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Abstract 

Jurassic shallow marine to non-marine depositional sequences are among the most important economic targets in the North 
Sea. Detailed, 'high resolution' stratigraphy of these sequences has become a necessity in both predictive geological explo
ration models as well as in production reservoir models. In these paralic sequences, palynomorphs are the most abundant 
(micro) fossil group. Palynology is increasingly challenged to improve the biostratigraphic control, and to support the se
quence stratigraphical framework. Based on a recently developed, conceptual Sporomorph EcoGroup model, the quantitative 
distribution patterns of terrestrial palynomorphs are grouped in six Sporomorph EcoGroups (SEGs), viz. Upland, Lowland, 
River, Pioneer, Coastal, and Tidally-influenced SEG. Application of the SEG model to data from a marginal marine, upper
most Callovian - Middle Oxfordian section of NAM well F17-4 from the southern part of the Central North Sea Graben al
lows the recognition of sea-level fluctuations and climate changes. A marked palaeoclimatic shift occurred in the earliest Mid
dle Oxfordian. The relatively cool-subtropical, humid climate changed into a warmer, subtropical-tropical, drier climate. The 
sea-level reconstructions based on the SEG model are validated against a latest Callovian - Earliest Oxfordian depositional se
quence. 

Keywords: palynology, exploration geology, Late Jurassic, sequence stratigraphy, palaeoclimate, sea level. 

Introduction 

From an economic viewpoint, the Jurassic contains 
the most important offshore plays in the North Sea, 
and a number of these are characterised by paralic 
deposits (Brown, 1990, Ziegler, 1990). Since the 
North Sea area is a mature hydrocarbon province, 
there is an increasing need for biostratigraphic con
trol, characterisation of the depositional environment, 
and recognition of correctable horizons in subsurface 
geology. In particular, a sequence stratigraphic frame
work may provide support for the identification of the 
controls and distribution of Jurassic - Early Creta
ceous paralic reservoirs (e.g., Partington et al, 1993a 
and b). This involves a solid correlation to the (ma

rine) stratigraphical standards, and the recognition 
and accurate dating of marine floodings. However, in 
particular in paralic deposits, shallow marine and ter
restrial calcareous microfossils are most often absent, 
while marine palynomorphs (dinoflagellate cysts, 
acritarchs) are scarce or also absent. In contrast, ter
restrial palynomorphs (spores, pollen) are abundant. 

It is generally accepted that, notably within terres
trial to marginal marine settings, relative frequency 
changes within successive sporomorph assemblages 
predominantly reflect changes in the palaeovegetation 
rather than differences in transportation, preservation 
or sedimentation (Muller, 1959; Chaloner & Muir, 
1968; Heusser, 1979; Traverse, 1988; Van Konijnen-
burg - Van Cittert & Van der Burgh, 1996; Abbink, 
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1998; Abbink et al, 2001). In Quaternary palynology 
this relationship is successfully applied in the identifi
cation of local and regional environmental change. In 
the Neogene and even in the Paleogene, identification 
of part of the sporomorph assemblages still enables 
direct floristic comparisons with extant plant commu
nities and forms a sound basis for the introduction of 
palaeocommunity models that may enable the envi
ronmental interpretation of sporomorph distribution 
patterns (Poumot, 1989, Van der Zwan & Brugman, 
1999; Van der Zwan, 2002). 

