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ABSTRACT

Upper Jurassic (Portlandian) strata on the southeastern
margin of the Lusitanian Basin at Praia do Cavalo, near Cabo
Espichel, Portugal contain mixed carbonate and clastic
sediments. From this section ten faclies were identified
to produce a model of Upper Jurassic shelf development on a
passive Atlantic-type margin. s

The model consists of carbonate shelf and ‘clastic
deltaio sediments linked by erosional and nen;lro-ionel
contacts. The shallow marginal marine u;rbqnut. sequence
consists of intertidal and low -energy and high energy

subtidal environments. The clastic sequence consists of

interdistributary bay fill, crevasse splay, leves, channel,
distributary mouth bar and delta front environments.
Non-erosiomal boundaries ‘occur where levess, crevasse splays
and bay £i11 prbgrade over shallow subtidal nodular
limestones- and calcareous shales. Ercsional- boundaries
occur where distributary channels soour through distributary
mouth bars and prodelta strata to sharply -rest upon
lithified massive subtidal 1limestones.

The miospore assemblage consists of 49 tefrestrial and

4 marine species {n sampl

dominated - by Corollina
(classopollis), Exesipollenites and Spheripolienites.
Thre

palynofacies are identifed; the C.simplex palynofacies
is associated with siliciclastic 1lithologies; C.itunensis
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Palynofacies is restricted to the carbonates and; tie marine
palynomorph facies is characteristic of some carbonates and
delta !rent siliciclastics.”

The C.simplex - sediment association indicates that
this pollen was derived from a plant which occupled an
inland marsh ox levee environment. The (.itunensis -
sediment association implies a plant living on or near

a marginal marine carbonate coast resembling a "mangrove" or

saltmarsh environment.
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CHAPTER 1 INTRODUCTION

1.1 General Statement

Praia do Cavalo at Cabo Espichel, Portugal, about 25 km
south of Lisbon at the weqtern end of the Serra da Arrabida
(Figura 1.1), is on the northern 1limb of an east-west
trending anticline about 30 km in length.
During the Mesozoic und‘cenoz‘cic this area was part of
the tectonically active eastern margin of the Lusitanian
Basin (Figures 1.1 and 1.2), a marginal basin bordering the
o Proto-Atlantic and positioned north of the Aldarve Basin
aﬂ’d east of the Grand Banks basins (R.C.L. Wilson 1975a,
1979; rurg,iah 1981). The geology of the Lusitanian Basin
can be related to plume-generated uplift, rifting and
sea-floor spreading which took place west‘of Portugal soon
after the Hercynian orogeny (Hﬂs‘on 1975a). Up to 5000 m
of marine and continental sediments were deposited on
Paleozoic strata or crystalline basement (Reyment 1973).
During thé Late Jurassic, the’ Serra da Arrabida and Cabo
Espichel “regions vere situated near the eastern hinge of
this basin. At this time predominantly terrestrial
sadinents were. deposited in the eastern part of the basin,
whereas, 10 e west, marginal marine sediments were
deposited.

During the Early Portlandian this eastern part of the
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Lusitanian Basin experienced a transgressive event related
to the decoupling of Europe -and North America (Wilson 1975a;
Hallam 1975, 1981). Periodic uplift. of the Hercynian
basement in the east during this Portlandian transgression
caused micreased erosion of the land mass and progadation of
the terrestrial facies towards the west .into a marginal
marine environment (Wilson 1975a).

The sea cliffs at Praia’do Cavalo contain a nearly
complete sequence of Portlandian sadiments dipping about 35°
NW. The section.is approximately 332 m thick and consists
of ‘several apparently repetitive cycles of carbonates and
siliciclastics (Figure 1.3). Such cycles provida an ideal
prerequisite for an investigation of the strata using Markov |
‘chain analysis. The boundaries between the carbonatas and
siliciclastics are both erosional and conformable and so
well defined that they allow for the development of a model

describing their boundary conditions.
1.2 Purpose

The purpose of this investigation is to describe the
facies’ at Cabo Espichel and interpret the environments in
which they were deposited. Markov chain analysis is used to
aid the development of a statistically significant facias
model and -eventually a depositional model for the region.

Palynology is used in conjunction with the sedimentology to




Figure 1.3 The shoreline at Praia do Cavalo, Cabo
Espichel. At the base of a 125 m cliff containing a
sequence of Portlandian sediments dipping 35° NW. This
panorama illustrates the lower 200 m, of the 332 m section
of shallow marine carbonate and deltaic siliciclastics
"cyclothems. The larger boulders on the shore are near 2 m
in height. Arrow: indicates the base of the succession.
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describe palynofacies and show their environmental

relationships.

This information will prove useful in understanding the
geological history of the Eastern Canadian continental
margin. The East:Coast of Canada is, in a general way, a
mirror reflaction of Lusitanian Basin stratigraphy; Grand
Banks basins show lithologles revealing similar depositional
environments, structural control and salt “tectonics. 1In
addition, the palynomorphs extracted from cores off Canada's
east coast (Williams 1975; Bujak and Williams 1977) contain
palynomorph  a

similar to those found at Cabo

mblage

Espichel. By preparing a comprehensiva facies model of
sediments and palynomorphs from outcrop in Portugal the
chances for successful hydrocarbon plays will® be enhanced
and additional evidence on rifting and ocean development at

the Jurassic-Cretaceous boundary will be presented.

1.3 Basin D

lopment

The separation of North America from Africa aléng a
qcrth--a.;«rly trending Triassic rift parallel®to the
Hercynian orogeny resulted in the development of the central
Proto-Atlantic (Lancelot 1980). Graben faulting throughout
the Late Triassic and Early Jurassic was accompanied by
deposition of -continentally-derived siliciclastics of the
Eurydice Formation on the Grand Banks and the Silves

—




8 :
Formation in the Lusitanian Basin (Figure 1.4).

During the Early Jurassic the Lusitanian Basin recorded
the first marine transgression from the north (Hallam
1981); since this transgression does not come from tha east,
it should not be considered an incursion of the Tethys
through the Gibraltar strait (Lancelot 1980).

The Late Early Jurassic records for the first time a
connection between the Téthyﬂ. and the Proto-Atlantic:
corresponding to the deposition of the Dagorda and Coimbra
Formations in tha Lusitanian Basin, and the Argo and
Iroquois Formations on the Grand Banks (Figure 1.4). This
_connection is followed by a regressive event in tha Middle
Jurassic and a marine transgression during the Early Middle
Jurassic (Lancelot 1980), which is represented by the Whale
Formation on the Grand Banks and the Brenha Formation in the
Lusitanian Basin (Figure 1.4).

The most important factor in the evolution of the Central
Proto—x_tllntic occurred during the Late Middle and Early
Late Jurassic (Lancelot 1980). At this time the Lusitanian
Basin became an elongate marginal marine basin which was
subsiding at a relatively rapid rate; in places this
exceeded 100 m per million years (Wilson 1979; Fursich

1981). 1In the north, east and south, the basin was bordered

by Pre-Triassic basement rocks of the Iberian Mesata; in the
west was an uplift of Hercynian rocks which todgy is the
Berlengas Islands (Fursich 1981). A permanent connaction
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to the Proto-Atlantic existed in the southwest, in the
Lisbon-Sintra area (Ribeiro et al. 1972 in P. Wright 1984a).

The Lusitanian Basin shows no record of deposition
during the early Late Jurassic; in places, a similar hiatus
is recorded on the Grand Banks. Wilson (1979) suggests
that during this time the area was probably subject to
general wuplift, plus localized uplift over diapiric
structures as on the Grand Banks. Following this tectonic
activity the area was reduced to sea level by a combination
of erosion and subsidence (Wilson 1979). This event is
subsequently marked by a widespread algal mat facles, and
algal marsh-marginal marine facies (Wilson 1979).

The middle Late Jurassic is marked by pulses of increased
subsidence accompanied by rapid uplift of the Hercynian
basement. This probably indicates regional block faulting,
with the horst areas supplying terrigeneous clastics %o
basins developing in grabens (Wilson 1979). A subsequent
late Late Jurassic transgression, where shallow and marginal
marine carbonates replace terrigeneous clastics, a kilometer
of sediment in basin center and southern basin margin
assoclated with the transgression’ (Wilson 1979). During the
latest Jurassic, terrigeneous clastics from raised eastern
source areas accumulated and interfingered southwards to
Cabo Espichel (Wilson 1979). At Cabo Espichel, the
uppermost Jurassic shows alterations of terrigeneous deltaic

sandstones and sub-tidal to intertidal shelf or platform
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limestones of the Gres Supcroire Formation. This formation
B
may be compared with the Mic Mac Formation on tha Grand

Banks.

1.4 Previous Work

In previous investigations the correlation of Portuguese
strata has been confusing. Such confusion probably results
from the combination of both biostratigraphy and
lithostratigraphy in determining the age and names for

strata; whe

maps are based on age rather than formations.
The Upper Jurassic sediments along the shore of Praia
do cavalo (Figure 1.1) were first examined in detail by
Chotfat (1901, 1906, 1‘90&). He divided the Upper Jurassic
into Pterocerian and Ffeixialinn stages (Fiéure 1.5) and *
d.’t‘..nin-d that within the Serra da Arrabida region, the

terrestrial fhcies advanced gradually towards the west

during the Upper Jurassic. Saifert (1963) raised the
boundary of the Pterocerian staga to include the lowermostp
portion of Choffat's Freixialian stage (Figura 1.5). He
also noted that in the Arrabida region, the Portlandian
shoved an alteration of terrigeneous sandstones and
sub-tidal limestones irdicating conditions fluctuating from
shallow marine to deltaic.

More regional geological studies began to appear in

1965 when Zbyszewski et pl. of the Portuguese Geological
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survey compiled: a 1:50 000 map of the Arrabida region.
This map broadly described the geology of rocks ranging in
age from Jurassic to Pleistocene.

Ramalho (1971), also with the Portuguese Geological
Survey, was the first to publish a detailed stratigraphical
and paleontological study of the Upper Jurassic part of the
cabo Espichel section. He described both the macro- and
_microfauna and established a biostratigraphical subdivision
for the Upper Jurassic. Earlier terminology was scrapped
and strata were, redefined as Portlandian A and Portlandian
B (Figure 1.5). The boundary between the Portlandian A and
B vas defined on the basis of the first appearance of the
Foraminifera Anchispirocyclina lusitanica (Egger) and
Pseudocyclammina litus (Yokoyama). Lithologically, the
boundary is placed roughly where the siliciclastics decrease
and the carbonates begin to dominate.

Mouterde et al. (1973) revised the classification scheme
of Ramalho (1971) by adopting the original classification
presented by Choffat (1908). They did, however, substitute
Complexe marinosaumtre with Lima pseudo alternicosta and

placed all three stages under one naze, Neojurassic (Figure

1.5). i

Riley (1974) attempted the first palynological
investigation of the Cabo Espichel section. Based upon the
virtual absence of organic-walled microplankton

(dinoflagellates and acritarchs), he postulated the Cabo

~
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1%
Espichel strata as restricted nearshore marine environment.

This investigation was subsequently dropped as a pou}b)-
doctoral thesis, because of the lack of palynomorphs
(pers. com. Sarjeant 1985).

At the other .end of the size spectrum for fossils there
are spectacular sauropod and theropod tracks exposed along
limestone bedding surfaces of Praia do Cavalo (Telles
Antunes 1976). These dinosaur tracks are of Portlandian
age and have seldom been found in Europa. According to
Antunes, the presence of dinosaurs points towards a moist
and wara, coastal shallow marine environment, rich in
vegetation.

More recently, Fursich and Schmidt-Kittler (1980)
published an investigation of the Cabo Espichel locality.
They based their stratigraphy on Ramalho's (1971) study, ~
focusing on palececological and sedimentological aspects to
retrace the environmental evolution of the southern part of
the basin. Fursich and Schmidt-Kittler (1980) concluded
that the sedimentary rocks at fabo Espichel were deposited
on a very protected shallow inner shelf which was separated
from the open sea by a series of salt diapiric ridges in the
form of swells or island chains. This extensive lagoon was
generally subject to minor salinity fluctuations due to,
either freshwater influx from the land, or heavy seasonal
rainfall. .

Felber et al. (1982) published a biofacies analysis
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of Upper Jurassic marginal marine environments of Portugal,
which included the paleogeography and facies distribution
of the Serra da Arrabida region. They identified 11 facies
types ranging from “terrestrial clastics, caliche crusts,
brackish lagoons to tidal deposits and shallow marine
biomicrites, nodular limestones, coral biostromes,
intraclastic limestones and ocolites. The spatial and
temporal facles pattern indicates transgressions and
regressions, Which cin be linked to the -opening of tha
northern Atlantic" (Felber et al. 1982, p.21).

Recently, regional investigations of western Portugal,
which includes the Cabo Espichel reglon have acquired
inportance as researchers attempt to understand the opening

of the North. Atlantic and its petroleum potential.

Investigations of sedimentology and biostratigraphy by
R.C.L. Wilson (1975a,b, 1979), P. Wright (1984a,b) and
Gradstein (1979, 1983) have generated considerable interest
from major oil companies.-

In all of the previous ‘studies from the Cabo  Espichel
region no one' has att.npté‘fi to describe in detail the
siliciclastics, and in par‘t}‘cular the boundary conditions
between the carbonates and siliciclastics. "

1.5 Age of Section

The strata at Praia do Cavalo, Cabo Espichel are
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Portlandian in age. This is based upon ammonites,
microfauna (Ramalho 1971) and dinosaur trackd (Telles
Antunes 1576).

From bicstratigraphy Ramalho (1971) was able to identify
the Portlandian using the definitive occurrence of the
azmonites Virgatosphinctes frequens (Quenst) .and
Lithacoceras siliceun (Oppel). He further subdivided the
Portlandian into Portlandian A and B, With local subzones
E, E,, E, (Portlandian A) and F (Portlandian B). The
Portlandian subzone E, was defined on the presence of. the
Foraminifera Everticyclammina virguliana (Koechlin),
Freixialina p_umgu_u_i_g (Ramalho) and the relative
increase in Yaginella and decrease in the algal spacies
Clvpeina Jurassica (Favre). Subzones E, and E, were

respectively defined by the of Th 1la
parvovesiculifera (Raineri) and Permocalculus sp..

Portlandian B (subzone F) was defined on the first
appearance of the Foraminifera Anchispirecvclina lusitanica
(Egger) in conjunction with the -algal species Zergatella
sp.1. Recently, Kent and. Gradstein (1985) used the top
range of the Foraminifera Anchispirocyclina lusitanica as a
means for regional identification of the Tithonian/

Berriasian boundary. The end of Portlandian B can be

defined using the ranga tops of the ostracods Fabanella
polita ornata (Steghaus), Cytherella suprajurassica (Oertld)
and Cytherellojidea wekeri (Steghaus).
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. K The base of the section examined in this thesis study

begina near the top of subzone E,. This point corresponds

with an  increase’ in 'the of ammina

uqumm (Hottinger) in the first significant thick beds

of siliciclastics in the Cabo Espichel section '(Ramalho
9 1971). : .

’ A fossil identified by Ramalho (1971) as Vaginella-gp. .is
comnon “in the Kimmeridgian' and Portlandian garbonates at
cabb Espichel.

Sois bedding surfaces at Cabo Espichel contain spectacular
dinosaur tracks which have been studied in some detail by
Talles Antunes (1976). The presence of Neosauropus
-ladosteirensis (Telles Antunes) and .negg]csgux_ggl s
(?Eutyrichnium) . gomesi (Telles Antunes) implies a
Portlandian age for the.section. These tracks are similar .
to ‘those §as¢r1beﬁ in other Portlandian strata of Western

g Europe and Russia (Telles Antunes 1376).
1.6 Techniques

1.6.1 Field L

Exposures of Upper Jurassic sedimentary rocks along a
steep cliff at Praia do Cavalo, Cabo Espichel were examined
in May 1984. Access to the section was by foot; measurement

was completed with a 2 m Jacob's staff. From the section,

-
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cross-bedding was measured to determine paleccurrent
direction, and boundaryjconditions between carbonates and
siliciclastics were described as either erosional - or
non-erosional. Fifty samples were collected from calcareous

r and non-calcareous ﬁhllﬁl. and sandstones for examination for
palynomorphs and other organic-debris (Appendix I). Most of
these samples were collected from the lower part of the
section where facies variations are best illustrated. In
order to avold recent -contamination from’wind and seaspray,
samples were extracted from fresh rock chipped from the
- cliff face and packaged in sterile plastic bags. Twenty-one
hand samples of carbonates and siliciclastics were collected
for thin-section examination 'from beds representing the

facies types. . .

%
o
1.6.2. Palynomorph Processing
For palynomorph analysis, the following processing
procedure ‘was used. Most of the following procedures are
modified from Barss and Williams (1973).
&

Before preparation, all samples received a five. digit
s number (Appendix I) {identifying the sample and year of
processing. Samples were then washed thoroughly with a
uire brush in distilled water, snd air driad for twelve
hours. Samples were wrapped in aluminum foil, crushed to

millimeter: size, placed in labelled 250 ml beakers and

_
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weighed (30-35 gms for shales and siltstones and 40-50
gms for .sandstones and limestones). In order to avoid
contamination, ‘the crushing area. was cleaned' after each
sample was crushed. Before chemical treatment four tablets
each containing 12,100 + 400 Eucalyptus grains (Stockmarr
1971) vere added to each crushed sample.

To remove carbonates 100-150 ml,of 208 hydrochloric
acid was added to each sample. Methanol was used to control
any excessive flzzing which may have occurred at this
time. The sample was left for 8-10 hours until the reaction
stopped, this was usually overnight. Samples were
centrifuged for 4 minutes, and the acid decanted. Distilled
water was then ndded,-celntril.uged and decanted to remove all

aining hydrochloric acid. Three or more washings vere

necessary to neutralize the sample. For large resifues the
procedure was speeded up by placing samples in label

=l test tubes and then centrifuging for about 4 minutes.

If test tubes were used, the sample was returned to
beakers and 150 ml of concentrated hydrofluoric (HF) acid

added to the sample. Initially a small amount of HF was

added and siowly Stirred to minimize hgt, violent chemical
reactions. Samples were checked for heat of reaction. And
if cool, more HF was added. The samples were left for 8 to
12 hours (usually overnight) to dissolve silicates,. then
washed in distilled water, centrifuged and decanted three

tizes. Residues wvere then examined with a microscope to




ﬂ

determine the gquantity of residual minerals and
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precipitates. If too much mineral was present, the sample
was placed jin a hot HF bath. This procedure involved
adding 50 ml of HF acid to a test tube containing the
sample, and then placing it in a 250 ml beaker filled with
hot (60°C) water. Samples were left for about 20 minutes,
and again ‘washed and centrifuged three times.. Prior to
sieving, a slide (1 of 5) of this unoxidized, unsieved
- sanple was ‘prepared according to the .slide mounting method
described elsewhere in this section.

Samples' were then sieved through a 10 um screen using a
teéhnlque described by Cwynar et al. (1979). Prior to
oxidizing, a slide (2 of 5) was mounted using this sieved,
but unoxidized, sample. In addition, about 5 ml of the
residue was placed in a labelled vial with 2 drops of
phencl. “Wet mounts of samples were examined under a
microscope to determine the amount of tims required for
oxidation in Schultz solution. The %time limitations were
based upon the color and quantity of the organics present in
each sample. If organics were black the sample was placed

in schultz solution for 5 minytes, brown for 3 minutes, and

if yellow only 1 minute.
About 20 ml of Schultz solution was added to samples

washed

wi

in a 50 ml test tube and then stirred. Sampl
and centrifuged three timeg. While washing ard sieving for

the final time, 10% potassium carbonate wis added to the
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oxidized samples. The sample was then re-examined under a
microscope.’ If too sandy, HF treatment was repeatéd and if
coagulated, then Calgon solution was added to break up
lusps before re-sieving. Samples (3, 4 and 5 of 5) were
now ready for mounting.

To mount slides one drop of sample was placed upon a
glass coverslip with three drops of polyvinyl alcohol and
spread evenly with a sterile toothpick. The sample was
left to ary for up to 2 hours.  Once dry, two drops of
Elvacite (Dupont) were placed upon the residue on the
coverslip and. then turned over onto the glass slide. The
coverslip was allowed to ssttle on the slide where it was
left to dry for up to 8 hours. Slides were then labelled
to identify the sample, processing technique date,

collector, and locality. To preserve residues, 2 drops of

phenol were placed in a labelled vial with remaining sample.

