at

a horizon calibrated against the basal part of planktonic

foraminifer zone P1a.

Most of the above-mentioned stratigraphically important

taxa, viz. Palynodinium grallator, Senoniasphaera rnor-

nata, Thalassiphora pelagica, Thalassiphora patula, Dis-

phaerogena carposphaeropsis, Carpatella cornuta, Da-

massadinium californicum and Lanternosphaeridium re-

inhardtii as well as Xenicodinium rugulatum have been

recorded from one or more samples from Curfs (Fig. 8).

When analyzing the distribution pattern of these strati-

graphically important taxa, it may be noted lhal lll Paly-

nodi ni um g rall ato r and D i sph ae rogen a ca rposph ae ro psis

types co-occur in the lowest samples above the Caster

Horizon, rapidly joined upwards by Thalassiphora pelag-

ica, \2) lhe LO of Palynodinium grallator occurs at the

Vroenhoven Horizon, \3) Senoniasphaera inornata and

Lanternosphaeridium reinhardtii first occur just above the

Berg en Terblijt Horizon, l4l Damassadinium californicum,

Carpatella cornuta and Xenicodinium rugulatum first oc-

cur directly above the Vroenhoven Horizon, and (5) no

stratigraphically significant events appear to occur in the

overlying Danian part of the succession.

It may thus be confirmed that, indeed, (1) the lowermost

part of the Curfs succession represents (part of) the latest

Maastrichtian (upper part of the Palynodinium grallator

Zone, possibly Thalassiphora pelagica Subzone of Han-

sen, 1977), but that (2) an early Early Danian (not neces-

sarily earliest Danian) age may already be assigned to

sediments slightly above the base of the Berg en Terblijt

Horizon, significantly below the Vroenhoven Horizon,

based on the FOs of Senoniasphaera inornata and Lanter

nosphaeridium reinhardtii. The assignment of the Nekum

and the lower part of the Meerssen Chalk lo lhe Palyno-

dinium grallator Zone is in line with results from Wilson

(1974) from the Maastrichtian type-section (his Vb Sub-

zone), and with the results of Schioler et al. (1997) in their

re-study of the same section. The sediments from directly

above the Vroenhoven Horizon, containing Damassadrn-

ium californicum, Carpatella cornuta and Xenicodinium

rugulatum, may be assigned to the Xenicodinium rugula-

tumzonule of Hansen (1977), of Early Danian age. No fur-

ther subdivision of the Danian interval is possible as no

significant LOs or FOs of species are recorded. 0f interest

16 MededelingenNederlandslnstituutvoorToegepasteGeowetenschappenTNO N167 7998



may be the occurrence of Spongodinium sp., a taxon

morphologically very similar to Spongodinium reticula-

tum described by Hultberg (1985).

Of further interest is that the associations from above the

Berg en Terblijt Horizon at Curfs are virtually identical to

those recovered by Brinkhuis & Schi0ler (1996) from just

above this horizon at the Geulhemmerberg. Conspicu-

ously, the occurrences of Thalassiphora bononiensis,

Fibrocysta sp. and A/isocysta cl. reticulata appear to be

confined to the interval between the Berg en Terblijt and

Vroenhoven horizons (compare Brinkhuis & Schi0ler

1996). Moreover, the presumed bryophyte spores are

common from the base of the Berg en Terblijt Horizon up-

wards, declining above the Vroenhoven Horizon, further

confirming the correlation between the Geulhemmerberg

KTB section and Curfs at this level. The combined evi-

dence from Geulhemmerberg and Curfs furthermore sug-

gests that Palynodinium grallator, Adnatosphaeridium

buccinum and Northidinium perforatum cross the KTB

only to become extinct during the early Early Danian.

Their LOs may thus be added to the list of stratigraphi-

cally important dinoflagellate events around the KTB in

NW Europe,

Palaeoenvironrnental interpretation

The relative distribution pattern ofthe broad categories of

palynomorphs indicate that the assemblages can be char-

acterized as being either relatively poor and dominated

by Paralecaniella spp., or as rich assemblages dominated

by dinoflagellate cysts. The boundaries between these as-

semblages may be placed (1) in the uppermost Maastrich-

tian just above the Caster Horizon between samples

RGD18 and 19, and (2) in the Lower Danian succession

between samples RGD03 and CURF12, Conspicuously,

the hardgrounds close to the KTB, the Berg en Terblijt and

Vroenhoven Horizons, are not marked by a pronounced

change in overall composition.

ln their review of the possible palaeoecological signifi-

cance of abundances ol Paralecaniella spp., Brinkhuis &

Schi0ler (1996) suggested that these probably indicated

extremely marginal marine environments, and possibly

even stressed, brackish conditions. The encountered

dinoflagellate cysts are most probably all of marine ori-

gin. Taxa typically representing relatively offshore and/or

oceanic conditions (e.9. lmpagidinium spp., Nematos-

phaeropsisspp,; see, e.9., Wall et al. 1977, papers in Head

& Wrenn 1992) have only been recorded in trace amounts

and could be reworked. The most abundant groups of

morphologically related taxa recorded from the Curfs suc-

cession (Fig. 10) are usually found in similar abundances

in relatively marginal marine successions throughout the

Mesozoic and Cenozoic (compare, e.9,, Downie et al.

1971; Hultberg & Malmgren 1986; Brinkhuis & Zachari-

asse 1988; Brinkhuis 1994; Brinkhuis & SchiOler 1996;

Schioler et al, 1997). 0f these groups, only representa-

tives of lhe Spiniferites complex still occur today. They

typically occupy outer neritic waters (e.9. Wall et al. 1977,

papers in Head & Wrenn 1992). They may be regarded as

the most'offshore' category of dinoflagellate cysts

present in the Curfs succession.

ln summary, the relative abundance of Paralecaniella spp.

may indicate marginal marine to restricted marine influ-

ence, or may reflect increased transport from such set-

tings, Alternatively, as suggested by Brinkhuis & Schi0ler

(1996), relative abundances of Paralecaniella spp. may

also be related to sediments deposited under hydrody-

namically higher energy conditions, relative to those

dominated by dinoflagellate cysts. The assemblages char-

acterized by rich and well-diversified dinoflagellate cyst

associations may be expected to reflect outer neritic con-

ditions, or hydrodynamically lower energy deposits. ln

both models, however, the alternation of the two assem-

blage types may be explained in terms of relative sea

level fluctuations. Considering the probable amount of

time involved (some 2 m.y., at least), these fluctuations

may be compared to the third-order sea-level changes of

Haq et al. (1988). Combining the sedimentological and

quantitative information, and realizing the overall margi-

nal marine nature of the investigated deposits, the suc-

cession may be subdivided in an alternation of successive

transgressive (TST) and highstand (HST) system tracts

lthe corresponding lowstands being absent and marked

by hardgrounds). A first sequence boundary may be

placed at the Caster Horizon, separating HST and TST de-

posits (Figs 9 and 10). A subsequent maximum flooding

surface (mfs) may be placed some 4m higher, around

sample CURF2, characterized by a dinoflagellate and a

Spiniferites optimum, The overlying deposits, including

those above the Berg en Terblijt Horizon, are placed in the

subsequent HST. The Vroenhoven Horizon, a well-marked

hardground with dissolution features, is regarded as the

subsequent early Early Danian sequence boundary,

underlying TST deposits (Figs 9 and 10). Again, the low-

stand deposits are missing. The Vroenhoven Horizon se-

quence boundary seems to have been associated with a

major sea-level fluctuation, as it is clearly diachronous

across the Maastrichtian type-area (cf. Felder 1975) and

underlying deposits have often been removed. The over-

lying mfs is tentatively placed around sample BGD05, the

subsequent dinoflagellate optimum. A subsequent se-

quence boundary is proposed to occur.just below sample

CURF12, associated with the Va-3 hardground. Overlying

deposits are again characterized by a Paralecaniella dom-

inance, placed in the subsequent TST. Superposed on the

third-order trends, general deepening seems to have oc-

curred, since Paralecaniella spp. do not become as domi-

nant as they are around the Caster Horizon in overlying

deposits. The proposed successive alternation of TST and

HST can be well reconciled with the distribution pattern

of the individual dinoflagellate groups. The distribution

pattern of the more marginal marine Areoligera-Glaphy-

1lN167 7998 Biostratigraphy of Cretaceous[fertiary boundary strata in the Curfs quarry, the Netherlands
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rocysta and Hystrichosphaeridium groups, relative to the Berg en Terblijt Horizon, falls within third-order cycle

slightly more offshore Spiniferites group, is similar to the TA1.1 of Haq et al. (1988) and is characterized by the FOs

overall pattern of Paralecaniella spp. vs. dinoflagellate ofSenoniasphaerainornataandLanternosphaeridiumre-

cysts (compare Brinkhuis & SchiOler 1996; SchiOler et al. inhardtii and the sharp incoming of bryophyte spores.

1997). Pattern differences only occur in the interval The KTB succession can be well correlated to the time-

between the Berg en Terblijt and Vroenhoven Horizons. ln equivalent interval in the Geulhemmerberg caves.

this interval, dominated by the Spiniferltes group, the

Areoligera-Glaphyrocysta and Hystrichosphaeridium Selected taxonomy
groups have decreased relative abundances, while other

groups, notably Cribroperidinium spp, and lhe Cordos- Characteristic dinoflagellate cysts are illustrated on Plates

phaeridium group, are more abundant.Since Areoligera- 1-4. An alphabetic list of recorded taxa is provided below.

