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ABSTRACT

Routine analysis of miospore assemblages near the base of the Upper Westphalian C of South Limburg (the Netherlands)
has yielded a rich microflora consisting of some eighty species, which normally oceur in Westphalian C sediments, and some
fifty specics, which apparently have been derived from Middle Devonian to Lower Westphalian strata. The composition of
these reworked miospore assemblages strongly suggests that the Ardenno-Rhenish Massif has been their source, This implies
that also the Upper Westphalian sediments in the southern pare of the Netherlands may have been derived from that
area. This hypothesis is in contradiction with previous opimons, which favoured a northeastern origin for the bulk of
the Westphalian sediments in Germany and the Netherlands. From the inferred transport ways of the sediments, from the
actual distribution of Upper Westphalian sediments and from the fact that the Upper Westphalian of northwestern Germany
cannot be correlated into the same detail as the Lower Westphalian with that of the Campine and the Netherlands, it is
deduced that two separated Upper Westphalian basins with sediment supply from the Ardenno-Rhenish Massif ~ and to
some extend from the Brabant Massif into the basin North of that Massif — have existed.

RESUME

Une analyse de routine d'assemblages de miospores de la base du Westphalien C supérieur du Sud Limbourg (Pays-Bas)
a montré une riche microflore consistant en quelque $o espiees qui apparaissent normalement dans les sédiments du Westphalien
C et quelque so espices qui proviennent apparemment de strates mésodévoniennes & Westphalien inférieur. La composition
de ces assemblages de miospores remanides suggére fortement qu'elles proviennent du Massif ardenno-rhénan, Celd implique
aussi que les sédiments du Westphalien supérieur du sud des Pays-Bas peuvent provenir de cette région. Cette hypothése ost
en contradiction avec des opinions précédentes en faveur d'une origine nord-orientale de la masse des sédiments Westphaliens
en Allemagne ¢t aux Pays-Bas. Du trajet de transport supposé des sédiments, de la distribution actuclle des sédiments du
Westphalien supérieur et du fait que le Westphalien supérieur de P’Allemagne nord-occidentale ne peut &tre corrélé avec
celui de Campine et des Pays-Bas d’une manitre aussi précise qu’au Wesephalien inférienr, on déduit que deux bassins séparés
ont existé au Westphalien supérieur avec un apport sédimentaire provenant du Massif ardenno-rhénan et, dans une certaine

mesure, du Massif de Brabant au nord de celut-ci.

1. INTRODUCTION

The exploration borehole SM-XLV is located
near the village of Jabeek in South Limburg (the
Netherlands; fig. 1). It was drilled in 1922 and
penetrated the Carboniferous near the top of the
Westphalian C at ~789.22 m (-727.2 m sealevel).
Av total depth (£ —1355 m) the topmost Westpha-
lian B has been reached. Samples from the majority
of coal seams and from a large number of fossili-
ferous rocks have been stored with the collections
of the Geological Bureau of the Netherlands Geo-
logical Survey at Heerlen. Recent information on
this material has been published by Van Amerom
(1972; macroflora), BLess, CALVER & JOSTEN (1972;
miospores, lithostratigraphy), Bress & WINKLER
Prins (1972; fauna from Aegir Marine Band at
some 1350 m botedepth) and Van Wine & Bress
(1974; miospores).

During a routine analysis it was noticed that a
shale of undoubted Westphalian C age (miospore
preparation 143) contained several typically pre-
Westphalian elements of probably Devonian and
Dinantian age. A more detailed investigation of the
sample revealed the existance of several more pre-
Westphalian spores, which had been left as uniden-
tified during the first study. The relatively large
amount of these presumably reworked spores (about
214%0) stimulated further study, the results of which
are presented in this paper.

Reworked spores commonly occur in all kinds of
sediments, OweNs (1972) described a reworked
Lower Tournaisian miospore assemblage from Per-
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mo-Triassic deposits of South Devon (England). He
suggested that they occurred there in discrete rock
fragments enclosed in the matrix of the sediment (a
green mudstone). Spores derived from Devonian
and Dinantian strata occur in Lower Permian de-
posits of the Yukon Territory (Canada; c.f. Barss
1967). Paleozoic spores are known to occur in
Cenozoic glacial tills (e.g. WinsLow 1962). TurNAU
(1970) published on Namurian and Westphalian
spores from coal pebbles in Lower Cretaccous to
Oligocene strata of Poland. Similar coal pebbles
occur also in the Cretaceous of the Netherlands
(first author, unpublished data). The relatively high
number of reworked spores and pollen in many
Cenozoic sediments can be easily detected by means
of fluorescence techniques (Van GrjzeL 1967). But
especially in Paleozoic sediments, where this tech-
nique is no longer useful, it may be difficult to
distinguish between the proper spore contents and
reworked material. PEpPERS (1964) suggested that
the occurrence of certain spore genera in clastic
sediments well above their known vertical ranges in
coal in North America might be attributed to
redeposition. As far as the Westphalian of North-
western Burope is concerned, there is no published
information on the frequency of derived spores. We
suppose, that in general only a few, isolated speci-
mens occur then and when in a sample, which have
a recognizably much older age. ]
Normally, spores derived from older strata will
have been destroyed by oxidation processes during
the weathering of the rocks, during transport or
before being re-embedded. Only under exceptional
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Fig. 1 — Location of exploration borehole SM-XLV and details
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circumstances, when for example the distance be-
tween source area and place of redeposition was
relatively short and the time necessary for oxidation
under presumably aerial conditions was reduced to
a minimum - this includes a quick redeposition —
one might expect that numerous spores may have
survived the weathering from the original sediment,
the transport and the redeposition,

All the available samples between 975 and 10com
boredepth have been examined for reworked spores.
With one exception (fig. 1), they have yielded a
rich microflora. The reworked elements are con-
centrated in three horizons separated by horizons
which did not yield recognizable reworked spores.
It is suggested that several more horizons above and
below the studied interval contain reworked spores.
But analysis of shale samples from about every fifty
meters in the same borehole has not revealed any
more, There is no apparent difference in color,
translucency or general preservation between the
presumably Westphalian C and pre-Westphalian C
spores. Therefore, one can only speculate about the
real percentage of reworked material, since the bulk
of the microflora is made up by long-ranging
forms such as Florinites, Lycospora, Crassispora,
Calamospora and less characteristic genera such
as Granulatisporites, Leiotriletes, Punctatisporites,
Lophotriletes and Apiculatisporis. Our aim was in
the first place to detect guide species for different
pre-Westphalian ages. A second problem that should
be solved is to find a possible nearby source area.
Finally, the sudden increase of reworked spores in
the microflora has to be related to some event that
worked as a trigger mechanism for the process
suggested above of rapid weathering, transport,
redeposition and burial,
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3. SAMPLE DETAILS

Fiftcen samples between 979.00 and 993.00 m
boredepth have been studied. This interval belongs
to the basal part of the Vestispora fenestrata mio-
spore assemblage of Van Wine & Bress (1974),
which is the equivalent of the Torispora securis
assemblage of Smrth & BurtERWORTH (1967). Below
this interval some 350 m of Lower Westphalian C
sediments occur, The Westphalian A and B in the
area presumably add up to some 1800 m thickness.

The two coal seams “S” and “T”, which occur in
the studied interval, have been tentatively correlated
by the first author with coal seam 30 of the Neeroe-
teren 117 Borehole in the Campine (Belgium) using
palynological (mio- and megaspores; published by
PisRART 1958 and SoaEers 1971) and macrofloral
(after Bress, CALVER & JOSTEN 1972) evidence®.

The following samples have been treated for
miospores {fig. 1). Dr. H. W. J. Van AMEROM,
Curator of the geological collections at the Geo-
logical Bureau of Heerlen, has kindly provided us
a revised list of their fossil contents.

Sample GBgo3jzy, miospore preparation 332,
very sandy, greyish shale with Annalaria radiata,
Sample GBz:2607, miospore preparation 333,
sandy to very sandy, light greyish shale with
Naiadites aff. daviesii.

Sample GB6og, miospore preparation 334, sandy
greyish shale with Spirorbis pusillus and dimin-
uted plant debris.

Sample GB223, miospore preparation 335, poorly
sandy, light greyish shale with sideriuic conere-
tion and with Alethopteris davrenxi; this was
the only sample that did not yield any spores!
Sample GB3q16, miospore preparation 336,
dark-greyish shale with Rericulopteris muenstert.
985.60 - 985.65 m — coal scam S, miospore preparation 26
986.00 - 986,05 m — coal seam T, miospore preparation 15:

979.00 m ~

98r.50 m

1

981.00 m

985.00 m -

985.50 m -~

988.00 m — Sample GBazs22, miospore preparation 328,
poorly sandy, greyish shale with Zeilleria
avoldensis. i

989.co m — Sample GBzjer4, miospore preparation 3o7,

greyish shale with Najadites sp. .
Sample GBg4r241, miospore preparation 331,

990,00 m — )
greyish shale with Lepidodendron gr. loricatum
and Naiadites aff. alatus. .

991,00 m — Sample GBr8113, miospore preparation 329,

areyish to dark-greyish shale with Lepidophylium
triangalare.

* During the preparation of the manuscript, the second author has found reworked spores of presumably Middle Devonian
age (Retusotriletes sp., Ancyrospora sp., Dibolisporites echinacens, Grandispora fmacrotuberculata, cf. G. ?macrotubercalata
conspecific with specimen of plate 5, fig. 10) in a sample of fine-grained sandstone at some three meters above coal seam 30
of the Neeraeteren 117 Borehole of the Campine. This confirms the correlation as proposed above. It equally means that
the reworked spores are not confined to the South Limburg area but extend into the Campine, It is important 1o note that
this reworked spore assemblage from the Campine is similar to that from South Limburg, since it is an argument for suggesting
that both came from the same source, We are indebted to Dr. A. Drimer (Service géologique de Belgique, Brussels) who has

put samples from the Neeroeteren 117 Borehole at our disposal.
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Fig. 2 — Quantitative occurrence of some spote genera in studied interval. Note that reworked spores are restricted fo three
distinet horizons.

992.00 m — Sample GB6o6, miospore preparations I43 and
262, sandy, greyish shale with Karinopteris sp.
and Spirorbis pusillus.

Sample GBigso, miospore preparation 308,

993.00 m —
poorly sandy, greyish shale with Rhabdoderma

5p.

Sample GBr81gz, miospore preparation 130,
poorly sandy, greyish shale with Lepidophylium
triangulare,

Reworked miospores have been recognized in
preparations 332, 333, 334, 328, 307, 329, 143, 262,
308, and 330, They are apparently concentrated in
three different horizons. For the sake of simplicity,
the horizons are numbered in this paper as follows.

Horizon 1 (preparations 329, 143, 262, 308 and
330) between 991.00 and 993.00 m containing de-
rived miospores.

Horizon 2 (preparation 331) at 990.00 m, without
recognized reworked miospores.