1.6.3 Rock Classification

Dunham's (1962) classification of carbonates, expanded
by Embry and Klovan (1972), is used because its applications
cover field, hand specimen and thin section examinations.
Rapid "spot" identification in the field proves’to be one of
it's many advantages, and, according to Flugel (1982), has

.no real disadvantages.

Folk's (1980) system is used for clastic rock
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identification. It is based upon a simple ternary diagram,
where the Q-pole contains all types of quartz including
meta-quartzite (but not chert), the F-pole contains all
single feldspar, plus granite and gneiss fragments and the
RF-pole contains all other fine-grained ‘rock fragients (eg.

chert, slate, schist, volcanics, limestones, shale etc.).
1.6.4 Markov Chain Analysis v

Siliciclastic' and "carbonate strata at Cabo Espichel
appear to display some degree of vertical order and
repetition of beds. A modified Markov chain analysis using
the iterative proportional fitting technigue proposed by
Carr (1982) and Powers and Easterling (1982) was used to
evaluate quantitatively the presence and extent of any
repetitive or "cyclic" components. This method allows
analysis of the probability of transition from one facies
to another, and hence the detection of repetition of process
and cyclicity in sedimentary packages.

Descriptions and applxcatlnns of Markov processes in
geology, and the historical development of these analyses
are given in: Gingerich (1969); Selley (1969); Dacey and
Krumbein (1970); Allen (1970); Miall (1973); Ethier (1975);
cafr (1982); Poulr‘l and Easterling (1982); Johnson (1984)

and Driese and Dott (1984) and- texts: Davis (1973):

Agterberg (1974) and Schwarzacher (1975). A concise
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discussion of the use of Markov chain analysis in
sedimentary facies studies appears in Miall (1973) and
Hiscott (1981).

A computer program, for Markov chain analysis, developed
by R.N. Hiscott of Memorial -University” and later modified
by S. Solomon also of Memorial University was used to
determine if the facies at Cabo Espichel possess Markov
properties. However, as noted by Carr (1982), the presence
of Markov properties in a facies succession only indicates
the possibility of cyclicity.

The program developed by Hiscott calculates from the
transition matrix (observed or rav, dsta) a transition
probability matrix, independent trials probability matrix
(random or expected frequency), difference matrix (observed
- expected frequency) and normalized difference 'matrix
((observed - expected)/ / (expected)).

The procedure for determining Markov properties begins
with the raw data (R) observed in the field being compiled
in the form of 2-way (NxN) frequency tables, in which the
frequency of occurrence oF Sonie facies overlain .by another
is recorded over all possible facies transitions. Here, X
represents the number of facies recognized. For the present
study a total of 11 facies (A through J) and a scour surface

(ss) accounted for a grand total of 294 facies transitions

(Appendix II, Table 1). Structural zeros are present in the

diagonal of the matrix becauss, by definition, transitions




24
from a bed of one lithology to another bed of the same
lithology are not mcogﬂzea, even in those situations in
which they are observabla. These zefos refer to embedded
Markov chains, and will be considered in these analyses.
All other recognized zeros hesides those in the diagonal ara
referred to as sampling zeros. These zeros occur as tha
result of sampling variation, the relative small aize of the
sanple, or simply the lack of transitions between ‘specitied
facies.

The upward vertical transition probability matrix is

calculated as (Appendix II, Table 2):
By =By /i R

where, F,, is the number of upward vertical transitions
from facies X to facies y. [Row totals, (Rt), column totals,

(Ct) and the grand total (T), are defined as follows:

e, =&
o
ce, =% ¥,

2 W
=1 oye

From the transition probability . matrix one can define
the independent trials matrix; which is the random or
expected frequency of transitions. The independent trials

matrix, I, is defined as (Appendix II, Table 3):
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I, =Ct, / (T-Ct,)
From the derived results a simple difference matrix
table was calculated (Appendix II, Table 4), whera DM
equals the observed data minus the expected data, so that
Ct-and Rt equal zero.
It is now possible to define the normalized difference
matrix as (Appendix II, Table 5):

ND = R, - I, /J/I, = obServed - expected //expected

From the normalized difference matrix calculations all
significant values were ‘compiled in the construction of a
Markov chain analysis flow diagram. Significance levels
were based upon the normal distribution function, where z

was greater than or equal to the value of 1.28. This value
-

impli a statistically significant probability of 0.8957,

approximately 90% for transitions betwéen any two faties.

F(z) = 1//2« I e 1/2t* . at
Data compiled from the independant triale mitrix' vas
used to énst the cbserved transitions for the presence of a
first order Markov property. A first order Markov chain is
where the occurrence of a state depends only on a pracudlngl
state. This test was done by using-one of two Chi-square

tests (X?), as outlined by Miall (1973) and Hiscott (1981)
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with the null hypothesis being that there is no difference
between the independent trials probability matrix and the
observed transifion probability matrix. i

Test 1 (from Hiscott 1981)

A
x 1=% % (F, -Rt &I ) /Rt #T
W3 L5 (R . * L, . I,
This test statistic can be compared with the distribution
of values for a X! distribution with (N2’ =

freedom.

2N) degrees of

-Test 2 (from Hiscott 1981)

x“z-zl_i‘ R *1n (P, * T/ Ct))

3 Fay

This test can be compared with the distribution of

values for a X* distribution with (N = 1)? - N degrees of
freedom.

For the sent study both X’  tests were

d, with

results of each test well exceeding the X? limit of '137.2

at a 99.99% confidence level for 89 degrees of freedom

(Appendix II, Table 5). i
: j
J
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1.6.5 Palynomorph Analysis and Statistics

Slides vere scanned at 400X magnification using a Reichert

Zetopan r rch microscope. Where possible all

palynomorphs on a slide were counted and compiled in tabular
forz. Coarse grained sandstones yielded few palynomorphs,
whereas some shale sazples yielded in excess of 9,000
grains. In total, nearly 55,000 palynomorphs were
encountered. From these data five palynomorph (saw-tooth)
diagrams vere constructed for 30-50 m sections of the Praia
do cavalo section and statistics were calculated to
detersine the diversity and evenness of species contained in
each sample.

"Diversity or number of equally common taxa", according
to Besrbover and Jordan (1969), "reflects both the number
of species present and their proportiocnal abundances. For
example, a few, equally comzon species will yleld as high a
diverdity as many, unequally common species". Diversity is
defined by Pielou (1966) as "the degree of uncertainity
attached to the specific identity of any randomly selected
individual. The greater the number of species and the more
nearly equal their proportions, .the greater the uncertainity
and hence the diversity".

Diversity, H', is given by the formula:

H'= =% p 1n(p, )
-t
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and the diversity variance is
o %y = am ¢z et anee -

where n, is the number of irdividuals in taxon i and s' is
the number of species counted in a count of N grains and
P, =n, /N (Pielou 1966).

Evenness, a statistic dependent upon diversity, is a
measure of the equitability of probabilities for
palynomorphs in a particular sample (Burden 1982). Evenness

may be expressed as a ratio betwe

the previously
calculated diversity H' and the number of species in a

sample. Evenness is N

E=H'/1n s

and the diversity variance is

02, =0 2, /(ln 8)?
where s is the number of species in the assemblage.
Confidence limits (at 0.95 confidence level) for relative

. frequency abundance are calculated from equation:

P(0.95,,4,,) = (2 + (K?/2N) * K/ {(23(1=2)/N + (K2/4N*))
1 +(K2/N)




where Z is the relative percent abundance of a taxon and K

"is a constant equal to 1.96 (Maher 1972). These 1liaits

are error bars on the palynomorph diagrams. )

Such statisticfl information can be used as a tool in
paleocecologic "analysis for defining environmental

- boundaries. However, it should be noted -that these
statistics need not directly relate to the sites where

plants grow. Transportation and selective preservation can

" change diversity values. . (




CHAPTER 2 SEDIMENTOLOGY

2.1 Introduction

The modern usage of the term facies has been reviewed
by Teichert (1958)° and Krumbein and Sloss (1963). The
concept has been ‘used since 1838 when Amand Gressly
recognized that features observed in a particular lithology
were useful for correlation and for p:adlctig the
occurrence of economic resources (Reading 1978). Facies are
also important bacause their recognition and analysis
provide the basis for an environmental interpratation of the
stratigraphic units.

Unfortunately, the term has been used in many different

ways since its first usagé. Several recent authors such as

Middleton (1978), Reading (1978), Halker (1984), Carr (1982)
and Driese and Dott (1984) have used facies in.different,
though generally related, senses. In general, a facies is a
body of rock with specified characteristics, defined on the
basis of color, bedding, composition, texturs, fossils and
sedimentary structures (Reading 1978). *
In this work the term 'facies' is used in two senses:

(1) in the strictly -observational semse of a rock product;
(eg.-algal laminite facies) and; (2) in a genatic sense for
the products of a process by vhich a rock is thought to have

formed, (eg. bioturbated sandstone and siltstone facies).
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The environmental sense (eg.distributary channel facies)
will be ignored in the facies description section, since all

environmental interpretations will be discussed separately.
2.2 Facies Description and Interpretation

In this section, the ten main facies types ((A) Algal
laminite, (B) Massive limestone, (C) Nodular limestone, (D)
Calcareous shale, (E) Mudstone and fine grained sandstone
with calcrete nodules, (F) Cross-bedded siltstone and
sandstone, (G) Bioturbated sandstone and siltstone, (H)

Coarse grained to conglomeratic trough cross-bedded

sandstones, (I) Fine to medium grained sandstone, and (J)
Non-calcareous silty shales), are described by giving an
outline of the overall petrology, lithology, fauna and
sedimentary structures, and the environments which they most
1ikely represent are described and summarized (Figure 2.1).
The Markov chain transitions -between facies are also
included to better understand the facies associations.

A considerable amount of work has already been undertaken
by Fursich and Schmidt-Kittler (1980) in the Cabo Espichel
area. This loctlon‘lmarlu[ and adds to their previous
work.: Additions anl;ldt new title designations (Fursich and
Schmidt-Kittler (Icill names are in brackets) revisions to

facies descriptions, the addition of two new facles,

modified envi 14 ions and an analysis of
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facies transitions based on both field observations and

Markov chain analysis, a procedura not undertaken by Fursich

and Schmidt-Kittl,

2.2.1. Carbonates
i o o d_Jaminated
fenestral micrites)

Petrology: Laminated boundstone consists of alternating
layers of micrite (2 mm thick), microsparic micrita (2 ==

thick) and peloids (mostly fa

al pellets) (0.5 mm thick)
(Figure 2.2). Thin vertical tubes of microspar (10-15 um in
width and several mm long) are common throughout these
beds. These tubes are similar to those described earlier
by Davies (1970), Fursich and Schmidt-Kittler (1980) and
fi-ch.r (1981). According to these references they \-'c‘ra
probably produced by algal filaments.

Lithology and Fauna: Algal laminites, often measuring
less than 1m thick, are commonly observed with alternating
massive and nodular biomicrites in the upper part of the
measured section. fThe algal laminites are structurally well
laminated (Figure 2.3), or wavy with distinct polygonal

mudcracks (Figure 2.4) possessing curled up margine. Rill

marks and small crater-like imprints (raindrop impressions)




(Figure 2.2) Photomicrograph of algal laminite showing
spar-filled burrows and faint lamination. Thin-section X40.

(Figure 2.3) Section of well laminated layers of algal
laminites (facies A).
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(Figure 2.4) Bedding plane of an algal laminite showing mud
cracks and vertical burrows.
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were also observed at some bedding planes. Bioturbation in
this facles 1is rare, although the algal laminates are
occasionally seen to be burrowed by Skolithos verticalis
(Hall). Some laminated beds are ripped up and redeposited
as poorly sorted angular lithoclasts with voids between them
filled by sparry calcite. '

Markov chain analysis shows si¥ynificant transitions from
massive biomicrite (facies B) to algal laminites, which are,
in turn, frequently overlain by nodular biomicrite .(tacles
C). Statistically insignificant observations for facies-
A grading into facies B, and facies C into facies A were
also recorded.

Interpretation: The algal laminites facies at Ccabo
Espichel were formed on a low energy tidal flat (middle and
upper intertidal). The algal laminates wera affected by: 1)
storm activity indicated by the poorly sorted angular ripped
up lithoclasts, 2) subaerial exposure as indicated by the
occurrence of mudcracks, and 3) rainfall as implied by the
raindrop imprints similar to those illustated in Reineck and
sifigh (1980).

Algal laminites in the Cabo Espichel section can be
compared with modern carbonate tidal flats such as Andros
Island, Bahamas; Abu Dhabi, Persian Gulf; and Shark Bay,
Western Australia (James 1984). Most recent examples occur
in protected coastal environments (protected, that is, from

the open ocean waves and swells, yet still affected by tides
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and sevéis storms) or lying on the leaward side of a lama
mass (i.e. in an embayment), barrier island or associated
Jwith an extensive open marine platform,

A scanty geologic record of ancient algal mats is probably
the result of low preservation potential in all but the
most protected areas algal mats are removed during

transgr ion (Wright 1984b).. Futhermore, Wright notes that

in a study undertaken by Perkins (1977), Pleistoceme algal
zats in Florida are preserved during the late phases of
regression and not at the beginning of a transgression.
Under these .circumstances early lithification by subaerial
exposure may a necessary factor in preserving algal
laminites (Wright 1984b). Such a condition appears to be
responsible for the preservation of the algal laminites at
cabo Eepichel. This condition becomes apparent in the
Markov transitions where the fatles sequence is massive
Aissatons (Eacies. B grading into algal laminite (facies A);: '
such a transition implies a regressive phase. Likewise, the
statistically insignificant transitions from nodular
tone of facies B into facies A cdp be interpreted in a

similar manner. Thus, it is reasonable to consider the

11

algal laminites as the end of a stratigraphic sequence and a

sions.

suitable marker for alphabetic labelling facies succ
From sedimentology, the Portlandian section at Cabo
Espichel, resembles the Upper Oxfordian Vale Verde Beds of

the Lusitanian Basin (Wright 1984b). Wright interpreted the
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Vale Verde Beds as a prograding delta-plain saquence whers

the algal mats developed at the final stages of the filling
of interdistributary bays, including bays filled by crevasse
sands. The facies succession at Cabo Espichel has some

similarities with Wright's model; howe

, it differs in
that the observed facies transitions suggest a shoreline

setting for a carbonate platform away from deltas.
Facies B: Massive. limestone (Biomicrites and micrites
without extensive bioturbation)

Petrology: This facies contains two intimately associated

rock types of equal importanc Firstly, it contains a

bioclastic packstone (Figure 2.5). Clasts show considerable
mechanical reworking as indicated by the presence of rounded
bloclasts, quartz clasts and lithoclasts consisting of
zudstone’ grains. Secondly, this facles  contains a
bioclastic oclite grainstone (Figure 2.6), resembling Upper
Jurassic oolite grainstone described by Friedman (1961 in
Reading 1578) from central Europe. o

Lithology and Fauna: Massive 1limestones of facies B
are "dominantly ‘gray, but may show a buff color from
pcst-depoﬁztlanal oxidation (Figure 2.7). For the most part
these beds ard, 1-3 m thick; some beds in the upper part of
the section can reach 10 m in thickness. These limestones

~ lack extensive bioturbation. Beds containing abundant




(Figure 2.5) Bioclastic packstone of facies B showing
fragments of Foraminifera and bivalves. Thin-section 40X

(Figure 2.6) Radial and concentric fibrous ooids from an
oolite grainstone in the massive limestone. Thin-section
X1lo0.
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reworked shell debris (Figure 2.8) indicate paleocurrents
trending southwest. Small scale troughs (15 cm wide) and
ripples with crude lamination are distinct in some beds

(Figure 2.7). Beds of this facies may contain pebbles of

quartz and ldspar. From Markov analysis  they are

associated with the nodular bioturbated limestone (facies C)
and non-calcareous shale (facies J). Frequently, this
facies is capped by algal laminite. A scour surface (SS)
separates this facies from overlying siliciclastics.

.Thouqh hiotu;bation is not common, there are beds which
contain some trace fossils resembling those in the nodular
limestone facies. For example Planolites sp. and
Thalassinoides sp. were observed; however, Diplocraterion
paralleun (Torell), a vertical U-shaped burrow, appears to
be the most common (Figure 2.9).

The be‘nthlc fauna, mostly bivalve

(Fursich and

Schmidt-Kittler 1980), resembles a

exblages observed

in the nodular limestone facies. Some’ well.exposed beds
show bipedal and quadrupedal dinosaur tracks described by
Telles Antunes (1976). ;
Interpretation: In general, .the sedimentary structyres,
rounded  clasts and lack of bioturbation -suggests a
relatively higher - energy, environment. Specific
alsontolegloul evidince' suggesting, iore Carbilent water is

indicated where shells ,and burrows are aligned in a

preferred direction (Figure 2.8). In addition, tha presence




(Figure 2.7) Laterally continuous bed of buff brown to gray
packstone (facies B) (coin for scale).

(Figure 2.8) Bed of packstone containing shell debris and
Clastic pebbles. Fossils indicate a preferred orientation
in direction of arrow.
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(Figure 2.9) Paired vertical burrows of Diplocraterion
paralleum (Torell) is among the more common trace fossil in
facies B.
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of Diplocraterion parallem (Figure 2.9) is typical of
sediments deposited from high energy conditions (Fursich
1975).

The presence of sauropod and theropod tracks on some

well” a beds of indicates -a relatively

shallow marine environment. Dr. Dale Russell (pers. coms.
1986) suggested that on a muddy carbonate shelf the water
depth is equal to four times the diameter of an’ adult
dinosaur feotprint. In the massive limestone facies at Cabo
Espichel the footprints are up to 0.5 = in diameter (Telles
Antunes. 1976), implylng a water depth of 2 m. Other
evidence to substantiate this finding may be found in Bird-
(1944), Coombs (1980) and Lockley (1986).

Lithological evidence for higher energy is found in the
ocolite grainstones and quartz clasts found in this facies.
Current transport is nacessary for movement of these large

particles from other localities.

These observations lead to the conclusion that this
facies was formed seawards of the algal laminite in a more
agitated environment (Reading 1978), at times relatively

clos

to a terrestrial sediment source. This' facies likely
corresponds to a variety of higher energy shallow, probably
subtidal environments (i.e. tidal channels and sublittoral

shelf) in close proximity to a clastic sourca.
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Petrology: This facies is predominantly a bioclastic

wackestone. Rarely, bioclastic packSgones and grainstones
occur in some horizons.

The matrix of the bioclastic wackesto: consists of 65%

micrite (Figure 2.10). The macrofaunal deNris is, likewise,
quite high (35%) and consists of bivalvesg, gastropods and
" occasionally echinoderms. Larger, usually poorly sorted
and sub-angular shell debris shows micritization. Peloids,
subangular in shape, ranging from 50-200 um in diameter, are
common in some horizons. Ooids are not abundant; they tend
‘to occur near the contact with the overlying massive
biomicrite facies.

Terrigeneous quartz grains are common (10% of the rock) in

nodular limestone beds near the massive biomicrite faci

Lower in the same bed quartz 1is virtually absent. The
microfauna consists of Foraminifera, and Vaginellas the

ns and

microflora is mainly debris of dasyclada
cyanophyceans (Fureich and Schmidt-Kittler 1980).
The bioclastic packstones and grainstones apper - near
the contact with tha overlying massive limestone facies. At
this contact peloids can be abundant.
Lithology and Fauna: Facles C is the most common facies

in the section. The fossiliferous 1limestones are usually

gray in color; they may show a buff color from




(Figure 2.10) Bioclastic wackestone of facies C consists of
predominantly micrite with debris of gastropods and
bivalves. Thin-section 40X.