Glaphyrocysta spp. dominances are often described from Only previously undescribed taxa are briefly treated in

marginal marine, high-energy deposits (see, e.g., Powell this section. Most taxonomic citations may be found in

et al, 1995), this may be explained by proposing a more Lentin & Williams (1993). Citations for described species

shielded, possibly back-barrier environment for this inter- not included in Lentin & Williams (1993) are referenced

val, as a result of continuing sea-level fall. A similar inter- herein. The material is filed in the collection of the Labor-

pretation was proposed for the sediments above the Berg atory of Palaeobotany and Palynology, University of

en Terblijt Horizon at the Geulhemmerberg (papers in Utrecht, the Netherlands.

Brinkhuis & Smit 1996). ln the latter volume, it was sug-

gested that the formation of the Berg en Terblijt hard- List or taxa
ground itself is related to the KTB event(s), Dinoflagellate cysts

A comparison to Haq et al. (1988) and the revised version A.? wilsoniiSlimani, 1994

of the (Paleocene-Eocene part of the) sea-level chart pre- Achomosphaera ramulifera

sented by Hardenbol (1994), using the available age-con- Adnatosphaeridium buccinum

trol, leads to the conclusion that the three third-order se- Alisocysta circumtabulata

quences recognized at Curfs may well be reconciled with Alisocysta sp. cf. A, reticulata in Brinkhuis & Schi0ler

their data. The sequence boundary placed at the Caster 1996

Horizon may be correlated to their latest Cretaceous sea- Areoligera'Glaphyrocystaspp.

level fall (cycle TA1.1 of Haq et al, 1988), the one asso- Caligodiniumaceras

ciated with the Vroenhoven Horizon to cycle Da-1 of Har- Caligodinium? sp.

denbol (1994; formerly the latest Cretaceous cycle TA1.2 Carpatella cornuta

of Haq et al. 1988, now placed in the lower Lower Danian), Carpatella? sp.

and the one in the overlying'middle' Lower Danian to Da- Cassiculosphaeridia? intermedia Slimani 1994

2 of Hardenbol (1994). The KTB occurs within cycle TA1.1, Cerodinium diebelii

just below the Da-l sequence boundary. Cerodinium speciosum

Chl amydo ph o rell a discreta

conclusions Conneximura fimbriata

Co rdosphae ri di um fi brospi nosum

The KTB succession at Curfs generally contains rich and Cordosphaeridium cf. fibrospinosum

well-preserved palynological assemblages. From the re- Coronifera striolata

corded stratigraphically diagnostic dinoflagellate cysts, it Cribroperidinium wetzelii

is suggested that the lowermost part of the succession Cribroperidinium sp. A in Brinkhuis & Schi0ler 1996

represents the latest Maastrichtian, and that an Early Da- Damassadinium californicum (Drugg) Fensome et al.

nian age may be assigned to sediments from the base of 1993

the Berg en Terblijt Horizon upwards. 0n the basis of the Dinogyminiumspp.

quantitative palynological evidence it is suggested that Diphyescolligerum

the succession represents relatively marginal marine, Disphaerogena carposphaeropis

probably inner neritic, conditions throughout, with most Disphaerogena cf . carposphaeropsis

unconformities marking periods of sea-level lowstand. A Exochosphaeridium bifidum

'second-order'deepening trend from the latest Maastrich- Exochosphaeridium spp. (pars.)

tian into the Early Danian can be inferred. Superposed on Fibrocysta axialis

this trend, three third-order sea-level cycles may be rec- Fibrocysta ovalis

ognized, one in the uppermost Maastrichtian and two in Fibrocysta sp. in Brinkhuis & Schi0ler 1996

the Lower Danian. These cycles appear to be correlatable Fibrocysta spp. (pars.)

to those proposed by Haq et al. (1988) and Hardenbol Florentiniaferox

(1994) in the same timeslice. The KTB, represented by the Hystnchokolpoma bulbosa
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Hystrichosphae ridi um d upl u m

Hystrichosphae ridi um tubiferum plexus

Hy st r i c h ostr o gy I o n co n i n cki i

I mpagidi ni um rigid ase ptatu m Sl imani 1 994

Kiokansium? sp.

Kl e ith ri asph a e ri d i u m t r u nc atu m

La nte rnosphae ri di u m fi losa

Lante r nosph ae ri di u m rei nh ardtii Moshkovitz & Habib

1 993

Lejeunecysta globosa

Memb rani la rnaci a polycl adi ata

Me mb rani I a rnaci a te nel I a

Microdinium group

Northidinium perforatum in Wilson 1974

\" Neonorthidium perforatum' Marheinecke 1992)

Ol ig osph aeridi u m com plex

0lig osph ae ridi u m pulcherri m u m

0perculodinium spp.

Pal aeocystodi niurn spp,

Palaeo perid i ni um pyropho ru m

Paly nod i ni u m g rallator

Rottnestia borussica

Rottnestia granulata

Se negali ni u m bicavatu m

Se no n i asphae ra i no rn ata

Spiniferites cornutus

Spi n ife rites ramosus plexus

Spongodinium sp.

Tanyosphaeridium spp.

Th alassi ph o ra bo no nie nsis

Thalassiphora patula

Th al assi pho ra pel agica

Thalassiphora pelagica sensu Hansen 1977

Turbiosphaera filosa

Turbiosphaera sp. A in Brinkhuis & Schi6ler 1996

Xenicodinium lubricum

Xen icodi ni um reticu latu m

Xen icodi ni um rug ul atum

Acrita rchs

Cyclopsiella spp.

Leiosphaeridia spp.

Michrystridium spp.

P a I a e otetr ad i n i u m m a ast ri chti e n se

Palaeotetradin i um sil i coru m

Palambages spp.

Paralecaniella spp.

Xenikoon sp. A in Foucher & Robaszynski 1977

Taxonomic remarks
Caligodinium? sp., Plate 1:7

This taxon is provisionally assigned Io Caligodinium, but

differs from lypical Caligodinium in having a distinct

multi-angular outer wall, and thus being distinctly cavate.

Carpatella? sp,, Plate 2:1

This taxon is provisionally assigned lo Carpatella, and is

characterized by an extremely thick, irregular fibrous

outer wall, and is perhaps also related lo Thalassiphora

pelagica sensu Hansen 1977.

Co rdosphaeri di u m cf . f ibrospi n osu m

This taxon is distinguished from Cordosphaeridium fibro-

spinosum lPlale 2i2l by the development of distinct apical

and antapical horns. This is a typical feature of forms in

the Disphaerogena-Cordosphaeridium-Damassadinium-

Thalassiphora-Carpatella-Fibrocysta complex close to,

and most notably above the KTB.

Disph ae roge n a cf . ca rposh ae ro psis

This taxon is distinguished trom Disphaerogena carpos-

phaeropsis by the development of distinct apical and an-

tapical horns. See also remarks under Cordosphaeridium

cf. fibrospinosum, and the comments by Brinkhuis &

SchiOler (1996) on'lhe Disphaerogena carposphaeropsis

complex',

Hystrichosph ae ri di u m tubife rum plexus

This complex is introduced to accomodate all subspecies

of Hystrichosphaeridium tubiferum (Plate 3:4), and also

includes the closely related, if not synonymous, species

recently described by Marheinecke (1992), viz.'Hystri-

chosphaeridium arborispinum' sensu Marheinecke (1992),

' Hystrichosphaeridium proprium brevispinosum' , ' Hystri-

chosphaeridium proprium proprium' and'Hystrichos-
phaeridium tenuitubatum'. Hystrichosphaeridium salpin-

gophorum is also included in this complex.

Kiokansium? sp.

This taxon may be characterized by being an )perculo-

dinium-lype of cyst with a 2P archaeopyle.

Microdinium group

This group is introduced to accomodate all species be-

longing to either Microdinium, Phanerodinium, Clado-

pyxidium and Fibradinium and morphologically closely

related genera, since LM is not sufficient for accurate spe-

cies identification.

Spi niferites ramosus plexus

This complex is introduced to accomodate all subspecies

of Spiniferites ramosus.

Thalassiphora pelagica and Thalassiphora pelagica sensu

Hansen 1977 (Plate 4:7)

Thalassiphora pelagica sensu Hansen 1977 is separated

from Thalassiphora pelagica by having endophragmal ap-

ical and antapical horns, similar to the development in

Lanternosphaeridium reinhardfll (Plate 3:5-6), Note that

specimens assigned here to fhalassiphora pelagica sensu

Hansen 1977 differ markedly from the typical Eocene lha-

lassiphora pelagica, which are closer to the holotype.
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Those recovered during the present study show a closer

resemblance lo Lanternosphaeridam lanssum, by having

the rather spongious to fibrous outer wall loosely draped

around the entire inner woll, an'd lacking the camocava-

tion of more typical f Bebgica, They are neverthelets

placed here in 'Thalassiphora pelagica'since Hansen

(1977) based his Maasilichtian zonal seheme partly on

this taxon, and also because we have csnfirmed the pres-

ence of 'this type in the Danish Maastrichtian. As has al-

ready been discussed above, we believe that these taxa

are part of what Brinkhuis & SchiOler (1996) called the

'Disphaerogona carposphaeropsis complox', more or Iess

the single group of dinoflagellate cysts that show

morphological changes across the KTB.
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Forarninifers and ostracods

The Curfs quarry is one of the classic sites for micropalae-

ontologic examinations, especially with regard to benthic

foram inifera, of Maastrichtian chalks and Cretaceous/Ter-

tiary transitional strata (Hofker 1966). The location of his

samples lyear of sampling 1958; see fig. 102 in Hofker

1966) in relation to the current plan of the quarry is indi-

cated in Figure 2.