Horizon 3 {preparations 307 and 328) between
989.00 and 988.00 m, containing reworked mio-
spores.

Horizon 4 (preparations 151, 26 and 336) between
986.05 and 985.50 m, without reworked miospores.

Horizon § {preparations 334, 333 and 332) be-
tween 983.00 and 979.00 m, containing reworked
miospores.

The statistical analysis of the palynological con-
tents of the samples (Fig. 2) clearly shows that this
distinction of five horizons on the basis of presence
or absence of reworked spores is certainly justified,
since three maxima in the procentual distribution
of this reworked material can be distinguished.




4, COMPOSITION OF MICROFLORA

As already explained above, there is no difference
in colour or preservation between the proper West-
phalian C and pre-Westphalian C microflora. It is
therefore impossible to give exact figures for the
true amount of reworked spores, since the bulk of

the recovered microflora consists of long-ranging
elements (fig. 2). Therefore, we suggest to distinguish
between presumably Westphalian C and presumably
pre-Westphalian C elements on the basis of our
present knowledge of the range of spores. Some
species, such as Reinschospora triangularis, Reticula-
tisporites polygonalis, Microreticulatisporites tripar-

Table I — Occurrence of prcsumabig Westphalian C spores in samples. As explained in the text five horizons arce distinguished
5

on the basis of the presence or a

ence of reworked spores. Only two genera {Reinschospora and Savitrisporites) occur in

all three horizons with reworked spores and have not been recognized in the other horizons. None of the genera or species
studied is restricted to the horizons without reworked spores, nor shows any of them higher percentages in the coal samples
(r51 and 26) than in the other samples.

PRESUMABLY
WESTPHALIAN C
SPORES

HORIZON 1

PREPARATION NR. 262

330

X

Leiotriletes
Punctatisporites
Calamospora
Granulatisporites
Cyclogranisporites
Verrucosisporites
Lophotriletes
Apiculatisporis
Acanthotriletes
Raistrickia

*XXDPx DX
X DXXDPX
> D

X
X

Convolntispora florida
Microreticulatisporites > X
Dictyotriletes bireticnlatus
Dictyotriletes spp. X
Trigquitrites bransonii and T, tribullatus
Triguitrites sculptilis X
Triquitrites velensis
Reinschospora X
Reticulatisporites polygonalis
Reticulatisporites veticulatus

WX ARXKXXKXK

s

Sawvitrisporites
Simozonotriletes
Crassispora
Densosporites
Lycospora
Cristatisporites
Cirratriradites
Cingalizonates
Radiizonates
Endosporites

DX XHEDXDXX
D XXXDbDPD> D

DPXXD PXPb X

Alatisporites

Laevigatosporites

Punctatosporites

Vestispora costalaltortuosa

Vestispora magna and V, psendoreticulata
Vestispora fenestrata and V. gr. reticalata
Florinites

Schopfipollenites

X XDPXDPXXHX
DXP XbBX
B XDPXXXDX

X

Reworked spores

2 3 4 5
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Table 1T - Distribution of reworked spores in the horizons
distinguished in this paper. The fact that a species
has been recognized in only one preparation does
not necessarity mean that only one specimen has
been found. For example, Rbabdosporites langi
occurs in only one sample, where four specimens of
this species could be observed.

titus and Dictyotriletes bireticulatus have been
rather arbitrarily attributed to one group or the
other. They constitute minor elements in the total
spore list, however, so that the question whether
they should have been better listed with either the
pre-Westphalian C or proper Westphalian C species
is not relevant in the end. Finally, it should be kept
in mind, that the list of recognized pre-Westphalian
C spores is incomplete insofar that a large number
of spores of a relatively simple structure — which
are certainly no Westphalian species, but which
might be attributed to many different genera and
species, depending on their presumed age — have not
been included in this paper.

Presumably Westphalian C spores, which occur
in at least two preparations, have been listed in
table I. Some 33 genera represented by about 8o
species have been recognized. A few of them need
additional comments.

Spores derived from Upper Viséan to Lower
Westphalian strata occur mainly in horizons ¥ and
§ (table II). Examination of table II learns that
most species occur either in horizon 1 or in horizon
s. Only three of the twenty-eight named species
occur in two horizons, whereas only five have been
recovered from at least two samples. This is in
sharp “contrast with the Dinantian and Devonian
spores, where eleven of the twenty-two named
species occur in two or three horizons or in at least
two samples. It scems premature, however, to decide
whether this means that the Upper Viséan — Lower
Westphalian strata have been more incidentally
eroded than the older ones.

It should be noted that we have tried to “derive”
our reworked spores from the smallest possible
number of source rocks. The age of these source
rocks has been determined by using concurrent
range assemblages (fig. 3). The individual species
may have much longer ranges, of course.

4.1. Presumably Westphalian C spores

Dictyotriletes bireticulatus (pl. 3, fig. 7) has been
observed in five of the fifteen samples, whereas it
has practically disappeared in the Netherlands at
the end of the Upper Westphalian B (VAN WiHE &
Bress 1974). In the same borehole, there is a single
occurrence of the species in the Lower Westphalian
C at some 200 m below the interval studied here,
Of course, the species is known as a rare to sporadic
element in the Westphalian C of Belgium (SoMmErs

HORIZON

REWORKED SPORES

UPPER VISEAN - LOWER WESTPHALIAN

Punctatisporites sinnatus

P. aff. aerarius
Pustulatisporites papillosus
Raistrickia cf. microborrida
Convolntispora cerebra

C. flexnosa var. major
Abvrensisporites guerickei

/. Interitorsus

Tripartites incisotrilobus

T. nonguerickei

T. trifoliolatus

1T, cf. trilinguis
Mooreisporites fustis

M. trigallerus

Knoxisporites cinctus

K. ex gr. hageni

K. sp.

Reticulatisporites carnosus
Bellispores nitidus
Monilospora mutabilis
Grumosisporites vavioreticulatns
“Ansnlatisporites” sp.
Densosporites triangularis
Cingnlizonates aff. capistratus
Radiizonates striatus
Proprisporites aff. laevigatus
Spelaeotriletes triangulus

cf. Schopfipollenites ellipsoides var. corporens

UPPER FAMENNIAN - LOWER TOURNAISIAN

“Dictyotriletes” fragments
“Cristatisporites’” echinatus
of. “C.* echinatus
Samarisporites sp.
Grandispora famenensis
Spelacotriletes cassis

$. lepidophytus
Aunroraspora hyalina
Ancyrospora? capiliata

UPPER EMSIAN - LOWER FRASNIAN

Apiculivetusispora cf. arenorugosa
Dibolisporites sp.

D, echinacens s.1.

“ Anulatisporites” jonkeri
Samarisporites nov. sp. aff. inusitatus
Grandispora donglastownense

G. Mmacrotuberculata

of. G. tmacrotuberculata

G. mammillata

G.osp.

Rbabdosporites langi

Ancyrospora ancyrea var. brevispinosa
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Fig. 3 — Conecurrent range assemblages of reworked Devonian and Dinantian spores. a: species identified in our material; range

based on marine faunas. b: specimen(s) comparable (cf) to species recognized in our material. ¢: similar, but not conspecific

(aff.} specimen recognized in our material. d: exact range not controtled by the occurrence of marine faunas. e: concurrent
range assemblages.

1971) and Germany (GRrEBE 1972), Provisionally,
we would like to suggest that the relative frequency
of this species in this interval indicates that at least
some specimens may have been reworked from
older strata.

Three species of Microreticulatisporites have been
recognized (M, nobilis, M. sulcatus and M. tripar-
titus). M. tripartitus (pl. 1, fig. 13) has been de-
scribed by LAVEINE (1962) from the Upper West-
phalian A of the Netherlands. The species has since
then been recognized by Somers (1971) in the West-
phalian A-B of the Campine (Belgium) as a rather
rare form. It is not impossible, that it has a longer
range than known up to now, so that we do not
consider that the single specimen from preparation
308 has been reworked.

The genus Reinschospora is represented by two
species, R. speciosa (pl. 1, fig. 21) and R. triangularis
(pl. 1, fig. 22). They occur only in horizons 1, 3 and
s in six of the fifteen samples. Specimens of this
genus rather infrequently occur during the Woest-
phalian with a somewhat more regular occurrence
during the Westphalian B. Especially R. triangularis
disappears in several basins at the beginning of the
Lower Westphalian C (SmitH & BUTTERWORTH
1967; SoMERS 1971). On the other hand, Losoziax
(1969) and Peprers (1970) recorded the species
from much higher strata in France and Illinois. Our
own experience is that Reinschospora is more regu-
far in clastic sediments rather than in coal. Since
the work by SmitH & BurTeErworTH and SoMERs
was mainly on coal material, it may well be that
also in the areas studied by those authors R. triangn-
laris has a longer range. For that reason, we assign
both species as presumably proper Westphalian C
elements.

Reticulatisporites polygonalis (pl. 3, figs. 18, 20)

occurs both in the coal (preparation 26) and in the
shales. At least part of the material is therefore
believed to be Westphalian C. According to Smith
& BuTTERVORTH (1967), Losoziak (1969) and
Somers (1971) the species practically disappears at
the beginning of the Westphalian C. Grepe (1972)
and Van WiHe & Biess (1974) noticed some
extremely rare specimens in the Upper Westphalian
C. The occurrence of the species in preparations
143 and 328 — which both show high percentages
of reworked spores — suggests that some specimens
may as well have been reworked from older strata.

Savitrisporites concavus and S. nux (pl. 1, figs.
18-20) have been recovered from ten samples from
horizons 1, 3 and 5. In six samples, they make up
one or more (up to 6% in preparation 143} percent
of the microflora. Both species are presumed to be
normal Westphalian C elements (cf. Van WijnE &
Bress 1974). The fact that they have not been
recorded from horizons 2 and 4 is believed to be
due to facies conditions. The possibility that the
long-ranging S. auxx (already known from the
Namurian A) has been partly reworked from older
strata cannot be excluded however,

Simozonotriletes intortus (pl. 1, fig. 31) has been
recorded by some authors as being restricted to the
Viséan to Lower Westphalian {(SmiTe & BurreR-
WORTH 1967; GREBE 1972), whereas others give a
range up to high in the Westphalian (SoMERs 1971).
Although the species seems to have its widest distri-
bution in the Viséan to Lower Westphalian, we
believe that it ranges up into the Westphalian D as
a very rare element.

Specimens assigned to Cirratriradites cf. megaspi-
nosus by Van Wime & Bress (1974) are now
supposed to belong to two different Middle Dev-
ontan species of Grandispora (see below).




Columinisporites ovalis PEPPERS 1964
{pl. 2, fig. 13)

Remarks: A single specimen from preparation 328
shows the unmistakable bean-shaped outline, anas-
tomosing ridges parallel to the length and more
closely spaced smaller ridges perpendicular to the
primary ones. Some six primary ridges could be
observed. The maximum length (58 #) is slighty
larger than that given by Prpeers (1964) and by
Courvoisir & Priiies (1975), who gave a maxi-
mum length of §3 #. The specimens of COURVOISIER
& PrirLips may have been immature forms, since
they were prepared from a fructification of Pelt-
astrobus reedae.