(Figure 2.11) Laterally continuous bed of nodular limestone
(facies C), showing extensive bioturbation and mixing of
silts and fine sands amongst muddy carbonate.
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post-depositional oxidation. Beds reaching 15 m thick, are
commoni\{ separated 'ty .centimeter-decimeter thick beds of
calcareous shales (faciés D) (Figure 2.11). For the most
part beds of facies C are 1-2 m thick. Commonly nodular
umesc}xe grade into massive limestona (facies B). Fifty
transitions from the nodular limestone into the massive
limestone were observed in the section. In addition,
nodular limestone commonly overlies the algal laminite
(facies A). 4
The nodular appearance of the sediment is the result of
bioturbation, mixing and: burrowing by a Rhizocorallium
irregulare (Mayer) and Thassinoides suevica (Rieth) fauna
(Fursigh-and Schmidt-Kittler 1980) (Figures 2.11 and 2.12).
Thé benthic fauna consists of more than 50 species of
invertebrates, half of them are low energy, shallow
burrowing, suspension-feeding bivalves ' (Fursich and
Schmidt-Kittler 1980). Fursich and Schmidt-Kittler (1980)
observed that these bivalves were much largkr and more
diverse-than those found in the fine-grained clastics.
Interpretation: The relatively high degree of
bioturbation is suggestive of, at times, low -depositional
rates and an environment protected from extensive mechanical
reworking (Fursich and Schmidt-Kittler 1980). The trace
fossils in the nodular 1limegtone are known to be
particularly abundant in protected shallow water

environments such as lagoons or embayments (Fursich IJB1).
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(Figure 2.12) Well exposed bedding surface of facies C
shows abundant Thalassinoides networks and Rhizocorallium.

(Figure 2.13) Abundant Vaginella striata are characteristic
of some beds of the nodular limestones facies. 2X.
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Specifically, the appearance of Rhizocorallium irregulare
(Figure 2.12), a typical trace fossil of other low energy
environments in the Jurassic, probably reflects periods of
minimum disturbance and a r.lativa;y high content of organic
matter in the sediment (Fursich 1981).
The hen’t.hic fauna described by Fursich and Sghmidt-

Kittler (1980) implies that the nodular limestone facies was

deposited below fairweather wave base. The change in
benthic fauna towards genera adaptable to a slightly reduced
salinity may best be explained by "shallow, but protected,
very extensive open marine platform or bays without
significant . amounts of terrigeneous influx" (Fursich and
Schaidt-Kittler 1980, p.956). Water depths ranged from very
shallow, as implied by transitions into the massive
bionicrite facies and algal laminite facies, up to depths
near 20 m as suggested from the benthic fauna (Fursich and
Schaidt-Kittler 1980)-

Eacies D: Calcareous shale (Marls and marly silts) *

: This facles is classified as a lime mudstone
and containk more than 10% (silt size) grains in a
mud-supported (micrite) matrix (Figure 2.14).

\Lumggy_nnn_r_umgz The black to gray calcareous

shala facies occurs: as interbeds of the nodular limestone

facies C (Figure 2.15), and frequently occurs associated

3
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Lime mudstone of facies D contains silt size
Thin-section X40.

(Figure 2.14)
grains in a mud-supported micrite matrix.

(Figure 2.15) Beds of gray calcareous shale (facies D)
occurring as interbeds of the nodular limestone facies C.
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i with the siliciclastics of facies E. Beds varying from a
few centimeters to 3 m occasionally show small scale
horizontal laminations; more frequently, these laminations
are destroyed by bioturbation. ; ’ T

This facies contains the highest abundance of benthic
fauna of the Cabo Espichel section. The fauna are
répresented by aligned shell debris occurring as continuous
thin single shell “"mats". Fursich and Schmldt_,-Klttlcr
(1980) made similar observations and have identified these
bivalves as ‘"shallow marine infaunal luupansion‘tudinq
bivalves".

.xmm;m: The fact that most of the fauna in
this facies are represented by aligned single-valved bivalve
(1.5-2.0 cm wide) mats indicates a certain amount of
reworking by gentle currents.

The calcareous shale facies is in such close ociation

with the nodular biaxl!;rlt.e facies, that it implies a
similar depositional envircnment. Exceptions to this
pattern provide clues to one of the linkages between
carbonates and clastics. Here, calcareous shales (facies D)
are significantly associated with the siliciclastics of the
distributary bay £ill (facles E).

This facies may represent a low energy subtidal marine
environment which is usually below wavebase. Additional

evidence to suggest such an environment is implied by the

marine fauna described by Fursich and Schmidt-Kittler




s1

(1980). In addition, they observed that the fauna was
composed of euryhaline species; that is species which
tolerate a wide range of salinities. This implies that the
environment was probably subject to fluctuations in
snu]u:y: fluctuations which may - have resulted from the

influx of freshwater from distributary channels.

2.2.2 siliciclastics

Eacies E: and fine grained sandst with
calcareous nodules (In part alterations of poorly sorted
silts and fine- to medium-grained sandstones)

Petrology: \This rock is a feldspathic 1litharenite
(Figure 2.16); with mica fragments. Glauconite was present
in minor amounts. Plant debris was aligned in parallel
laminations (Figure 2.17): Calcite cement permeates many
sandstone beds. Fractures in the calcarecus nodules are
filled with sparry and blocky calcite.

Visually estimated porosity values of 30% in some horizons
may be voids created from decayed plant roots. Elsewhere,
wood debris and plant. rootlets replaced by pyrite are
common.

Lithology and Faupa: Laterally continuous beds of

platey and mottled calcarecus green and red laminated

mudstone and red and gray fine grained sandstone occur as
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(Figure 2.17) Plant debris aligned with sandstones as
parallel laminations in facies E. Thin-section X40.
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beds which rarely exceed 2 m thickness. Belige calcareous

nodules - (between 3-8 cm in diameter) are the most

distinctive feature of this facies (Figure 2.18). Th

nodules ré&eiible “those "deScribdd” 57 Fursich™(198Y)" from
Upper Jurassic strata, farther north, near Santa Cruz,
Portugal. Markov transitions reveal that this fﬂCiel’il
associated with siliciclastic facies F and G, and frequently
overlies and underlies the calcareous shale facies D.
g Bioturbation is common in the llndstone‘s: invertebrate
body fossils of the bivallva Eomiodon securiformis (Sharpe)
and the oyster Liostrea are rare (Fursich and
Schaidt-Kittler 1980)-
Interpretation: The pri

red mudstone beds with irregular calcareous nodull

nce of laterally continuous

suggest
formation in an interdistributary bay of semi-arid climate
(Allen 1964; Horne et al. 1978; Elliott 1981:; Fursich
1981). The abundance of wood debris (Figure 2.19) and plant
rootlets suggest periods of sub-aerial exposure, or a
shallow water setting where some pl-nt‘i may grow. In
"addition to sub-aerial indicators, glauconite and marine

bioturbation, with rare body fossils icplies a marginal

marine satting where sediments of what nay be an

interdistributary bay fill are deposited.
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(Figure 2.18) Facies E, a green and red laminated mudstone
and a red and gray fine grained sandstone with laterally
continuous beds of platey and mottled beige calcareous

nodules (hammer for scale).

Woody debris in facies E.

(Figure 2.19)
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Eacies F: Cross-bedded sandstone and eiltstone

Petrology: This facies is a feldspathic litharenite
‘(Figure 2.16); the rock fragments are predominantly
aggregate mica. Grains of quartz and feldspar are subangular
and well sorted (Figure 2.20). Calcite cement is evident
throughout, although primary interparticle porosity may be
as high as 20% in some horizons.

Lithology and Fauna: Gray-blue to red, often calcareous
tine grained sandstone and siltstone occur as beds less
thaf -1 m thick. Little bioturbation 1is evident.
Nevertheless, burrows by Skolithos linearis are frequently :
observed. - The general lack of bioturbation has allowed
preservation of emall-scale cross-beds, ripple drift

laminae (Figure 2.21), and graded beds of coarsening upward

cycles. Plant debris and pieces of lignite are frequently

observed. This debris is not as common

that found in
facies E. No invertebrate body fossils were found.

Markov chains reveal this facies to be almost exclusively
intercalated between facies E and G. Occasionally it
overlies facies J.

Interpretation: Facies F consists of coarsening upward

cycles of cross-bedded and ripple laminated silts and sands 1

which frequently overlie the possible bay fill facies E.

Plant debris is common, but ‘invertebrate body fossils are
N

. absent. Escape burrows from Skolithos linearis and the




(Figure 2.20) Photomicrograph of facies F show subangular
and well sorted grains of quartz and feldspar. Thin-section
X40.

(Figure 2.21) Facies F, a gray-blue to red fine grained
sandstones and siltstones showing small scale cross-bedding
and ripple drift lamination.
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ripple drift lamination indicate periods of rapid
sedimentation. Such observations, together with the close
assoclation with bay fill deposits, suggests that this
facies represents crevasse ‘u{qpolit- in a ;zazino/brnckiuh
environment similar to those described in Horna gt al.(1978)
and Reineck and Singh.(1980). ’
Facjes G: Bioturbated sandstone and siltstone with laminated
mud_(Not described in Fursich and Schmidt-Kittler)

Petrology: This facies is a' feldspathic litharenite
(Figure 2.16) with an abundance of organic debris and mica
(Figure 2.22). )

Litholooy and Fauna: The poorly sorted, irreguiarly
bedded bioturbated “sandstone a{d siltstona uith laminated
mud facies is intercalated between coarser sands of facies H
and the muds, silts and sands of facies F and E ‘(Figure
2.23). This intercalation is identified as a significant
feature by Markov analysis. Bed thicknesses generally do
not exceed 1-2 m; in. addition, the beds tend to thin
laterally. These micaceous, gray,.ocassionally red fine
grained sandstongs, exhibit distinct wavy bedding.

Extensive bioturbation in some horizons, has obliterated

primary sed y str ; el exhibit

parallel millimetre lamination, mudcracks, convolute bedding

and load casts. Rare, unidentified species of bivalves and




(Figure 2.22) Facies G consists of fine grains of quartz,
feldspar and abundant organic debris. Thin-section X40.

fine grained

The gray, at times red,
of facies G may contain

(Figure 2.23)
bioturbated
pPenecontemporaneous
debris.

sandstones

deformation, mud-cracks and plant
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gastropods were observed in some beds. Plant debris and
rootlats are very common. .

Interpretation: The extensively bioturbated sandstone
and siltstons with mud facies is dssociated with coarser
sands of facies H and the muds, silts and sands of the
crevasse splay and distributary bay fill deposits (facies F
and E).

These deposits of fine to medium grained, red micaceous
sands’ and calcareous silts with wavy lamination, plant
debris, rootlets and mudcracks are interpretated to indicate
a subaerial levee environment. Nevertheless, some strata
within this facies exnibit convolute bbdding, and burrows
similar to those described by Fursich (1981) from a brackish
marine fauna. Reineck and Singh (1980) described a similar
sedimentary sequence which they interpreted as a natural
levee complex. :

Facles H: Coarse-grained to conglomeratic trough

Sross- (Medium to coarse-grained, partly

conglomeratic or pebbly i

Petrology: Sandstones in facies H are lithic arkose
(Figure 2.16). The abundant feldspars, (orthoclase and
microcline), are angular, coarse grained and vary from fresh

to heavily weathered grains (Figure 2.24). The quartz

grains show authigenic overgrowths; .some quartz is
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(Figure 2.24) Angular, coarse grained feldspar and quartz
occur in facies H. Thin-section X40.
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polycrystalline. In-soms strata tha sandstone is cemented
with small patches of poikilotopic calcite, occurring as
small rhombs within pores of the detrital grains: whereas
the remaining strata appears not to be cemented.

Litholoay and Fauna: Dominantly red, or occasionally
gray sandstones occur as fining upward lenticular bodies
reaching thicknesses of 7.m. Grain size ranges from that of
coarse sand to very large pebbles. . Pebbles of quarte,
feldspar and fine-grained sandstons were observed to
accumulate predominantly within troughs (Figure 2.25).
Intrafornational sandstone pebblas, up to 6 cm diameter, are
commonly subangular, whereas smaller pebbles, near 2 cm
diameter, are sub-rounded to round. No imbrication of the
pebbles was evident.

The contact with underlying sediment is always a scoured
surface (SS). Near the contact the pebbles are associated
with mudflakes derived from underlying shale and 1imestona
beds. Facles H is frequently overlain by facies G and E,
and is also associated with facies J.

The predominant sedimentary structure is large- scale
trough-cross bgdding (Figure 2.26); troughs have a mean
orientation of 230° and a range of 195 to 250° (75
measurements). Often the trough-cross bedding is overlain
by planar beds. , ’
Lignite debris occurs within: plane . bedded sands. Trace

fossils are extremely rare; there are only a few occurrences

T T s S P R
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(Figure 2.25) Pebbles of quartz, feldspar and fine-grained
sandstone often accumulate in the troughs of facies H.

(Figure 2.26) Red, trough cross-bedded, coarse to granule
conglomerate sandstone of facies H.
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of Skolithos sp. near the contact with overlying facies
Body fossils are completely absent. 4

Interpretation: The coarse grain size of the feldspars
and quartz imply close proximity to their source, likely
uplifted blocks of Hercynian basement.

This facles is interpreted as a channel fill. Similar
facies described by Horne et al. (1978), Coleman and Prior
(1980), Elliott (1981) and Hopkins (1985) have been
interpreted as fluvial channels. From facles association
this deposit 1is probably representative of distributary
charnels advancing into a shallow marine environment. These
channel sandstones are frequently overlain by levee and
distributary bay fill deposits (facies G and E). In two
particularly well exposed intervals, .at 82 m and 102 m of
the section the channel becomes plugged with non-calcareous

silty shales of facies J.
Facies I: Fine to medium arained sandstone

Petrology: This sandstone is predominantly a feldspathic
litharenite; one sample is a litharenite (Figure 2.16). The
detrital grains of quartz and feldspar are clean (fresh),
rounded and well sorted (Figure 2.27).

The sandstones are cemented with calcite cement.

Nevertheless, 15-20% of primary interparticle porosity was

observed in four thin sections.




(Figure 2.27) The grains of facies I are clean, rounded and
well sorted sands. Thin-section X40.

(Figure 2.28) Facies I occurs as lenticular bodies of well
sorted fine to medium grained red sandstone adjacent to
facies H.
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Lithology and Fauna: These fine to medium grainae

sandstones (Figure 2.28) often occurs as a lenticular
body up to 4 m thick. These bodies occur at the base of, or

adjacent to, trough cross-bedded pebbly sandstone (faci

H); here, the contact between the two facies is scoured. In
a typical sandstone of this facies, the upper 25% exhibits
ripple and parallel laminated beds (1 cm thick), whereas the
lower 75% shows occasional small-scale cross-bedding,
fining-upward graded bedding and soft sediment deformation
(Figure 2.29). Plant debris, while common throughout, is
preferentially concentrated in thin laminations near the top
of the facies. : . .

Interpretation: The absence of lamination in the lower
75% of the facies suggests the lack of a tractional phase
during deposition of these sands. It has been suggested by
Middleton (1965) that beds lacking any lamination are formed
either by very rapid deposition from suspension or by
deposition from highly concentrated sediment dispersion. In
soge cases, original lamination may have been destroyed by
liquefaction soon after deposition (Middleton and Southard
1977),

Clean and well sorted sand lacking detrital clay implies
the presence of reworking of the sediment in a turbulent
environment. The trend in figqure 2.16 illustrates a

decrease in the feldspar content from facies H to facies

I. Such a trend would be expected whers chemical weathering
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(Figure 2.29) The sandstone of facies I with parallel
laminated beds near the top of the facies, and soft sediment
deformation resulting from liquefaction near the bottom.
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and dilution by addition of other minerals would decrease
the amount of feldspar as it was transportd by the channel,
so that eventually the sediment deposited as a distributary
mouth bar is of a low feldspar content (facies I).
Lenticular sandstone bodies resembling this facies are
known to form near the seaward limit of distributary
channels as distributary mouth bar deposits (Horne et
al. 1978; Reineck and Singh 1980; Coleman am:'l Prior
1982) . su::h$ sandstones are often overlain unconformably by
“distributary channel deposits. In addition, mouth bar sands

usually overlie silts and shale

of a_ delta front
environment. ' Such is the case with sandstones of facies I
at cabo Espiihsl.and a distributary mouth bar deposit in a

delta-front environment is suggested. §

Petrology: Occasionally in some horizons detrjtal
grains of quartz, feldspar and mica were distinguished from
the matrix; however, mineral percentages could not - be
calculated because of minute grain sizes (Figure 2.30).
Lithology and Fauna: This black to gray silty shale.
tactes (Figure 2.31) occurs at the base of coarsening-upward '
sequences. It is usually associated with the co;z-.r sands
of facies H and I; commonly it occurs above the massive

limestone (facies B). In some beds parallel millimetre




(Figure 2.30) Detrital grains of quartz and feldspar occur
in a clay matrix within facies J. Thin-section X40.

(Figure 2.31) Laminated black to gray silty shales of
facies J occur at the base of coarsening-upward sequences
and frequently overlay massive limestones of facies B.



X 70
scale lamination and ripple marks were observed; at other
horizons these structures have been completely destroyed by
bioturbation. The thickness of beds in this facies ranges
" from a few decimeters to 5 m. In some beds lignite debris
is present. Trace fossils consist of Thalassinoides and
Planolites species. : .
Interpretation: This facies represents. the nearshore
deposits formed during times of increased influx of
terrigeneous material, possibly in a delta=front setting.
- Where facies J associates with the channél sands of facies
.'H, it is more 1likely representative of - a ‘cha‘nn-l plug
(eg. at the 82 m and 102 m intervals of the saction).
The brackish marine fauna described in this non-calcareous
 shale by Fursich and Schmidt-Kittler (1980) indicates: a
© Gitaty- shRLToN BEIRE eAviEgRRenE Wlsh e, AL knend by

increasing fluviatile/deltaic

, such as fr

and terrigeneous sediments.

2.3 A Model for -‘Portlandian Siliciclastic-Carbonate

Successions

The Portlandian section at Cabo Espichel (Figure 2.32 in
pocket) contains a sequence of alternating’ carbonate
and silicicléstic sediments well suited for Markov
analysis. The Markov analysis demonstrates the likelihood

of individual siliciclastic and carbonate successions




Markov Chain Analysis

Carbonates Siliciclastics

Figure 2.33 Facies transitions determined from Markov chain
analysisi transitions based upon probabilities > 0.90 (see
figure 2.1 for explaination of symbols).
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(Figure 2.33). Examination of the boundary conditions from
Markov analysis provides an opportunity to devalop a model
which may explain some of the geological conditions

ble for such

The following model will be discussed in thres segments,
the carbonate succession, the clastic succession and the

boundary conditions. Each part demonstrates a diff nt

aspect of the complex geology of this basin.

2.3.1 carbonate Succession

A general model for the carbonate succession at Cabo
Espichel indicat

that calcareous shale (facies D) is
intercalated with subtidal nodular limestone (facies C).
This is succeeded by subtidal massive limestone (facies B)
and then capped by algal ladinites (facies A) (quur.-
2.34).

In general, this succession is rarely observed fully

developed; other environmental parameters (i.e. tectonic)
control the completeness of a single facies succession. In
the lover 140 meters of the section (Figure 2.32 and Figure

2.34)

sive limestones (facies B) are

nodular 1i

ociated with

tone:

, vhereas in the upper 140 to 250 meters
of the section, algal laminites (facies A) tend to be

associated with the massive limeston as the nodular

limestones become less common. Here, a common facies
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transition is from massive limestons to laminated algal

mats and back into massive limestone or, 1

frequently
nodular 1limestons. The remainder of the section is
dominated by massive limestone lacking mud (Figure 2.34).
Fursich and Schmidt-Kittler (1980) did not recognize these
transitions; from their text they have described a somewhat
different facies transition of nodular limestone to algal
laminite. This transition was not aevident in this study.
Here, Markov analysis may have allowed this transition to
become more distinct.

subtidal nodular limestones intercalated with
calcareous shales are succeeded by subtidal massive
limestones with silty debris, occasional terrigeneous clasts

of quartz and feldspar. The presence of th

clasts are
the result of an increased influx of siliciclastic material
from an advancing shoreline In the -lover 130 meters of the
section the nodular and massive limestone sequence may
continue into a channel facies, or a bay fill deposit. In
the upper part of the section it tends to be overlain by
nodular limestone, and occasionally algal laminites. The
preservation of the algal laminites probably occurred during
the regressive phase (Wright 1984b).

Overall, the siliciclastic mud decreases through the

section from bottom to top. The lower 150 meters contains

an abund of non-cal and cal shale,

whereas, the remaining 175 meters tends to lack mud. Such a
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trend may imply an increase in wave energy or an absence of
, terrestrial sediments as the Cabo Espichel region underwent
a local transgression. &

2.3.2 siliciclastic successions

Generally, the model for the coarsening-upward
siliciclastic succession consists of coarse pebbly sands of
a distributary channel (facies H), adjacent to massive sands

of a distributary mouth bar (facies I), which overlie delta

front shales (facies J). This is overlain by le (facies
G), crevasse (facies F) and bay f£ill deposits (facies E)
(Figure 2.35). The entire succession is sandwiched between
carbonates of massive limestone (facles B) below and
calcarecus shale (facies D) above. - There are, however,

inconsistencies in the succession. At tim

» the
non-calcareous silty shale (faci

J) is associated with the
channel sands (facies H); this is likely a channel plug and
nota delta front deposit.

