.
£

Chapter 18 XA

PALEOZOIC SPORES AND POLLEN

18B - MIDDLE AND UPPER DEVONIAN MIOSPORES

M. Streel & S. Loboziak

INTRODUCTION

By late Early Devonian time, spores had developed most
of their Devonian characteristics (Richardson & McGregor
1986, fig. 2). Camerate spores had evolved from two-layered,
presumably zonate spores, and almost all kinds of exinal
sculpture, including the typical biform ornaments and the
bifurcate spines, were present. The average spore size had
increased from less than 25 um (the size of extant bryophyte
spores) to 50-150 um (the size of extant fern spores), occasion-
ally even reaching megaspore size (>200 um) possibly in
relation to incipient heterospory.

DuringMiddleand Late Devonian time, sporesize changed
again in two steps:

1) adramaticincreasestartingjustbelow the Emsian /Eifelian
boundary with species, many of them camerate, span-
ning the 200 um size limit, again probably related to the
development of heterospory;

2) a return to the 50-150 um size range near the Frasnian/
Famennian boundary, which was possibly related to new
strategies in plant reproduction such as the differentiation
of the seed and prepollen. The first occurrence of
endoreticulate miospores near that boundary (Balme 1988;
McGregor & Playford 1990), might reflect such a change.

Consequently, the miospores encountered in the present
chapter may correspond not only to isospores, microspores
or prepollen but also to possible megaspores spanning the
200pm size limit.

Another implication of the increasing abundance of these
large propagules and of the development of heterospory is
that the potential for very long distance dispersal of plants
had probably become reduced so that miospore assemblages
in the sediments represent, more than before, regional to local
source areas. This is not without consequences for phytogeo-
graphic (Streel et al. 1990) and even ecological reconstructions
(Streel & Scheckler 1990).

The mostrecent data on Middle and Late Devonian paleo-
geography, based on paleomagnetism and the distribution of
paleoclimatically restricted lithofacies (Scotese & McKerrow
1990), favor close connections between continents. A Devo-
nian Proto-Tethys Ocean widely separating southern Europe
from northern Africa is not acceptable on biogeographical
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data. Even a hypothetical Rheic Ocean between southernand
northern Europe was in the process of closing during Middle
and Late Devonian time (Paris & Robardet 1990). Conse-
quently, atleastonameridian line crossing eastern Euramerica
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Text-Figure 1.  Middle and Upper Devonian paleogeogra-
phy, locations and detail of the Ardenne-Rhine regions.
Map after Scotese & McKerrow (1990, fig. 15: Middle
Devonian, Givetian). Equator in Givetian (A) and
Famennian (B) times after Scotese & McKerrow (1990,
fig. 15, 16). Equator in Middle Devonian (A’) and Late
Devonian (B') after Witzke (1990, fig. 5, 6). Boundary
between northern and southern Euramericabased onthe
southern limit of Archaeoperisaccus after McGregor
(1979a) and Streel (1986). In Ardenne-Rhine regions,
dotted lines: geographic boundaries; hatched lines sur-
round area with Paleozoic outcrops.
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MIDDLE AND UPPER DEVONIAN MIOSPORES

Western Gondwana ~ southern Euramerica, a
single major phytogeographic province in
Middle and Late Devonian time

From analyses of the stratigraphic distribution of
miospores in North Africaand South America (Loboziaketal.
1988; Streel ef al. 1988; Loboziak & Streel 1989), it has been
shown that, since the Emsian at least, the miospore zonation
developed in the Ardenne-Rhine regions (Streel et al. 1987)
can be applied to Devonian strata of all areas in this single
major phytogeographic province (Text-Fig. 1). This province
can be extended to include most of southern Euramerica
using, for instance, data summarized by McGregor (1979b).

We have selected twenty key species based on the follow-
ing criteria: 1) unambiguous morphology, 2) common pres-
ence in significant sections studied throughout the province,
3) the same sequence of first occurrences in these sections, 4)
no, or little, restriction in known lateral distribution. These
species are presented and discussed below, starting with the
oldest.

Selection of biohorizons in the Ardenne-Rhine
regions and the faunal control of their age

In the discussion of the key species and the biohorizons
defined by them, and also in Text-Figure 3, the values of the
CQI refer to the correlation index of the acceptable position of
the miospore bichorizon in terms of the conodont scale. If
only a single value is given, it means that the biohorizon has
to be found within the range of one single conodont zone. If
two values of the CQIseparated by a“/” are given, they refer
to the correlation index of respectively the lowermost and
uppermost acceptable position of the biohorizon within the
range of two or more conodont zones.

1, 2. Acinosporites apiculatus, Grandispora protea
potential First Occurrence Biohorizons.

Plate 1, Figures 9, 27, reproduced from Loboziak & Streel
(1989, pl. 1, fig. 3, and pl. 6, fig. 5; respectively from samples
at 1700 m and 1874 m in Borehole A1-69, Hammadah Basin,
western Libya).

Bio-stratotype: Uppermost Wetteldorf Formationat Plein
Quarry, Salmerwald Syncline, Eifel region (Richardson &
McGregor 1986, p. 14). Data on the distribution of miospores
at this locality have not been published. However, Riegel
(1982, fig. 1) indicated that A. apiculatus and G. protea occur in
similar succession.