Occurrence: Up to now only known from higher
strata {Upper Pennsylvanian; Spoon to Bond For-
mations in lllinois) of probably Stephanian age
(PEPPERS 1964, 1970; COURVOISIER & PHILLIPS
1975 ). The genus has been recorded also by ArLperN
& DOUBINGER {1973) from the Autunian of France.
The specimen has been prepared from a cleaned
core fragment, which has been taken some 200 m
below top Carboniferous, which is overlain by
Triassic rocks. The genus Columinisporites had not
been found before in any samples macerated in the
laboratory of the first author. Therefore, contami-
nation appears to have been impossible. Most proba-
bly, the genus has a longer range than presumed
before.

4.2. Presumably Upper Viséan — Lower
Westphalian spores

Punctatisporites aff. aevarins BUTTERWORTH &
WiLLiaMs 1958

(pl. 3, fig. 2)

Remarks: A few specimens with scabrate surface
and exine up to 4 x thick occur in preparation 33o.
P. punctatus has a much thinner exine (-2 u, cf.
SMITH & BUTTERWORTH 1967).

Occnrrence; Namurian {SMiTH & BUTTERWORTH

1967).

Punctatisporites sinuatus (ArT0z) NEVES 1961
(pl. 3, fig. 1)

Remarks: The characteristic folds along the mar-
gin and paralle] to the laesurae make this a easily
distinguished species.

Occenrrences Namurian A—Westphalian A (SMiTH
& BUTTERWORTH 1967), Namurian C - Lower West-
phalian B of France (COQUEL 1974).

Pustulatisporites papillosus
(Knox) Poronie & KREMP 1955

(pl. 3, fig. 9)

Remarks: Single specimen from preparation 332,

showing verrucae and bacula on distal surface.

Occurrence: Namurian A of Britain (SmitH &
BUTTERWORTH 1967). Somers (1971) figures a
questionable, rather verrucate form of this species
from the Upper Westphalian A of Belgium. CoQUEL
(1974) describes the species from the Westphalian
CD of northern France. But also his specimens
apparently are without any bacula.

Raistrickia cf. microborrida
(Horst) PoToNIE & KREMP 195§

(pl. 3, fig. 3)

Remarks: A single specimen from preparation 143
is here compared with R. microborrida. 'The bacula
have a rather variable shape, some having an ex-
panded base or being fused at their base, whereas
others show cone-like, truncate or partate ends.

Occurrence: R. microborrida has been reported
from the Namurian A of Mihrisch-Ostrau (HorsT
1955), Namurian C of Britain (NEVES 1958) and
from the Westphalian B of NW France (Losoziak
1969).

Convolntispora cerebra
BurTERWORTH & WILLIAMS 195 8
(pl. 4, fig. 20)

Remarks: This is one of the many specics of
Convolutispora occurring amongst the reworked mi-
croflora. C. cevebra is characterized by its ornamen-
tation of small lumina and vermiculi, which become
radially aligned in the peripheral area. It shows
some similarity to C. crassa PLAYFORD 1962 from
the Dinantian of Spitsbergen. The latter has a much
coarser ornament, however., The single specimen
from preparation 328 is slightly larger than SmiTH
& BuTTERWORTH {1967) give as size range for the
species. This may be due to different maceration
methods.

Occurrence: Viséan of Scotland (Love 1960);
Namurian of Britain (SULLIVAN & MARSHALL 1966,
Syt & BUTTERWORTH 1967).

Convolutispora flexnosa var. major
HACQUEBARD 1957
(pl. 4, fig. 27)

Remarks: Single specimen from preparation 330
with maximum diameter some roo g, Ornament of
thick, flexuose anastomosing muri.

Ocenrrence: Horton Bluff Group (probably Up-
per Tournaisian) of Canada (HACQUEBARD 1957).
Upper Tournaisian to Upper Viséan of Poland
(JacHOWICZ 1970).

Abrensisporites guerickei
(HorsT) PoToNIE & KREMP 1954

(pl 3, figs. 8, 15)

Remarks: Recorded from preparations 330, 332
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and 334, They show the distal kyrtomes and granu-
late ornament typical for this species.

Occurrence: Upper Namurian B to Westphalian
B (SmitH & BUTTERWORTH 1967; VAN WIJHE &
Birss 1974). Except for North of France (LoBoziAK
]I?’ 969), this species does not occur above Westphalian

Abrensisporites interitorsis (Horst) HORST 1955
(pl. 3, fig. 14)

Remarks: Single specimen from preparation 262
falling within size range of Horst’s species. Speci-
men shows distal muri, which meet before reaching
apices. Where they meet there is a distinct thick-
ening.

Occurrence:
(HorsT 1955).

Namurian A of Mihrisch-Ostran

Tripartites incisotrilobus
(Naumova) Potonit & Kremre 1956

(pl. 3, fig. 4)

Remarks: Single specimen from preparation 262,
showing narrow equatorial flange connecting lobed
auriculae. Diameter about 40 .

Occurrence; Dinantian to basal Namwurian of
Northern Hemisphere (PLAYFORD 1962, 1963).

Tripartites nonguerickei Porontt & KREMP 1956
(pl. 3, fig. 13)

Remarks: Single specimen from preparation 143,
showing radial plications and verrucate distal or-
nament. The size of our specimen is slightly larger
than the size range given by SmitH & BUTTERWORTH
{1967).

Occurrence: Upper Viséan to Namurian {SMiTH
& BUTTERWORTH 196%7; NEVILLE 1968).

Tripartites trifoliolatus Dysova & Jacnowicz 1957
(pl. 1, fig. 34)

Remarks: Single specimen from preparation 262.
Flaring auriculae slightly corroded, amb trifoliate.
Apart from slightly smaller size (+ 35 g) the speci-
men is identical to the description of Dysova &
Jachowicz.

Occurrence: Namurian A of Poland (Dysova &
JacHOWICZ 1957).

2Tripartites cf. trilinguis
(HorsTt) SmMiTH & BUTTERWORTH 1967
(pl. 3, fig. 10)

Remarks: A single specimen from preparation 262
with trifoliate amb and rounded radial crassitudes,
which appear to be connected interradially, has been
first held for an aberrant Triguitrites sculptilis.
However, the absence of a distal reticulum, the
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tripartite outline and the general similarity to the
specimen figured by SyutH & BuTTERWORTH (1967,
pl. 13, fig. 6) have made us compare it with 7.
trilinguis.

Occurrence: T. trilinguis has been described from
the Viséan and Namurian (Owens & BURGEss 1965;
SairH & BUTTERWORTH 1967).

Mooreisporites fn.ftis Neves 1958
(pl. 3, fig. 6)

Remarks: Single specimen from preparation 333,
showing branching bacula at apices and distal pole.
M. inusitatus lacks the bacula on the distal pole.

Occurrence: Namurian A to Westphalian B{NEves
1958; SmiTH & BUTTERWORTH 1967; GREBE 1972).
Also figured from late Westphalian B to early West-
phalian C of Canada (Barss 1967, pl. 24, fig. 3).

Mooreisporites trigallerus NEVES 1961
(pl. 3, figs. 5, 11, 12)

Remarks: Four specimens from preparations 143,
262 and 334, showing concave to straight sides,
short laesurae and short bacula at apices,

Occurrence: Namurian A of Britain (INEVES

1961).

Knoxisporites cincius
{(WaLtz) BuTTERWORTH & WILLIAMS 1658

(pl. 3, fig. 19)

Remarks: Single specimen from preparation 262.
The size (about 5o p), the polygonal margin and
the laesurae enclosed by three pairs of thick muri,
which are connected with the distal muri, are
characteristic of the species.

Occurrence: Namurian A of Scotland (SmitH &
BUTTERWORTH 1967),

Knoxisporites ex gr. bageni Poronit & KREMP 1954
(pl. 3, fig. 21)

Remarks: Single specimen from preparation 333.
Diameter about 58 x, width of cingulum 10-13 #.
On distal surface triradiate bars with small lumen
in about polar position. There is a tendency thatthese
bars extend somewhat along the equator without
becoming fused along the amb, Size much smaller
than range given by Potontt & Kremr (some yo
to 8o u).

Occurrence: K. hageni is known from the West-
phalian A-C of Germany (GrEBE 1972).

Knoxisporites sp.
(pl. 3, fig. 25)

Remarks: Single specimen from preparation 262,

Reticulatisporites carnosus (Knox) NEVES 1964
(pl. 3, fig. 24)




Remarks: Width of cingulum 15-25 2. Although
the ornament and size are close to R, polygonalis,
is it suggested that the width of the cingulum is
characteristic of R. carnosus. Smrrn & BUTTER-
WORTH (1967) give a range of 10-25 u for the width
of the cingulum of this latter species against 10-1§ i
in R. polygonalis. The same authors state that the
ornament of some specimens of R. carnosus is similar
to that observed in R. polygonalis. Also the outline
is typical of R. carnosus.

Occnrrence: Namurian A to Westphalian A
(Ssrre & BuTTERWORTRE 1967). Also figured from
Viséan(?) of Canada {Barss 1967).

Bellispores nitidus (FLORST) SULLIVAN 1964
(pl. 3, fig. 17)

Remarks: Single specimen from preparation 332,
showing crenulate margins and distal ornament of
radial, foveolate thickenings,

Occusrence: Upper Viséan to Lower Westphalian
B (SuLuivan & MARSHALL 1966; Van Wine &
BLESS 1974),

Monilospora mutabilis
(STapLin) CLaYTON 1973 emend. (in NEvEs et al.)

(pl. 4, fig. 10)

Remarks: Single specimen from preparation 262
with cingulum dissected into irregular lobes.

Occurrence: Upper Mississippian of Alberta, Ca-
nada (STAPLIN 1960). Spore zones TC, NM and VF
(Upper Viséan) of Scotland and Northern England
(NevEs et al. 1973; cf. also cimp Newsletter 11,

1975, p. 12).

Grumosisporites varioreticulatus
(NEvEs) SMiTH & BUTTERWORTH 1967

(pl. 3, fig. 16)

Remarks: Single specimen from preparation 330,
showing weakly developed reticulum with low,
rounded muri, which sometimes seem to dissolve in
separate ornaments. Intexine visible as convex-
triangular folded structure below proximal surface,
the apices of that triangulum coinciding with the
ends of the laesurae. Although our specimen is
stightly smaller than the size range of G. varioreticu-
latus (67-110 p) and apparently better fits in that
of Dictyotriletes maculatus (IsrRaHIM) PoTONIE &
KREMP 1955 (53-70 1), the ornament seems different
from the lateer species.

Oceurrences Namurian B to Westphalian B of
Britain (SmiTH & BUTTERWORTH 1967).