From a larger perspective the section illustrates that
the siliciclastics become less common near the 140 meter
level; one exception may be the bay fill deposits between
the.215 and 229 m (Figure 2.35). This may imply a
regressive cycle in a protected shallow marine environment

in the lower part of the section.
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2.3.3 Boundary Conditions

The transitions between the carbonate and siliciclastic
facies occur in two. ways 1) ercsional, scoured contacts
and 2) non-erosional, transgressive and regressive contacts.
From these facies transition a model describing Portlandian
siliciclastic-carbonate successions is developed.

The erosional boundary develops where distributary
channels (facies H) scour (facies SS) through massive medium
grained sandstone (facies I) of a distributary mouth bar,
underlying delta front silts (facies J) and end in subtidal

massive carbonate:

(facies B) (Figure 2.36 -and 2.37).
Scours in the underlying carbonate (facies B) may measure
7-8 m across and up to 40 cm in depth. These channels,

whose overall dimensions exceed 30 m width and 6 m depth,

usually form the base of fining-up clastic

Above this scour surface 1i lenticular bodies -of trough

and planar cross-bedded sands of the distributary chennels
(facies H). Jhe fine to medium grained massive lenticular
sandstone body of the distributary mouth bar (facies I) may '
occur either at the base of, or adjacent to, the
distributary channel. The distributary mouth bar, a sandy
shoal formed at the seaward limit of the ‘distributary
channel, is typically a coarsening upward cycle (Coleman and
Prior 1980) in which the proxizmal deposits to the

distributary are channeled. Subsequent to the formation of
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(Figure 2.36) An erosional boundary where a distributary
channel (H) scours through a distributary mouth bar (I) and
delta front (J) into the subtidal massive limestones (B).
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the mouth bar the channel advanced. This reuult_nd in
erosion of all facies (I, J and B) in it's path. The non-
erosional boundary is a clasdtic fining-upward cycle
consisting of reddish to greenish fine-sands and calcareous

mudstone exhibiting parallel millimetre lamination and

on (facies E) underlying a
fine-sand silt (facies F) showing small.scale cross-bedding

and ripple lamination. This cl

tic fining-upward cycla is
then terminated by an extensivaly bioturbated medium-grained
sandstone and siltstone (facies G) which is overlain by
facies E (Figure 2.38). This facies association,
respectively represents a variety of overbank deposits,

distributary bay fill, crevasse splays and lev:

s, which
prograde into an interdistributary bay consisting of
calcareous shales (facies D) and, further offshore, nodular
limestones (facies C) (Figure 2.39 and Figura 2.40). It is

betwe

these facies associations that non-erosional
contacts result from the progradation of the clastics into
interdistributary bay carbonates or marine carbonates
overstepping deltas. The siliciclastic sequence consisting
of facies E through G represent a reqrus‘ﬂ:v- phase infilling
interdistributary bays. This regressive phase may be
terminated as a transgression resulting in deposition c‘!
marine carbonates of facies C and D.

In general, the kinds of boundary conditions change

through the section. In the lower 140 meters of the section
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(Figure 2.38) A non-erosional regressive boundary where
siliciclastics of distributary bay fill and crevasse splay
prograde over subtidal nodular limestones and calcareous
shale of an interdistributary bay or shallow shelf (book for

scale).
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Figure 2.39  This model demonstrates a non-erosional contact

condition between the siliciclastic and carbonate facies. This

occurs wheres crevasse splay and bayfill depogits prograde irto an

interdistributary bay.
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(Figure 2.40) Large scale cyclic package of
interdistributary bay fill and crevasse splay siliciclastics
conformably sandwiched between transgressive nodular

limestones.



2~

84

scouring by channel and distributary mouth -bar sands are
significant. Above 140 m, scouring evidently disappears.
Conformable boundaries are also significant in the lower
part of the section where the muddy déposits are common.

With the exception of the interval from 215 to 229 m, where

bay fill deposits overlis calcarecus shales (facies D), mud

becomes less common in the upper part of the section. As
the mud content of the sediments drop so does the linkages

between the siliciclastic and carbonate facies. This

provides significant, albeit indirect evidence to show the -

evolution of . a lastic relationship during a

gradual transgression of the Cabo Espichel area during the

Portlandian.
2.4 Regional Depositional Setting

In concurrence with Fursich and Schmidt-Kittler (1980)
the author agrees that the facies of thé carbonate-
siliciclastic section at Cabo Espichel implies continuous

cycle

of shallow nmarginal marine and terrestrial
environments. Within this setting the vater depth at any
one time generally seems to have been quite shallow,
and probably did not exceed 20 m (Fursich and
Schnidt-Kittler 1980). ‘

The majority of the facies, especially the nodular

biomicrites, algal laminites and finer-grained delta front,
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levee and bay fill clastics were deposited in a quiet, low
emergy setting. The remaining coarserrgrained material,
from the channel and distributary mouth bar were deposited
from- higher energy. This is also true for the massive
limestone.

Paleogeographic Snve;tiqations by Baldy et al. (1977 4in
Fursich and Schmidt-Kittler 1980) of the shelf to the west
of central Portugal showed deposition .of neritic limestones
resembling those at Cabo Espichel.  According to Fursich
and Schmidt-Kittler (1980) this dimplies open .shelf
conditions to the west 'of céntral Portugal. They also
hypothesized .that beneath this shelf environment were

NNE-SSW striking ' diapirs which may have ‘generated island

ridges or linear submarine highs. These structures acted as
a system of barriers creating a protected lagoonal
enviromment from the open shelf. It is agreed that a
protected environment {s necessary for the deposition of the
lithologies observed at Cabo Espichel. There is, however,
no concrete evidence for such barrier islands (R.C. Wilson
‘pers.com. 1985) and Fursich (1981).

One alternative explanation may lie in a recent study
from the Quaternary of Florida. Here, HarFison and Coniglio
(1985) have found that an offshore barrier complex is not
necessary for the creation of lagoonal type deposits. High

wave energy diminishes over an extensive open marine

platform.
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During “mucli of the Portlandian Cabo Espichel was likely
a broad carbonate platform. From the modern record it is
clear that such a setting could generate well protected
muddy embayments. However, in this study the fine
calcareous sediments are consistently associated with
deltas. The coastline may well have been modified by
deltas. According to Wilson (1975a) it is unlikely that the
regressive periods at Cabo Espichel were the result of a
global sea level fall, since they are relatively brief and
only recognised locally. Elsewhere in Western Europe the
Portlandian is represented by a transgression (Hallam 1981).
Therefore in concurfence with Fursich and Schmidt-Kittler.
(1980) the carbonate facies may be viewed as-a transgressive
avent with short tectonically controlled. regressions
illustrated at Cabo Ebpichel by westward prograding deltas
in the lower part of the measured section. N =

For this regional model, the Portlandian at Cabo Espichel
was an extensive inner shelf marginal marine carbonate
platform, where rapidly prograding deltas emanating from
tectonically active highlands farther east provided
protection for the deposition of lagoonal type sediments
(Pigure 2.41).

The abundance of coarse, angular feldspar grains within
the sandstons at Cabo Espichel, and the dacreasing thickness

of the clastic sequence from-east to west have been related

to a relatively steep rugged morpholgical gradient (Fursich
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Figure 2.41 Depositional model for the Cabo Espichel showing

environnent distribution (modified after Coleman and Prior 1980).
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and Schmidt-Kittler 1980). This gradient could have been

the Hercynian basement bordering the Lusjtanian Basin in the
east, which was uplifted periodically during the Upper
Jurassic’ along fault lines that ran North-South to' the
margin of the basin (Wilson 1975a). This uplift caused
erosion and an influx of clastic material into the channels
and eventually into marginal marine inner shelf environment.

Mixing of siliciclastic and carbonate faci in shallow

shelf environments were studied in some detail by Mount

mbles

(1984). The mixing which occurs at Cabo Espichel ri
thres mixing types as described by Mount (1984). The

"source mixing" process, the result of ercsion and

deposition of an uplifted source terrane, may'be compared to

the tectonic event causing uplift of the Hercynian basement-
at Cabo Espichel. The "facies mixing", a process of mixing
of sediments along the diffuse borders betveen contrasting
facies, may be compared to Cabo Espichel where there is
mixing of interdistributary bay £ill deposits and carbonates

in a bay or lagoon. Facies mixing result in conformable

boundaries. Hount's final mixing type, "punctuated mixing®,

is caused by the transfer of sediment between contrasting
depositional environments during . rare, high lntcx‘ity
sedimentation events. This can be compared to avulsions at
cabo Elplchnl,(\\lhlt. deitaic channels prograde over lagoonal
or bay carbonaths This mixing at Cabo.Espichel results in
an unconformable boundary condition.
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CHAPTER 3 PALYNOLOGY
3.1 systematics

Various classification systems are used .to describe
fossil palynomorphs. One such system based on the Linnean
binomial system for classification is a "Natural
Classification"; this’ classifies genera to supra-generic
status ¥y relating possible phyletic relationships as
implied from similarities relationships with recent genera.
This classification:scheme has been used by Couper (1958),
Filatoff (1975), Singh (1964, 1971) and Fensome (1983). One
other system, known as the “Turma System" of Potonie and
~Xremp—(1934;—1956) has been adopted by other authors, for
example, Dettmann (1963) and Doring (1965). This system is

based upon morphological features; phyletic relationships

are not implied.- A simplified version of the Turma System
is used in this study. Palynomorphs identified in this
study are classified alphabetically into ons of the

following categories:

- 3.1.1 SPORES
3.1.1.1 Trilete
3.1.1.2 Monolete

3.1.1.3 Alete




3.1.2 POLLEN

3.1.2.1 Monoporate
3.1.2.2 Bisaccate
3.1.2.3 Monosulcate
3.1.2.4 Perinous

3.1.2.5 Inaperturate

3.1.3 MARINE MICROPLANKTON
3.1.3.1 Acritarchs

3.1.3.2 Dinoflagellates

The entry for each species includes an illustration,
_selected gynonymy derived from the Genera Card File of
Jansoniusind Hills (1976-1983) and references examined in
this study (see refences cited), original or emended
diagnosis where available, morphological dg;s‘cription,

dimensions of specim occurrence, relative abundance and

comments on the stratigraphic range, distributio;\,
comparisons with similar species and any additional
specialized characteristics. Extensive synonymies for many
of the species described in this chapter can be found in
F;n-un- (1983) . The species from Cabo Espichel are

illustrated as palynomorph counts in Table 1 Appendix III.

&
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3.1.1 SPORES
3.1.1.1 Trilete

Calamospora tener (Leschik) de Jersey

v Cibotjumspora jurienensis (Balme) rilatoft
Clcatricosisporites striatus Rouse
Cicatricosisporites sp.
Concavjssimisporites variverrucatus (Couper) Brenner
Contignisporites cooksonii (Balme) Dettmann
Contignisporites sp.

Converrucosisporites exquisitus Singh
crathidites ninox Couper

. Deltoidospora hallli Miner
Dictytophyllidites harrisii Couper .
m apiverrucata (Couper) Venkatchala et.al. <
l(]ukjsgg_:j;g;‘ foveolatus Pocock ¢

Leptolepidites plurituberosus (Doring) Dorhofer
Leptolepidites proxigranulatus (Brenner) Dorhofer
Neoraistrickia sp. o =
Osmundacidites wellmanii Couper i
Pilosisporites trichopapillosus (Theirgart) Delcourt and

. i Sprumont; Doring
Polycinqulatisporites reduncus (Bolkhovitina) Playford and

: Dettmann

Polycinqulatisporites ep.

_—
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Reticulisporites semireticulatus (Burger) Norris "
Retitriletes singhii Srivastava

“gteralsgorites anticuagporites (Wilson and Webster) Dettmann
Todisporites major Couper
Tuberdsitriletes mx_u_qgu Doring
Undulatisporites kmm Brenner

7

Genus: gnumg_apgxé Schopf, Wilson and Bentall 1944

Type'species: Calamospora hartungiapna Schopf et.al. 1944

Calamospora tenet (Leschik) de Jersey 1962

Plate: 1 Figure: 1’
Selected Synonymy
1955 Laevigatosporites tener lescnik, pl.13; pl.1, £ig.20
1958 Calamospora mesozoica Couper, p.132; pl.15, figs.3,4
1960 Calamospora nathoxstii Halla; Klaus, p.116-118; pl.28,
£ig.1
1962 Calamospora tener Leschik: de Jersey, p.3; pl.1,
igs.9,10
1964 Calamospora tener Leschik: Madler, p.92
1975 Calamospora mesozoica Couper: Filatoff, p.56; pl.s,
figs.11,12
1984 Calamospora tener Leschik; Suneby, p.93; pl.3, f£igs.s,s
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original Diagnosi: See Leschik 1955, b.13.

Description: Trilete spore with laesurae measuring 15 um in_
length, Trilete mark may not alvays be distinct; a circular
contact area of "exinal thickening with acubx;HCe sculpture is
Gtaat SRRy PR, BWEER T iy R (08 pstlatey

and frequently folded.
Dimensions: 30(36)45 um (5 specimens measured)

Occurrence: 25 specimens encountered, most abundant in the
upper half of tiqe section. ®
T Y

‘Comments: De Jersey (1962) placed C.mesozoica in synonomy
with C. fener. Lund (1977) considers C.tener senior to
C. mesozoica. .

calamospora is a Paleczoic genus, in which in spores of -
probable calamarian affinity are placed (Schdpf et.al.
1944) . The Mesozoic spores are placed in the genus because
they are comparable in every respect (Couper 1958).

C.mesozoica and similar, 1t not ' idenfical, forms Have
been reported throughout Western Europn,v Russia, and Arctic

and Western Canada. ' Stratigraphic rahge is from Upper

Triassic to Lower Cretaceous. !
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Genus: Cibotiumspora Chang 1965
Type species: Cibotiumspora paradoxa Malyavkina .19

I emend. Chang 1965

N

Cibotiumspora jurlenensis (Balme . 1957) Filatoff

s 1975

\4 Plate‘: 1 Figure: 2 and 3
Selected Synonymy >
1949 Iripartina paradoxa Malyvakina, p.50; pl.17, fig.21 ¢
1857 gnn;gvjsga:j;es Jurienensis Balme, P.20=21; pl.2,
figs.30,31 2 . . = .

1959 Concavisporites sinuatus Couper; Krutzsch,. p.122

1964 Conicavisporites jurienensis Balme: Balme, pl.6, fig.2
1965 cibotiumspora paradoxa Malyavkina; Chang, p.165

1966 Concavisporites jurienensis Balme; Burger, p.237; pl.4,

fig.6 s
1975 cibotiumspora jurienensis Balme; Filatoff, p.60, pl.lo,
figs.8-13

o
Description (comb.nov.): "Amb, sides concave, rarely
straight to slighty convex, apices rounded to' somewhat

pointed. Trilete, laesurae sinuous, 1 um wide, extend to

spore margin, and may be bordered by strong arcuate folds

(kyrtome) . Exine 1-2 .um thick, scabrate to Ppunctate.
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Distal face with a straight -fold across at least one,

‘generally all, apices" (!‘ilato{l}éﬁs, p-61).

.Description: Trilete spore with triangular ‘amb, sides
concave, occasionally 'straight or convex with rounded
5 -
apices. The trilete laesurae is straight. The exine
is usually 1 to 2 um thick and covered with psilate to>
scabrate ornamentation. Folding occurs along all the apices
to create a dark region, which may be caused by the thicking
" of the exine.
Dimensions: 20(30)40 um (5 specimens measured)
Occurrence: 9 specimens encountered in samples of the upper

200 m of the section.

Comments: Spores originally placed in Tripartina
(Malyavkina 1949) do not agree with Iripartina as emended by

Potonie (1960), since Tripartina have radiating.sculpture.
Therefore, Chang (1965) placed .these forms - under
Cibotjumspora (Filatoff 1975).

C.jurienensis is a widespread Jurassic and Cretaceous

-

miospore.
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‘Genus: cicatricosisporites Potonie and Gelletich

1933
Type species: Cicatricosisporites dorogensis Potonie . and

Gelletich 1933

Cicatricosisporites m Rouse 1962

Plate: 1 Figure: 4 .
Selected Synonymy

1962 clcatricosisporites striatus Rouse, p.197; pl.4,

figs.1,2
1966 Cicatricosisporites striatus Rouse; Burger, p.244;
pl.6, fig.2

original Diagnosis: "Subtriangular trilete spores, with
parallel ribbing on the spore wall. The distal ribs run in
one direction and are continuous with the proximal ribs.
The latter, however, are oriented in parallel between the
angles of ‘the trilete arm, indicating the change Tof
direction as the ribs encircle the equator. Width of ribs
ca. 4.5 microns. Thicknes”s of spore wall ca. 3.5 microns.

Size range 43-48 microns" (Rouse 1962, p.197).

Description: Trilete spore, trianqular amb, "with straight

to slightly convex to concave sides and rounded apices.

=
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Straight laesurae extends for 3/4 or more of the spore
radius. Exine is 1-2 um thick, smooth at contact areas.
Mural series consisting of ten muri are 1.5 to 2.5 um wide,
lunina 1.0 to 2.5 um wide, four adjacent muri and lumina

total 9 to 12 um in width.

Dimensions: 33(52)68 um equatorial diameter (5 specimens

measured)

Qccurrence: 70 specimens encountered, randomly distributed

. throughout the section.

Comments: This species was recorded in the Lower Berriasian
of the Eastern Netherlands (Burger 1966).
This species of Cicatricosisporites observed occasionally

in Portlandian strata at Cabo Espichel.

Cicatricosisporites sp.
Plate: 1 Figure: s

Description: = Trilete spore with circular amb. Straight
laesurae extends 3/4 the spore radius in length. Exine is
1-2.0 um thick. Distal muri extends to the equator of the
spore. Muri 3° um wide, lumina 1-2 um wide: 9-11 ribs

visiblea on distal exine.
»

_
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Dimensions: 40 um (1 specimen measured)

Occurrence: 2 specimens encountered; cbserved in sample
P85212 5/5 at 314.0 m in a ‘subtidal calcareous shale.
™

Comments: This specimen resembles C.myrtellii (Burger)

except that the species observed at Cabo Espichel lacks the

transverse distal rib, which is so characteristic of

C.myrtellii. . Similarity also exists with C.annulatus

(Archangelsky and Gamerro) except for the arrangement of the
© - distal ribs on C.anpulatus which curve towards the eguator;

on the specimen at Cabo..Espichel the distal ribs are

straight.

Rare in the Portugeuse material.

Genus: Concavissimisporites Delcourt and Sprumont 1955

Type species:  Concavissimisporites verrucosus Delcourt and

Sprumont 1955

Concavissimisporites variverrucatus (Couper) Brenner
Plate: 1 Figure: 6

Driqlnﬂl})iaqﬂcsis: "Trilate, laesurae about 3/4 radius of

_
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spore, a weakly developed margo present in some specimens;
equatorial contour triangulars sides congave, distal surface
“convex, proximal rather flattened: both proximal and distal
surfaces scuiptured with rcundad\vermcaa, varying from 1.5
to 4 um across in different specimens and projecting up to 2
um ubé\v)‘ general surface; exina 2.5 to 4 um thick, not
thickening at apices. Size range 48(55)68 um in equatorial
diameter" (Couper 1958, p.142). -
Description: Trilete spore with triangular amb, sides
concave, apices rounded. laesurae is straight and extends
2/3 to 3/4 the rad}us of the spore in length. The exine
(1-2 um thick) is both proximally and distally covered with
rounded elongated verrucate towards the apices 1-2. um in
height and 2-4 um in diameter. Verrucae are evenly spaced,
with a 1 um space between the sculpture. Near the laesurae

the ornamentation is finely scabrate.
Dimensions: 68-70 .m (2 specimens measured)

Occurrences: 4 specimens encountered, restricted to sample

P85171 5/5 at 22.0 m in a- calcareous shale (facies D).