The Nekum Chalk Member represents Hofker's Zone K.

The uppermost unit of the Maastricht Formation, the

Meerssen Chalk Member, is identified by his Zones L and

M. Hofker's samples H733 and H765 (his fig, 102) are from

unit lVf-7, between the Berg en Terblijt and Vroenhoven

Horizons and represent Zone M. The basal unit of the

Houthem Formation, the Geulhem Chalk Member, is

equated with Zone P. Hofker recognized his Zone N, of Da-

nian age, in the eastern section ofthe quarry, and thought

this zone to be absent in the western section.

Nekurn, Meerssen and Geulhern Chalk
Mernbers

The 1985 sample set (Fig.3), covering the upper part of

the Nekum Chalk Member, the Meerssen Chalk Member

and a major part of the Geulhem Chalk Member, as ex-

posed in the Curfs quarry, were examined by J.P.M.T.

Meessen (ex-RGD) in 1986 for benthic foraminifers (in-

house notes). ldentification of species, zonation and dat-

ing are according to Hofker (1966).

Foram Zone P

The following characteristic species were recognized in

samples 1-8: Karreria fallax, Dentalina fissicostata, Nodo-

saria affinis, Robulus discus, R. klagshammensis, Sigmo-

morphina paleocenica, S. pseudoregularis, Gavelinella

lellingensis and Pararotalia globigeriniformis. This as-

semblage is assigned to the Early Paleocene Foraminifera

Zone P

Foram Zone ll/I

ln samples 9-18, marker species include Tremastegina

roestae llarye specimens with radiate striae on the dorsal

side), Slderolites laevigata and Daviesina ornamentata.

This association is characteristic of Zone M.

Forarn Zone L
Species which characterize Foraminifera Zone L were en-

countered in samples 19-23 and include Linderina visse-

rae, Rotalia trochidiformis, Tremastegina roestae (small

specimens without radiate striae on the dorsal side) and

D av i e si n a f I e u ri a u si lA2-tor ml.

Forant Zone K
The following markers for Foraminifera Zone K were rec-

ognized in samples 24-27: Lituola senoniensis, Linderina

visserae, Pseudoparrella alata, Pararotalia tuberculifera

and Daviesina fleuriausi lBlorml.

Conclusions
The 1986 interpretations of the Curfs quarry foraminifer

assemblages, viz. the Maastrichtian Zones K, L and M for

the Maastricht Formation and the Paleocene Zone P, rec-

ognized in the Houthem Formation, fully agree with the

classic zonal scheme of Hofker (1966). Neither Hofker nor

Meessen mention Early Tertiary forams (Zone N in Hofker

1966) from the topmost Meerssen Chalk, unit lVf-7, in the

western part of the quarry.

KTB interval: the Berg en Terbliit to
Vroenhoven Horizons

The KTB interval, viz. the top of the Meerssen Chalk and

the entire Geulhem Chalk Members, was reinvestigated in

greater detail using a selected number of samples col-

lected in 1996 (Figs 5 and 11). The quantitative method

was used which means that, in a split of the sample, all

specimens and fragments of determinable species were

counted. Afterwards it proved that in this particular case

this method was less suitable for photo-documentation.

Therefore an additional examination was carried out for

sample 11, this time applying a qualitative study of sev-

eral size-fractions.

Determination of the ostracods is after Deroo (1966).

Benthic foraminiferal faunas predominate, while plank-

tonic forams and ostracods are rare. Among the benthics,

Pararotalia tuberculifera is dominant; milioliids and Iarger

foraminifera are scarce. This indicates troubled shallow-

water conditions in an inner neritic setting of less than

30 m depth (Haynes 1981; Lecalvez 1970).

Meerssen Chalk below Berg en Terblijt
Horizon
In general, only smaller foram specimens were found and

the preservation is poor. The joint occurrence in sample 6

oI Tremastegina roestae, Daviesina ornamentata, D. fleu-

riausi, Gavelinopsis bembix and Textularia faujasi indi-

cates a Late Maastrichtian age. The number of indetermi-
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nate forams is fairly high and reworking can not be ex-

cluded. A fairly rich ostracod association in sample 2,

with Kingmaina decocki, Spongicythere koninckiana, Kik-

liocythere labyrinthica, Amphicytherura limburgensis,

Limburgina uhlenbroeki, Veenia pulchella, Limburgina or-

nata and Tumidolebeis /aeyis confirms this age.

Upperrnost Meerssen Chalk above Berg en
Terbliit Horizon
As in the preceding samples, the forams are small and

poorly preserved, The associations are comparable to

those described by Hofker (1966) from his Zone N. Char-

acteristic species include Angulogerina europaea, Gaveli-

nella lellingensis, Rosalina brotzeni and Rotalia sax-

orum/perovalis, which indicate a Danian age. The ostra-

cods Dumontina stellata and Limburgina bilamellosa

bilamellosa confirm this age.

Ouite a number of Upper Maastrichtian forams, and a sin-

gle specimen of the ostracod Limburgina ornatoidella or-

natoidella, are found in this interval; they are considered

reworked specimens.

Conclusions
Above the Berg en Terblijt Horizon, distinctive Danian

foram faunas are found which represent Hofke/s (1966)

Zone N. This interval has not been previously recognized

from the western wall of the quarry (see, for example,

Hofker 1966, fig. 102). Moorkens (1982) and Doppert &

Neele (1983) also assigned Zone N to the Danian. No

drastic faunal change has been observed in the benthic

foraminiferal contents. The same observation was re-

cently made by Witte & Schuurman (1996) from the

nearby Geulhemmerberg caves. A considerable number

of Maastrichtian forams were encountered above the
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Distribution chart of foraminifers and ostracods in the Curfs quarry around the KTB.
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Berg en Terblijt Horizon and most likely represent re-

worked faunas. A major difference between the Curfs and

Geulhemmerberg sections is seen in the composition of

the predominant benthic forams. At Geulhemmerberg the

Cibicides group and sometimes Tappanina selmensis are

very common (Kuhnt 1996; Kuhnt & Kaminski '1996; Witte

& Schuurman 1996) while at Curfs Pararotalia tuberculif-

era is dominant. These divergent observations reflect dif-

ferent palaeodepths: a shallower inner neritic (<30 m),

higher-energy environment at Curfs versus a middle (30-

100 m) to outer 1100-200 m) neritic setting at Geulhem-

merberg.
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Nannoplankton

Nekum, Meerssen and Geulhern Chalk
Members

ln the youngest sediments of the Maastricht Formation

the nannofloras decrease in quantity and quality towards

the Vroenhoven Horizon, probably as a result of diagene-

sis (Cepek & Moorkens 1979). Such diagenesis seems to

be less distinct in the Curfs quarry than in the nearby

Vroenhoven section (Verbeek 1986), although the sample

intervals at Vroenhoven are more closely spaced through

this interval, Reworking of Campanian and Early Maas-

trichtian nannoplankton occurs frequently in the marls of

the Curfs quarry. The distribution of the flora is given in

Figure 12.

The nannofloral associations (for position of samples see

fig. 3) in the uppermost part of the Nekum Chalk and the

lower part of the Meerssen Chalk at Curfs, samples 27

through 19, show a low diversity and are not rich in num-

bers. Solution-resistent species such as Micula decussata

\= Micula staurophoral and Watznaueria barnesae occur

most frequently. These assemblages are similar to the

poorly preserved floras in the youngest part of the ENCI

quarry where the uppermost unit, lVf-7 of the Maastricht

Formation, is absent (Felder 1975).

The species diversity of the nannofloras in the younger

part of the Meerssen Chalk Member is much higher, with

a predominance of Micula decussata, Prediscosphaera

cretacea and Eiffellithus spp. Such nannofloras are com-

parable to those found in the Vroenhoven section.

In the youngest sediments of the Meerssen Chalk, the as-

semblages are moderately preserved due to strong over
growth with secondary calcite. 0n the basis of the bio-

stratigraphically significant species, Lithraphidites quad-

ratus, Nephrolithus frequens and Arkhangelskiella

cymbiformis, this interval is assigned to the latest Maas-

trichtian standard zone, CC26 \Nephrolithus frequens

Zone). This is in agreement with results obtained by Ver-

beek (1983), who dealt with the Campanian to Maastrich-

tian of southern Limburg and adjacent Belgium, and who

concluded that the upper part of the Maastricht Formation

correlates with the N. frequens Zone, now Nannofossil

Zone CC26. The poor nannofloras of the lower part of the

Meerssen Chalk Member, Maastricht Formation, are pro-

visionally assigned to CC25b and CC26 because L. quad-

ralus comes in at sample 23 and N. frequens appears at

sample 21. This may suggest that the likewise poor nan-

nofloras of the Nekum Chalk Member are CC25a.