“ Annlatisporites” sp.
(pl. 4, figs. 15, 16)

Remarks: Three specimens from preparation 262.
Diameter between 6o and 78 s Cingulum of uni-

form width in each specimen, laevigate. These speci-
mens, are very similar to the group of species,
described as Anulatisporites by Hucnes & Pray-
rorp (1961) and PLAYFORD (1962, 1963) from the
Dinantian of Spitsbergen. They are not conspecific
with one of those, however. The genus Anulatispo-
vites is considered to be synonymous to Densospo-
rites (cf. SmrrH & BUTTERWORTH 1967).

Densosporites triangularis KOSANKE 1950
(pl. 3, fig. 26)

Remarks: Central area and inner portion of
cingulum minutely foveolate. Foveae on cingufum
radially arranged.

Occurvence: Viséan to Namurian of Britain
(SvrtH & BUTTERWORTH 1967). Some questionable
specimens occur in the Westphalian A-B of Germany
(GreBE 1972) and Belgium (Somers 1971). Spoon
and Carbondale Formations of Illinois (PErPERS

1970).

Cingulizonates aff. capistratus
(HOFFMEISTER, STAPLIN & MALLOY)
STAPLIN & JANSONIUS 1964

(pl. 3, fig. 27)

Remarks: Single specimen from preparation 334.
Diameter about 48 s, central area granulate, cin-
gulum two-layered with inner zone much darker
than outer zone in which extend many radiating
rods from inner zone. Laesurae not observed.

Occurrence: C. capistraties has been described
from the Chester (Namurian) of the U.S.A. (Horr-
MEISTER, STAPLIN & MaLroy 1955).

Radiizonates striatus
(KNOX) STAPLIN & JANSONIUS 1964

(pl. 3, fig. 28)

Remarks: Amb rounded, cingulum consisting of
dark inner and light outer zone in which extend
many radiating rods from inner zone. Exine lae-
vigate.

Occurrence: Westphalian A of Britain (Smutu &
BurTERWORTH 1967) and Germany (GREBE 1972).
Westphalian A to basal Westphalian C of Belgium
(SoMErs 1971). The Belgian specimens are fess
characteristic however and may be considered as
representing a broader concept of the species.
Namurian C — Lower Westphalian C of northern
France (COQUEL 1974).

Proprisporites aff. laevigatus NEVEs 1961
(pl. 3, figs. 22, 23)

Remarks: Two specimens from preparations 143
and 332, showing all characteristics of species, but
having a much smaller diameter. NEVES {1961)
gives a size range of 7o-115 p, whereas our speci-
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mens are about 45-50 p.
Occurrence: P. laevigatus is known from the
Namurian A-B of Britain (NEVES 1961).

Spelacotriletes triangulus Neves & OWELNs 1966
(pl. 4, fig. 9)

Remarks: Single specimen from preparation 262,
showing distinct laterally fused verrucae and coni,
which are irregularly distributed on the distal
surface.

Occurrence: Upper Namurian A to Namurian C
of England (Neves & Owens 1966),

cf. Schopfipollenites ellipsoides var. corporens
NEVES 1961

(pl. 3, fig. 29)

Remarks: Single specimen from preparation 262.
Diameter about 180 p. Dark annular zone delimits
circular inner body, Narrow suture, shightly bent
in central part, is aligned with long axis.

Occurrence: §. ellipsoides var. corporens ranges
in Britain from Namurian B to Woestphalian D
(SmrrH & BuTTERWORTH 1967). Although we have
listed the specimen as presumably reworked, it may
be a proper Westphalian C element.

4.3. Presumable Upper Famennian -
Lower Tournaisian spores

“Dictyotriletes” fragments
(pl. 4, fig. 11)

Remarks: We assign fragments of exine with an
ornament consisting of a rather large reticulum to
the genus Dictyotriletes. The muri vary in shape
and width, and may be interrupted as in the closely
related genus Corbulispora,

Ocenrrence: Similar eroded spore fragments,
which sometimes are reduced to the muri alone,
have been observed in the Dinantian of Bielorussia
(Kepo 1963) and the Tnz2a (zone TE) of Belgium
{STREEL, in press).

“Cristatisporites” ec{)inatus PLAYFORD 1963
(pl. 4, tigs. 17, 19)

Remarks; Maximum diameter some 78 to 95 .
Coni and spines coalescent at equator, longest spines
apparently having been eroded. The fact, that the
ornament is restricted to the distal and equatorial
surface of the spore, makes the assignment of this
species to Cristatisporites questionable,

Occnrrence: Tournaisian of Spitsbergen (PrLay-
FORD 1963) and Canada (PLAYFORD 1964). Tnia of
Belgium (spore subzone PLs; Streer in: BBST

1974).
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cf. “Cristatisporites” echinatus PLAYFORD 1963
(pl. 4, fig. 18)

Remarks: This may be an eroded specimen of the
above species.

Samarisporites sp. cf. Hymenozonotriletes
acanthyrugosus CHIBRIKOVA 1959
(pl. 6, fig. 6)

Remarks: Diameter about 70 g. Bilayered zonate
spore with loosely distributed coni and small spines
(maximum height: 3 1) at some 3 to 7 y# from each
other on the distal surface and along the equator.
Zona 4-§ g in width, but up to 9 # in radial posi-
tion.

Occnrrence: Quite similar specimens have been
recorded from the Lower Famennian of the Cam-
pine (Belgium; STREEL 1965, pl. 1, figs. 4, §; STREEL
in: BBST 1974, pl. 18, fig. 8) and the Middle Tour-
naisian of Tournai {Belgium; second author, un-
published data). Hymenozonotriletes acanthyrugosus
has been described from the Givetian of Bashkyria
(U.S.8.R.; Cumrixova 1959).

Grandispora famenensis
{Nausmova) STREEL 1974(in: BBST)

(pl. 4, fig. 1)

Remarks: Single specimen from preparation 262,
showing widely spaced mamillate ornaments, which
are about 2-3 x high and wide. Maximum diameter
about 55 .

Occurrence: Spore zones GM and VU (Upper
Famennian, Faza-Fazc) of Belgium (STReEL in:
BBST 1974). Upper part of Lower Famennian in
U.S.S.R. (Naumova 1953).

Spelacotriletes cassis (KEDO) STREEL 1974 (in: BBST)
(pl. 4, figs 7, 8)

synonym: Spelacotriletes arenacens NEVES & OWENS
1966

Remarks: Several specimens from preparations
329 and 262, showing distal ornament of small,
rounded (eroded??) and flat-topped verrucae and
coni, which sometimes extend on proximal surface,
especially in the radial portions. Maximum dia-
meter g5-108 g

Occurrence: Assemblage zone with Spelacotriletes
lepidophytus of Biclorussia (KEpo 1957) and Bel-
gium (Tnra; STREEL in: BBST 1974). Dinantian of
Bielorussia (Kepo 1963). Lower Namurian of Eng-
land {(NEves & OwEens 1966).

Spelaeotriletes lepidophytus
(Kepo) STREEL 1974 (in: BBST)

(pl. 4, figs. 2-6)




Remarks: Several specimens with a well devel-
oped reticulum and a few widely spaced super-
imposed coni on distal surface. Maximum diameter
from 49 to 69 u (varieties minor and tener of
Kepo).

Occurrence: Spore zone PL (Fa2d-Tnia) of Bel-
gium (STREEL in: BBST 1974) do VI of Germany
(PAPROTH & STREEL 1971). Specimens of same age
recorded from North America, North Africa, Eu-
rope, US.S.R., Spitsbergen and Australia (STrEEL

1971).

Anroraspora hyalina
(Naumova) STREEL 1974 (in: BBST 1974)
(pl. 4, figs. 12-14)

Remarks: Species often difficult to distinguish
from A. micromanifestus (HACQUEBARD) RICHARD-
son and from small species of Endosporites and
Discernisporites from Dinantian strata.

Occurrence: Upper Frasnian to Middle Tournai-
sian of Belgium (STREEL in: BBST 1974; STREEL, in

press).

Ancyrospora? capillata DoLpy & NEVES 1970
(pl. 7, fig. 10)

Remarks: Only part of a specimen is figured to
show the cavate structure, setac on exoexine and
multifurcated tips of the processes.

Occurrence: Spore zone PL (£ Tnia) of England
(DoLey & NEeves 1970) and South Wales (Gayer
et al. 1973). Lower Tnib of Belgium (ParroTa &
STREEL 1971).

4.4. Presumably Upper Emsian -
Lower Frasnian spores

Apiculiretusispora cf, arenorugosa MCGREGOR 1973
(pl. 6, fig. 4)

Remarks: Single specimen from preparation 262,
surface covered with small (less than 1 4) coni and
biform ornaments. Curvaturae not seen. Maximum
diameter 108 .

Occnrrence: A. arenorugosa occurs in the Emsian
and Eifelian of Eastern Canada (McGREGOR 1973).

Dibolisporites sp. cf. D. eifeliensis sensu
McGREGOR 1973 non LANNINGER 1968

(pl. 6, fig. 5)

Remarks: A single, dark specimen from prepara-
tion 262, showing biform ornaments of 4-7 x high;
base of ornaments rather bulbous {2-5 g wide).
Anapiculatisporites eifeliensis LANNINGER 1968 has
smaller spines or pilae than the specimens described
by McGrecor. In fact A. eifeliensis LANNINGER is
close to if not conspecific with A. burnotensis
STREEL 1967,

Occurrence: D. eifeliensis sensu MCGREGOR 1973
has been reported from the Emsian and Eifelian of
Fastern Canada (McGREGOR 1973) and the Emsian
of the Moose River Basin, Canada (MCGREGOR, in
press; see also CIMP Newsletter 11, 1975).

Dibolisporites echinaceus
(E1sENACK) RICHARDSON sensu lato
sensu MCGREGOR 1973

{pl. 6, figs. 1-3)

Remarks: McGreGor (1973, p. 30) stated that
there exists “considerable variation in both the size
and the shape of the sculptural elements of this
species”. Our specimens represent two different
trends within the species: D. echinacens sensu stricto
(pl. 6, fig. 1) with typical biform ornaments as
figured by RicHARDsON (1965, p. 569, text-fig. 3,
B-C-D) and Bullatisporites bullatus ALLEN 1965
with distinct, rounded pilae (up to 4 s high) bearing
a minute spine (pl. 6, fig. 2) or flar-taped pilae
bearing large coni {pl. 6, fig. 3).

Distribution: Lower Emsian to Upper Famennian
of the Dinant Basin, Belgium (STREEL 1967; STREEL
in: BBST 1974).

“Anulatisporites” jonkeri RIEGEL 1973
(pl. 5, fig. 1}

Remarks: Single specimen from preparation 262,
with distinct anulus on the distal side. Width of
anulus is half length of radius. Surface smooth.
Maximum diameter about 49 s

Occurrence: Up to now only known from type
location: northern Eifel (Germany), Nohn Beds
{Lower Eifelian; RiEGEL 1973).