For the Mesozoic, based on actualistic principles 
including plant strategies (see Grime, 1979), one may 
assume the presence of distinctive habitat-bounded 
palaeocommunity types, each of which is charac
terised by taxa with broadly similar ecological prefer
ences. These palaeocommunity types can serve as a 
palaeoecological framework for a conceptual Sporo
morph Ecogroup model of co-existing sources of dis
persed spores and pollen. In such a conceptual mod
el, six Sporomorph EcoGroups (SEGs) for the NW 
European Jurassic - Early Cretaceous may be estab
lished, viz. the Upland, Lowland, River, Pioneer, 
Coastal, and Tidally-influenced SEG (Abbink et al., 
2004, see also Fig. 6). Since the type of vegetation re
flected by the SEGs is governed by two principal con
trols, geography and climate (see Abbink et al., 2004) 
shifts in (1) the relative abundance of SEGs, and (2) 
the quantitative composition of individual SEGs may 
be expected to be indicative of changes in geographic 
setting and/or climate. In this way, the SEG model 
can be used for the recognition of sea-level fluctua
tions and climate changes in paralic settings. In this 
paper, the SEG model is applied to the palynological 
data from well F17-4 of the Nederlandse Aardolie 
Maatschappij B.V. (NAM).This well was selected be
cause of its relatively unique palynomorph assem
blages (Abbink, 1998). In addition to a high terrestri
al influx, the palynomorph assemblages contain a dis
tinctive marine signal that can be used for detailed 
age-assessment and to further substantiate the 
palaeoenvironmental interpretations. 

Exploration well F17-4 

Material 

NAM well F17-4 has been drilled in June 1982 as an 
exploration well in the southern part of the Central 
North Sea Graben, in the offshore of The Nether
lands (Fig. 1). The Central Graben acted as one of 
the main centres of deposition during Late Jurassic 
and Early Cretaceous times (Ziegler, 1990). In the 
South Central North Sea Graben (the southernmost 

Fig. 1 Simplified representation of the structural outlines of the 
Late Jurassic basins and location of well F17-4 (slightly modified 
after unpublished NAM information). 

extension of the Central Graben), deposition is con
sidered to have been generally paralic during the Late 
Jurassic and marine during the Early Cretaceous 
(Herngreen & Wong, 1989; Ziegler, 1990; Van 
Adrichem Boogaert & Kouwe, 1993). Furthermore, 
the sedimentary succession was affected by various 
tectonic events causing breaks in deposition (Ziegler, 
1990). 

The Upper Jurassic - Lower Cretaceous lithostrati-
graphic scheme given in Van Adrichem Boogaert and 
Kouwe (1993) is followed. A simplified well-log of 
well F17-4 is given in Fig. 2, in which the positions of 
cuttings samples (sample code CT), side-wall sam
ples (sample code SW) and cored intervals (sample 
code CO), the lithology and lithostratigraphy are in
dicated. The base and top of the investigated interval 
of well F17-4 are formed by two distinct unconformi
ties at 2411m and at 2572m separating the interval 
from overlying Lower Cretaceous and underlying 
Lower Jurassic sediments, respectively (Van 
Adrichem Boogaert & Kouwe, 1993; Abbink, 1998). 
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Fig. 2 Compiled well-log of well F17-4 with age-breakdown and important dinocyst events. Well-log legend is after SIEP (1995). 

Methods 

Sample processing 
Samples from well F17-4 were processed in the NAM 
laboratory using palynological standard techniques. 
All samples were treated with heavy liquid separation 
(ZnBr2) and the sample residues were sieved using a 
15 u.m metal precision sieve. For the slides, glycerine 
jelly was used as a mounting medium. 

Sample analysis 
All samples were analysed qualitatively and quantita
tively. The quantitative analysis consisted of two steps. 

In the first step, nine categories of palynomorphs, 
viz., alete bisaccate pollen, spores/pollen (others), 
acritarchs, organic-walled dinoflagellate cysts (dino-
cysts), reworked palynomorphs, fresh/brackish water 
organisms, foram remains, fungal remains and animal 
remains have been counted up to a total of 100 speci
mens. The second step consisted of counting sepa
rately spores/pollen (except alete bisaccate pollen) 
and aquatic palynomorphs (dinocysts and fresh/ 
brackish water organisms) up to 150 specimens of 
each group, if possible. Consequently, the quantita
tive important sporomorphs are grouped according to 
the SEG model. Dinoflagellate cyst taxonomy corre-
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sponds to that cited in Lentin et al. (1998). The 
sporomorph taxonomy is cited in Abbink (1998).The 
material is stored in the collection of the NAM B.V., 
Assen, The Netherlands. The full palynological 
dataset (major palynomorph groups, quantitative im
portant spores and pollen, qualitative palynology) of 
well F17-4 is available on request in MS-Excel format 
from the corresponding author. 