Samples 1 through 8 are from the Geulhem Member,

Houthem Formation. As usual in this formation, the sedi-

ments contain a considerable amount of reworked Creta-

ceous nannofossils and the floras are poorly preserved.

0nly in sample 2 and 8 were stratigraphically useful spe-

cies found. These include Biantholithus sparsus (F0 NPl ),

Cruciplacolithus tenuis (F0 NP2) and Neocrepidolithus

fossus (F0 NP2) according to Perch-Nielsen (1985) and

Martini & Muller (1986). These species are indicative of a

combination of NP1 through NP4. The relatively high

abundances of Braarudosphaera bigelowii, Markalius in-

versus and Thoracosphaera operculata are another indi-

cation for this zonal assignment because similar high

numbers of B. bigelowii and M. inversus were found in

NP1 and NP3-4 of the Vroenhoven section (Verbeek 1986),

KTB interval: the Berg en Terbliit to
Vroenhoven Horizons

lntroduction
ln a recent work on nannofloras from a supposedly com-

plete KTB section from Geulhemmerberg by Romein et al.

(1996, presented as part of a major multidisciplinary

work: Brinkhuis & Smit, 1996) it was intimated that the

Maastricht Formation, which contains the Berg en Terblijt

Horizon, is at least partly of Early Paleocene age, not en-

tirely Late Maastrichtian as previously thought. This

raises a serious question concerning the validity of the

Maastrichtian stratotype. ln order to test this, nannofossil

analysis of nineteen samples from the nearby Curfs

quarry was carried out (Fig. 5). The examined section con-

tains the Berg en Terblijt and Vroenhoven Horizons, the

latter previously being thought to represent the KTB (e.9.

Cepek & Moorkens 1979; Verbeek 1986). The nannofossil

succession in Curfs quarry revealed an interesting pattern

of reworking. The presence of reworked material is not

particularly surprising since the section lies within a re-

gion of laterally extensive hardground and hiatus forma-

tion, However, the most intensely reworked zone occurs

within the Maastricht Formation.

Na n n ofossi I s u cces s i o n
As explained by Burnett, Bown & Young (in Macleod et

al. 1997, especially fig. 4), the nannofloral succession

across the KTB has been well-documented from numer-

ous successions, and the sequence of events is well-es-

tablished. However, nannofossil biostratigraphic interpre-

tation was not particularly straightforward in the Curfs

quarry, and at least six traverses of each slide were made
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to try to ensure that all elements of the nannofloras were

recorded. This intensive approach was prompted by the

findings of Romein et al. ('1996) in their examination of

samples from the Geulhemmerberg section, just east of

Curfs quarry. lt seems that the small, rare Tertiary ele-

ments (e.9. Neobiscutuml of their three 'Maastrichtian'

samples were not picked up with LM analysis but were

eventually revealed by SEM analysis of the same sam-

ples, although they dismissed a single LM-observed oc-

currence of Neobiscutum romeinii in their lowermost

sample as the result of bioturbation. Romein et al. (1996)

placed little weight on the SEM analyses, intimating that

these Tertiary taxa either were bioturbated down-section,

represented contamination, evolved in the Maastrichtian,

or were exhibiting diachroneity, since there was no evi-

dence of them having evolved in the Maastrichtian of the

complete boundary-stratotype at El Kef, from which they

were originally described (Perch-Nielsen 1981). Since

then, however, communications from various colleagues

indicate that Neoblscufum (but nol Cruciplacolithus) may

indeed first occur (albeit very rarely) in the Maastrichtian

elsewhere.

The nineteen samples analysed from Curfs quarry are cal-

careous sandstones. Although no evidence of bioturba-

tion was observed in the nannofossil whole-rock samples,

this cannot be ruled out. lt should also be borne in mind

that this sequence has been interpreted elsewhere in this

paper as a shallow-water, high-energy deposit. Since nan-

nofossils are the smallest component of the assemblages,

they are the most likely to have been extensively, and

most obviously, reworked. Preservation of the nannoflo-

ras is predicatably poor to moderate, although this did

not generally affect identification of the taxa. Calcareous

sandstones typically contain etched and overgrown nan-

nofossils due to the ease with which pore-waters can cir-

culate through such lithologies, dissolving and redeposit-

ing calcite. lt is therefore possible that certain relatively

delicate nannofossils may have been removed from the

assemblages. This is critical, since these are commonly

the forms which typify the earliest Paleocene, however

this did not particularly affect the interpretation presented

herein. lt should be noted, however, that the tiny size of

these earliest Paleocene coccoliths combined with the in-

credible dilution of the assemblages with reworked Creta-

ceous taxa observed here, makes them extremely difficult

to find with the LM.

Figure 13 is a comprehensive range-chart of the nanno-

fossils recorded from the Curfs quarry KTB section. Age-

indicative Tertiary taxa are highlighted, as are (partially)

reworked age-indicative Cretaceous forms. Figure 14

summarises the sequence of events which are described

below. Nannofossil taxonomy herein follows that pre-

sented in Bown (1998) and illustrations of all of these taxa

can be found in Burnett (in Bown, 1998).

Small forms of Cruciplacolithus primus occur sporadically

throughout the section. This taxon has been used by a

number of authors (e.9. Romein 1979; Perch-Nielsen

1981; Varol 1989) to define the base of a zone or subzone

in the lowest Paleocene but not immediately above the

KTB. Thus, it appears that the secti0n lies entirely within

the lowest Paleocene (i.e. Nannofossil Zones NP1 of Mar-

tini 1971; D2 of Perch-Nielsen 1979; CPla of Okada &

Bukry 1980; NTpIB of Varol 1989). This is in agreement

with Romein et al.'s (1996) tentative SEM conclusions

from the Geulhemmerberg section. Additionally, cocco-

spheres and coccoliths of tiny Neobiscuturn spp. occur

throughout the section. These also have been used to de-

fine subzones in the basal Tertiary (e.9. Perch-Nielsen,

19811. Futyania petalosa was not found in this section,

which constrains the youngest age to NTpl B.

The KTB itself is commonly marked by both the L0 of

abundant Cretaceous taxa (discounting reworked forms)

and the FOs of Biantholithus sparsus andlor Cyclagelos-

phaera alta, often accompanied by a succession of

'blooms' of non-coccolithophore survivor taxa such as

Thoracosphaera spp. and Braarudosphaera spp. Although

both of these latter taxa were consistently present

throughout, 'blooms' were not encountered in the Curfs

quarry section. The F0 of Cyclagelosphaera alta in lhe

Curfs quarry section lies in sample 8, iust above the Berg

en Terblijt Horizon, although it does not occur consis-

tently until sample 16. The only occurrence ol Biantholi'

thus sparsus (8-rayed form) lies in sample 17, along with

the first consistent occurrence of Neocrepidolithus cohe'

nli (a Cretaceous 'survivor' species which increases in

abundance above the KTB). These events seem to be out

of place with respect to the presence of Cruciplacolithus

primus, and suggest that either the immediately post-KTB

basal Paleocene is not represented here or has been re-

worked into slightly younger Paleocene sediments (ignor-

ing the distribution of Neoblscutum and Cruciplacolithus

below this level). The pattern of Cretaceous nannofossil

reworking gives some impetus to this speculation; or that

Biantholithus sparsus, particularly, cannot be used as a

marker taxon here (it is rare in most KTB sections), and

that reliance should thus be placed more heavily on the

presence of Cruci pl acolith us.

Cretaceous nannofossils form the bulk of the nannofloras

in the Curfs quarry section. A sequence of Cretaceous

nannofossil events are shown in Figure 14. Each of these

events represents a well-established marker with virtually

global applicability (they constitute part of the standard

biozonation scheme of Sissingh (1977) and Perch-Nielsen

('1985)). lnterestingly, the events occur upsection in a

retrograde sequence. This is interpreted here as rework-

ing and redeposition of successively older sediments

from an adjacent part of the basin. So, sample 1 is Lower

Paleocene with a CC25b (lower Upper Maastrichtian)
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component, sample 2 has a CC24 (Lower/Upper Maas-

trichtian) component, samples 3 to 6 have a CC23b

(Lower Maastrichtian) component, sample 7 has a CC23a

(Campanian/Maastrichtian) component, and sample 8 has

a CC22c to CC16-17 (Upper Campanian to Santon-

ian/Campanian) component.

Sample 8, lying immediately above the Berg en Terblijt

Horizon, is unusual. This sample also contains the first in-

dubitable earliest Paleocene component lCyclagelos-

phaera altal. So, the controversial interpretation here is

that, just above the Berg en Terblijt Horizon, oldest Cam-

panian to Upper Maastrichtian sediments were continuing

to be redeposited, and oldest Paleocene deposits were

starting to be reworked, presumably from a different part

of the basin, and redeposited at the Curfs quarry location.

Possible confirmation of this is provided by following the

reworking pattern higher up the section. Between samples

7 and 11112, the abundance of nannofossils as a compo-

nent of the sediment is higher than anywhere else in the

section, as is the total number of Cretaceous taxa, possibly

suggesting increased bulking of the sediment with a

T

!s;a
UE
9.833
!!
9!