Samarisporites nov.sp. aff. S. inusitatus ALLEN 1965
(pl. 6, figs. 10-12)

Remarks: Bilayered zonate spores with rounded
to subtriangular amb. Maximum diameter about
75 to 85 pt. Zona one-third of radius. Central spore
body rather thick. Raised erilete mark with folds,
tapering from apex and extending to equator.
Proximal surface smooth. Ornaments on the distal
surface consisting of coarse, irregular reticulum
with somewhat convolute muri superimposed by
sparse, small coni of up to 2 x. Width of muri 2-3 u.
Height of muri 1-2 g on central area, becoming
thinner towards equator. Lumina rather narrow
(2-3 nt diameter).

S inusitatus ALLEN 1965 from Spitsbergen is
smaller and possesses distal coni, which may be
fused so that they form an imperfect reticulum.
S. sp. aff. S. inusitatns ALLEN sensu STREEL (in:
BBST 1974) from the Campine (Belgium) shows an
ornament of less densely distributed distal coni,
which sometimes merge into a coarse reticulum.
S. of. inusitatus ALLEN sensu TAUGOURDEAU-LANTZ
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1971 from the Frasnian of the Boulonnais (France)
has distal muri formed by the fusion of coni and
verrucae.

Our specimens bear also some ressemblance with
Calyptosporites reticulatus Trwart & SCHAAR-
SCHIMDT 1975, which has a similar distal ornament.
But this latter species possesses also rather long
spines of up to 6 u long superimposed on the muri.

Occurrence: S. inusitatus ALLEN 1965 is known
from the Upper Emsian (Heisdorf Beds) to Lower
Eifelian (Nohn Beds) of the Eifel (Germany; RiEGEL
in CIMP Newsletter 10, 1975), and from the Upper
Givetian of Spitsbergen (ALLEN 1965).

Grandispora douglastownense MCGREGOR 1973
{pl. 5, figs.3-8)

Synonym: Cirratrivadites cf. megaspinosus sensu
Van WiHe & Bress 1974 pl. 3, figs. 53, 55 (non
fig. 52)

Remarks: Cavate spores. Maximum diameter
{without protruding ornaments) between 80 and
110 . Distal surface with loosely distributed, prom-
inent spines of up to 12 u long. No hair-like exten-
sions or bifurcated tips have been observed (erod-
ed??}. Our specimens are smaller than the type
material from Canada. They show a close ressem-
blance to Calyptosporites pilaspinosus LANNINGER
1968 (vide LanninGeRr, pl. 26, fig. 1) from the
Lower Eifelian Heisdorf Beds of the Eifel {Ger-
many), which may be conspecific with G. donglas-
townense. Ancyrospora nettersheimensis  RIEGEL
1973 from the same horizon of the Eifel looks
equally similar except for the obvious bifurcated
spines.

Occuyrence: Upper Emsian or Lower Eifelian of
Eastern Canada (McGrecor 1973). Upper Emsian
of Moose River Basin, Canada (McGREGOR, in
press; see also CIMP Newsletter 11, 1975).

Grandispora Ymacrotuberculata
(ARKHANGELSKAYA) McGREGOR 1973

(pl. s, fig. 11)

Remarks: Large cavate spores with distal orna-
ment consisting of sparsely distributed small coni
and spines of up to 4 x# high. Maximum diameter
about 150 u. The rare {non eroded??) spines bear
a small hair-like extension. We agree with McGREe-
GOR (1973, p. 60) that Calyptosporites proteus
(Naumova) ALien 1965 and 2Samarisporites sp. D
STREEL 1967 are closely related - if not conspecific ~
species, Also Endosporites biornatus LANNINGER
1968 and Spinozonotriletes arduinnae RIEGEL 1973
from the Upper Emsian to Lower Eifelian of the
Eifel (Germany) (compare progress reports by
RieGeEL and STREEL, DEMARET-FAaRON & OTAZO in
CIMP Newsletter 10, 1975) are rather similar or
even conspecific species.
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Occurrence: Upper Emsian or Lower Eifelian of
Eastern Canada {(McGreGor 1973). Upper Emsian
of Moose River Basin, Canada (McGREGOR, in
press: see also CIMP Newsletter 11, 1975).

cf. Grandispora ?macrotubercnlata
(ARKHBANGELSKAYA) MCGREGOR 1973

(pl. 5, fig. x0)

Remarks: A very large, single specimen from
preparation 328, showing similar rare ornaments
as in the specimens described above, Maximum
diameter 210 n,

Grandispora mammillata OWENs 1971
(pl- 5, fig. 9)

Remarks: Single specimen of large, cavate spore
from preparation 262 with moderately densely dis-
tributed ornaments on distal surface, consisting of
conate to mammoid elements of about 3 s high
and wide. Maximum diameter 157 g.

Occurrence: Givetian(??) of Melville Istand, Cen-
tral Arctric Archipelago (Owens 1971). Lower
Eifelian (??) of the Moose River Basin, Canada
{(McGREGOR, in press; compare also CIMP News-
letter 11, 1975).

Grandispora sp.
(pl. 5, fig. 2)

Synonym: Cirratrivadites cf. megaspinosus sensu
Van Wiyse & Buess 1974 pl. 3, fig. 52 (non figs.

§3 55)

Remarks: Single specimen from preparation 143
of a large, cavate spore, bearing long blunt spines
in the distal polar area and coni on the zona. Spines
may reach up to 20 x in length, Their maximum
basal width is about 7 g, Coni are 3-5 # high and
wide and less densely distributed than the spines.
This specimen is conspecific with ?Spinozonotriletes
sp. A Owens 1971, pl. XVII, fig. 2, and with
Calyptosporites sp. 15305 McGreGOR & OwENS
1966, pl. XIII, figs. 1, 2, both from the Weatherall
Formation (Givetian?) of Melville Island, Central
Arctic Archipelago.

Rbabdosporites langi (E1sENACK) RICHARDSON 1960
(pl. 6, figs. 7-9)

Remarks: Cavate spores with characteristic folds
and exoexine covered by small coni and baculae of
less than 1 g high. Size of our specimens between
98 and 140 x. The specimen figured by STREEL
(1965; pl. 1I, fig. 8) from the Frasnian of the
Campine Basin, Belgium as R. langi is R. parvulus
RICHARDSON 1965,

Occurrence: Lower Eifelian of the Eifel, Germany
(RieceL 1973). Upper Givetian of Namur Syn-




clinorium, Belgium (PIERART 1964; STREEL 1972)
and Dinant Synclinorium, Belgium (LELE & STREEL

1969).

Ancyrospora ancyred
(EisenACK) RICHARDSON var. brevispinosa
RICHARDSON 1962

(pl. 7, figs. 1-4)

Remarks: Zonate spore with exoexine variably
extended distally and equatorially in the form of a
flange bearing spinose processes. Spore body/spore
diameter ratio: 85-95%o. Length of spinose processes
6 to 15 p. Most of the spinose processes appear to
have been eroded and therefore lost their typical
bifurcate tips. But a few distinct bifurcations have
still been observed {cf. pl. 7, fig. 3).

Occurrence: Upper Eifelian(?) to Givetian of
northeastern Scotland (RicHARDSON 1962, 1965).
Givetian of Belgium (LELE & STREEL 1969). Lower
Frasnian(?) of the Campine Basin, Belgium (STREEL
in: BBST 1974).

4.5. Devonian — Dinantian spores of
uncertain range

This group includes several long-ranging elements,
which occur throughout the Devonian and/or Dinan-
tian. It might be even discussed, whether some speci-
mens of acritarcha and Tasmanites are proper West-
phalian elements. Our argument to consider them
as Devonian-Dinantian forms is that they have
up to now only been recognized in association
with undoubted reworked spores of that age. It
should be noted, that we have found a speci-
men of Veryhachium sp. (pl.7, fig. 13) that looks
rather similar to the specimen figured by Stock-
MaNs & WiLLIERE (1962) from the Petit Buisson
Marine Band at the base of the Westphalian
C of Belgium. We suggest that also the acritarcha
described by those authors {only three specimens
recognized!!) may as well represent reworked forms.
The first author has tried without success to find
any acritarcha from the same marine band in the
Netherlands.

Anrovaspora macromanifestus
(HacQueBARD) RICHARDSON 1960

Remarks: Poorly preserved specimens of this
species have been observed in horizon 1.

Occurrence: From the uppermost Emsian and
Eifelian of the Eifel, Germany (T1war1 & SCHAAR-
SCHIMDT 1975), the Eifelian and Givetian of Scot-
land (Ricuarpson 1965) to the Tournaisian of
Fastern Canada (PLAYFORD 1964) and many other
regions {STREEL 1971, p. 133).

Hystricosporites Spp.
(pl.7, figs. 5-8)

Remarks: Dark, large (maximum diameter 95-
120 1) spores with apical prominence and typically
bifurcated appendages of various lengths (10-30 1}
and basal widths (up to 8 « in pl. 7, fig. 6).

Occurrence: Uppermost Emsian (RIEGEL 1973)
to Lower Tnib (STREEL, in press). Three specimens
from the Viséan of Spitsbergen (PLAYFORD 1963}
are assumed to have been derived from older rocks,

Acritarcha

A few specimens have been assigned to the follow-
ing genera:

Solisphaeridinm StapLin, Jansonius & Pocock
1965 (pl. 7, figs. 11, 12},

Veryhachinm DEUNFF 1954 emend. Downig &
SARJEANT 1963 (pl. 7, figs. 13, 14).

Goniosphaeridium E1sEnack 1969 (pl. 7, fig. 15).

Cymatiosphaera O. WeTZEL 1933 emend DEFLAN-

prE 1954 (pl. 7, fig. 16).

Tasmanites spp.
(pl. 7, figs. 17-19)

Remarks: Several specimens with the character-
istic thick wall, spheroidal outline and varying
number of pores are here included in the genus
Tasmanites. As stated by Muir & SARJEANT (1971)
the Tasmanitids need a thorough taxonomical re-
vision.

Occurrence: Lower Ordovician to Tertiary. Spec-
imens from the Pleistocene of Great Britain may
be reworked from older strata (Muir & SARJEANT

1971)

Unknqwn
(pl. 7, fig. 9)

Remarks: Two specimens from preparation 262.
Large, hollow globules with a reticulate nerwork.
Affinity unknown,

5. SOURCE AREA

From the composition of the microflora in the
investigated interval it is clear that we may dis-
tinguish between four major groups of spores.
First of course, there is the predominant “normal”
Westphalian C flora with Vestispora fenestrata, V.
magna, Triquitrites sculptilis, T. welensis and
Punctatosporites granifer as markers. The second
group is qualitatively well represented by some
twenty-eight species of a roughly Namurian (Upper
Viséan to Lower Westphalian) age, with several
auriculate spores (Abrensisporites, Mooreisporites
and Tripartites) as most relevant forms, The third
group of an uppermost Devonian to early Dinantian
age is characterized by Spelaeotriletes lepidophytus
as guide for essentially the “Strunian”. The fourth
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and last group conmsists in fact of two assemblages
representing the Givetian (Grandispora sp.) on the
one hand and the Upper Emsian to Lower Eifelian
microfloras (Grandispora douglastownense, “Anu-
latisporites” jonkeri, Dibolisporites eifeliensis, Api-
culivetusispora cf. arenorngosa) on the other. For
the sake of simplicity, they are taken here together
as Middle Devonian (including latest Lower and
early Upper Devonian) forms. Except for the first
group, we may assume that they have all been
reworked from older sediments.