Age-assessment of well Fl 7-4 

The age-assessment of the studied interval of well 
F17-4 is based on First Occurrences (FOs) or Last 
Occurrences (LOs) of dinocysts. The stratigraphic 
ranges of the dinocyst given below are according to 
Riding and Thomas (1992) unless otherwise stated. 
Important biostratigraphic events are given in Fig. 2. 
The age-assessments are based on data from side-wall 
(SW) samples and core (CO) samples. The Boreal 
stratigraphy and the Standard Boreal Ammonite 
Zonation followed here are based on data in Cariou 
and Hantzpergue (1997). 

Rigaudella aemula, present in sample 2422.00mSW, 
has its LO at the top of the Middle Oxfordian. Fur
thermore, Partington et al. (1993b) report the pres
ence of an acme of this species at his J52 flooding 
which falls within the densiplicatum Zone in the North 
Sea region. Since this species is rare throughout the 
investigated interval but occurs in relatively high 
numbers in sample 2422.00mSW, this sample is cor
related with the J52 flooding of Partington et al. 
(1993b) and, ensuing, the densiplicatum Zone (early 
Middle Oxfordian). 

An Early Oxfordian age is attributed to the interval 
between 2470 m-2528.5 m. This is based on the LO 
of Wanaea acollaris in sample 2470.00m which is re
ported to coincide with the top of the Early Oxfor
dian (cordatum Zone). In addition, Endoscrinium 
luridum of which the FO has been reported from the 
top of the cordatum Zone has its FO in this sample. 
Furthermore, the FO of the Systematophora areolata 
group is in sample 2486.OOmSW. This event has been 
reported from the base of the cordatum Zone. Be
tween the latter sample and sample 2525.00mSW, the 
side-wall samples are not productive. However, based 
on the sequence stratigraphic interpretation, the base 
of the cordatum Zone is correlated to depth 2515m 
(see below). 

A Late Callovian age is inferred for the interval be
tween 2533 m-2570 m. This age-assessment is based 
on the common occurrence of Dichadogonyaulax sell-
woodii and the LO of Durotrigia filapicata. Various au
thors have reported Dichadogonyaulax sellwoodii from 
Oxfordian sediments, but the relatively large numbers 

encountered in the side-wall and core samples from 
the interval 2533.00 mSW-2556.40 m point to a 
Callovian age, since, according to Riding & Thomas 
(1992), the species has its last common occurrence at 
the top of the Callovian. This is corroborated by the 
LO of Durotrigia filapicata in sample 2542.00m. The 
LO of this species is generally accepted to correlate to 
the top of the Late Callovian. 