NPDS

ts

Io
N
Q

z

!6

Uz
Uo
ou
a
G
U

=o

R-

RR

FR
F

iF, .RRf

+
FEI

ffi e-

Figure 13

Distribution chart of nannoplankton in the Curfs quarry around the KTB (JAB, herein).
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greater amount of nannofossils from a wider stratigraphi-

cal range (this does not affect individual abundances of

the taxa, which remain c0nstant at the abundance catego-

ries used). Reworking of obviously Upper Campanian nan-

nofossils continues into sample 16 but younger events

(FOs of Nephrolithus frequens and Micula murus) start to

appear in the interim succession. Thus a new, additional

cycle of reworking appears to have been established, in-

volving zone NTpIA (lowest Paleocene) in sample 8, to

CC26 (uppermost Maastrichtian) in samples 10 and f i,

CC25c (Upper Maastrichtian) in sample 12, and CC25b

(Upper Maastrichtian) in samples 13 to 15.

Sample 15 marks the start of a low to very low nannofos-

sil component of the sediment. There is a marked reduc-

tion in the number of Cretaceous taxa being reworked

into samples 15 to 19, possibly indicating the slowing of

erosion and redeposition of Upper Campanian to Lower

Maastrichtian nannofossils. From sample 17, a Lower

Paleocene assemblage becomes more obvious, probably

because the abundances of these taxa are no longer be-

ing extremely diluted by the Cretaceous component. A

large form of Cruciplacolithus primus was found in sam-

ple 18, which indicates a higher Lower Paleocene zone:

NP2 of Martini (1971), D3 of Perch-Nielsen (1979), and

CPlb of 0kada & Bukry (1980). Sample 18 contains the

last of the majority of Cretaceous taxa.

Discussion
The nannofloral record in the Curfs quarry sequence has

been disrupted by extensive reworking in what has been

interpreted elsewhere herein as a high-energy, shallow-

water environment. Because nannofossils are so small, it

seems likely that this reworking will have manifested it-

self most obviously and extensively in the nannofossil

component. The nannofossil record shows that there is

no doubt that virtually the entire section from Curfs (1996

samples Curfs2-19) contains reworked components.

The nannofossil biozonation of the Curfs sequence hinges

on the presence throughout of Neobiscutum and Crucip-

lacolithus. lt is possible that Neobiscutum is naturally

present in the Maastrichtian but often overlooked be-

cause of its extremely small size. lt is unlikely lhal Crucip-

lacolithus evolved in the Maastrichtian, however. The top-

most Maastrichtian marker laxa, Micula murus, Nephroli-

thus frequens and Lithraphidites quadratus are a I I prese nt

at Curfs, the latter occurring virtually throughout the se-

quence, whilst N. frequens debuts at Curfsl0 (above the

newly-proposed KTB) and M. murus first occurs in

Curfs12. Thus, if one were to ignore the Neobiscu-

tum/Cruciplacolithus evidence, it might be inferred that

the Curfs section is of Late Maastrichtian age upto

Curfsl3 (where N. frequens and M. murus both disap-

pear). lncidentally, the distributions of both of these taxa

would lend greater weight to the argument that the KTB

might lie at the Vroenhoven Horizon, rather than at the

Berg en Terblijt Horizon. However, Verbeek 11986 and Fig

ure 12), found N. frequens to first occur well below this

level (1985 sample Curfs2l) towards the base of the

Meerssen Chalk and well below the Berg en Terblijt Hori-

z0n.

The KTB was originally thought to lie at the level of the

Vroenhoven Horizon (Cufs16). Possible nannofossil argu-

ments to support this might include the L0 of most Creta-
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Sequence of nannofossil events in the Curfs quarry around the KTB (JAB, herein).
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ceous taxa (at CurfslT), along with the F0 of Biantholi-

thus sparsus (at CurfslT), the regular occurrences of Cy-

clagelosphaera alta lfrom Curfsl6), and Markalius inver-

sus, Neocrepidolithus cohenii and Thoracosphaera spp.

(from CurfslT). This interpretation however ignores the

presence of Cyclagelosphaera alta, Neoblscutum spp.,

Cruciplacolithus spp., Neochiastozygus sp., Munarinus

emrei and Lanternithus duocavus below this level.

Evidence from other micropalaeontological groups pre-

sented herein indicates that the Berg en Terblijt Horizon

(CurfsT) represents the KTB. Nannofloral evidence to in-

clude this hypothesis might include the FOs of Cyclag*

losphaera alta, Neochiastozvgus sp. and Lanternithus du-

ocavus lin Curfs8), and possibly th e F0 of Munarius emrei

(in CurfsT). These latter two species are solution-prone

holococcoliths, and it should be noted that their FOs at

this level coincides with an increase in abundance of coc-

coliths which may have produced a buffering effect in the

system so that they were not removed from the assem-

blages above this level. Neither species is particularly

useful as a marker taxon but both are considered to be

Tertiary-restricted. Nan nof loral evidence against the Berg

en Terblijt Horizon being the level of the KTB include the

presence of Cruciplacolithus and Neobiscutum below this

horizon, and the lack of interruption in the distribution

patterns of numerous Cretaceous taxa across this horizon

(the 'normal' pattern being one of reduced abundance of

Cretaceous taxa above the boundary). The apparent FOs

oI Micula murus and Nephrolithus frequens above this

horizon cannot be used because this distribution is not

supported by the data presented by Verbeek (1986 and

Figure 12).

Conclusions
Virtually the section in Curfs quarry, from 2.5 m below the

Berg en Terblijt Horizon to 0.1 m above the Vroenhoven

Horizon, belongs to Lower Paleocene Nannofossil Zone

NTpIB of Varol (1989) and NP1 of Martini (1971). The top

1 m of the section probably belongs to Lower Paleocene

zone NP2 of Martini (1971). The sediments contain re-

worked major Cretaceous and possibly minor earliest

Paleocene components. Nannofossil events through the

Maastricht Formation appear to provide evidence of two

phases of reworking. First, a cycle of progressively

retrograde remobilisation and redeposition, from an adja-

cent part of the basin, of Campanian to Upper Maastrich-

tian nannofloras was established, then, from the level of

around the Berg en Terblijt Horizon, a second, additional

cycle of remobilisation and redeposition of lowest

(NTp1A) Paleocene to Upper Maastrichtian sediments be-

came overprinted on the (continuing) first cycle.

At least part of the Maastricht Formation, and definitely

the Berg en Terblijt Horizon, in this area appears to be Ter-

tiary in nannofossil terms. This is in partial agreement

with the findings of Romein et al. (1996), based on their

SEM study of their samples, which revealed the presence

of small Cruciplacolithus primus and Neobiscufum spp.

throughout the section they studied from the Geulhem-

merberg caves, but is not in agreement with evidence

presented for the other micropalaeontological groups

herein.

The nannofossil data seems to pose more questions than

it answers and, in nannofossil terms at least, it is obvious

that further, and more stratigraphically extensive, work

needs to be carried out in the Maastrichtian type-region,

and that direct comparisons should be made with the KTB

type-section at El Kef. ln particular, it is vitally important

that the precise FOs of the Neobiscutum spp. and Crucip-

lacolithus spp. be established in both areas, so that the

nannofossil interpretations presented herein can be either

strengthened or revised.
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Sporomorphs

lntroduction

The present work deals with the sporomorphs of the Curfs

quarry, and is the last contribution of an inventory series

documenting the Campanian-Maastrichtian chalks of

South Limburg, the Netherlands. Previous results have

been reported from the Gulpen Formation, as exposed in

the ENCI quarry near Maastricht, by Kedves & Herngreen

(1980) and from the l\4aastricht Formation of the Bunde

borehole by Herngreen et al. (1986). The pollen and spore

counts of a provisional examination of six samples (for po-

sition see Fig. 3) from the Curfs quarry are shown in Figure

15. Although the number of sporomorphs was fairly low,

varying between 2 and 44 per slide, a detailed examina-

tion on a second set of 27 samples (Figs 3 and 16) was

thought worthwhile.

During the Curfs examinations, no new taxa in addition to

those already described were encountered, nor were sup-

plementary taxonomic remarks necessary. Therefore, for

all taxonomic details, reference is made to both above-

mentioned papers. The sporomorphs determined during

the present investigation are listed, together with their

abundances and the number of investigated slides, and

summarized in two diagrams (Figs 15 and 16).

Sporornorph stratigraphy

The new results may be summarized as follows.

species limited to the Maastricht Forrnation
below the Berg en Terblijt Horizon
G I e ich e n i i dite s ci rci n i d ites

I n a p e rtu ro p o I le n ites h i atu s

Cycad o p ites cy ca d i o i de s

0culopollis minoris

S e m i ocu I o p ol I i s c ro xto n ae

Semioculopoll is ma astrichti ensis crassi exi nus

Tr u d o po I I is I ativ e r r ucatu s

Tr u d o p o I I i s m a estri chti e n si s

Pseudotrudopollis cf . competitor

P se u d ot r u d o po I I i s c rass i exi n u s

P se u d ot r u d o po I I i s pse u d o a I n o i des

These three Pseudotrudopol/ls species have been found

only up to the Nekum Chalk. 0n the basis ofthe present in-

vestigation, and bibliographical data, the form-genus

Pseudotrudopol/is is a good index fossil for the Maastrich-

tian strata of the Boreal Normapolles sporomorph prov-

ince (Herngreen et al. 1996). P. crassiexinus is characteris-

tic of the Gulpen Formation and the lower part of the

Maastricht Formation, and consequently it seems to be the

most important marker of the Maastrichtian. The signifi-

cance of the number of apertures was emphasized and

discussed in Herngreen et al. (1986). The so-called typical

forms with five apertures appear first and are characteris-

tic of the Gulpen Formation. The four-aperturate forms ap-

pear in younger sediments of the Maastricht Formation.