The relatively sudden influx of this reworked
material, the fact that the reworked assemblages
of horizons 1 and § are rather well comparable
and their similar preservation suggest that they
have been derived from the same source area by the
same medium. In other words, the source rocks must
be found in the same direction from the Jabeek
Borchole, In figure 4 we have summarized our
actual knowledge of the distribution of Devonian
and Carboniferous sediments. These distribution
maps show, that transport from the North is rather
unlikely, since Devonian and Dinantian sediments
are buried under several thousands of meters of
Silesian rocks. Moreover, we have not recognized
the Dinantian spore assemblages described by Ber-
TELSEN (1972) and Burmann (1975) from, re-
spectively, Denmark and the Isle of Riigen (Ger-
man Democratic Republic). Therefore, apart from
the fact that a source from a northern continent
might have been to far away (chemical and me-
chanical destruction of spores during long trans-
port), there is also the fact that we cannot compare
the known Dinantian microfloras from the North
and North-Fast with our reworked material. On
the other hand, one would have expected to have
recognized similar high percentages of reworked
spores elsewhere in the Netherlands. This is not the
case (Van WipHg, personal communication; first
author, unpublished data).

Two more areas, the Ardenno-Rhenish Massif in
the South and Fast and the Brabant Massif in the
West, rest as potential source areas.

The Brabant Massif can be excluded, however,
since the Lower and Middle Devonian are practi-
cally missing on most places around the Massif. In
the North, the boreholes Loenhout and Booischot
(fig. 4, map of Devonian rocks) pass directly from
Upper Devonian into Silurian sediments (LEGRAND
1968). It was apparently not before late in the
Middle Devonian that the transgression and sedi-
mentation on the Massif started from the South.

<

Therefore, our fourth group of Middle Devonian
spores, including an Upper Emsian to Lower Eifelian
assemblage, cannot have been derived from the
Brabant Massif.

Rests as sole possibility the Ardenno-Rhenish
Massif.

We do not know about any publications on
Namurian spores from Belgium, the Netherlands or
Germany, except for areas much farther to the
South-East of the Rhenish Massif (HorsT 1955,
West Upper Silesia and Mihrisch-Ostrau). Spores
of that age are either to much carbonized or they
have not been studied.

With few exceptions (STREEL, in press) the marine
Dinantian rocks have not yielded any miospores
along the borders of the Ardenno-Rhenish Massif.
The practical absence of Dinantian spores in our
borehole is herewith explained.

An extensive bibliography exists already on the
uppermost Devonian (“Strunian”) microfloras of
especially Belgium (cf. STrEEL in: BBST 1974) but
also of Germany (cf. PapROTH & STREEL 1971).
The occurrence of the guide fossil for that time in-
terval, S. lepidophytus, in our material could thus
be expected.

The essentially sporeless marine Frasnian and
Lower Famennian rocks along the Ardenno-Rhenish
Massif could hardly have yielded a recognizable
spore flora. The apparent absence of such an assem-
blage in our material is therefore quite understand-
able.

Middle Devonian and Emsian spores have been
described from three different regions of the Arden-
no-Rhenish Massif. STREEL {1964), LELE & STREEL
(1969) and Escrcnr (1969) have published on res-
pectively Givetian and Emsian miospores along the
northern border of the Hohe Venn-Stavelot Massif
near Aachen. RieciL (1968) and Hamip (1974)
studied the Middle Devonian spores from the
Rhenish Massif near Koln. Lanvincer (1968),
RizGeL (1973) and TiwarRt & SCHAARSCHMIDT
(1975) investigated the Lower and Middle Devonian
microfloras from the Eifel.

Escuctr (1969) found rather small (less than
40 1), non-zonate spores, which appear rather dark
and poorly preserved. Also Lrig & STREEL (1969)
noticed the poorness of zonate forms (about 1%/0)
in their microflora. These latter authors distinguish
between “upland” assemblages dominated by zonate
spores and “marginal” assemblages of spores with a
simple structure. Our reworked Middle Devonian
microflora seems to have more in common with
the upland assemblage sensu LELE & STREEL than

Fig. 4 — Distribution of Devonian and Carboniferous rocks {after LeEGrAND 19685 HoveRr, CLAUSEN, LeureriTz, TEICHMULLER
& ToME 1974; Atlas of the Netherlands, plate I1I-1). Abbreviation BSTM 1969 stands for Bouckarrt, STREEL, THOREZ &
MoUND 1969, BBST 1974 stands for Brcker, Bress, STREEL & Tiorez 1974. These abbreviations have been used also in the text
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with a marginal assemblage, so that the Hohe Venn-
Stavelot Massif as source for our material can be
excluded.

A much better correlation exists with the Emsian
and Middle Devonian spores described from the
areas near Koln and the Eifel, which have yielded
many “upland” elements. Apart from the fact that
they contain many zonate species, which in part are
conspecific with ours, they also show the tendency
to “giantism” characteristic of upland assemblages.
Furthermore, their preservation and degree of coali-
fication (related to relative translucency; cf. Van
WiHE & Bress 1974, p. 306) are similar to the
South Limburg material. A more detailed compari-
son of the Kéln and Tifel assemblages suggests that
our material has been most probably derived from
a roughly southeastern source in or near the Eifel
region.

6. PALEOGEOGRAPHY

VANDENBERGHE (1976) recognized Carboniferous
phytoclasts with a low range of reflectivity in the
Rupelian Boom Clay of Belgium. This occurrence
induced him to suggest that at least part of the
Boom Clay had been derived from Northern Eng-
land, where Carboniferous coals with similar low
reflectivity occurred in the outcropping areas sur-
rounding the sedimentation basin of the Boom Clay.
That conclusion formed an important comple-
mentary information since up to then geologists
had assumed that the Boom Clay was of fenno-
scandinavian origin because of its heavy mineral
content. This example clearly shows, that phyto-
clasts — and reworked spores constitute only a
special group of phytoclasts — may be used in’ the
same way as heavy minerals or fossils if we wish
to identify the source of any given sediment, There-
fore, the assumption, that reworked spore material
has been transported by some medium to South
Limburg from the South-East implies that also the
sediment will have been derived from the same
direction.

The hypothesis that the Ardenno-Rhenish Massif
may have acted as source for a — large? — part of
the Westphalian sediments in the Netherlands and
Germany is not new. SCHRODER (197¢) argumented
that the isopach of Westphalian C sediments in
northwestern Germany can only be satisfactorily
explained by assuming a southern or southeastern
origin of these sediments, i.c. the Rhenish Massif.
This idea is supported by the fact that marine in-
fluences increase towards the North and that the
relative abundance of conglomerates and pebble
horizons decreases in the same direction.

The principal arguments of those, who favour a
sediment supply from the North and North-Fast
(e.g. HEDEMANN & TEICHMULLER 1971; HEDEMANN,
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Farian, Fiesic & Rasitz 1972) are the occurrence
of Silurian lydite pebbles with a.o. the graptolite
Monograptus priodon in a Lower Westphalian A
conglomerate in the Ruhr districe (WeHRLI 1938;
ScHERP 1956), the South-West dipping crossbedd-
ings in the Westphalian D of Piesberg (North of the
Ruhr district) and the sedimentological investiga-
tions on Lower Westphalian sandstones in the Ruhr
district by WeNDT (1965) and MALMSHEIMER (1968),
A further argument of this group of geologists is
the gradual diminishing of Westphalian conglomera-
tes towards the West., This latter argument has
been proven to be unvalid by ScHrSDER {1975),
because they also disappear to the East and North.

WEHRLI (1938) stated already that a southern
origin for the graptolite-bearing lydite could not be
excluded. The Buntsandstein conglomerate of the
Vosges contains also graptolite-bearing lydite peb-
bles and similar pebbles have been observed in
Quaternary deposits of the River Meuse in the
Netherlands by the first author. WenrLI’s supposi-
tion that the same species M. priodon or even species
of the same (according to him Upper Silurian) age
do not occur in the Vosges conglomerate seems
incorrect. NOEL (1903, p. 65) described M. priodon?
(specimen not figured by that author) from the
Vosges conglomerate. Revision of both WeurLls
and NOEL’s specimens may prove that they are
conspecific. In the second place there is no differ-
ence between the peculiar conservation of the
graptolites of both places, which consists of white
quarz. And finally, Butman (r955) figures a speci-
men of M. priodon from the Lower Silurian of
Scotland, so that WsHRLI'S statement that species
of the same “Upper Silurian™ age do not occur in
the Vosges conglomerate, which should contain
only Lower Silurian graptolites is incorrect.

The South-West dipping of the crossbeddings of
the Piesberg area of a Westphalian D age are ex-
tremely local phenomena, which do not permit
overall conclusions.

The studies of both WenDT (1965) and Marms-
HEIMER (1968) on Lower Westphalian A sediments
of the Ruhr district have not given any evidence
for the source of these sediments. The cumulative
direction-frequency diagram of MALMSHEIMER (1968,
fig. 24) shows a preference direction towards the
North-West, rather than to the South-West, which
would mean a southeastern rather than a north-
eastern origin of the sediments. As stated by WenbpT,
the Finefrau conglomerates have their main distri-
bution in the southern Ruhr district and pinch out
towards the North. Furthermore, also the Finefrau
sandstone seems to disappear in the easternmost
parts of the Ruhr district. The regional western to
southwestern directions of transport may also in-
dicate local streams parallel to the northern border
of the Rhenish Massif,

A southern to southeastern origin has also been
assumed for the Namurian conglomerates in the




Aachen area and in Belgium, which have bcen
studied by Hamne & SeipeL (1936) and KLERKX
(1960, 1966). These conglomerates have been derived
from local erosion of the borders of the Ardenno-
Rhenish Massif as shown by the occurrence of
abundant lydite and radiolarite pebbles of late
Dinantian age. The source rocks of these are locally
completely eroded during Namurian times (Par-
ROTH & WoLF 1973; FourMamier, Bintz & Lam-
BRECHT 1968).

Also Biress (1973) suggested a southwestern to
southeastern origin for Lower Westphalian A sed-
iments of South Limburg after studying isopach
lines of the Finefrau Nebenbank Marine Band.