Comments: This specimen is known to occur in Upper Jurassic

and Lower Crataceous strata throughout the world.
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Genus: Contignisporites Dettmann 1963
Type species: Contignisporites glebulentus Dettmann 1963

N 0
Contianisporites cooksonii (Balme 1957) Dettmann 1963
)
Plate: 1 Figure: 7 /
Selected Synonymy
1957 cicatricosisporites cooksonii Balme, p.19; pl.1,

figs.23,24; pl.2, figs.25,26

1963 contignisporites cooksonii (Balme) Dettmann p.7s;
pl.XV,figs.11-16
1975 cContianisporites cooksonii (Balme) Dettmann: Filatoff

p.65; pl.12,fig.8

Description (comb.nov.): "Microspores trilete, symmetrical
abouttone plane, biconvex; amb roundly triangular, sometimes
elongated along one median. Exine one layered, 3-4 sm thick
in polar reglons (inclusive of sculpture), thicker
equatorially; cingulum 4-7 um wide, cavate in corroded
specimens. Distal exine with bilaterally symmetrical,
clcatricose sculpture; sculptural elevations include six to
nine, parallel, rarely bifurcating, low (2-3 um high),

rounded muri which coalese with cingulum towards equator.

Muri wider (3.5-4.5 um) than intervening lumina (l.5-2.5
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um); four adjacent muri and lumina total 20-25 ym in width.
Proximal exine shows radial symmetry; smooth about pole, and
with one, low, tangentially oriented murus (3.5-4.5 um in
width) on each interradial area near margin of cingulum.
Liesurae straight, extending to cingulum, and with thffi 1ips

c. 1 um high " (Dattmann 1963, p.75):

Description: see Dettmann (1963, p.75).

Dimensions: 33(42)51 um in diameter (3 specimens neasuied)

Occurrence: 5 4 rved in samples™
P85169 4/5 and P85170 5/5 at 14 and 16 m réspectively; both
samples were collected from facies D of subtidal calcareous

shale. -

Comments:  Dettmann's species C. cooksonil.compares well
with the species observed at Cabo Espichel. This species

has a wideworld distribution in material from Oxfordian to

Aptian,
Contignisporites sp.
Plate: 1 Figure: 8
Description: Trilete spore with convex triangular amb.

Laesuras are straight to slightly sinuous extending  3/4 of .
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the spore radius in length. Exine is about 2 wm thick and
thicker equatorially. Proximal exine is psilate, the distal

exine is sculptured with broad muri.

Dimensions: 48 um (2 specimens measured)

occurnncs.) 2 specim observed in sample P85177 5/5 from

a delta front shale at 45.5 m.

Comments: Rare in Portugeusa material. These specimens

T

mble C.problematicus (Couper), described by Doring
(1965, pl.10, . figs.6-8) "except these species lack the
distal muri arrangement and verrucate about the pole.
C.problematicug has a Middle Jurassic to Lower Cretaceous
distribution in Western European strata. Doring described
C.problematicus as being associated with Exesipollenites
tumulus, this is also the case in this sample.

Genus: Converrucosisporites Potonie and Kremp 1954
Type species: Converrucosisporites triquetrus Potonie and

Kremp 1954

Converrucosisporités exquisitus Singh 1971

Plate: 1 Figure: 9 L
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Selected Synonymy -
197{ Converrucosisporites exquisitus Singh, p.116: pl.ls,

495.4,5 - g

s
1979 "\cénverrucosisporites exquisitus Singh;: Habib, pl.3,
= fig.6

original - Diagnosis: "Trilete: laesurae about. 2/3 of the
spore radius; commissures inconspicuous simple slits; amb”
triangular; sides straight to slightly convex: apices
broadly rounded; proximal and distal surfaces oramented by
large, evenly distributed, and closely spaced verrucae of
uniforn size; verrucae hemispherical, & to 10 microns in
diameter, 4 to 7 microns high, and spaced 1 to 4 microns

apart; exine thick" (Singh 1971, p.116).

Descriptio‘n: Triangular amb with slightly convex sides and
rounded apices. Exine is 2-3 um thick and ornamented by
large semi-circular verrucae; 4 to 8 um in diameter, and 3
i to 6 um in height. The trilete laesurae extends about 1/2

the radius of the spore.
Dimensions: 68(72)74 wm (10 specimens measired)

Occurrence: 36 specimens encountered, randomly distribut

. - throughout the saction.
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.
Comments: The specimens observed in the present study are

identifiable as C.exquisitus because of the large, bulbous
verrucaa.

This eppcles. has been previously described by singh
(1971) as occurring in the Alblan. Habib (1979) encountered
C.exquisitus in the lowermost Cretaceous of Spain. This

species was found in Portlandian strata at Cabo Espichel.

Genus: Cyathidites Touper 1953
Type species: Cyathidites australls Couper 1953

Cyathidites minor Couper 1953

Plate: 1 - Figure: 10
Selected Synonymy
1953 mm&ea minor Couper, p.28, fig.13
1959 cyathidites minoxr Couper; Delcourt and Sprumont, p.33;
pl.6,£ig.26
1962 Cyathidites minor Cn‘upnr: Pocock, p.43; pl.4,
tigs.s57,58 @

1964 Cyathidites minor Couper; Singh, p.71; pl.8, fig.13
1966 Cyathidites minox Couper; Burger, p.237: pl.4, fig.l
1975 cyathidites minor Coupat!.f'illtnff, p.60; pl.lo, fig.7
1977

‘Srivastava, p.130; pl.1,
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1982 Cyvathidites minor Couper; Norris, pl.l, fig.7

original Diagnosis: "Trilete, -laesurae long, reaching
almost to equator, consisting of simpla commissures, -no
definite margo; equatorial contour triangular, sides
concave, apices rather rounded; both proximal and distal
surfaces convex, the distal markedly so; exine smooth, from
1.5 to 2.5 um thick" (Couper 19535 p.28).

Description: Trilete; laesurae simple, over 3/4 radius of
- spore, equatorial outline triangular with distal concave
- sides; apices broadly rounded, distal face slightly convex,

exine psilate, 0.75 to 1.5 sm thick.
Dimensions: 28(32)38 um (10 specimens measured)

Occurrence: 43 specimens encountered; randomly distributed

throughout the section.

Comments:  C.minor with a worldwide distribution is
= frequently reported from the Cretaceous; it is only
occasionally found in Jurassic strata.
C.minor is distinguished from (C.australis by being
smaller in diameter; C.minor averages 32 um, whereas

C.australis (Couper 1953) on average is 52 up in diameter.

—
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Genus: Deltoidospora Miner 1935
Type species: Deltoidospora hallii Miner 1935

Deltojdospora hallii Miner 1935

Plate: 1 Pigure: 11
Selected Synonymy
1935 Deltoidospora hallii Miner p.618; pl.24, fig.7
1956 Deltoidospora hallii Miner; Potonie, p.13: pl.1,fig.1
(type species)

Diagnosis: "Small unassigned deltoid or sub-deltoid spores
¥ of the type that is commonly found associated with many
Mesozolc ferns; such as Gleichenites, Gleicheniopsis,

Laccopteris and others" (Miner 1935, p.618)..

Description: Trilete spore with a triangular amb, convex
sides and rounded apices. The trileta laesurae extends for
3/4 or more the spore radius.. The psilate exine is thin and

generally less than 1.0 um in thickness.

Dimensions: 30(39)60 um (45 grains measured)

—

Occurrence: over 100 specimens ‘ éncountered, distributed




throughout the section.

Comments: Deltoidospora with straight to moderately convex
sides is distinguished from_\m}_hj.g_i_t_eg which has concave
stdes. ’
D.hallii is abundant and widespread in Jurassic and
Cretaceous sediments.
\
J

-
Genusy' Dictytophyllidites Couper 1958
Type speci®s: Dictvtophyllidites-harrisii Couper 1958

Dictytophyllidites harrisii Couper 1958
Plate: 1 Figure: 12 ¢
Selected Synonymy
1958 Dictytophyllidites harrisil Couper, p.140; pl.21,
figs. 5,6 .
1975 Dictytophyllidites harrisiji Couper: Filatoff, p.61-62;
pl,11, figs.1-7

1981 Dictytophyllidites harrisii Couper: srivastava, pl.5,
£ig.10 b

original Diagnosis: "Trileta, laesuras: long reaching to

the equator, commissures clearly raised, bordered by a

‘.
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margo; equatorial contour triangular, sides usually concave
but some 20% of the specimens have a straight to convex
sides; distal surface markedly convex, proximal surface is

rather. flattened but because of the clearly raised

commissures it comes to a sharp point at the middle of the
triradiate scar giving a very characteristic agpearance in
equatorial (side) view; exine smooth, usually i to 1.5 um

but occasionally 2 um thick" (Couper 1958, p.140).

Description: Trilete spore with triangular amb, slightly
concave to convex sides with rounded apices. The laesurae
which almost extend to the equator, are simple and may
contain a margo. The exine is psilate and 1.0 to 2.0 um
thick. The essential distinct feature of this species ic
the raised iredurae and . an adjacent margo (2-4 .m -wide)
separated from tha laesurae by a small canal: the margo may
continud directly to the apices appearing as secondary folds

of the exine at the apices.
Dimensions:’ 20(28)40 um (4 specimens measured)

Occurrence: 11 specimens encountered; occura in the upper
200 m of the section.

Comment: This species has a worldwide distribution in

Jurassic and Lower Cretacdous strata.




Genus: Impardecispora Venkatachala, Kar and Raza
1968 .

Impardecispora apiverrucata . (Couper 1958)

Venkatchala et.al. 1968

Type specie

Irpardecispora apiverrucata (Couper 1958) Venkatachala
et.al. 1968

Plate: 2 Figure: 1 >
Selected Synonymy

1958 Trilobosporites apiverrucatus Couper, p.142; pl.21,

figs.11,12 s
1962 Trilobosporites apiverrucatus Couper; Groot and Groot,

p.150; pl.4, figs.2,4 "
1965 concavissimisporites apiverrucatus (Couper) Doring,

p.33-34;pl.13, figs.3,4
1968 Impardecispora apiverrucata (Couper) Venkatachala
et.al.,p.124; pl.1, figs.1,2 X
1971 . Trilobosporites apiverrucatus Couper: Singh, p.142;:
pl.19,figs.7,8
1982 Impardecispora apiverrucata (Couper) Venkatchala
et.al.; Burden, p.213; pl.6,figs.2,3




original Diagnosis: * laesurae comparatively

Short, ‘from 2/3 to 3/4 of the spore, most specimens showing
a margo; equatorial contour triangular, u‘lth concave sides,
distal surface convex, proximal rather flattened; polar
reglons of proximal and distal surfaces usually sculptured
with granules or verrucas (Up to 2.5 umj some specimens have
ohly a scabrate sculpture in the polar regions; in region of
the apices, sculpture is clearly verrucate, verrucae from 3

to 6 um acros

3 larger verrucae sometimes developed as a
single row bordered and occasionally encroaching on the

margo; exine around 2

but up to 3 um at apices in some

specimens " (Couper 1958, p.142).

Description: Triangular amb with concave sides and rounded
apices. The simple trilete laesurae are 2/3 or greater than
the spore radius in length. The exine is of uniforn
thickness (1-2 um). The exine is covered with circular, to
slightly ellipsoidal verrucate ornamentation, the elements
being 2 um in height and up to 6 um across. These verrucae
increase in size towards the apices so that a clear
distinction can be nade between the verrucad on the apices
and those neax; the center of the spore. The polar regions
surrounding the laesurae are finely to coarsely granulate.

Dimensions: 74 to 76 um (12 specimens measurad)




111

Occurrence: near 30 specimens encountered; randomly

distributed throughout the section.

Comments: This species is widespread in Oxfordian to Albian

strata. In the Portugeuse material they were rare.

. Genus: Klukisporites Couper 1958
Type species: Klukisporites varjegatus Couper 1958

ukisporites foveolatus Pocock 1964

Plate: 2 Figure: 2
-
Selected Synonymy
1964 Klukisporites foveolatus Pocock, p.194; pl.7, figs.5,6
1971 Klukisporites foveolatus Pocock; Singh, p.95; pl.13,
tig.8

1976 Klukisporites sp.IT Scott, p.577; pl.3, figs.4-6
1982 Klukisporjtes foveolatus Pocock: Burden, p.2557
figs.1,2

original Diagnosis: "Commissures somewhat gaping simple
slits extending almost~" to its equator; on the sexinal
surface comnmisslires flankéd by raised 1lips which form

flap-like projections above them about 2.0 um high at the
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proximal pole. Amb ‘triangular, sides slightly convex,
apical angles slightly rounded. Nexine thin (less than’' 0.5
um), tightly appreased to sexine. Sexine 2.5 unm thick at
proximal pole and also at equator; proximal sexine smooth,.
distal sexine foveolate; foveolas rounded polygonal to more
or less circular in outline, 2.5-5.0 um in diameter, spaced
2.0-6.0 um apart; foveolae extend onto the equatorial
margins of the proximal face as shallow depressions in the
smooth sexine; they ‘do not extend onto the proximal contact
area. Colour, orange-yellow. Equatorial diameter 36 (40)
42 um in length of commissures + 15 um" (Pocock 1964,

P.194).

Description: . Trilete spore with triangular amb. Laesurae
almost extends to the equatorial region. sides slightly
convex and psilate, with apices slightly rounded. Proximal
sexine smooth, distal sexine (luaina) foevalate (rounded

polygonal to circular) to foevo-reticulate.
.Dimensions: 34(40)48 sm (10 specizens measure

over 40 specimens randomly distributed

Occurrenc
throughout the section.
Comments: Ischyvosporites and Klukisporites have been used

to describe spores of similar morphology, the only
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difference being that Klukispori

3 has been used for forms
without apical exinal thickenings, whereas Ischyosporites

has been used for taxa with these features (Fensome 1983).

Klukisporites foveolatus is almost identical to
K.pseudereticulatus Couper (1958): K.foveolatus has smaller,/ ™
rounder, 'more densely distributea lumina than\\\
K.pseudoreticulatuys. : \

K.foveolatus has been previously reported from Lowsr
Cretaceous strata; with the discovery bf K.foveolatus in
strata from Cabo Espichel, tha range should be extended to

include the Upper Jurassic (Portlandian).

Genus: Leptolepidites Couper 1953; emend. Norris

1968
. . [
N Type species: Leptolepidites verrucatus Couper 1953 5

Leptolepjdites plurituberosus (Doring 1964a) Dorhofer -

1979 {nomen nudum)

Plate: 2 ' Figure: 3

Selected Synonymy

1964a Mattesisporites plurituberosus Doring, p.38-39; pl.2,
figs.9,10

1975 Leptolepidites rotundus Tralau; Vigran and Thusu, pl.3,
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fig.18 .
1978 Leptolepidites rotundus Tralau; Birkelund et.al., pl.s,
tig.a ’
1979 Leptolepidites plurituberosus (Doring) Dorhofer, pl.l,

tigs.41-42 [nomen nudum]
Original ‘Diagnosis: See Doring 1964a, p.38-19 (in German).

Description: Trilete; laesurae extends for 2/3 of the spore
radius (although Ararely observed), equatorial outline
rounded triangular to circular. The distal exine -is
covered by large verrucae ornamentation; . the verrucae

elements are 3-12 um in diameter and 4 uwm high.
Dimensions: 30(55)59 um (15 specimens measured)

Occurrence: near 40 grains randomly distributed throughout
the section; apparently more concentrated in the top 150 m

of ‘the section.

. 8
Commenfts: L.plurituberous occurs in the Northern hemisphere
in Middle Jurassic to Early Cretaceous strata. In the

present study it was observed in Upper Portlandian sediments

of Cabo Espichel.
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Leptolepidites proxigrandlatus (Brenner 1963) Dorhofer
7 . 1979
Plate: 2 Figure: 4 and 5

Selected Synonymy

1963 Converrucosisporites proxigranulatus Brenner, p.60;
. pl.15,£igs.1,3 s
i 1977 Leptolepidites psarosus Norris; Dorhofer, p.28; pl.4,
tig.6 ’

1979 Leptolepidites proxigranulatus (Brenner) Dorhofer,
p.110ipl.1, figs.33,39,40
1982 Leptolepidites proxigranulatus (Brenner) Dorhofer;
Burden, pl.20,£igs.11-14
1983 Leptolepidites proxiaranulatus (Brenner) Dorhofers
o Fensome, p.154; pl.4, fig.7

original Diagnosis:  "Trilete spore;: laesurae simple,
reaching the margin; outline in polar view triangular with
convex sides.

Exine, excluding sculptural elements, 1 um thick,
ornamented on tha distal side by large, more or less
circular tubercles 3-12 um across and 5 um_ high., The
tubercles are closely spaced, occasionally having palygonal
outlines; proximal surface covered with densely spaced

grana, 1 um in diameter and becoming verrucate to finely

tuberculate in a few specimens" (Brenner 1963, p.60)




Déescription: Trilete spore with rounded triangdlar to

circular amb. The lacsurae extend to 2/3 or more of the
spore radius. The exine is ornamented by large, rounded

verrucae 4 to 12 sm in diameter and 1.5 to 5 um high.
N
Dimensions: 24(28)40 ,m (10 specimens measured)

Occurrencei nearly 40 specimens randomly distributed

throughout the section.

Comments; According to Fensome (1983) L.proxigranulatus
and L.plurituberosus. are differentiated by the spacing of
their distal and equatorjal sculptural elemen®s, The
elements of L.proxigranulatus are well spacdd anX their
bases tend to be circular to subcircular in outlims (Fensome
1983) .

L.-proxigranulatus tends to be smaller than
L.plurituberosus, with resp{ct to both overall dimension

and size of ornamentation.

L.proxigranulatus has n)en[v-ucouncezea in deposits

from Middle Jurassic to Lower Cretaceous of the Northern

hamuphu;a .
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Genus: Neoraistrickia Potonie 1956
Type species: Neoraistrickia truncata Cookson 1953

Neoraistrickia sp.
* Plate: 2 Figure: 6

height, ‘and 1-1.5 um in width.

octurrence: Near 10 specimens encountered;

distributed throughout the section.

the Upper Jurassic and Lower Cretaceous.

” Genus: Qsmundacidites Couper 1953
Type species: Qsqundacidites wellmanii Couper 1953

Description: Trilete spore with triangular to rounded amb,
uith convex sides and triangular to rounded apicgs. The
straight laesurae; which is often 1n:onspicuouQ, extends 3/4
of the spore radius: The entire exine (1 um thick) is

covered with long baculate ornamentation, reaching 2-3 um in

Dimensions: 55 to 70 um in diameter (3 specimens measured)

randonmly

Comments: Wide range in size of specimens. Neoraistrickia
is known to have. a yorld wide distribution throughout




Qsmundacidites wellmanii Couper 1953

4
Plate: 2 Figure: 7

Selected synonymy
1953 Qsmundacidites wellmanii Couper, p.20; pl.1, f£ig.s

1971 Osmundacidites wellmanii Couper; Singh, p.50; pl.4,
rig.1

1975 Osmundacidites wellmanii Couper; Filatoff, p.s8; pl.s,
tigs.2-5

1982 gsmundacidites wellmanii Couper; Norris, pl.1, fig.17
1983 osmundacidites wellmanii Couper; Fensome, p.323; pl.ll,
£igs.4,9,10

Ooriginal Dingnésis: "Trilete, laesurae long (at least 3/4
radius); equatorial contour circular but frequently folded;
exine around 1 um thick, with granular-papillate sculpture,
projections up to 1.5 un above general surface" (Couper

1953, p.20).

Description: Spherical trilete miospore often distorted and
folded. Exine is thin (0.5 to 1.0 um thick); covered with
irregular spiny granlate ornamentation. Laesurae are

straight, length greater than 3/4 spore radius.

Dimensions: 25(40)70 ym (10 specimens measured)
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Occurrence: near 30 specimens observed in the section.
Comments:  This species is common throughout Jurassic and

Cretaceous strata; worldwide distribution.

Genus: Pilosisporites Delcourt and Sprumont 1955
Type species: Pilosisporites trichopapillosus (Thiergart
4 1949) Delcourt and Sprumont 1955;

emend. Doring 1965

Pilosisporites trichopapillosus (Theirgart 1949)
Delcourt and Sprumont 1955;

emend. Doring 1965

Plate: 2' " Figure: 8
Selected Synonymy
1949 Sperites trichopapillosus Thelrgart, p.23: pl.s, fig.1s
1955 Pilosisporites ' trichopapillosus (Thiergart) ,Delcourt
and Sprumont, p.34; pl.3, fig,3.
1965 Pilosisporites trichopapillosus (Theirgart) Delcourt
and Sprumont; Doring, p.36-37; pl.l4, figs.1-3
1986 Pilosisporites trichopapillosus (Theirgart) Delcourt
and Sprumont; Ricketts and Sweet, p.21; pl.2,
figs.12,13




Emended Diagnosis: "Azonotrilete microspores, amb convexly

or concavely triangular with a sculpture of fine, slender
spinae or bacula: greatest width of spinae never more than
1/3 of their length ' (individual elements never joined,
neither forming a zona)" (Doring 1965, p.36); English

translation from Jansonius and Hills (1986).
Description: See Doring 1965, p.36.
Dimensions: 48(56)72 um (6 specimens measured) +

Occurrence: 15 specimens randomly distributed throughout

the section.