Herngreen et al. (2000) assign an Early Oxfordian 
cordatum Zone age to the lowermost core in F17-4 
(Herngreen et al., 2000, p. 17 and 19).Their interpre
tation is based on a single occurrence of Leptodinium 
subtile in core sample 2548.00 m (Herngreen et al, 
2000, Enclosure 2) which has cordatum Zone FO 
(Riding & Thomas, 1992). This age interpretation 
contradicts the latest Callovian lamberti Zone age giv
en here. After discussion between G.F.W. Herngreen 
and one of us (OAA), there is a general consensus 
that the latest Callovian lamberti Zone age interpreta
tion is preferred (Herngreen 2003, pers. comm.). 
Apart from the biostratigraphical information pre
sented here, this age interpretation is also based on 
additional information. The log characteristics of the 
lower part of the studied interval of F17-4 are rela
tively specific, and reflect the occurrence of a coal lay
er couplet which defines the base of the Middle 
Graben Formation (Herngreen & Wong, 1989; Van 
Adrichem Boogaert & Kouwe, 1993). These coal lay
ers are present in F17-4 at 2522m and 2530m (Fig. 
2). The coal layers, and, hence, the base of the Middle 
Graben Shale Formation or its southward equivalent, 
are confirmed as a solid correlation level in a number 
of wells from the southern part (e.g., wells L05-3, 
F17-3, F17-4) to the northern part (e.g., wells F l 1-1, 
F l l - 2 , F03-1, F03-3) of the Dutch Central Graben 
(Herngreen& Wong, 1989; Van Adrichem Boogaert & 
Kouwe, 1993; Abbink, 1998; Herngreen et al, 2000). 
The age of the boundary between the base of the 
Middle Graben Formation and underlying Lower 
Graben Formation is confidently dated as the bound
ary between the earliest Oxfordian mariae Zone and 
the latest Callovian lamberti Zone (Herngreen & 
Wong, 1989; Van Adrichem Boogaert & Kouwe, 
1993; Abbink, 1998; Herngreen et al, 2000). Since 
the studied lower core is directly below this boundary, 
a latest Callovian lamberti Zone age interpretation is 
concluded. 

Climate 

Callovian - Oxfordian palaeoclimate 

The palaeoclimate of the Northwest European 
Callovian - Oxfordian is conceived as a warm-tem-
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Fig. 3. Literature data and climate curves based on the Lowland SEG.W/C ratio = Warmer sporomorphs versus Cooler sporomorphs of the 
Lowland SEG. Note that to the right is relatively warmer and drier. See text for further explanation. 

perate to subtropical, relatively humid climate (Hal-
lam, 1984, 1985, 1994;Vakhrameev, 1991; Frakes et 
al, 1992). During the Middle Jurassic, the climate is 
considered relatively cooler and more humid than 
that of the Late Jurassic (e.g. Hallam, 1984; Frakes et 
al, 1992).The higher temperature and, in particular, 
the aridity reached their peak in Northwest Europe 
during the Kimmeridgian and Portlandian (e.g. Hal
lam, 1984;Wignall & Ruffel, 1990; Ruffel & Rawson, 
1994). The Callovian - Oxfordian mark the change 
from the Middle Jurassic to the Late Jurassic climate 
conditions. This change is usually considered gradual 
(compare Frakes et al, 1992, their Fig. 7.3). Howev
er, more detailed analysis suggests a more 'step-wise' 
change of the climate (Hallam, 1984, 1994;Wignall & 
Ruffel, 1990) and within the Callovian - Oxfordian 
time-interval several phenomena related to such 
'steps' are described. One phenomenon was the swift 
northward progression of coral reefs in the Oxfor
dian, indicating a significant warming in this period 
(Arkell, 1956; Hallam, 1994). Furthermore, studies 
in the former USSR show that there was a rapid, cli
mate-induced floral turnover. Vakhrameev & Dolu-

denko (1976) placed this turnover at the Middle -
Late Jurassic boundary, i.e. at the Callovian - Oxfor
dian boundary. In addition, Vakhrameev (1981, 1991) 
reports that the subtropical belt of the former USSR 
and Asia advanced 15-20 ° northward in the Early -
Middle Oxfordian. However, the fact that all studies 
imply that this climate change occurred relatively 
rapid and was significant, suggests that such a climate 
event is present within the Late Callovian - Middle 
Oxfordian. Another indicator for this event may be 
found in the studies of clay minerals by Rioult et al. 
(1991). The clay mineral curve of Rioult et al. (1991) 
is depicted in Fig. 3. Within the basal part of the den-
siplicatum Zone (early Middle Oxfordian), illite and 
kaolinite are almost totally replaced by smectite. 