Kr i ege ri p o I I e n ite s I a ev i g atu s

Pseudoscul a poll is tsch udyi

E I siki po I I e n ites co nv exus

Pompeckjoid aepoll enites d a niensi s

M ag n o p o ro p o I I e n ites kr utzsch i i

S u btri p o r o p o I I e nites a n u I at u s m ae stri chti e n si s

Species of the Maastricht Forrnation above
the Berg en Terblijt Horizon and the Houthern
Formation
Species marked with an asterisk (*) appear in the Hou-

them Formation,

Le i ot r i I ete s t ri a n g u I u s'

Psilatricolpites parmularius. - a characteristic Lower Pale-

ogene species

F el d e ri pol I e n ites tri a n g u I us

Nudopollis endangulatus - this species is very characteris-

lic of the Lower Paleocene spore-pollen assemblages of

Europe

N udo poll is te rmi nal is cretacicus

Jarzenipollenites trinus - taking into consideration pre-

vious data (Stanley 1965; Bratzeva 1969; Jarzen 1976; Ked-

ves 1979), this species can be used as an important index

pollen grain for Lower Danian strata, not only in the Nor-

mapolles, but in the Aquilapollenites Province too.

Pl icapolli s pse u doexcelsus semitu rgi d us.

Vacuopollis pflugii

Tri atri o pol I e n ites co n spi cu u s-

Tri atri o pol I e n ites p o d a g ra ri u s-

Momipites quietus-

Tr i p o ro po I I e n ites s p a ckm a n i i

Ru g utri p o rites b a I i nkae n se mi n o f
S u btri po ro po I I e nites p a I a e o g e n i cu s-

S u btri po ro p o I I e nites f a ci I i s.

P o rtni a g i n a e po I I e n ite s m a a st ri chti e n si s-

C a ry a pol I e n ite s tri a n g u I u s-

Ericipites sp.r

Assernblages around the Berg en Terbliit
Horizon
Unfortunately, most of the above-mentioned species with

top or base occurrences at the Berg en Terblijt Horizon are
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rare or occur irregularly. Also, with respect to the general

scarcity of sporomorphs, it cannot be excluded that future

examinations may slightly extend their range,

From a quantitative point of view, an increase of bisaccate

pollen (A. bilateralis, P spherisaccusand P multesimusl can

be observed, together with more common and regular finds

of Pompeckjoidaepollenites subhercynicus and a temporary

increase of Labraferoidaepollenites bituitus. Within the ge-

nus Minorpollis, marked frequency changes are observed.

Brevaxonate pollen

The occurrence of Brevaxonate angiosperm pollen grains

in the Maastricht Formation (Md) and the Houthem For-

mation, the Netherlands, and the Fish Clay Formation,

Denmark, is summarized below.

Houthem Fish Clay

Fm. Fm.

+

+

+

+

+

+

+

+

+

+

+

+

+

Md Houthem Fish Clay

Fm. Fm.

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

Conplexiopol lis complicatus mi nor

N eotri a ng u I i p ol I i s p i o I e nce nsi s pa rv a

Oculopollis minoris

Oculopollis sp.

S e m i ocul opol I is p ra e di c atu s

Sem i oc u I o pol I i s c roxta n a e

Se m i oc u I o pol I i s d a n ie n si s

Se m i ocu I o pol I i s m a ast ri chti e n si s cr assi exi n u s

Tru d opol I is p a rv otr u d e n s

Tru d o po I I i s tr i a ng u I us

Tr u do po I li s m aestr i c hti e nsi s

Trudopollis bangii

Tru d op ol I i s h o j r u pe n s i s

Tru d op ol I i s I ative r r u c atu s

Cf. Hungaropollis sp.

Pse u dotr u d opol I i s cf . co m petito r

P se u d ot ru d o po I I i s cr assi exi n us

Pse u d otr u d opo I I is pse u d oa I n oi d e s

F e I d e ri p oll e n ite s tr i a n g u I us

Kr i e ge ri pol I e n ites I a evi g atus

H ofke ri pol I e n ites caps u I a

H ofke ri pol le n ites h e m i mech a n i c u s

Pse u dosc u I ap ol I i s tsch u dy i

E I siki pol I e n ites m a a strichti e nsis

E I si ki pol I e n ites co nv ex u s

Po m peckjoi d ae pol I e n ite s stock m a r ri i

P o m pe ckjo i d a e po I I e n ite s subh e rcy n i cus

P om pe ckjo i d ae po I I e n ites d an i e n si s

P o m peckjoi d a epo I I e nites hoj ru pe n si s

Heidelbergipollis sp.

P ecaki po I I i s boh e m i e nsi s

M e g atri pol I is p r eze nsis

N u d opol I is e n d a n g u I atu s

N udopollis terminalis termi nalis

N u d opol I is te rm i n a I is c reta cicus

Nudopollis minutus

I nte rpo I I i s mi cros u ppl i n ge n sis

I nte rpo I I i s s u p pl i ng e nsis

lnterpollis velum

I nte rp o ropo I I e n ites s p.

Minorpollis gallicus

M i n o rp ol I i s h o j str u pensis

M i n o rpol I i s m a e strichti e nsis

Minorpollis minimus

J a rze n i pol I e n ites tri n u s

Jarzenipollenites sp.

Plicapollis conserta

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

Plicapollis serta

Plica po I I i s pse ud oexce ls us m i n or

Pli ca po I I is pse u d o e xcels us tu rgi d us

Pl ic a pol li s pse u do e xcel su s se m itu rg i d u s

Pl ic a pol I i s pseu do excel s u s I uteticu s

Va cu o pol I i s mic roc onc av us

Vacuopollis pflugii

Tri atri o pol I e nites co n spic u u s

Tri atri o p ol I e n ite s I u bo m i r ov a e

Tri atri o pol le n ites pseu d o g r a n u I atus

Tri atri o pol I e n ites pod a gra r i u s

Tri atri o po I I e n ites g r abowska e

Tri atri o po I I e nites takah ash i i

Labr af e r oi d aepo I I e n ite s ru re n si s

Labr af e roi d aepol I en ites pse u do r u re nsis

Labr af e roi d ae pol I e n ite s bitu itu s

La b r af e roi d ae p ol I e n ites i nte rm e d i u s

La b r afe ro i d a e p ol I e n ites g r a n d i s

La b raf e ro i d a e pol le n ites m i n i m us

La b raf e r oi d a epo I le n ites n ee rl a n d ic us

Al ab roi d ae po I I e n ites cy cl oqu i etu s

La b ra po I I is I ab raf e ro i d e s

Labrapollis globosus

Labr a pol I i s r otu n d o i des

Momipites quietus

P I atyca ry a po I le n ites sp.

Myrtaceidites sp.

S p a rg a n i aceoi po I I e n ite s cf . c uv i I I ie ri

Tri po rop ol I e n ites u n d u I atu s

Tri po r o pol I e n ite s r obu stu s r obustu s

Tri po ropol I e n ites f estatu s

Tri po ro po I I e n ites sp ackm a n i i

Tri po ro po I I e n ites costatu s

Tri po ropol I e nite s kl e i n oich i n g i i

R u g u I itri po rites b a I i n ka e nse m i no r

S u btri po ro po I I e n ites co n sta n s c o nsta ns

S ubtri po r o p ol I e n ites a n u I atu s a n u I atu s

Subtriporopollenites anulatus nanus

S u btr i po ro pol I e nites a n u I atus m a e strichti e nsi s

S u btr i po r o poll e n ite s pa I aeo ge n i c u s

S u btri po ro po I I e n ites f aci I is

S u btri po ro po I I e n ites m i c roco nsta n s

Ca ry a pol I e n ites t r i a n g u I us

I ntr atri po ro pol I e n ites cec i I i e n s i s

Po rtn i ag i n a e pol I e n ites sp.

P o rtni agi n ae pol I e nites m a estri chti e n si s

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+
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Restricted to the Maastricht Formation Md

Md + Houthem Fm.

Md + Houthem Fm. + Fish Clay

Restricted to the Houthem Fm.

Houthem Fm. + Fish Clay

Restricted to the Fish Clay

Md + Fish Clay

Evaluation of the quantitative
sporornorph data

The above-mentioned pollen grain data are summarized

as follows:

Both of these changes in the sporomorph assemblages

reflect a cooling trend in the latest Maastrichtian ofthe SE

Netherla nds.

Comparison wath other areas frorn the
Northern Hemisphere

Comparison with other areas is difficult because most

studies deal with assemblages characteristic of other

sporomorph provinces than the Normapolles Province

found at Curfs quarry.