Comments: Ricketts and Sweet (1986) have described species
withy ‘shorter ana sparsely distributed spines as co-specific
with thoése having .longer and widely distributed spines.
Commonly observed i‘n Lower Cretacecus strata; rare records

from the Upper Jurassic (Brenner 1963; Doring 1965).

nus: Rolycinqulatisporites Simoncsics and Kedves

1961

Type species: mmmumm s:lmm Slmancﬂcs and’

& . Kedves 1961




Polycingulatisporites reduncus (Bolkhovitina 1956)

Playford and Dettmann 1965

Plate: 2 Figure: 9
Selected Synonymy

1953 Chomotriletes reduncus Bolkhovintina, p.35: pl.3,

“ figs.23,24
1964 Taurocusporites reduncus Bolkhovintina; Singh, p.85;

pl.11, fig.6

'1965 Polycinaulatisporites reduncus (Bolkhovintina) Playford
and Dettmann, p.144
1971 polycingulatisporites reduncus (Bolkhovintina) Singh,

p.132-133; pl.18, fig.s C
1974 Polveinaulatisporites reduncis (BolkhoVintina)

McIntyre, pl.14, figs.19, 20
1983 Polycinqulatisporites reduncus (Bolkhovintina) Fensome,

p-120-121; pl.2, fig.12

original Diagnosis: See Bolkhovintina 1953, p.35 (in
Russtan). For a description in English see Singh 1964,
p.86. - .

Description: Trilete spore with triangular to subcircular

amb. The simple laesurae typically extend to the equator.
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The psilate exine is 1 um thick at the distal pole and near

4 um thick at the equatorial boundary. The exine appears to
consist of three separate concentric bands. The distal pole
appears to be lacking exinal thickening. (

Dimensions: 28(30)34 sm (8 specimens measured)

Occurrence: 11 ‘specimens randomly distributed throughout the
section.
Comments: This species has been recorded in Middle Jurassic

to Paleocene strata.

Polycingulatisporites sp.
Plate: 2 Figure: 10

Description: Trilete spore possessing a circular to
sub-circular amb with a  thickened equatorial band
tcingulum). Laesurae are straight extending 2/3 the radius
of the mpore, and bordered by a margo 1.5-2.0 um in width.
Proximally the exine is psilate; ornamented distally with
indeterninite sculpture.

Dimensions: 28-30 um (2 specimens measured)




Occurrences: Rare; only 2 specimens observed in sample

P85058 5/5 at 83.1 m in a subtidal calcareous shala.
Comments: Resembles P.striatus (Filatoff), except this
species is slightly larger and lacks the radial striations,

which makes P.striatus distinct.

Genus: Reticulisporites Potonie and Kremp 1953

Type species: Reticulisporites pa latus Weyland and

Krieger 1953

Reticulisporites semireticulatus (Burger 1966) emend.

Norris 1969

Plate: 2 Figure: 11
Selected synghgmy
1966 Lxc‘ogggipmsgorites MMEEIM Burger, p.247; pl.4,
fig.4
1969 Reticullsporites semireticulatus (Burger) Norris,
p.589; pl.105, fig.4,5
1982 Reticulisporites semireticulatus (Burger) Norris;
Burden, p.253; pl.16, figs.35-40

original Diagnosis: "Trilete, amb triangular with concave
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sides and rounded corners. Trilete mark raised and reaching
to the equator. Exine at proximal face minutely rugulate,
at distal face ornamented with muri, serpentining and
sometimes bifurcating, showing a kind of imperfect
reticulum. Muri are 0.8 um wide and 1-1.5 #m high, the
lumina, not closed, may show diameters of around 2 um"

(Burger 1966, p.248).
Description: See Burger (1966, p.248)

Dimensions: 2022 um (2 specimens measured)
Occurrence: Rare; only 2 specimens encountered. Restricted
to sample P85171 5/5 collected from a subtidal calcareous

shale at 22.0 m.

Comments:  Although rare in Portugeuse material, this
species is known to occur in Upper Jurassic to Lower

Cretaceous strata of the Northern hemisphere.

Genus: Retitriletes Pierce 1961 .
"Type species: Retitriletes globosus Pierce 1961

Retitriletes sinahii Srivastava 1372
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Plate: 2 Figure: 12
Selected Synonymy
1964 Lycopodiumsporites :gmarginatus Singh, p.41; pl.I,
' figs.7-10 w
1971 Lycopodjumsporites marginatus Singh: Playford, pl.103,
fig.13
1972 Retitriletes singhii Srivastava, p.32; pl.27, fig.10
1980 Lycopodiumsporites parginatus Singh: McIntyre and
‘Brideaux, p.10; pl.l, figs.s,9
1982 Lycopodiumsporites marginatus Singh: Norris, pl.2,
£igs.6,7
1983 -Retitriletes singhii Srivastava; Fensome, p.195-198;
pl.6,figs.13,14
Original Diagnosis: “Migrospores trilete; amb triangular,
sides convex, angles rounded; laesurae length longer than
3/4 spore-radius, enclosed within 3 um wide, elevated lips;
exine on proximal face smooth with a few irreqular ridges;
distal surface convex, reticulate, very large polygonal
meshes ranging from 9 to 14 um in diameter; muri + 1 um
wide, raised into membraneous, network about 10 um high,
thickened and rod-like at intersections" (Srivastava 1972,

P.72).

Description: Trilete spore with a semi-rounded to rounded .

triangular amb. The laesurae are straight, about 3/4 or
)
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more of the spore radius in length: The reticulate exine is

thin, generally less than 1.0 um thick. The muri of the

eticulum contain membranes which are 1 um thick, and 8 to
12 um in height. The mesh network (lumina) are polygoal in

shape and at the base range from 5 to 10 um in diameter.
Dimensions: 40(50)60 um (5 specinens measured)

Occurrence: 11 specimans encountered; distributed thxcughcat
the section with apparently grester abundance near the upper -

part of the section. *

Comments:  Previously, R.singhil has. been recorded from
Lowar Cretaceous strata. Here, R.singhii occurs

sporadically throughout the section.

Genus: Stereisporites Pflug in Thomson and Pflug 1953
Type species: Stereisporites stereoides ‘(Potonie and Venitz
1934)- Pflug

Stereisporites antiquasporites (Wilson and 'Webster

1946) Dettmann , 1963




127
Plate: 2 Figure: 13
Selected Synonymy :
1946 Sphagnum antjquasporites wilson and Webster, p.273;

fig.2
1958 Sphagnumsporites psilatus Ross; Couper, 'p.131; pl.1s,
figs.1,2

1963 stereisporites antiquasporites (Wilson and Webster:
Dettman, p.25; pl.2, figs.20,21 " 9
1964 Sphagnumsporites antiquasporjtes (Wilson rAnd Webster)
Dettmann; Singh, p.38; pl.1, f£ig.l
1971 Stereisporites antiquasporites (Wilsén and Webster,
Dettmann; Singh, p.33-34, pl.1, figs.4,5

1976 Stereisporites antiguasporites (Wilson and Webster)
Dettmann; Saad and Ghazaly, p.418, pl.2, fig.s

1978 Stereisporites antiquasporites (Wilson and Webster)
Dettmann; Wilson, p.108-109, pl.l, figs.7-11

1983 stereisporites antiquasporites {Hil;cn and Webster

Dettmann; Fensome,p.88-95; pl.1, figs.1-20

Description (comb.nov.): “Microspores trilete, biconvex;:
amb subcircular to subtriangular with convex sides and
broadly rounded angles. Laesurae straight, simple, length
1/2-3/4~spore radius. Exine smooth, 1-2 um thick: with
slight thickenings in the radial regions at the equator and
2 low, distal.polar thickening which is circular in outline

and 6-8 um in diameter" (Dettmann 1963, p.25).




Discription:  Trilete, laesurae commonly simple and

comparitively short; about 2/3 to 3/4 of the spore radius.
Equatorial outline rounded triangular with strongly convex

sides, rounded apices. Exine is smooth, 1.5 xm thick.
Dinensions: 20(28)35 um (25 specimens measured)

Occurrence: near 50 specimens randomly distributed

throughout the section.

Comments: Jurassic and Cretaceous specimens of
S.antiquasporjtes have a .diverse variation in their
morphology as observed in the material from Fensome (1983,
pl.l). Such vgriaucn‘inaudas forms both with and without
a distal polar thickening, and the difference in the shapes
of the trilete marks. ’

§.antiquasporites has been reported from Jurassic _tg

Tertiary strata. It is widespread in various parts of the

world, including the Portlandian of Cabo Espichel.

% . . i 4

Genus: Todisporites Couper 1958
¢ Todisporites major Couper 1958

Type specie
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Todisporites major Couper 1958

Plate: 3 Figurée: 1
Selected Synonymy
1958 Todisporites major Couper, p.134; pl.16, figs.6-8

1958 Cyclinasporites minutus Nilsson, p.42; pl.2, fig.1d
1962 Todisporites major Couper; Groot and Groot, p.143:
pl.1,fig.1

1964 Todisporites major Couper; Singh, p.45-46; pl.l, fig.22
1975 Todisporites major Couper; Filatoff, p.57; pl.9, fig.l
1579 Punctatisporites major Couper; Dorhofer, pl.1,fig.15
1983 Iggisgcu:es major Couper; Fensome, p.328-332, pl.ll,
£igs.5,7 :
1984 Todisporites minor Couper; Suneby, p.138, pl.3, fig.1la

1984 Todisporites major Couper: Suneby, p.138, pl.3, fig.l5
original Diagnosis: “Trilete, laesurae distinct, long

(ratio length laesurae to radius of spore = 0.72 to 0.88,
mainly 0.83); -equatorial contour circular but frequently
folded; exine 1 to 1.5 um thick and unsculptured" (Couper

1958, p.134).

Description: Trilete spore with equatorial outline,

laesurae usually 2/3 or more the radius of spore in length.
« 5
Exiné thin, less than 2 um thick, psilate.
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Dimensions: 48(52)54 ,m (10 specimens measured)

Occurrence: 13 specimens randomly distributed throughout the
section.

Commapta_: “ Couper (1958) found a bimodal size distribution
within his specimens of Todisporites and concluded there was
two species I.major and I.minor. Couper placed all
specimens less than 52 um in diameter in T.minor, whereas
all those larger.than 52 um in diameter were T.pajor.

Many subsequent authors have had a tendency to use both
species; however, differentiation of the Portugeuse
material was difficult. Statistical measurements of the
Portugeuse material shows a peak at 52 pm. Therefore, based
upon CoupeX's (1958) original descriptions of the genus
Todisporites, it makes it difficult to place the Portugeuse
specimens in one or the other species. Within this paper
the author will use :-mnj_éx. the type species for this
genus.

T.major is a widespread species in Jurassic and Cretaceous
strata, and occurs sporadically throughout the Cabo

Espichel.

Genus: Tuberositriletes Doring 1964b
Type species: Tuberositriletes montuosus Doring 1964b




Tuberositriletes montuosus Doring 1964b

Plate: 3 Figure: 2

Selected Synonymy

1958 concavisporites variverrucatus Couper, p.142; pl.22,
£ig.s

1964b Tuberositriletes pontuosus Doring, p.1104; pl.4,
£igs.4-6

1964b Tuberositriletes pajor Doring, p.1104, pl.5, figs.l1,2
1971 Trilobosporites gphaerulentus-Paden Phillips and Felix, *
p.326: pl.8, figs.4,5

1973 Irilobosporites apiverrucatus Couper; Reyre, pl.1l,
fig.2

1577 Tuberositriletes grossetuberculatus Bolkhovitina;
Dorhofer,p.27-28; pl.4, figs.4,7

1983 Concavissimisporites montucsus Doring; Fensome, p.280;
pl.8, £ig.3,12; pl.9, f£ig.3,10; pl.10, fig.4

Orlqinnyl Diagnosis: "Azonotrilete microspores with

triangular amb; angles well rounded; sides slightly concave

. to straight, rarely convex; proximal and distal surfaces

graulate, tuberose or verrucate; Y mark distinct® - (Doring

1964b, p.1104) (translation from german by Jansonius and

Hills 1986).
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Description: Triangular amb with slightly concave to convex
sides and rounded apices. Tha simple trilete laesurae are
2/3 or greater than the spore radius in length. The exine
is 1 to 2 um thick and covered by verrucae ornamentation 3
to 4 um in diameter, 2 to 3 #m in height, and circular to
slightly ellipsoidal in plan view. These verrucae are
stretched towards some apices to give them an ellipsoidal

geometry.
Dimensions: 70 um (3 specimens measured)

Occurrence: 18 specimens encountered; randomly distributed
throughout the section, however material 1is more
concentrated towards the upper portion of thae section.
’
~ ¢

Comments: Doring's (1964b) descriptions of T.major and
T.montuosus. are so similar that it makes it difficult to
differentiate between thenm. Ixilobosporites aerulentus
is essentially identical to T.montuosus in both size and
appearrance. :

All previous literature on xn_qna_ﬂg and its synonyms
have been from the Neocomian. However, Fensome (1983) did

£ind specim

in the Upper Jurassic Husky Formation of the

Mackenzie Basin, N.W.T. Canada.




. 1983 Undulatisporites undulapolus Brenner; Fensome, p.444;:
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Genus: 2 es Pflug 4in Thomson and Pflug

1953

Type species: Undulatisporites microcutis Pflug in Thomson

- and Pflug 1953

Undulatisporites undulapolus Brenner 1963:

Plate: 3 Figure: 3

Selected Synonymy

1962 U' orjites sinuosus Groot and Groot, p.154; pl.s,
“tig.3
1963 Undulatisporites undulapolus’ Brenmer, p.72; pl.2d,
fig.1

1971 Undulatisporjtes undulapolus Brenner; Singh, p.148-149;
pl.20, figs.11,12
1979 Undulatisporites undulapolus Brenrer; Dorhofer, pl.l,
£ig.7

pl.16,fig.2 .

Original Diagnosis: "Trilete spore; laesurae reaching the
margin, commissure bordered by.a narrow lip 1.5 um wide:
outline in polar view triangular with straight to slightly

convex sides. The laesurae are strongly undulate for about
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1/3 the radius from the proximal pole; exind smooth, 1.5-2

»m thick® (Brenner 1963, p.72).

Description: Trilete spore with triangular amb, moderately
concave to convex sides and rounded apices. The laesurae
are usually strongly sinuous and reach the equator. Exine

is psilate (1.0-2.0 um thick).
Dimensions: 21(26)33 um in diameter (4 specimens measured)

Occurrence: 11 specimens randomly distributed through the

upper 20Q¢ m of the section.

Comments: U.undulapolus occurs in Upper Jurassic through

Lower Cretaceous strata of North America and Europe.
)

3.1.1.2 Monolete

Laevigatosporites haardtil (Potonie and Venitz) Thomas and
Pflug

Genus: Laevigatosporites Ibrahim 1933
Laevicatosporites vulgaris Ibrahim 1933

cie:




Laevigatosporites haardtii ' (Potonie and Vehitz) ?Thomas
and Pflug = '

Plata: 3 Figure: 4
Selected Synonymy
19‘]4 Sporites haardtii Potonie and Venitz p.13; pl.1, fig.13
15&6 Laevigatosporites ovatus Wilson and Webster, p.273:
£ig.5 )
1953 Laevigatosporites haardtii (5otonie and Venitz) Thomas
and Pflug, p.59; pl.3, tigs.27-38 &

1962 Laevidatosporites ovatus Wilson and Webster; Pocock,
P.58;pl.8, f£igs.130-133
1964 Laevigatosporitds . ovatus Wilson and Webster; Singh

p.99: plil3, ‘tig. 1-3
1969 Lgmmm gracilis Wilson and Webster; Norton
and Hall, p.19; pl.2, fig.12
1978 Laevigatosporites haardtii (Potonie and Venitz) Thomas
and Pflug; Wilson, p.117-118; pl.4, figs.7,8
1981 Laevigatosporites haardtil (Potonie and Venitz) Thomas
and Pflug; Srivastava,pl.7,fig.4

y
original Diagnosis: (Potonie and Venitz 1934, p.13 4in

German). See Wilson 1978, p.118. for English description.
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Description: Xidney to bean shaped monolete spore; laesura
is short (10 um) approximately half the length, the laesura
is frequently ruptured. The exine is psilate and about 1 um
thick.

Dimensions: Length 25-50 um; Width 15-37 um; Length:Width

1.3-1.7 (10 specimens measured)

. "
Occurrence: 17 specimens randomly distributed throughout the
section.

Comments: The author agrees with Wilson (1978) and Fensome
(1983) that the species L.ovatus, L.gracilis, and L.haardtii
are indistinguishable. According to Thomas and Pflug
(1953) the definition of L.haardtjii covers. t;m size range
from 20 to 70 um, L.ovatus from 33-39 4m and L.gracilis from
27 to 30 um. There is a complete size range in the observed
in these samples that fits within the range of L.haardtii
and covers the ranges of both the other species.

L-haardtii occurs in the Upper Jurassic and Cretaceous

strata. According to Pocock ,(1962) it is an extremely

common spore thrdughout the Lower Cretaceous.




3.1.1.3 Alete

Chomotriletes minor (Kedves) Pocock

Genus: Chomotrjletes Naumova 1939,. emend. 1953; Stover
1962

Type species: Chomotriletes vedugensis Naumova 1939
Chomotrjiletes minor (Kedves 1961) Pocock 1970
Plate: 3 " Figure: s

Selected Synonymy
1961 sSchizaeoisporites' minor Kedves, p.129; pl.6 figs.1l1-16

1962 chomotriletes fragilis Pocock, Pp-39; pl.2, figs.30-32

1970 chomotriletes minor (!(EdVeS) Pocock, p.6l; pl.ll, 14

1971 chomotriletes fragilis Pocock: Herngreen, p.288: pl.2
£ig.1 :

1977 chomotriletes minor (Kedves) SPococki Dorhofer, p.42;
pl.8, f£ig.11;pl,15, fig.7

1982 Chomotriletes minor (Kedves) Focock: Burden, pl.23,
figs.1-3

Description (comb.nov.): "Alete; circular to subcircular in

equatorial outline; exine single-layered,  very thin (léss




g

than 1

138

ornamented with ridges spaced about 1 wm apart
separated by furrows; on the proximal face the ridges are
distributed in a band running obliquely across the spore and
—ahen .folddng. back on theiselves to form a type of sulcus
which may possibly enclose a germinal opening; the ridges on
the aistal face are arranged in concentric circles parallel
to the equatorial margin, individual ridges do not appear to
br interrupted; spore colour pale yellow; equatorial

‘diameter 23-27 microns" (Pocock 1970, p.61).

Description: Alete spore with thin exine 1 um thick.
Concentric canals running parallel to the equator appear as

a finger imprint.
Dimensions: 28-29 um in diameter (2 specizens measured)

Occurrence: 2 specimens restricted to samples P85188 5/5-and
P85204 5/5 at 129 m and 152 m; both samples were collected

from facies D of a subtidal calcareous shale,

Comments: A very rare spore in the Portlandian sediments of

Portugal. . :




3.1.2 POLLEN

3.1.2.1 Monoporate Pollen

Corollina itunensis (Pocock) Cornet anf Traverse
Corollina simplex Rouse

Corollina torosus Reissinger

Exesipolienites scrabatus (Couper) Pocock
Exesipollenites tumulus Balme

Spheripollenites psilatus Couper

Genus: Corollina (Malyavkina 1949) Cornet and
Traverse 1975

Type species: Corollina torosus Reissinger 1950

° corollina itunensis (Pocock 1962) Cormet and

Traverse 1975

Plate: 3 Figure: 6
Selected Synonymy
1962 Classopollis itunensis Pocock, 'p.71=72; pl.l11,
£igs.176-1777p1.12,£ig.178
1970 Classopollis itunensis Pocock; Pocock, p.104
1975 Corollina Aitunensis Pocock; Cornet and Trave




p.18-19, pl.5, fig.l

Original ,Dhgnugis: “Pollen grains, sub-circular to oval
in polar ‘outline, circular in eguatorial section; monoporate
with dlstal pore which is frequently covered by a circular
plate "operculus® up to 25 miclons in diameter, _proximal
‘pole frequently shows a weak trilete mark or, more rarely a
weak area in the 'exine similar to that shown by
' [classopollis classoides], scabrate, comprising a series of
elongate pits radially arranged with respect to the spore
surface; annular bands of exinal thickening surrounded the
equator as in [Classopollis classoides], but the thickening

{s relatively much less than in that species, the exinal

thickening averaging 3 to 5. microns; the "Rimul

prominant as in ([Classopollis classéides] making the

division of the exoexine into proximal and . distal

is not as

hemispheres less obvious. The main difference between the
species andClassopollis classoides] is the larger size of
the species; polar diameter 45 (47) 51 microns; equatorial
diameter 36 (48) 65 mirons: Holotype 63 microns™ . (Pocock

1962, p.72).