Although there are several problems surrounding 
the use of clay minerals as climate indicators (e.g. 
Hallam et al, 1991), smectite is considered an indica
tor for a more arid and possibly warmer climate (Ruf
fel & Rawson, 1994). The inception of smectite falls 
within the Calcaire d'Auberville below the maximum 
flooding surface (MFS) of sequence 150.2, within the 
basal part of the densiplicatum Zone. Partington et al. 
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(1993b) correlate their J52 flooding with the MFS of 
sequence 150.2. This means that a climate change to 
more arid and warmer conditions would be present in 
the upper part of the studied section of well F17-4 
within the densiplicatum Zone, below the J52 flooding, 
hence, between 2422m and 2470m (Fig. 3). 

Climate interpretations based on the SEG model 

Around depth 2454m (within the upper core) a sig
nificant palynofloral turnover is reflected by the 
quantitative distribution pattern changes of the Low
land SEG (Fig. 3). In general, humid taxa are re
placed by relatively drier taxa. The association shifts 
from Perinopollenites spp. dominated between 2454m 
and 2570m to associations dominated by Monosulcites 
spp. with as rising minor constituent Concavisporites 
spp. between 241 lm and 2453.65m.The strong dom
inance of Perinopollenites spp. (taxodiaceous conifers) 
indicates the presence of relatively cool subtropical, 
humid climate with a relatively large amount of pre
cipitation/air-humidity. The high abundances of the 
Monosulcites spp. (cycadaleans/bennettitaleans) and 
Concavisporites spp. (matoniaceaeous ferns) indicate a 
relatively warmer subtropical, drier climate. In Fig. 3, 
this change is depicted through the Warm/Cold 
(W/C) ratio. The change in quantitative distribution 
patterns of the sporomorphs is also present in the cut
tings samples (2430mCT, 2440mCT and 2450mCT; 
see Fig. 3). It is unlikely that this quantitative data is 
the result of caving, since the overlying interval 
(2411m and higher) is marine (Abbink, 1998; NAM 
information). Therefore, these samples are taken into 
account in Fig. 3. Furthermore, this indicates that 
palaeoenvironmental changes on such a time-scale 
are recordable in cuttings samples. 

For several reasons, the floral change cannot be as
cribed to a local change in the palaeoenvironment on
ly (Abbink et al, 2001).The presumed rise in temper
ature and the precipitation decrease are unlikely to 
have been local events. Furthermore, the interpreted 
palaeoenvironment precludes the lateral existence of 
different types of lowland forest vegetation. This 
points to the suggested replacement of the Lowland 
SEG in time. Finally, this presumed change in palaeo-
climate appears to be unrelated to both the lithos-
tratigraphy/sedimentology or to the described cycles/ 
sequences (compare Figs 3 and 4). 
Our data point to a marked palaeoclimatic shift in the 
earliest Middle Oxfordian (Fig. 3). The relatively tem
perate subtropical, humid climate changed into a 
warmer, somewhat drier subtropical climate. This is 
in accordance with the prediction based on smectite 
abundances (Abbink et al, 2001). 