The best-studied terrestrial sections spanning the KTB are

in the Western lnterior of North America, and are within

the Aquilapollenites Province. Compilations of many ear-

lier papers by Nichols (1990), Sweet & Braman (1992) and

Frederiksen (1996) reveal the following:

- At the KTB, representatives of the Aquilapollenites-

plexus and oculata morphogroup (Azonia and Wode-

houseial become extinct in northern areas, and Pro-

teacidites and Tlia wodehouseia have range tops in

the southern areas.

- Generally, a "fern spike" occurs in a short interval im-

mediately above the KTB where spores are dominant

below the boundary. Where angiosperms are conspic-

uous below the boundary, an angiosperm spike char-

acterized by one or two dominant species occurs

above the boundary. The dominant opportunistic taxa

are interpreted to indicate a pioneer vegetation that

dominated the flora following devastation which may

have resulted from the impact of an extra-terrestrial

body.

- There is strong evidence that the KTB event coincides

with a period of increased wetness over most of west-

ern North America which resulted in extensive peat

formation. The temperature curve in Sweet (1990) in-

dicates a shortterm cooling phase at the KTB.

Sporomorph assemblages around the KTB and belonging

to the Normapolles Province were studied by Tschudy

(1970, 1975) and Jarzen (1978) from the Mississippi Em-

bayment region. This area yields Araucariacites, Rugu-

besiculites and Zlivisporis, which are restricted to the Cre-

taceous, and several genera belonging to the Norma-

polles group which decline in Early Tertiary times,

becoming totally extinct in the Early 0ligocene. New

Paleocene taxa include lnterporopollenites turgidus,

Momipites, Triatriopollenites, Polyporopollenltes and bre-

vitricolporate pollen. These pollen floras show greater

similarities to those from Europe than to those from the

North American Western lnterior. Tschudy (1970) thought

the sharp change in sporomorph floras, with the extinc-

tion of many Cretaceous species and the appearance of

Paleocene floras impoverished in species diversity, to be

the result of environmental changes, Jarzen (1978) inter-

preted the marked change at the KTB in Alabama as a re-

sult of the marine transgression.

20

21

12

14

2

21

Maastricht Forntation, Nekurn Mernber
0nly one sample was suitable for quantitative palynologi-

cal study (Fig. 15). The dominance of Minorpollis sug-

gests a Juglandaceae vegetation. 0ther pollen grains in-

dicate Cycadales, Palmae, Fagaceae and Myricaceae.

Maastricht Forrnation, Meerssen Mernber
The samples from the lower part of this member are not

suitable to reconstruct the vegetation type on a palyno-

logical basis. The sporomorphs from the middle and

upper parts indicate an early Juglandaceae-Myricaceae-

Fagaceae assemblage. The saccate and inaperturate gym-

nospermous pollen grains are quantitatively also worth

mentioning.

Danian Houthern Forrnation
The quantitative sporomorph data are essentially identi-

cal with those from the upper part of the Meerssen Mem-

ber. lt may be concluded that, quantitatively speaking, the

character of the vegetation type, as based on pollen and

spore investigations, has not changed across the boun-

dary between the Maastricht and Houthem Formations.

Cornparison vvith Gulpen and Maastricht
Fo rrn at io n a ssern b la ges
A comparison of data from the present examination of the

upper(most) part of the Maastricht Formation with previ-

ous results obtained from the Maastrichtian type area viz

the Gulpen Formation (Kedves & Herngreen '1980) and the

lower part of the Maastricht Formation (Herngreen et al.

'1986), reveals some distinct trends:

1. Spores: in the Gulpen and lower part of the Maastricht

Formation spores occur in fair diversity, however in

low percentages. ln the upper part of the Maastricht

Formation a strong decrease in species variety and in

numbers is found.

2. Classopollis spp.-Classoidites: this plexus reached

maximum values up to 30% in the Gulpen Formation

and decreased to 5% in the overlying lower(most) part

of the Maastricht Formation, The present investigation

shows that representatives of this complex are virtually

absent in the upper part of the Maastricht Formation.
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Beeson (Beeson 1992; Beeson et al. 1993; Beeson et al.

1994) discussed the detailed quantitative analyses of ter-

restrial palynomorphs across a (?nearly) continuous ma-

rine KTB at the Brazos River locality, Texas. He concluded

that the KTB is not marked by extinctions; the sporo-

morph signature across the KTB interval shows a series

of species disappearances before and after the boundary.

A malority of fern spore spikes are associated with an ex-

tinction interval beginning about 50,000 years after KTB

time, these extinctions are similar in composition to those

at the KTB in continental sections. Kumar (1992), likewise

dealing with outcrop sections in Texas, suggested the

changes in the composition of the sporomorphs to be

more due to ecological than evolutionary changes.

Unfortunately there are no complete KTB sections on the

Gulf and Atlantic Coastal Plains, where sporomorph bio-

stratigraphy has been carried out, with one possible ex-

ception: the dissertation by Beeson (1992) mentioned

above (pers. comm., N.0. Frederiksen, USGS, to GFWH,

October 21, 1997).

In addition to North America, the KTB section at El Kef,

Tunisia was studied in detail by M6on (1990, 1991). ln

Maastrichtian times, northern Africa was at the transition

between the boreal Normapolles and the equatorial Pal-

mae provinces (Herngreen et al. 1996). Until the end of

the Maastrichtian the spores and Araucariaceae pollen

\Ara uca ri acites austral is and I n a pertu ropol le n ites u nd ul a -

tus) were the most abundant. The Danian shows an in-

crease in monolcolpates (Palmae), triporates (particularly

Juglandaceae) and Normapolles pollen. There is an im-

poverishment of species diversity during the Late Maas-

trichtian: the extinctions are not compensated for by ap-

pearances. Below the KTB, the assemblages have a mixed

character of species recorded from tropical Africa-South

America and species of boreal Laurasian affinity. The

Paleocene microfloras are dominated by European taxa,

especially Normapolles species. Meon (1990, 1991) con-

cluded that the climatic influence on the vegetation is

clear, however the changes become manifest over a long

period, ln her opinion, the palynofloral change appears to

have been gradual and catastrophic events were not re-

corded.

ln the tropical regions, there is a gradual change rather

than a catastrophic elimination of taxa across the KTB

(Tschudy 1984; Herngreen, 1998), The assemblages from

northern South America and Central Africa are character-

ized by Palmae and mangrove taxa such as Mauritiidites,

P roxa pertites and S pi nizonoco I pites.

Dealing with land plant evidence Hickey (1981) concluded

that geographically uneven and generally moderate lev-

els of extinction and diversity change in the land flora

contradict the hypotheses that universal biotic catas-

trophic events, caused by an asteroid, cometary impact or

a supernova terminated the Cretaceous. Similarly, Her-

man & Spicer (1997) reported that the floral change near

the KTB is gradual and may in all likelihood be due to

longterm climatic fluctuation and evolutionary change.

The evidence from North American leaf floras (Wolfe &

Upchurch 1986) points to a sudden, dramatic event at the

KTB. Data from the land biota support, in their opinion, a

brief lowtemperature excursion, resulting from a bolide

impact, The pattern of change across the boundary seems

to indicate climatic changes rather than extinctions.

Conclusions

The aim of this research program was to establish the

sporomorph characteristics of the upper part of the Maas-

trichtian in the type area near Maastricht, the Nether-

lands.

The limestone layers are generally poor in spores and

pollen grains. However, by investigating a number of

slides, the most important taxa from a stratigraphical and

palaeoecological point of view have been recorded.

The sporomorph data are sufficient to characterize the

Maastrichtian and Danian sediments. As index fossils for

the Maastrichtian and for the Danian Pseudotrudopollis

spp. and Jarzenipollenites trinus can be mentioned, re-

spectively.

There is a gradual change in the composition of the Bre-

vaxones pollen group from the base of the Maastrichtian

up to and including the Danian. However, there is no indi-

cation for a drastic change in the character or composi-

tion of the vegetation at the KTB. The number of so-called

Tertiary elements increases during the span of time repre-

sented by the Maastricht and Houthem Formations.

The decrease of spores and disappearance of the C/asso-

pollis-Classoidites plexus in the upper(most) Maastricht

Formation are interpreted as a cooler phase. Similar cool-

ing trends were found in the Northern Hemisphere in

western North America (Sweet 1990), northern Africa

(M6on 1990, 1991) and southeast China (Song Zhichen &

Huang Fei 1997).
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Surnmary of results

Typical CretaceousiTertiary boundary (KTB) clay layers

were recently described from the Geulhemmerberg caves,

South Limburg, the Netherlands (papers in Brinkhuis &

Smit 1996), for location see Figures 1 and 2. ln that multi-

disciplinary (micro)palaeontological, sedimentological,

geochemical and paleomagnetic study the KTB is posi-

tioned at the Berg en Terblijt Horizon. ln the nearby Curfs

quarry some thin and pale clay layers occur in a similar

stratigraphic position just above the Berg en Terblijt hard-

ground Horizon (Felder & Bosch, in press) in the basal part

of unit lVf-7 of Felder (1975), see Figure 5. lVf-7 is the top-

most unit of the Meerssen Chalk Member and is bounded

at its top by the well known Vroenhoven Horizon, a hard-

ground separating the Maastricht and Houthem Forma-

tions and traditionally considered to represent the Creta-

ceous/Tertiary boundary in Limburg. ln addition to a bio-

stratigraphical examination of widely-spaced samples of

the entire Curfs section, a detailed micropalaeontological

investigation was carried out on the interval around the

Berg en Terblijt to the Vroenhoven Horizons.