Description: Spherical to discoidal pollen grain. The
distal cryptopore (8-10 um in diamster) is often covered by

‘tectum, proximal pole often shows a trifid tetrad mark

(10-20 um long) which frequently extends to the equatorial
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infrastriae, again. covered by tectum. The exine is two
layered, with scabrate ornamentation. Equatorial
infratectal striate band 2.5 to 3 um thick, 7 to 10 um
wide consists of 9 to 14 striae running parallel around the

equator.

Dimensions: 43(51)64 u» (75 specimens measured)

Occurrence: over 100 specimens observed; restricted to

carbonate facies of the subtidal environment. Most abundant

the upper half of the section.

Comments:  Pocock (1962) described an abundance of
c.itunensis in the Portlandian sediments of Western Canada,
and mentioned that they do not appear to persist into the
- Lower Cretaceous.

In the Portugeuse material C.itunensis only occurs in
the carbonate facies (A through D) and appears to be facies
controlled.

It is similar to, but quite different from C.torosus
being larger (twice the average size), less strongly
oramented, thinner exinal thickening around the equator,
lighter in color (pale yallow) and possessing more

infrastriae (9 to 14).

In the Portuge material C.itunensis occurs

predominantly as solitary grains. There are relatively few
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tetrads, though diads were encountered.
Although not described in the 1literature C.itunensis
strongly resembles Classopollis major (Groot and Groot).
Grainl ©of C.major were chserved in significant abundance
(70‘ of totul uample) in Lower Cretaceous strata of Portugal
(Gxoot and Groot 1962). Another taxon, (Classopollis
nAtistriatis | (BOFgeE) BEW EeER. QEELREE 4F B separate
species based simply upon its ‘10 to 15 infrastriae. Since
¢.itunensis often possess such abundant striae, the
ai-tinctiun is based on size; C.itunensis is much larger.
The size of the'proximal trifid tetrad mark in C.itunensis
‘extends to the equatorial boundaries, whereas in C.torosus
the tetrad mark does not extend further' than the boundaries
of the distal cryptopors. .This morphological observation
has ‘not been described in any literature to date and may.
prove useful in differentiating between species. -Cornet and
Traverse (1975) described C.itunensis’ in Lower Jurassic

strata of the Northeastern U.S.A..

Corollina simplex (Danze-Corsin and Laevine 1963)

Cornet and Traverse

Plate: 3 Figure: 7 and 10

Selected Synonymy
1963 Classopollenites simplex Danze-Corsin and Laevine,




simplex (Danze-Corsin and Laevine) Reiser
and Williams, p.16; pl.6, £ig.1s
1975 Corollina simplex (Danze-Corsin and Laevine) Cornet and

Traverse, p.20; pl.6, f£ig.10

Diagnosis (comb.nov.): See Reiser and Williams (1969; p.16)

Description: Small spherical to subspherical monoporate

pollen grain. The proximal trifid tetrad r is triangular

with concave sides 5-7 um long. The thin qucnlnr distal
cryptopore is 2-4 um in diameter. The puiiate exinede Gilh
(1 um thick) and has a columellate structure. Frequently,
equatorial infrastriae (4-6 um wide) consisting of 4-7 bands

are distinct.
Dimensions: 14(17)22 um (75 specimens measured)

Occurrence: over 900 specimens encountered, restricted to
“

the siliciclastic facies E, F, G and J.

* comments: G.simplex is characterized by a smooth exine with
‘a more or less continuous, massive structure (less
ornamentation), narrower equatorial bande with less
infrastriae and small size. These characteristics

distinguish it from C.torosus. Brenner (1963) only
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described faint suggestions of equatorial bands; whereas the
Cabo Espichel species possess distinct bands. Brenner also
considered that " the small sjze and smooth exine
distinguishes this species from Q}‘gssgpg}“s classoides
(Corollina torosus)". 1In contrgst to C.torosus only a
single tetrad of C.simplex was encountered.

According to the description by Herngreen (1971),
¢.minimus supposedly lacks equatorisl striae. Ironically
enough, close examination of Herngreen's plates of C.minimus
reveal equatorial striae.

With the aexception of the "lacking of infrastriae";
which apparently do exist, the descriptions of C.minimus
and C.parvus are virtually the same. The use of C.parvus
over ¢.mininus in, the above description was based upon
seniority of C.simplex.

Previously, C.simplex has been described in strata of
Neocomian age from Eastern North America and Western
Europe. C.simplex occurs in siliciclastic sediments, and

appears to be facies controlled.

Corollina torosus (Reissinger 1950) ‘emend. Cornet and

Traverse 1975 ,
Ao

~

Plate: 3 Figure: 8, 9 and 11

\ Selected Synonymy
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1950 pollenites torsus Reissinger, p.115; pl.14,fig.20

1953 Classopollis classoides Pflug, p.91; pl.16,figs.20-25,
29-37 = )
1953 Classopollis declassis Pflug, p.92; pl.16,figs.16-19
1955 Classopollis-classoides Pflug; Krutzsch, p.74;
pl.2,£ig.23

1958 Classopollis torosus (Reissinger) Couper, p.156-157;
pli2e,figs.2-7

1961 Classopollis minor Pocock and Jansonius, p.444; pl.1,
figs.21-25 .

1962 Classopollis torosus (Reissinger), Couper; Chaloner,

P.19-20; pl.2,figs.1-2

1962 classopollis classoldes Pflug; Pocock, p.71: pl.ll,
tigs,171-175

1963 Classopollis torosus (Reissinger) Brenner, p.84-85;
pl.34,figs.4-6

1964 Classopollis classoides Pflug; Singh, p.125; pl.17,
fig.2

1965 Classopollls torosus (Reissinger) Deak, p.35; pl.l4,
£igs.7,9-17

19%6 Classopollis torosus (Reissinger) Burger, p.264-265;
1.38, figs.1-5

1971 classopollis classoides Pflug; Singh, p.176-177; pl.26,
figs.5-7

1975 Corollina torosus (Reissinger) Cornet and Traverse,
p.17:pl.5, figs. 2,9,14
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1975 Classopollis classoldes Pflugs Brideaux and McIntyre,
pl.45figs.25,26
1975 Classopollis classoides Pflug; Vigran and Thusu, pl.11,
Figs.5,9,10,13,14
1976 Classopollis classoides Pflug; Saad and Ghazaly, .PLd46;
pl.11,tigs.11-¢
1977 Corollina torosus (Reissinger) Bjaerke, pl.6, fig.31
1977 Corollina torosus (Reissinger) Bujak and Williams,
p.326
1978 Classopollis classoides Pflug; Williams, pl.s, fig.s
1982 Classopollis torosus (Relssinger) Norris, pl.s, fig.s
1983 Classopollis classoides Pflug; Fensome, p.523-531;
pl.20,figs.1-14,16,17,19,20
1984 Classopollis torosus (Reissinger) Suneby, pl.1l, fig.s

Emended Diagnosis: "Isolated pollen grains or occurring as
tetrads; spherical to ovoid, or aco:—n—shuped: diameter in
equatorial view (100 grains): 18-41 um (median 32 um), .90%
of grains between 24 and 37 um (Couper, 1958, notes range
24-46 um, mode 32 um). - Diameter in polar view 24-37 unm
(diameter of subequatorial furrow 83-88% of overall
diameter). Distal pseudopore variable in size, even for
grains of same size: 4.3-8.5 um in diameter, frequently
distorted and widened in equatorial view. Proximal

triangular area of thinning, which sometimes contains

trilete mark, 6.8-13.6 un high. Exine two layered; ektexine
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di:'isible into outer tegillum, continuous.over whole surface
of grain, and inner structured layer, which is thickened in
equatorial region to form a band or belt. Endexina variably
distinct to indistinct, spherical frequently scabrate,
occasionally with a small proximal trilete mark. Structure
of equatorial band ranges from pseudoreticulate, to vaguely
striate with aligned intrastructural” columellae
(pseudostriations), to distinctly striate, with columellae
fused to form more or less parallel bandl,_ the number of
striations frequently varying from one part of band to
another. Sometimes combinations of grains with all degrees
of striation development occur in same tetrad. When
striations are well developed, maximum number per grain
ranges from 6 to 10. Width of equatorial band, which
frequently ranges from 5 to 13 .um at its maximum, usually
decreases in one area to 4-10 um, and striations decrease in
number to 4 or ‘5 through anastomosis or disintegration of
more proximal. striations into discrete intrastructural
elements. Exine thickness varies with grain size, ‘and
presumably also with preservation; it 1is thickest in
equatorial band: 1.3-2.4 um (Couper 1958 records 3.0 um),
decreasing gradually toward the proximal pole: for example,
2.1 pm down to 0.9 um; thickness on distal side .of
equatorial furrow (range 0.7-1.7 um) generally slightly less
than that proximal to equatorial band. Intrastructure of

ektexine mostly pseudoreticulate, with positive elements
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largest on proximal side of equatorial furrow, particularly
if equatorial band is pseudoreticulate; pseudoreticulum on
distal side of grain usvally finer in pattern, occasicnally
becoming punctate. -Sculpture of tegillum variable® (Cornet

and Traverse 1975, p.18) .

Description: Spherical to subspherical monoporate pollen

grain (acorn-like shap circular in equatorial section.

The circular or subcircular distal cryptopore is 8 to 10 um
in diameter, the proximal trifid tetrad mark forms as a
triangular opening with straight to concave sides 5-15 um in
length. Seven to nine annular bands of tectum thickening,
may form a 3-4 um thick equatorial infratectal striate band
averaging 10 um in width surrounding the equatorial region.
This band of striations may have granulose or in some
instances micro-reticulate ornamentation. The psilate or
scabrate two layered exine consists of a homogeneous tectate
layer, which is thicker on the equatorial band than on the
cryptopore and tetrad mark; and a baculate layer which is
not present over the cryptopore or the trifid mark. Tetrads
are common.

~N
Dimensions: 28(33)40 um (250 grains measured)

Occurrence: Over 23,000 specimens distributed throughout the

entire section.




Comments: From detailed examination of the Portugeuse
material it can be observed that Corollina torosus closely
resembles Classopollis alexi (Burger 1965),
C.intrareticulatus (Volkheimer 1972), C.meyeriana (Klaus
1960), C.klausii (Boltenhagen 1973) and C.chateaunovi (Reyre
1969) that it makes it nearly impossible to distinguish them
as separate species, especially - based upon their
morphology. '

Some 45 species have been placed in the genus Corollina
(Srivastava 1976). Many of these are difficult to
differentiate because of the confusion generated from
descriptions in the literature (Fensome 1983).

statistical investigations of soma 475 grains have
allowed for the distinction between at least three species
based upon grain diameter (Figure 3.1).

Corollina torosus range from 28 to 40 um in diameter
with a mean of 33 um and consisting of 7-9 infrastriae;
C.simplex and C.jtunensis range from 14 to 22 um with a mean
of 17 um, consisting of 4-7 infrasriae and from 43 to 51} um
with a mean of 51 um, consisting of 9-14 infrastriae
respectively.

Corollina torosus is an ubiquitous species in Rhaetic
to Eocene strata, and is especially abundant within the
Upper Jurassic: including the Portugeuse material.

Worldwide distribution.
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Genus: Exesipollenites Balme 1957
Type species: Exesipollenites tumulus Balme 1957

Exesipollenites scabratus (Couper 1958) Pocock

1970
Plate: 3 Figure: 12
Selected Synonymy

1958 Spheripollenites scabratus Couper, p.158;pl.3l,
figs.12-14 )
1962 Spheripollenites scabratus Couper, Pocock, p.74:[£1.1z,
£igs.188-189 g
1970 Exesipollenites scabratus (Couper) Pocock, B-101-100;
i
I

pl.22,figs.11,12,14,15a-d

1975 Exesipollenites scabratus (Couper) Pocock; Filatoff,

p.88; pl.27,£igs.22,23(?), pl.28, fig.6 )
1975 Exesipollenites scabratus (Couper) Pocock; Vigran -and

Thusu, pl.11,fig.16
1979 Exesipollenites scabratus (Couper) Pocock; Dorhofer,
pl.3, tig.4s ‘ 7
original Diagnosis: “Grains monoporate (?) (most specimens
appear to have a weak area in the exine which tears readily,
suggesting the presence of a poorly developed pore); grains
.

originally spherical but fold readily; exine 1 to 1.5 micron
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thick, sculpture scabrate, in optical section edge of grain

appears smooth® (Couper 1958, p.158).

Description: Monoporate pollen grain; outline more or less
circular in polar view. Exine is 1 to. 1.5 ur thick with
scabrate to microverrucate ornamentation. Tenuitas when
visible is 2 to § um in diameter. Occasionally the distal

area lacks exinal thickening making the tenuitas indistinct.
Dimensions: 25(35)46 wm (100 specimens measured)

Occurrence: over 6,000 specimens distributed throughout the

entire section.

Commepts: E.gcabratus ranges from Jurassic to Cretaceous

(Albian). -

Exesipollenites tunulus Balme 1957

Plate: 4 Figure: 1
y Selected Synonymy
1957 Eissipollenites fumulus Balme, 'p.39; pl.ll,
figs.123-125 ) '
1964 Exesipollenites tumulus Balme; Singh, p.126-127: pl.17,

tigs.4,5 i
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1965 Exesipollenites scabrosus Norris, p.600-601; pl.III,
figs.20-22

1971 Exesipollenites tumulus Balme; Singh, p.178-179;
p1.26,2ig.11

1971 Exesipollenites tumulus Balme; Playford, pl.107, fig.1l5

1975 Exesipollenites turulus Balme; Filatoff, p.88; pl.27,
figs.22,23; pl.28, fig.6

1977 Exesipollenites tumulus Balme; Norris, pl.l, figs.24,25

1982 Exesipollenites tumulus Balme; Burden, pl.27, figs.9-12

Original Diagnosis: "Pollen grains with circular or oval

amb; no tetrad scar visible; exine differentially thickened
in a circular depression about 5 microns in diameter, in
which the exine is much thinner than elsewhere; exine smooth

or with occasional granules" (Balme 1957, p.39).

Description: Monoporate pollen grain: outlline in polar view

is more or less spherical to sub-triangular; exine is
psilate to scabrate and 1 to 1.5 »m thick. The distal pole
is parked by & Aarkar exina in & cireulsr ares which i 172
or greater the diameter of the grain; containing in the
center a circular area of exinal thinning about 5 um
in diameter (tenuitas). The center of the area contains a

pore (1 to 2 ym in diameter).

Dimensions: 24(29)37 sm (100 speciméns measured)
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Occurrence: over 9,000 specimens distributed throughout the

entire section.

Comments: Norris (1969) separated E.gcabratus, from
E-tunulus by its fine clearly defined infrastructure. Some
Alberta specimens show a vestigal trilete mark (Singh 1971);
trilete marks were not observed on the Portlandian fossils
from Cabo Espichel.
| The larger grains’ of this species show better defined
tenuitas; this may represent a possible morphological
development.

E-fumulus ranges from Jurassic to Cretaceous (Albian).

It is very common in the material examined here.
Genus: Spheripollenites Couper 1958
Type species: Spheripollenjites psilatus Couper 1958
spheripollenites psilatus Couper 1958

Plate: ¢ Figure: 2 and 3

Selected Synonymy
1958 spheripollenites psilatus Couper, p.159; pl.31,
figs.4-8 -
1965 Spheripellenites psilatus Couper: McGregor, pl.10,
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fig.30

1965 méummm_a classopolloides Nilsson; Playford and
Da-ttmann, p.74; pl\.'l, figs.62,63

1966 Spheripollenites psilatus Couper; Burger, p.263: pl.36,
£ig.4

1971 Spheripollenites psilatus Couper; Singh, p.179; pl.26,
fig.12

1575 spheripollenites glassopolloides: Nilsson; Vigran and
Thusu,p.36; pl.1l, figs.1,6,15

1976  Spheripollenites psilatus Couper; Saad and Ghazaly,
p.448;p1,12, figs,s,7

1977 spheripollenites psilatus Couper; Norris, pl.1, fig.23

1982 m&lﬂm psilatus Couper; Burden, pl.27,

: £igs.13,14 .

1983 Globiporites. psjlatus Couper; Fensome, p.541-543;
pl.17,figs.15,18; pl.22, fig.18

Original Diagnosis: “Grains monoporate (?); originally
spherical but frequently folded in the fossil state; exine

smooth, about 1.5 micron thick" (Couper 1958, p.159).

Description: Simple spherical pollen grain, exine thin 0.5

to 1 um thick, psilate or it may be finely ornamented. A

single circular tenuitas (approx. 10 m in diameter),
presumably distal, is frequently present but may be
indistinct (weakened or absent).




ons:\21(30)40 sm (100 grains measured)
entire section.

thickening about the tenultas, which appears
detailed crifique of morphologic variations in the

often found 4in  close association with one

especially in the Portugeuse strata.

Jurassic to Cretaceous (Albian).

3.1.2.2 Bisaccate

Alisporites ‘hun!.mua Rouse

ﬂmmu!nim SsP.

Rityosporites constrictus Singh

Podocarpidites minisiculus Singh

wim multesimus (Bolkhovitina) Pocock

Occurrence: over 4,600 specimens distributed throughout the

Comments: Exesipollenites possess a distinct exinal
,ndistinct in Spheripollenites. See Fensome (1983) for a =

Spheripollenites, Exesipollenites and Classopollis are

This taxon has a known stratigraphic range from Middle

—

absent or

se genera.

ancther,




1959

1962

1964

1971

1974

1976

1982

original Diagnosis: "Pollen grains bilaterally symmetrical,

with

region of the proximal furrow, and with 1little or no

constriction into two distinct bladder units. Marginal cap
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Genus: Alisporites Daugherty 1941; emend.Potonie
and Kremp 1956
Type species: Alisporites opii Daugherty 1941

Alisporites bilateralis Rouse 1959

Plate: & Figure: 4
Selected Synonymy =

Alisporites bilateralis Rouse, p.316; pl.1l, figs.10,11
Alisporites thomassi Couper; Pocock, p.62; pl.l4,
fig.143 '

Alisporites thomassi Couper; Singh, p.109; pl.14,
fig.11

Alisporites bilateralis Rouse; Singh, p.169; pl.2¢,
£ig.9
Alisporites sp. Rouse; Riley, pl.l, fig.3

Alisporites bilateralis Rouse; Scott, p.592; pl.9,
£ig.5
Alisporites bilateralis Rouse; Burden, pl.26, figs.5,6

two bladders diametrically opposed, united in the

or crest relatively thin, consisting of two concentric or
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linear flaps subtending the central furrow, and with well

developed margins. Ornamentation of bladders coarsely

reticulate in outer regions, grading into fine reticulate or
weakly punctate in the area of the proximal furrow. Shape
generally oblong, but varying toward circular or
elliptical. Overall range of length 40-300 micron; of width
20-150 micron" (Rouse 1959, p.314).

- )

Description: Bisaccate; shape ai{ipticul in polar view;

entral body transversely elliptical, sacci are well
developed and of the same size as the central body. Attached
laterally, to give the whole grain an oval shape.
Occasionally, a narrow parallel distal furrow is present.

Exine is thin, finely reticulate.

ions: Overall breadth 48(59)70 um
Length of central body 34(42)50 xm
Breadth of central body 28(34)38 um
Length of sacci 34(42)50 um
Breadth of sacci 22(27)28 um (40 specimens

measured)

: over 1000 s distributed throughout the

antire section.