Sea-level fluctuations 

Well log interpretation 

The lithology of the investigated interval consists of 
cyclic deposits. Each cycle starts with shales overlain 
by sandstones. Thin coal beds may be present on top 
of these sandstones. Three cycles may be recognised 
in the studied interval (I - III, Fig. 4) based on sedi-
mentological interpretations (NAM information) as 
well as the gamma-ray (Gamma Ray) and sonic logs 
(BCSL). Taking into account the durations of the cy
cles based on the age-assessment, each cycle in well 
F17-4 is suggested to represent a third-order deposi-
tional sequence sensuVaA et al. (1991). The lithology 
is characterised by an alternation of clay and sands, 
with occasional coal layers beneath the clay. The main 
feature of the coals is their highly continuous charac
ter (Van Adrichem Boogaert & Kouwe, 1993; NAM 
information). Within a sequence stratigraphic frame
work, such highly continuous coal layers form the ini
tial deposits of (para)sequences (Cross, 1988; Bohacs 
& Suter, 1997). Peat is formed in a low energy envi
ronment with a relatively high groundwater table. The 
high groundwater table is induced by a rising relative 
sea-level. The rising sea-level results in poor drainage 
conditions of the coastal/delta plain. This is not only 
accountable for a rising ground water table, but also 
for a significant drop in river discharge which results 
in a low sediment supply. The sedimentology of the 
mudstones indicates at least shallow marine, lagoonal 
conditions (NAM information). As there is no evi
dence for severe erosion at the base of these mud-
stones, the transgression over the coals appears rela
tively rapid and widespread. According to Bohacs and 
Suter (1997), the rising sea-level was matched by the 
rising groundwater table and peat formation for only 
a limited time. After this point in time, the vegetation 
drowned and a rapid transgression established marine 
conditions, resulting in the deposition of (shallow) 
marine shales. The overlying sands occur at the top of 
progradational seaward-stepping parasequences 
(Reinson, 1984, Cross, 1988). 

In a sequence stratigraphic framework, the sands 
correlate to the later part of the Highstand Systems 
Tract (HST), e.g. Reinson (1984), Cross (1988) & 
Loutit et al. (1988). The underlying shales are inter
preted as the transgressive systems tract (TST) and 
early HST (e.g. Posamentier & Vail, 1988, Vail et al, 
1991). The base of each cycle corresponds to a se
quence boundary (SB) and is formed by the base of 
the coal layers or the base of the shale. The maximum 
flooding surface (MFS) is developed within the clay 
deposits. The sequence stratigraphic breakdown 
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Fig. 4. Cycles and sequence stratigraphic breakdown of well F17-4 based on well data, and the sea-level data on literature. 

based on well data is depicted in Fig. 4. 

Correlation with literature data 

In recent years, the rise of sequence stratigraphy has 
inspired the study of Jurassic sea-level fluctuations. 
After the publication by Haq et al. (1988) several 
studies were conducted concerning the sea-level fluc
tuations of the Callovian - Oxfordian in Northwest 
Europe. Partington et al. (1993a, b) defined and cali
brated maximum flooding surfaces across the North 
Sea basin. Rioult et al. (1991), De Graciansky et al. 
(1998) and Jacquin et al. (1998) revised the Haq et al. 
(1988) curve. The Oxfordian sequence stratigraphy 
for the southern and western parts of the UK was 
studied by Coe (1995). The studies of Rioult et al. 
(1991), Coe (1995), and Jacquin et al. (1998) show 
that there are two sequence boundaries present in the 
investigated, Late Callovian - early Middle Oxfor
dian, interval. The SB 151 of Rioult et al. (1991), SB 
Ol of Coe (1995), and SB Oxl of Jacquin et al. 
(1998), which are placed at the base of the cordatum 
Zone (Early Oxfordian) correspond to the base of our 
Cycle II, at depth 2515m. Consequently, the age of 

the base of our Cycle II correlates to the base of the 
cordatum Zone (Early Oxfordian). The base of our 
Cycle III, at depth 2480m, corresponds to SB 150.2 
of Rioult et al. (1991), SB 0 2 of Coe (1995), and SB 
Ox2 of Jacquin et al. (1998). The SB OxO of Jacquin 
et al. (1998) may be present in the earliest Oxfordian 
mariae Zone of our studied interval. However, this 
part of the section appears to comprised to positively 
confirm this. 