Summarizing all these arguments, we may pre-
sume that the hypothesis that the Ardenno-Rhenish
Massif, and more especially the Eifel area sensu lato
was the source for a — large? — part of the West-
phalian sediments in the Netherlands has become
more and more acceptable. The progressive erosion
of the Ardenno-Rhenish Massif as a function of
continuing uplift becomes firstly visible in the
Namurian conglomerates containing late Dinantian
radiolarites, which have been essentially derived
from the borders of the Massif. The Lower West-
phalian may then have been a period of relative
rest, what is reflected in the decrease of the sandy
component of the sediments during that time and
in the uniformity of the basin conditions, which
have resulted in rather comparable sections of Low-
er Westphalian rocks in South Limburg, Belgium
and Germany (cf. PasTiELs 1964; DBACHMANN,
Hersst & KiMPE 1970).

A renewed, accentuated uplift of the Massif
during the Upper Westphalian gave way to an
crosion of all pre-Upper Westphalian — Devonian

and Carboniferous — sediments. This resulted in an
increase of the sandy percentage of the sediments
(cf. Van WigHE & Bress 1974), an influx of rework-
ed spores of the above said ages, and most probably
in the creation of two different depositional en-
vironments fed by at least two different sources
and transport ways.

This latter hypothesis is supported by the inferred
transport directions during essentially the West-
phalian C (fig. 5) and by the fact that we are unable
to establish detailed correlations between the West-
phalian C sections of the Campine and South Lim-
burg on the one hand and the northwestern Ger-
man area on the other, this in contrast with the
Lower Westphalian sections of these areas.

Also, it is not impossible that the upheaval of the
Ardenno-Rhenish Massif and the subsequent folding
along its borders became so strong, that Lower
Westphalian sediments in the Litge and Aachen
areas have been already in part erdoded during the
Upper Westphalian, or that at least deposttion had
stopped in that areca.

The hypothesis, that the areas say North of the
Brabant Massif and North of the Rhenish Massif
have become separate basins during the Upper
Westphalian, is also supported by the actual dis-
tribution of Upper Westphalian sediments, The
Krefeld High and its prolongation in the Maas-
bommel High, Zandvoort Ridge and IJmuiden
High may have formed a neutral or even initial
erosional belt separating these basins during the
Upper Westphalian. There are indications that the
Krefeld High may have been a mobile block as far
back as the late Middle Devonian. Parrors &
Worr (1973) suggested that this was an eastern
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outlier of the Old Red Continent, what would
explain the nearby Schwarzbachtal Conglomerate.
The line formed by these highs may have been also
coincident with the southern border of an Upper
Famenman high of the same authors. This Upper
Famennian high might have plaid the same role as
the Brabant Massif further to the South with in
between them the later Upper Westphalian basin
as an area of accentuated subsidence, It is finally
noteworth, that the line formed by these highs is
coincident with the boundary between Limestone
and Culm facies during the Lower Viséan (cf.
ParroTn & WoLr 1973).

Our information about movements of this belt
during the Upper Carboniferous is scarce, VAN
WiyHE & BLEss (1974) draw the attention on the
Hardenberg-2 and Tubbergen-8 boreholes at the
southwestern edge of the later Ems Low. Both bore-
holes show a reduced Westphalian B-C. This fact
fits rather well in the hypothesis of a positive bele
along the line Krefeld-Zandvoort during the Upper
Westphalian. Before the Stephanian sedimentation
took place, either erosion or non-deposition of
Upper Westphalian sediments must have occurred
at least along the western edge of the later Ems
Low (Hepemann & TeEiCHMULLER 1971). It seems
more reasonable to assume that the same happened
on this belt, rather than to believe that first some
1500 to 2000 m of Upper Westphalian sediments
have been deposited and then subsequently eroded
again during late Stephanian or Permian times as
suggested by Patiyn (1964) and HEYBROEK (1974).
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Inverse movements of this belt may have taken
place during the Permian, when it was covered by
Rotliegend and Zechstein. But at least the Krefeld
High may have been even then a positive element,
as shown by the suggested southern boundary of the
primary distribution of Zechstein salts (Boick,
Stanr, M. & R. TeicHMULLER 1971; BARTENSTEIN
& TEICHMULLER 1974).

Although it may be dangerous to speculate about
the real figures of relative uplift during the West-
phalian C for the Ardenno-Rhenish Massif, it may
be interesting to quote ParrorH & WorF (1973;
personal communication). They suggest that the
total cover on the Nehden Beds (Lower Famennian)
in the Paffrath Syncline North-East of Koéln may
have been only some 200 m. In their opinion the
total cover on the Emsian in the Eifel area may
have been in the order of some soo m. From our
reworked spore assemblages it can be deduced that
this cover must have been largely removed during
the Upper Carboniferous erosion. This means, that
the total uplift must have been at least more or less
equal to the total erosion, this is some soo m uplift
at some so km of the northern edge of the Massif,
what still would be a rather low relief. The sub-
sequent erosion of that part of the Ardenno-Rhenish
Massif and the suggested erosion of the Brabant
Massif would have been enough to fill the Upper
Westphalian Basin along the northern border of the
Brabant Massif (maximum thickness of Upper West-
phalian rocks some 1000 m).
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PLATES AND EXPLANATIONS

The coordinates cited are those of the Leitz Ortholux microscope no. 717603 at the Geological Bureau of
Heerlen.
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Letotriletes adnatus {(Kosanke) PotoniE & KREMP 1955
262E, 35.5 x 104.2, Westphalian A - Stephanian B,

Calamospora parva GUENNEL 1958
262F, 44.5 x 11 1.3, Viséan - Westphalian D,

Granunlatisporites granulatus IBrRaniM 1933
262F, 31.8 x 96.8, Viséan - Stephanian A,

Lophotriletes microsactosns {Loosg) PoroNtE & KreMp ross
262E, 231.6 x 98.0, Namurian A - Autunian,

Cyclogranisporites anrens (Loose) Potonit & KrEMmp 1955
262E, 25.5 x 96.6, Westphalian A - Upper Stephanian,

Lophotriletes mosaicus PoroNie & KrReMp 1955
262E, 36.2 x 1013, Westphalian A - Upper Stephanian.

Apiculatisporis latigranifer (LO0SE} IRMGRUND 1960
262G, 30.3 x 111.9, Westphalian B - Upper Stephanian.

Calamospora microrugosa (Ieranim) Scrorr, Wirson & BENTALL 1944
262F, 36.0 x 109.6, Tournaisian - Upper Stephanian,

Raistrickia superba (Israsim) Scuorr, WiLson & BENTALL 1944
Upper Namurian ~ Autunian.
Fig. 9: 262F, 38.2 x 97.9; Fig. 10: 262F, 48.3 x 96.1.

Raistrickia saetosa (LOOSE} ScHOPF, WiLson & BENTALL 1944
262F, §1.3 % 104.5, Namurian - Upper Stephanian.

Microreticulatisporites nobilis (WicHer) Knox 1950
262F, 36.0 x 109.6, Westphalian A-D.

Miecroreticulatisporites tripartitus LAVEINE 1962
308B, 47.5 x 108.7, Westphalian A-B (-C¥.

Dictyotriletes densoreticulatus Poronie & Kreve 1945
Westphalian B-C.

Fig. 14: 2624, 2.8 x 95.2; Fig. 15: 143C, 43.9 x 105.1;

Fig. 16: 4.5 x 103.0.

Convolutispora florida HOFFMEISTER, STAPLIN & MALLOY 1955
262G, 28,0 x 94.6, Namurian A - Westphalitan C.

Savitrisporites mux {(BUTTERWORTH & WiLLiams) SsitH & BUTTERWORTH 1967
Viséan - Westphalian D.

Fig. 18: 262G, 27.5 x 97.2, distal focus; Fig. 19: 262G, 48.8 x 109.6;

Fig. 20: 262F, 43.9 x 109.5.

Reinschospora speciosa {LoosE) ScHOPF, WiLson & BENTALL 1944
3088, 30.2 x 1o2.5, Westphalian A-C,

Reinschospora triangnlaris Kosanxe 1950
307C, 510 x 111.0, Westphalian A - Stephanian.

Triguitrites senfprilis BALME 1952
Westphalian A-D.
Fig. 23: 262F, 48.6 x 96.1; Fig. 241 262F, 48.2 x rr1.2; Fig. 26: 262F, 5.1 x j01.0,

Triguitrites bransonii WiLson & HOFFMEISTER 1956
3084, 40.5 ¥ 105.0, Westphalian B-D.

Triguitrites velensis (BHARDWAF) van WiyHE & BLEss 1974

Westphalian C-D.

Fig. 27: 262, 38.0 x 98.3; Fig. 28: 262G, 41.0 x 99.1; Fig. 29: 143C, 43.0 x 100.1;
Fig. 3o: 262G, 33.8 x 111.9.

Simozonotriletes intortns (Warrz )Porontt & KreMr 1954
330D, 49.6 x 93.3, Viséan ~ Westphalian C.

Triguitrites aff. velensis (BHARDWA]} van WijHe & BLESS 1974
308C, 34.0 x 99.1; distal surface rugulate-corrugate, otherwise like T. welensis.

of. Triquitrites welensis (BHARDWAJ) vaN WiHE & BLess 1974
262G, 42.8 x 100.5, possibly aberrant specimen,

Tripartites trifoliolatus Dysova & JacHowicz 1957
262G, 31.8 x 112.3, Namurian A,
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Crassispora kosankei (Poronit & KrEMpP) BHARDWAJ 1957
262E, 34.0 x 92.9, Namurian A — Stephanian C.

Densosporites sphacrotriangnlaris KOSANKE 1950
Lower Namurian — Stephanian B.
Fig. 2: 262F, 47.6 x g4.7; Fig. 3: 262G, 36.2 x 1o2.4; Fig. 4: 2628, 26.5 x 102.4.

Lycospora rotunda {(BHARDWAT) SoMERS 1972
262G, 42.3 x 94.7, Viséan — Stephanian C.

Cingulizonates loricatus (Loos) BurtErworrn & SaitH 1964
308B, 42.8 x 109.0, Namurian C - Westphalian D,

Cristatisporites solaris (Barme) BuTTerworTH & SMITH 1964
262F, 45.3 x 98.9, Namurian A -~ Stephanian B,

Cristatisporites indignabundus (Loase) StarLme & Jansowius 1964
262G, 31.1 x 112.7, Westphalian A-D.

Cirratrivadites saturni (IBRAHIM) SCHOPF, WiLsoN & BENTALL 1944
262G, 42.0 x r12.§, Namurian B — Stephanian B.

Alatisporites hexalatus Kosanke 19350
130G, 48.2 x 95.9, Westphalian A — Lower Stephanian.

Alatisporites pustulatus (Isranm)} IsBRAHRM 1933
330D, 45.0 x 107.6, Westphalian A — Lower Stephanian,

Endosporites globiformis (IsraHiM) Schorr, Wirson & BENTALL 1944
262G, 43.8 x 96.1, Westphalian A — Autunian,

Columinisporites ovalis PEPPERS 1964
328A, 48.7 x 104.3, Stephanian of US.A,

Punctatosporites granifer Poronii & KREMP 1956
262B, 23.4 x 98.8, Westphalian B - Upper Permian.

Lacvigatosporites vilgaris (IBRAHIM) PotontE & KreMp 1956
262G, 33.6 x 1120, Viséan — Tertiary.