Stratigraphically diagnostic dinoflagellates, benthic fo-

raminifera and some ostracods indicate a Late(st) Maas-

trichtian age of the sediments below the Berg en Terblijt

Horizon and an Early Danian age above the hardground.

This horizon is furthermore characterized by the sharp in-

flux of bryophyte spores and the first appearance of the

Paleocene sporomorph Jarzenipollenites trinus. The nan-

nofossil results are difficult to interpret and suggest that

the section from 2.5 m below the Berg en Terblijt Horizon

to 0.1 m above the Vroenhoven Horizon should be attrib-

uted to the Lower Paleocene NP1 Zone of Martini (1971)

and NTpIB Zone of Varol (1989). A similar disagreement

between nannoplankton and other micropalaeontological

groups about the precise biostratigraphic position of the

KTB was apparent in the Geulhemmerberg section (see in

particular Romein et al. 1996 and Smit & Brinkhuis 1996).

The Curfs palynomorph assemblages and the benthic fo-

raminifera faunas point to a relatively marginal marine in-

ner neritic depositional setting. Particul arly Pararotalia tu-

berculifera is indicative of a high-energy environment at

less than 30 m waterdepth.

The present biostratigraphic results from all disciplines

involved suggest a gradual change across the KTB, there

is no proof for the often alleged mass extinction at the

end of the Cretaceous.

Foraminifera and nannoplankton analysis show consider-

able reworking. The nannoflora evidence is most detailed

and indicates two phases. First, a cycle of progressively

retrograde remobilisation of Upper Maastrichtian to Cam-

panian nannofloras observed from 2.5 m below the Berg

en Terbli.it Horizon and upwards. The second cycle of low-

est Paleocene to Upper Maastrichtian sediments is from

around the Berg en Terblijt Horizon and is superimposed

on the continuing first cycle. lt is thought that this rework-

ing reflects differential tectonic movements of the block-

faulted basement as demonstrated by Bless (1991) in NE

Belgium and the SE Netherlands, in particular the Lixhe-

Voeren and Thermae Blocks,

The sequence boundary at the Caster Horizon is corre-

lated to the sea-level fall of cycle TA1.1, and at the Vroen-

hoven Horizon to cycle TA1.2 of Haq et al. (1988).

Sporomorph results from the Maastricht Formation indi-

cate a distinct cooling trend towards the KTB.

Finally, it should be stressed again that the biostrati-

graphic KT boundary falls within the topmost part of the

Maastricht Formation. The lithostratigraphic boundary

between the Maastricht and Houthem Formations, which

was thought for decades to coincide with the Creta-

ceous/Tertiary boundary, is within the earliest Danian.
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Plate 1

ln the de.scriptlon o.f the dinoflagellates (p,ho-
to-plate 1-4) the follqwing data ar:e pfeaen-
ted: gpecies name, Eample, slide number, co-
o rdin€te$, mcl g nlfieAtion, f oeuls and remarkrs.

t-2
Adnatosphaeridium buccinumr eURF|TB; 6, 3791A2.6, 25Ax high-

low

3

Allso..systa cJ reticula6, eURflq, 6, 4ffi1A68, 400x, high

4-C

Areo'ligera spp", FqDASt 2, 3991032, 250x, highlpw

6

Ca ligodiniu m acer at, eU RFl A, i 3 1 A fi80, 1r00xi ni d

7

kligo.dinium l'sp. ,. RGD23, 1,413991, 400x

8.9

Carpatella aornala, CUfrFlli T, 4A01A2A, 400x;:higfi-tow
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PIate 2

1

CarpatellaT sp., CURF17B, 1, 437982,400x, precingular

archeopyle

2

Cordosphaeridium fibrospinosum, RGD03, 2, 3901073, 250x, mid

J

Cri broperidi ni um wetzelii, R GD 1 5, 1, 408 1 082, 400x, m id

4

Cribroperidinium sp. A in Brinkhuis & Schi4ler, 1996, RGD|5, 1,

443977,400x, mid

5

Cyclapophysis monmouthensis, CURFl3, 2, 379939, 250x, mid

6-7

Cyclapophysis cf. monmouthensis, RGD 1 7, 1, 382 1 036, 250x,

high-low

I
Damassadinium californicum, CURF 1 0, 1, 3851 080, 250x, high

o

Damassadinium californicum, CU RF 1 0, 3, 400997, 250x, high
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1

DAmassadin ium oal if oirn icu rn, Ct) EF fi , g, 4009W, 25A)t, I ow

2

Eib'roct6ta axia I is, C U RF'l 0, 1, 360 I W 250x, n id

3

Glaphyrocysta perJorata and Hystriehokolpoma bulbosa. PGD032

2,3991038, 250x, mid

Hystrichosphaeridium tuhifefum, CURF\3, 2, 3231005, 400x, low,

darsql viaw

*6
Lantornosphaeridium reinha.rdtii, CURF 10, 2, 362W2, 254x,

high-low

7

N:olthid irriu m pe rforatu m in !.yilson, 7974 r/= I{aonorth i.dium

perfotaLu m' M arhe:ln e ckc I 992), C U RF 07 A, 6, 28599 1, 400x, h ig h

&9

Palynodinium grallator, FG D1 5-, 1, 419f042, 4AA4, high:1qta/.
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Pl6t6 it

1

P:qralecanialla indeht€ta, CUFFo-7A, 8, 412fi88r 40Ax, mid

2

Otigosphaeri{i u m pulgherrim um, RGD08, 1, 423:1 0 12, 400x, htgh

3-4

Senoniasphaer'a inornata, CURFI8- 1, 441972, 4A0, high-low

5

$liortgodinium sp., RGD05, 2, 3991078, 26Ax; mid

6

Thalassiphora bononiensis, CURF07B, 1, 4251061, 250x, mid

7

Thalawiphora pelagioar sa. nsu H&n sen 1 9:fi , CA R F I 0, 1, 4 1 A96E

25Ax, rnid

8-9

Di naeyst p:76vf5ipnally' assigned to lhe Xenicodiniuffr.

Tectatod inium plexu s, CU RF 1 0, 6, 2909W, 400x, optica I section

and arehespile

1A,

Cassloulosphaerldia ? inicrmedia, R G D05, 2, 32 5 1 U1, 250x, n i
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Plate 5

All foraminifers and ostracods as illustrated
in plates 5 and 6 are mounted in a single
slide, number FO-97-OO1. The nurnbers as
Iisted after the species narne and author
indicate, respectively, sarnple nurnber (see
Fig. 5), cellule of the Plumrner distribution
slide and magnification.

1

Textularia faujasi Beuss 1861; 2, 01,70x

2

Arenobulimina cuskleyae Brotzen 1948; 11, 02, 70x

6

Pararotalia tuberculifera (Reuss 1862); 3, 06, 70x

10

Gavelinella danica (Brotzen 1940;3, 10,70x

tt

Bulimina stokesi Cushman & Renz 1946; 10, 11, 140x

12

Rotorbinella matiae (van Bellen 1946); 1, 12,70x

13

Gavelinopsis bembix /Marsson 1878); 11, 13,70x

16

Bolivinoides australis Edgell 1954; 11, 16, 140x

19

Cibicides mariae (Jones 1852); 11, 19,70x

3-4 14

Mississippina binkhorsti (Reuss 1862); 2, 03,70x;2, 04,70x Anomalinoides acuta (Plummer 1926); 11, 14,70x

515
Nummofallotia cretacea /Sch/umberger 1899); 10, 05,70x Tappanina selmensis (Cushman 1933); 2, 15, 140x

717
Reussella cimbrica (Troelsen 1937); 11,07, 140x Cibicidoides alleni (Plummer 1926); 11, 17,70x

8-9 18

Tremastegina roestae /Visser 1950; 2, 08,70x;2,09,70x Nonionella troostae /yisser 1950); 13, 18,70x
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Plate 6

I

Allomorphina halli Jennings 1936;2,20, VAx

2

Rosalina brotzeni Hofker 1961; 11, 21, 140x

3

G u em belitria eretacea C u sh m a n 1 933 ; 1 1, 22, 1 40N

4

Daviesina oi'nam eifiata Hpfkw 1962; 10, fi, VAx

5

Rotalia. pBrovaliB lTerqaem f882l/; I 1, 24; 14AX

b

Ceratobulimina sp; 1 1, 25, lbx

7

Daviesi na f ieuriia u si fa rna B M'A; rbig ny l 82 6); 1 1, 26, 70x

I
Dumontina stellata Deroo 1966; 11, 27,70x

o

'Spongicythere koninckiana (Basquet 1847); 2, 28, Vlx

10

Limburgina ornata t'Bosquet 184il; 11, 29, ,70x

11

SemicytherettA olega0e fBosquet 18:47);2, 3A, 70x

12

Tu m idoleberis laevis /van lleen I 93fl ; 2, 3 1 

^ 
70x

13

Spinoleberls eximioldes {ra*n WEn lggf,l; 1'1,32,70x

,14

Oertliel la binkhorsti (van Veen 1 936) ; 1 1, 33, 70x
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