Based on the age interpretation and the acme of 
Rigaudella aemula, the MFS of Cycle III is suggested 
to correlate to the J52 MFS of Partington et al, 
1993b (see paragraph Age-assessment of well F17-4). 
Of marked importance is the study of Norris & Hal-
lam (1995). They emphasised the global sea-level 
maximum of the latest Callovian {lamberti Zone) 
which correlates to the MFS of sequence 153 of Ri
oult et al. (1991), J46 flooding of Partington et al. 
(1993b), and to the Peak Transgression ofT/R 8 of 
Jacquin et al. (1998). This flooding is distinctly pre
sent within our data and corresponds to the MFS of 
Cycle I, around depth 2542m (Fig. 4). Moreover, the 
palaeoenvironmental data from wells from the Dutch 
Central Graben show that the marine flooding pre-
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Fig. 5. Relative abundances of the major palynomorph groups, and quantitatively important spores and pollen of Cycle I. 

sent around 2542m (Fig. 4) is correlative with a ma
jor flooding level in the Dutch Central Graben (Van 
Adrichem Boogaert & Kouwe, 1993; Abbink, 1998; 
Herngreen et al, 2000).The exact stratigraphic posi
tion of this global flooding, if synchronous, appears to 
show subtle differences which may be due to the bios-
tratigraphic resolution (compare e.g., Partington et 
al; 1993b, Coe, 1995, Norris & Hallam, 1995; Gygi 
etal., 1998). 

Recognition of sea-level fluctuations based on the SEG 
model 

The relationship between the sedimentology and 
quantitative palynomorph distribution patterns from 
well F17-4 has been examined in detail. Cuttings 
(CT) samples are considered unreliable due to inher
ent downhole caving and are, therefore, not consid
ered. In terms of sample density, Cycle I is best repre
sented. Consequently, the quantitative palynological 
data from interval 2525m -2556.4m, which coincide 
with the main part of Cycle I, are evaluated and com
pared with the non-palynological data in detail. 

In establishing the palaeoenvironmental recon
struction on the basis of palynology, two phases of in
terpretation have been undertaken. The first phase 
considers the distribution patterns of the seven main 

categories of palynomorphs (alete bisaccate pollen, 
sporomorphs (others), acritarchs, dinocysts, re
worked palynomorphs, fresh/brackish water paly
nomorphs and foram remains). In the second phase, 
the quantitatively important spores and pollen are 
separately grouped according to the SEG model. The 
sporomorph taxon Spheripollenites is not taken into 
account in view of its ambiguous botanical affinity. 
Reworked Carboniferous - Early Jurassic sporo
morphs are present throughout the whole interval. 
However, since these occur in very low numbers, they 
have been left out of further considerations. 

The palynological assemblages of Cycle I are domi
nated by the category sporomorphs (others). In turn 
this category is dominated by Perinopollenites spp. (see 
Fig. 5). The dinocyst category shows an upward in
crease followed by a decrease, indicating an overall 
transgressive-regressive trend (Fig. 5). The highest 
relative abundance of dinocysts occurs in sample 
2543m. Furthermore, fresh/brackish water paly
nomorphs {Tasmanites and Botryococcus) are present 
above 2542m in relatively higher numbers, corrobo
rating the inferred regressive trend in this interval 
(Fig. 5). Foram remains are present in sample 
2543.00m, also indicating marine conditions. The 
abundance of the acritarchs, dinocysts and foram re
mains (marine organisms) versus sporomorphs (oth-
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F17-4 
Samples Age/Amm. 

Depth (m) GR Lithology zone 
2520 

S E G C / L Mar/Ter Well Data Waterbalance 

Fig. 6. Relative abundances of the SEGs, the Mar/Ter ratio and Coastal/Lowland (C/L) ratio and waterbalance indicators of Cycle I and dis
tribution of the SEGs during sea-level high (left) and sea-level low (right). A = Upland, B = Lowland, C = River, D = Pioneer, E = Coastal 
and F = Tidally-influenced SEG. See text for further explanation. 

ers) is expressed in the Marine/Terrestrial (Mar/Ter) 
ratio (Fig. 6). This ratio may be regarded as a proxy 
for the relative sea-level and varies between 0 (= non-
marine) and 0.2 (= most marine). The results of the 
Mar/Ter ratio support the interpretation of a sea-level 
maximum (or MFS) around 2542m. 