Comments: According to Singh (1971) the specimens

_-_i
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erronecusly assigned to Alisporites thomassi (Couper) by
Pocock - (1962), Singh (1964) and McGregor (1965) actually
belong to Alisporites bjlateralis. Thers is obvious
similarity between A.thomassi and A.bilateralis.
A.bilateralis ranges from Late Jurassic to Cenomanian.

Genus: Piceapollenites Potonie 1931
Type species: Piceapollenites alatus Potonie 1931

Piceapollenites sp.
Plate: .4 Figure: S

Description: Blsaccate pollen grain with sacci equivalent
size or greater than that of the central body. Sacci are
attached  to the equator proximally and has a coarse

infrareticulate ornamentation.

Dimensions: Overall breadth 120-140 um
Length of central body 90100 um
Breadth of central body 80-85 xm
Length of sacci 80-90 um

Breadth 50-60 um (2 grains measuraed)

Occurrence: only 3 specimens all observed in sample. P85170
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5/5 at 16.0 m in a subtidal calcareous shale.

Comments: Rare in the Portugeuse material studied.

Genus: Pityvosporites Seward 1914; emend. Manum
1960

Type species: Pitvosporites antarcticus Seward 1914

Pityosporites constrictus Singh 1964

Plate: 4 Figure: 6
Selected Synonymy
1964 u;mnm constrictus Singh, p.122; pl:16, figs.s8,9
1971 pityosporites constrictus Singh: Singh, p.167; pl.25
fig.10
1980 Pinuspollenites constrictus Singh; Wingate, p.40;
pl.15,figs.6,7 4
1982 zixxg;ggzxﬁgg constrictus Singh; Burden, pl.26,
£igs.2,3

original Diagnosis: "Bisaccate; bladders distally pendant
narrowing towards their roots and diverging; the roots

reaching slightly beyond the equator; the space separating

the two bladders on the distal side about 15 microns wide;
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central body oval, broader than long; bladders finely

granulate; exine uniformly thick" (Singh 1964, p.122).

Description: Bisaccate, with sacci more than hemispherical
and equivalent dimensions or smaller than that of the
central body. Overall the central body is oval. The

bladders are reticulate with finely granulate body.

Dimensions: Overall breadth 68(76)82 um
Length of central body 40(42)47 um
Breadth of central body 45(52)54 um
Length of sacci 34(38)40 um
Breadth of sacci 22(28)30 um (50 specimens

measured) .

Occurrence: near 800 specimens distributed throughout the

entire section.

[ v

in Aptian to Maastrichtian

strata from North America.

Genus: Podocarpidites Cookson 1947; emend.Couper

1953

Type species: Podocarpidites ellipticus Cookson 1947




Podocarpidites minisculus Singh 1964

)

Plate: 4 Figure: 7
Selected Synonymy
1964 Podocarpidites minisculus Singh, p.117; pl.15, fig.15,

16

1971 podocarpidites minisculus Singh, Singh, p.165; pl.24,
fig.1

1982 Podocarpidites minisculus Singh, Burden, p.313; pl.25,
fig.1s :

original Diagnosis: “Bisaccate; central bady oval; length
of central body more than the breadth; marginal crest
present; bladders distally pendant, longer than the central
body and very thin walled; proximal cap scabrate; bladders
finely reticulate" (Singh 1964, p.117).

Description: Bisaccate pollen grain with sacci length
greater than that of the oval central body. Sacci attached '
proximally to the equator. Bladders are thin with fine

reticylate ornamentation.

Dimension:

Overall breadth 38(40)49 um
Length of central body 26(40)43 um =
Breadth of central body 24(29)35 um

—
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Length of sacci 34(36)38 um
Breadth of sacci 16(19)20 um (6 specimens

measured)

Occurrence: 15 specimens; randomly distributed throughout

the section.

Comments: Previously observed by Singh (1964, 1971) and
Burden (1982) in Lower Cretacecus strata of Western Canada.

This taxon is relatively rare in the Portugeuse material.

Podocarpjdites multesimus (Bolkhovitina 1956)
Pocock 1962
Plate: 4 Figure: 8 =T
Selected Synonymy

1956 Podocarpus multesimus Bolkhovitina, p.127; pl.24,
£ig.235

1962 Podocarpidites multesimus Bolkhovitina, Pocock, p.67:
pls.10-11, figs.161-163 :

1971 Podocarpidites multesimus (Bolkhovitina) Pocock; Singh,

p.166; pl.24, rig.2
1982 Podocarpidites multesimys (Bolkhovitina) Pocock;

Burden, p.314; pl.25, fig.1l6 T
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d Diagnosis (comb.nov.): “Bisaccate; central body more or
less circular; marginal crest appears to be crenulate in
proximal view, but this 1a not alvays clear in distal views
ornamentation of central body not clear on ' Canadian
specimens; proximal cap granulose; sacci large, extending
well beyond the central body, attached to the distal side of
the central body and pendant. The two sacci on any one
grain are normally more or less the same, but they may vary
slightly and deviant forms are found in which one saccus has
becéme greatly enlarged, sometimes enveloping up to 3/4 of
the central body; sacci reticulate, reticulation fine (1
micron to 2,5 microns between muri) with a tendency to

radial distribution of sculpture" (Pocock 1962, p.67).

Description: Bisaccate pollen grain with sacci length -
greater than that of the circular central body. Bladders

have fine reticulate ornamentation.

Dimensions: Overall breadth 60(70)80 um
Length of central body 42(50)52 um
Breadth of central body 36(43)50 um
Length of sacci 40(51)60 um
- Br-ad‘th of sacci 26(36)38 um (20 specimens

measured)

Occurrence: Near 100 specimens distributed throughout the

—J




section.

Comments: This species has a worldwide distribution in

Upper Jurassic and Lower Cretacecus strata.

3.1.2.3 Monosulcate

Cerebropollenites macroverrucosus (Thiergart) Schulz
Cycadopites follicularjs Wilson and Webster

Genus: Cerebropollenites Nilsson 1958
Type species: Cerebropollenites macroverrucosus Nilsson 1958
Cerebropollenites macroverrucosus. (Thiergart 1949)

Schulz 1967

Plate: 4 Figure: 9
Selected Synonymy
1949 Pollenites pacroverrucosus Thiergart, p.17; pl.2,

fig.19
1958 epo. e mesozoicus Couper, p.155; pl.30,
figs.8-10 ) y
- 1967 ¢ llenites ;u sus (-rhuﬁ;an) Schulz,

P.603;pl.21, figs.4-6




"translation from Jansonius and Hills 1983).

1983 llenites rucosus (Thiergart) Schulz;

Fensome, p.564;pl.21, figs.3,18,19; pl.22, figs.l,2

Emended Diagnosis: "42-82 micron

amb oval to circular,
exine thickness obscured by heavy sculpture, probably 1
micron; on all sides covered with verrucose to loop-shaped

or ribbonrlike sculptural el ts: exine on distal

side with a sulcoid invagination, sulcus round to oval,

16-20 microns long" (Schulz 1967, p.603 in German) (English

Description: Pollen grdin, monolulcate with equatorial
outline circular to sub-circular. ;X“hn sulcus is circular to
elliptical in shape and usually much shorter than the
overall length of the pollen grain. The exine of the distal
surface is very thin and near psilate over a circular area,
the proximal surface is saccate; but saccus is not as well

developed as around the equator.
Dimensions: 30(46)70_um (5 specimens measured)

Occurrence: over 30 specimens randomly distribu

a7y

of ornamentation is

throughout the section.

Comments: The size and coarsenet

diverse in this species.
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This species is widespread in Jurassic and Cretaceous

strata in many parts of the world.

Genus: Cycadopites Wodehouse 1933
Type species: Cycadopites folliculaxis Wilson and

Webster 1946

Cycadopites follicularis Wilson and Webster 1946
Plate: 4 _ Figure: 10

Selected Synonymy

1946 cCycadopites follicularis Wilson and Webster, p.274;.
fig.?

1975 Cycadopites follicularis Wilsen and Webster; Filatoff,
p-75:pl.21, figs.l-4

1983 Cycadopites follicularis Wilson and Webster: Fensome,
p.551,p1.21, figs.4,6

Original Diagnosis: "Ellipsoidal; approximately twice as
long as wide; length 39-42 microns; width 18-21 microns;
furrow extending total 1engtn®or grain, open at ends,
usually closed in the middle by furrow edges overlapping in

shrinkage; surface smooth, wall 1.5 microns thick,

translucent" (Wilson and Webster 1946, p.274).
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Description: Pollen grain, monosulcate with oval amb ‘and

rounded apices. The furrow extends for the entire length of

the grain. The psilate to scabrate exine is 1 to 2 .

thick.

Dimensions: 18(35)52 um in length

12(18)26 4m in width (10 specimens measured)

Occurrence: near 20 specimens randomly distributed
throughout the section. :
Comments: This species ranges in strata from the

Carboniferious to the Cenozoic (R

nt) . Although this
species is often quite abundant in Jurassic material, it was

scarce in the Portugeuse material.

3.1.2.4 Perinous
Callialasporites dampieri (Balme) Sukh Dav
Callialasporites trilobatus (Balme) Sukh Dev
Callialasporites turbatus (Balme) Schulz 3
Perinopollenites elatoides Couper

Genu:

Callialasporites Sukh Dev 1961
Type species: Callialasporites trilobatus Balme 1957

—J




Callialasporjtes dampieri (Balme 1957) Sukh Dav
1961

Plate: 4 Figure: 11
Selected Synonymy
1957 Zonalapollenites dampieri Balme, p.32; pl.8, figs.88-90
1961 calljalasporites dampieri (Balme) Sukh Dev, p.48; pl.4,
£igs.26,27 %
1966 Applanopsis dampieri (Balme) Burger, p.255-256; pl.27,
rig.2
1975 callialasporites dampieri (Balme) Sukh Dev; Filatoff,
p.84, pl.24, figs.6-11; pl.25,figs.1-8
1979 Applanopsis dampieri (Balme) Dorhofer, pl.3, figs.33,4a
1980 callialasporites dampieri (Balme) Sukh Dev; Burger,
pl.17, figs.s,7
'
Diagnosis: "Monosaccate, amb circular ‘to oval, bladder
equatorially attached. Exine of central body thin, psilate
to minutely granulate, often radially folded near the
equator. Sometimes a vague trilete mark can be observed.
Bladder psilate with an overall equal width of about 5
micron occasionally slightly comstricted at the corne: In
most cases the radial foldings continue on to the bladder,

giving it a characteristical, undulating outline” (Burger
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1966, p.255) (For original diagnosis see Balme 1957, p.32).

Description: Perinous pollen grain with subcircular to
sub-triangular amb and proximally positioned non-functional
trilete mark. The exine, typically folded, consists of an
inner exine 0.5 to 1.5 um thick and an outer exine is 1 t6.3
4B thicks both layers of the exine are scabrate to
; granulate. X hollow zona exists about the margin of the,
equator.’ The inner exine forms a dark circular to rounded

triangular corpus.

Dimensions: 42(58)76 um overall diameter. Corpus diameter

24(45)56 ym (5 specimens measured) !

Occurrence: . 5 specimens restricted to sample P85206 5/5 at |
5 209.9 m in a subtidal calcareous shale.

Comments: ¢C.dampieri is common in Middle Jurassic to Lower

Cretaceous material. '

Callialasporites trilobatus (Balme 1957) Sukh Dev 1961

b R
2%

5 Figure: 1
Selected Synonymy
1957 Zopalapollenites trilobatus Balme, p.32; pl.s,




figs. 91,92

1961 Callialasporites trilobatus (Balme) Sukh Dev, p.48;
‘;\1,4, figs.28-29

1966 Applanopsis trilobatus (Balme) Burger, p.261; pl.27,

v orig.a1 ,

1975 callialasporites trilobatus (Balme) Sukh Dav; Filatoff,
p.85; pl.25,figs.9,10

1979 Applanopsis trilobatus (Balme) Dorhofer, pl.3, f£ig.29

1983 Callialasporites trilobatus (Balme) Sukh Dev; Fénsome,
Pp.488-492, pl.19, figs.l1,3,4,6,7,10 .

original Diagnosis: “Equator + circular .te oval: body +
circular, subcircular to triangular; grain complex, body
encircled by an equatorial bladder, which may be incomplete
to appear 3 separate bladders of a position in between:
bladders smaller and + of same breadth unlike Alatisporites:
Y-mark absent (or a very vestigal Y-fold present); exine
over the body and bladders infra- to extra-granulate" (Balme

1957, p.33).

Description: Trilobate saccus with a distinct dark rounded
trianqular corpus having straight to convex sides. Corpus
diameter nearly 3/4 the size of the body. A proximally
positioned trilete mark may be developed. The inner exire

is (0.5 to 1.5 um) thick and the outer exine is (1 to 2 um)

thick: bcth. layers have scabrate to finely granulate
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ornamentation. Three separate psilate bladders are attached
at the equator to produce a hollow zona with gaps at
the apices. Bladders 10 to 15 um wide, generally become

smaller towards éach corner.

‘ Dimensions: . Total diameter 48(60)76 um. Corpus diameter
~

36(40)56 um (10 ‘specimens measured)

Occurrence: riear 20 grains randemly distributed throughout
the section.
Comments: This species has a global distribution in Upper

Jurassic and Lower Cretaceou; strata.

Callialasporites turbatus (Balme 1957) Schulz 1967 -

Plate: 5 Figure: 2
& Selected Synonymy
1957 Inaperturopollenites turbatus Balme, p.31-32; pl.7,
figs.85,86 pl.8, fig.87
1967 callialasporites turbatus (Balme) Schulz, p.593; pl.17,
figs.3,4 3 . .
1975 ‘collialasporites turbatus (Balme) Schulz; Filatoff,
P-84; pl.26,rigs.5-9
1979 callialasporites turbatus (Balme) Schulz; Dorhofexr,

__-—l




pl.3, fig.37

Original Diagnosis: See Balme 1957, p.31.

\

Description: Perinous pollen grain with a circular to
sub¢ircular amb. The inner exine is 0.5 to 1.5 um thick,
the outer exine is 1 to 2 um thick, both exines being
scabrate to granulate. The inner exine produces a circular

corpus with a triangular outline.

Dimensions: 40(60)75 um overall diameter. Corpus diameter

30(36)60 um (4 specimens measured)

Occurrence: 4 specimens encountered, .all specimens
restricted to sample P85212 5/5 at 314.0 m in a subtidal

calcareous shale.

Comments: Common in Lower Jurassic to Lower Cretaceous

sediments.

.Genus: Perinopollenites Couper 1958
Type species: Perinopollenites elatoides Couper 1958

Perinopollenites elatoides Couper 1958




Plate: 5 Figure: 3

. Selected Synonymy 2

1958 Pperinopollenites elatoides Couper, p.152; pl.27,
£igs.9-11

1962 Pexinopollenites elatoides Couper; Pocock, p.60; pl.9,
£i98.136-137

1964 Perinopollenites elatoides Couper; Singh, p-107; pl.14,
£ig.9

1966 Perinopollenites elatoides Couper; Burger, p.264;
P1.36,fig.2; pl.37, fig.l

1975 Perinopollenites elatoides Couper: Vigran and Thusu,
pl.13,figs.11,16,17

1982 Perinopollenites elatoides Couper; Norris, pl.s,
tigs.4,5

1982 Pperinopollenites elatoides Couper; Burden, pl.24,
figs.21,22

1983 Perinopollenites elatoides Couper; Fensome, p.545-547;
pl.17, figs.16,17

original Diagnosis: “Monoporate, pore 'not always clearly
shown: grains originally spherical but fold readily: exine-
consisting of two distinct layers; the auter is scabrate and
very thin (less than 0.5 um) loosely fitting and wrinkles
, and tears easily; the inner is around 0.75 to 1.0 ym thick,

smooth to finely scabrate" (Couper 1958, P.152).




Description: Perinous pollen grain, with pore 2 um in

diameter, although pore is often invisible. Exine is two
layered; the outer transparent layer is 0.5 um thick and
folds readily. The psilate to scabrate inner jlayer is 0.75
to 1.0 um thick, and occurs as a central spherical body 20

to 25 um in diameter.

Dimensions: Outer body, diameter approx. 55 um: inner body

diameter approx. 25.um (10 specimens measured)

Occurrence: near 15 specimens randomly distributed

throughout the section.

Comments: P.elatoides has been observed in Lower Jurassic

to Lower Cretaceous strata.
3.1.2.5 Inaperturate Pollen
Araucariacites australis (Cookson) Couper

Taxiedlacepollenites hiatus Potonie

Genus: Araucarjacites Cookson 1947; ex. Couper 1953

Type spacies: Arauceriacites australis Cookson 1947




Araucariacites australis Cookson 1947: ex. Couper
1953

Plate: 5 Figure: 4
Selected Synonymy
1947 Granulonapites (Araucarjacites) australis Cookson,
P-130;pl.13, figs.1,2,3
1953 Araucariacites australis Cookson: ex. Couper, p.3s
(designation as type spacies)
1963 Araucariacites australis Cookson; Dettmann, p.105-106;
pl.26, £ig.15
1964 Araucariacites australis Cookson; Singh, srivaséavn and
Roy, p.299; pl.8,fig.113

1966 Araucariacites australis Cookson: Burger, p.262; pl.3s
£ig.3

1971 Araucariacites australis Cookson; Singh, p.156, pl.22
.ﬂg.t

‘:2Z:,Axnu;gxxggxgg§ australie Cookson; Riley, pl.2, fig.2
1975 Araucariacites australis Cookson: Filatoff, p.s2;
P1.23,figs.10-11
1980 Araucariacites australis Cookson; Burger, p.64, pl.17,
£ig.4 J

1983 Arxaucagpiacites °"australis Cookson; Fensdme, p.501
pl.19,¢igs.2,11




Emended Diagnosis: "No germinal aperture (inaperturata);:
grains originally spherical but frequently folded in the
£dssil state; exine about 0.5 to 0.75 um thick‘, sub-granular
sub-papillate or scabrate sculpture, rather Variablet
(Couper 1953, p.39). i

i

Description:  Spherical {to subspherical inaperturate
\

pollen. The two layered lexine is 0.5 to 1.5 um thick,
i

frequently folded, and covered with granulate or

scabrate ornamentation.

Dimensions: 44(60)90 um in diameter (15 spacimens measured)

Occurrence: near 27 specimens. randomly distributed

throughout the entire section.

|

Comments: A.australis has a range extending from middle

Jurassic to Tertiary. Worldwide distribution.

Genus: Taxodjaceaepollenites Kremp 1949;
ex. Potonie 1958

Type species: Taxodiaceaepollenites hlatus Potonie

1931; ex. Potonie 1958




Taxodiaceaepollenites hiatus Potonie 1931; ex. Potonie

1958

Plate: 5 Figure: 5
Selected Synonymy
1931 Pollenites hiatus Potonie, p.5: fig.27
1953 Inaperturopollenites hiatus Potonie; Thomson and Pflug,
P-65; pl.5, figs.14-20
1958 Taxodiaceaepollenites hiatus Potonie: ex. Potonie, p.78
(Designated as type species)
1962 Taxodiun hjatipites Wodehous
fig.4
1965 Taxodiaceaepollenites hiatus Potonie; Stanley, p.273;
pl.38,figs.1-3 N
1971 Taxodiaceaepollenites hiatus Potoni
pl.22,fig.7
" 1977 Taxediaceaepollenites hiatus Potonie; Norris, p.154
1985 mﬂmmlm hiatus Potonie; Davies, p.109

Rouse, p.201; pl.2,

Singh, p.1s8;

Diagnosis: "Equator circuler; exine + infrapunctate; exine

has tendency to split open along a '+ straight, radial line,

resembling a beal

i this constitutes an example of the value
of preservational condition for the separation of

sporomorphs” (Potonie 1958, p.78).




-

Description: Pollen grain with a thin exine (0.5

um
thick). The exine is scabrate and characteristically split,

resembling that of an open mouth.
Dimensions: 25(25)~ll »m in diameter (15 grains measured)

Occurrence: over 30 specimens randomly distributed

throughout the section.

Comments: According to Singh (1971) this species is more
common in Upper Cretaceous and Early Tertiary material.
Recent 1literature from Norris (1977) and Dbavies (198s)

indicate—that this specles is present in Middle and Upper

Jurassic strata of Canada and Portugal.

3.1.3 MARINE MICROPLANKTON
3.1.3.1 Acritarchs
Micrhystridium fragile Deflandre

Genus: Micrhystridium Deflandre 1937;
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Figure 2.32
Stratigrdphic Section of
Cabo Espichel, Portugal
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Figure 3.6
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Figure 3.6
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