Vestispora cf. psendoreticulata Srope 1967
262F, 24.1 x 108.7, Westphalian A-D {operculum),

Vestispora fenestrata (Kosanke & Broxaw) SPoDE 1967
Westphalian C-D.
Fig. 17: 262B, 28.0 x 98.0; Fig. 18: 262G, 26.3 x 107.5.

Vestispora sp.
143C, 340 x r1o3.4. Rather coarse reticulum of primary muri, with lumina of
regular size.

Vestispora magna (BUTTERWORTH & WiLLiams) SPODE 1967
Westphalian B-D.
Fig. 20: 2624, 30.9 x 104.2; Fig. 221 330D, 43.5 % 101.0.

Vestispora pseudoreticulata Srope 1967
Westphalian A-D.
Fig. 21: 308C, 44.4 x 106.0; Fig. 23: 330B, 47.0 x g2.3,

Florinites cf. florini IMGRUND 1960 sensu SmiTh & BUTTERWORTH 1967
262E, 31.9 x 104.6, Westphalian A-D,

Flovinites mediapudens (Loose) PoTonit & KrrMr 1956
262E, 37.8 x 104.5, Westphalian A ~ Autunian.

Florinites triletus KOSANKE 1950
262C, 30.0 x r11.5, Westphalian B — Stephanian.

Schopfipollenites ellipsoides (Brauinv) Poronit & Kremr 1954
262F, 30.7 x 109.1, Namurian A -~ Stephanian B.
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PLATE 10

Punctatisporites sinnatus (Art0z) NEVES 196F
262G, 28.2 x 102.1, Namurian A - Westphalian A.

Punctatisporites aff. aerarins BurterwortH & WiLLiavs 1958
1300, 47.5 x 18%.0.

Raistrickia of. microhorrida (Horst) Potonit & KReMP 1955
143, §3.3 X 100.6.

Tripartites incisotrilobus (Naumova) Porontt & KreMr 1956
262F, 47.9 x 1o4.9, Dinantian — basal Namurian.

Mooreisporites trigallerus Neves 1958
Namurian A,
Fig. 5: 334D, 35.1 x 94.4; Fig. 11 153C, 47.0 x 110.3; Fig. 121 262E, 33.9 x 94.5.

Mooreisporites fustis NEVES 1948
333B, 30.4 x 109.3, Namurian A — Westphalian B.

Dictyoatriletes bireticulatns (Israxiv) SmiTH & BUTTERWORTH 1967
262B, 30.4 x 106.4, Namurian A — Westphalian D.

Abrensisporites guerickei (HorsT) PoroniE & Krewmp 1954
Namurian A ~ Westphalian C.
Fig. 8: 332D, 35.4 % 97.0; Fig. 152 330C, 55§ x 1119,

Pustulatisporites papillosns {Knox) Potonit & KREMP 1955
332B, 27.3 x 111.4, Namurian A (?— Westphalian A).

¥Tvipartites of. trilingnis (HorsT) SMiTH & BUTTERWORTH 1967
262F, 44.4 X 10L.6.

Tripartites nonguericket PoTontt & KrEMP 1956
143C, 45.5 x 93.1, Upper Viséan - Namurian C.

Abrensisporites interitorsus HORST 1943
262F, 34.0 x 1o4.5, Namurian A.

Grumosisporites varioreticulatns (NEves) SMite & BUTTERWORTH 1967
3304, 26.9 x 9.5, Namurian A — Westphalian B.

Bellispores nitidus (FHORST) SULLIVAN 1964
3324, 46.5 x 1120, Upper Viséan — Westphalian B.

Reticulatisporites polygonalis {Isranim) SmiTH & BUTTERWORTH 1967
Westphalian A-C.
Fig. 18: 143C, 46.0 x 1o7.1; Fig. 20: 334C, 48.0 x 1106,

Knoxisporites cinctus {WaLtz) BuTTERWORTH & WiLLiams 1958
262G, 34.5 X 106.9, Namurian A,

Knoxisporites ex gr. bageni PotoniE & Kremp 1954
333D, 24.0 x 105.0, Westphalian A-C.

Praprisporites aff. laevigatns Neves 1961

Fig. 221 332D, 47.3 % 95.5; Fig. 23: 143G, 535.2 x 10009,
Reticulatisporites carnosus (Knox) NEVES 1964

262G, 36.4 % 111,0, Namurian A — Westphalian A.

Knoxisporites sp.
2624, 28,7 x 106.1.

Densosporites triangnlaris KOSANKE 1950
262F, 46,7 x 104.5, Vistan - Westphalian B.

Cingulizonates aff, capistratns (FloEFMEISTER, STarLm & Marroy) StarLivy &
JaNsoNius 1964
3348, 32.2 x 96.0.

Radiizonates striatus (KNoOX) STAPLIN & JansoNIUs 1964
262E, 28.3 x ro1.2, Westphalian A-B.

of. Schopfipollenites ellipsoides var, corporens NEVES 1961
2628, 38.9 X 104.3.
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PLATE IV

Grandispora famenensis (INAUMOVA) STREEL 1974
262B, 30.0 x 105.5, Famemnian,

Spelaeotriletes lepidophytus (KEDO) STREEL 1974

Uppermost Famennian to basal Tournaisian.

Fig. 2: 262F, qo.3 x 108.7; Fig. 31 143C, 54.1 x 102.8; Fig. 4: 262G, 27.8 x ro1.§;
Fig. 5: 262E, 26.2 % 95.5; Fig. 6: 143C, s0.4 x 102.6.

Spelaeotriletes cassis (KEpO) STREEL 1974
Tournaisian to Lower Namurian,
Fig. 7: 320A, 31.4 x 107.3; Fig, 8: 262B, 319 x 111.8,

Spelacotriletes triangulus NEves & OweNs 1966
262G, 36.4 x 96,1, Namurian.

Montlospora mutabilis STAPLIN emend CLAYTON 1973
262F, 33.4 X 106.4, Upper Viséan,

“Dictyotriletes” fragmens
262G, 14.§ x 107.2,

Anroraspora byalina (NAuMova) STREEL 1974
Upper Frasnian — Middle Tournaisian.
Fig. 12: 2628, 27.7 x ro5.5; Fig. 131 262G, §0.9 x 111.9; Fig. 14: 262E, 37.3 ¥ 04.5.

“Anulatisporites” sp.
Fig. 15: 262C, 29.1 x 93.6; Fig. 16: 2624, 28.5 x ro5.9.

“Cristatisporites” echinatis PLAYFORD 1963
Tournaisian.
Fig. 17: 262F, 32.0 x 9r.0; Fig. 19: 328C, 35.9 x 100.3.

cf. “Cristatisporites” echinatus PLAYFORD 1963
334C, 314 x 913,

Convalutispora cerebra BUTTERWORTH & WiLLIAMS 1958
328C, 23.0 x 111.0, Upper Viséan ~ Namurian,

Convolutispora flexnosa var, major HACQUEBARD 19357
330D, 4o.7 x roo.5, Upper Tournaisian — Upper Viséan,
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“Anulatisporites” jonkeri RIEGEL 1973
262D, 26.6 x 110.6, Lower Eifelian,

Grandispora sp.
1438, §8.5 x 1co.6, Givetian(?).

Grandispora deuglastownense McGRreGOR 1973

Upper Emsian — Lower Eifelian.

Fig. 3: £43C, 43.0 x 108.2; Fig. 4: 3304, s0.2 x gr.5; Fig. §5: 334A, 37.0 x 100.};
Fig. 6: 328D, g4.0 x 104.5; Fig. 71 1438, 41.9 x 109.0; Fig. 3: 333D, 21.7 x 103.7.

Grandispora mammillata OWENS 1971
262B, 48.2 x 110.3, Lower Eifelian (?) — Givetian(2).

of. Grandispora Mmacrotnberculate (ARKHANGELSKAYA) McGREGOR 1973
328A, 343 X 11,2

Grandispora 2macrotubercilata (ARKHANGELSKAYA) MCGREGOR 1973
328B, 47.3 x 97.1, Upper Emsian - Lower Eifelian.
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PLATE VI

Dibolisporites echinacens (Eisenack) RicHarpson sensu McGREGOR 1973
Lower Emsian - Upper Famennian.
Fig. 11 143G, 54.0 x 99.6; Fig. 21 262D, 44.5 x r1oy.1; Fig. 3: 262E, 25.6 x 98.9.

Apienlivetusispora of. arenorugosa McGREGOR 1973
262F, 0.2 x 1o0.7, Emsian - Eifelian.

Dibaolisporites sp. of. D. eifeliensis sensy McGREGOR 1973 non LANNINGER 1965
262B, 34.0 x 97.0, Emsian — Eifelian.

Samarisporites sp. of. Hymenozonotriletes acanthyrugosius CHIBRIZOVA 1959
143C, 37.4 x 193.5.
Rbabdosporites langi (E1sENack) RiCHARDSON 1960

Lower Eifelian - Upper Givetian.
Fig. 7: 3284, 49.1 x 109.6; Fig. 8: 3284, 48.5 x 110.3; Fig. 9: 3284, 32.0 x 108.5.

Samarisporites nov, sp. aff. 8. innsitatns ALLEN 1965
Fig. ro: 307C, 16.3 x 108.5; Fig. 11: 308B, 27.0 x 98.3; Fig. 12: 307D, 44.5 x 98.5.
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PLATE VII

Ancyrospora ancyrea {E1sEnack) RICHARDSON var. brevispinosa RICHARDSON 1962
Upper Eifelian{?) — Lower Frasnian(?)

Fig, 11 262B, 34.0 x 94.7; Fig, 2: 262G, 35.7 x 109.1; Fig. 3: 262D, 42.8 x rog4.1;
Fig. 4: 262D, 30.3 x 100.0.

Hystricosporites sp,

Uppermost Emsian — Lower Tournaisian,

Fig. $: 262D, 38.9 x 93.5; Fig. 6: detail of incomplete specimen, 3284, 23.0 x
r1o.9; Fig, 70 2628, 22.9 x 99.3; Fig. 8: 3284, 28.4 x g%.0.

Unknown.
26:B, 42.5 x 109.4.

Ancyrospora? capillata Dorsy & NevEs 1970
3284, 28.9 x 1o3.0, Lower Tournaistan,

Solisphacridinm spp.
Fig. 11: 3284, 22.7 x 107.7; Fig. r2: 2620, 39.8 x 90.0.

Verybachinm spp.

Fig. 13: 334D, 29.8 x 97.9; Fig. 14; 332D, 24.3 x gr.2.
Goniosphaeridinm sp.

262F, §1.8 x ro5.6.

Cymatiosphaera sp.
143C, 46.0 X 100.7,

Tasmanites spp.
Fig. 17: 262E, 34.7 x 93.5 {fig. 17: equarorial focus); Fig. 18: 328A, 46.8 x 107.5;
Fig. 19: 2628, 38.0 x 103.5.
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