Superficially, the selected quantitatively important 
spores and pollen do not show any distinct trend (Fig. 
5). However, if these taxa are grouped according to 
the SEG model (See Abbink et al. 2004, their Table 
2), the distribution patterns of the SEG show explicit 
trends (Fig. 6). 

There is an overall upward decrease of the Lowland 
SEG towards sample 2542m succeeded by an upward 
increase. The Coastal SEG has its highest abundance 
around samples 2540.60m and 2527.50mSW and a 
smaller spike in sample 2556.00m. In addition, the 
highest abundances of the Upland SEG and the 
Tidally-influenced SEG occur around samples 
2542.00m and 2528.50m. The abundance of the 
Coastal SEG in relation to the Lowland SEG is repre
sented in the Coastal/Lowland (C/L) ratio (Fig. 6). 
This ratio may also be considered to represent a 

proxy for the relative sea-level and varies between 0 
(= non-marine) and 0.5 (= most marine). 

Another aspect, which was predicted in the SEG 
Model, is the relative increase in 'wetter' elements of 
the Lowland SEG in a transgressive phase and the 
relative increase in drier elements during the regres
sive phase of a sea-level fluctuation. The Wet/Dry 
Lowland ratio and percentage of wet Lowland SEG 
elements (see Waterbalance in Fig. 6) show that the 
correlation between Cycle I and the waterbalance 
supports these predictions. Consequently, the palyno-
logical expression of a SB or parasequence boundary 
in a paralic setting may be correlated to a sharp in
crease in 'wetter' elements, as the drainage conditions 
deteriorate. 

The overall palaeoenvironment for Cycle I may be 
characterised as extremely shallow, restricted marine 
(e.g. lagoonal or back-barrier) environment in an area 
which was close to a terrestrial source, probably a 
delta. This is based on the presence of dinocysts, 
which are recorded almost continuously throughout 
Cycle I (Fig. 5). Furthermore, the relative dominance 
of sporomorphs is noted, and, especially, sporo-
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morphs attributed to the coastal and lowland SEG 
are present in relatively high numbers. This palaeoen-
vironmental interpretation is in agreement with the 
general sedimentological data (NAM information; 
Abbink, 1998). 

The depositional model described above is in ac
cordance with results from the SEG model since the 
well log interpretations and literature data compare 
very well to the sea-level interpretations based on pa-
lynology (see Fig. 6). The highest Mar/Ter ratio at 
2542m corresponds to the MFS of sequence I (com
pare Figs 4 and 6).The Upland and theTidally-influ-
enced SEG have their maximum at the MFS, and the 
Coastal SEG slightly above. The Lowland SEG has 
its minimum at the MFS. The C/L ratio has its high
est value slightly above the MFS and is, therefore, a 
proxy for the MFS. The overall results stress the po
tential of our conceptual SEG model as a tool to 
recognise sea-level changes in paralic environments. 

Conclusions 

The application of the conceptual SEG model shows 
that the interpretation of quantitative distribution 
patterns of Jurassic sporomorph assemblages allows 
the reconstruction of palaeoenvironmental changes, 
in particular sea-level fluctuations and climate 
changes. Climate changes are reflected by significant 
shifts within the SEGs, especially within the Lowland 
SEG. Variations between the various SEGs permit the 
identification of sea-level fluctuations. The ratio be
tween the Coastal and Lowland SEGs is a proxy for 
the MFS. The palynological expression of a SB or 
parasequence boundary in a paralic setting correlates 
with a sharp increase in 'wetter' elements within the 
Lowland SEG. 

The SEG model allows the recognition deposition
al sequences, including maximum flooding surfaces, 
in Jurassic - Early Cretaceous shallow marine to even 
non-marine settings, exclusively on the basis of paly-
nology. 
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