Fauna: Conodont data are not published from this locality
but lithological correlations suggest that these bichorizons
correspond to the conodont costatus patulus Zone (CQI 5 in
Text-Fig. 2). Pending a new examination of the distribution
of miospores and fauna at or near this locality, these
biohorizons remain tentative.

3. Grandispora velata First Occurrence Biohorizon.

Plate 1, Figure 28, reproduced from Loboziak & Streel
(1980, pl. 3, fig. 4; from sample 01 in unit H of the Blacourt
Formation, Boulonnais region).

Bio-stratotype: At the level of sample 507 in the Lauch
m.wHBmmos in the “Wetteldorf Richtschnitt”, Pritm Syncline,
Eifel region (Riegel 1982, fig.1). Ten samples without G. velata
havebeen analysed withina few metersbelow this biohorizon.

Fauna: Sample 507 belongs to a sequence of sediments
containing the conodont costatus partitus Zone (CQIlinText-
Fig. 2). This locality is also the reference section for the base of
the Eifelian Stage, which has been fixed a few meters below
this bichorizon, at the base of the conodont costatus partitus
Zone.

4, 5. Acinosporites acanthomammillatus, A. macrospinosus
potential First Gccurrence Biohorizons.

Plate 1, Figures 10, 8, reproduced from Loboziak & Streel
(1989, pl. 1, fig. 4; from sample at 1483 m in Borehole A1-69,
Hammadah Basin, western Libya) and from Paris et al. (1985,
ph 29, fig. 15; from sample at 2995 m in Borehole A1-37,
northeastern Libya).

Bio-stratotype: Nohn Formation at Lierberg section,
Satenich Syncline, Eifel region (Richardson & McGregor
1986, p- 15). Data on the distribution of miospores at this
locality have not been published; however, these same au-
thors {fig. 3) indicated that A. acanthomammillatus and A.
macrospinosus occur in succession.

Fauna: Conodont data have not been published from this
locality but lithological correlation suggests that these
bichorizons correspond to the conodont costatus costatus
Zone (CQI5in Text-Fig. 2). Pending a new examination of the
distribution of miospores and fauna in this region, these
biohorizons remain tentative.

6. Chelinospora timanica potential First Occurrence
Biohorizon.

Plate 1, Figures 4, 5, respectively from sample 16, 1 m
above sample 15 (see below; not previously published), and
reproduced from Loboziak & Streel (1989, pl. 2, fig. 9; from.
sample at 650 m in Borehole A1-69, Hammadah Basin, west-
ern Libya).

Bio-stratotype: At the level of sample 15, between29.1and
29.4 m in the Giesdorf Member of the Junkerberg Formation
in the exploratory trench of Bohnert Fliir, Hillesheim Syn-
cline, Eifel region.

Fauna: This sample belongs to a sequence of sediments
with the conodont ensensis-obliquimarginatus Subzone sensu
Weddige (1984; CQI 1 in Text-Fig. 2). The first occurrence of
C. timanica is near the important gap recorded by Struve
(1982) in the lowermost part of the overlying Freilingen
Formation. Although the gap seems to be of less importance
in the Hillesheim Syncline than elsewhere, we prefer to wait
for the examination of more samples below this C. tinanica
occurrence before defining the biohorizon.

7. Geminospora lemurata First Occurrence Biohorizon.

Plate 1, Figures 19, 20, reproduced from Loboziak ef al.
(1991, pl. 1, figs. 6, 7; from sample 22, see below).

Bio-stratotype: Sample 22 in Ahbach Formation, at
Miillertchen Quarry, Hillesheim Syncline, Eifel region
(Loboziaket al. 1991, fig. 2, 3). Sixteen samples taken froma 23
m interval below sample 22 (and many more in the older
formations of other nearby sections) contained miospores but
lacked G.lemurata.

Fauna: Sample 22 belongs to a sequence of sediments with
the conodont ensensis-obliquimarginatus Subzone sensu
Weddige (1984; CQI 1 in Text-Fig. 2).
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MIDDLE AND UPPER DEVONIAN MIOCSPORES
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MIDDLE AND UPPER DEVONIAN MIOSPORES

Fauna: The conodont Middleexpansa Zone has been found
(Dreesen et al. 1993) in the underlying Evieux Formation of
the Esneux railway section, 3 km from Chanxhe (CQI 2 in
Text-Fig. 2). The conodont Late expansa Zone is known
(Dreesen et al. 1993) from the same section and formation,
about 5.5 m higher than sample 4 (CQI 1 in Text-Fig. 2).
Consequently, the R. lepidophyta FOB is in the Middle or Late
expansa Zone.

20. Indotriradites explanatus First Occurrence Biohorizon.

Plate I, Figure 29, reproduced from Higgs & Streel (1984,
pl. 4, fig. 15; from sample Rh10, see below).

Bio-stratotype: The greenish silty shales (Hangenberg
Schiefer equivalent} in the Riescheid section, Remscheid-
Altena Anticline, Sauerland region, at the level of sample
Rh10 (Higgs & Streel 1984, fig. 3). Three samples in the
underlying 2.5 mintervallacked I explanatus (Higgs & Streel
1994).

Fauna: The conodont costatus Zone, after Lane & Ziegler
(in Paproth & Streel 1982), was found in almost the same bed
{equivalent to the conodont Early or Middle praesulcata Zone).

Other, better dated, locality for the interval zone: 50 cm
below the top of the Wocklum Kalk, at Hasselbachtal (28 km
cast of Riescheid), same anticline, single sample (Hb1) in the
conodont Early praesulcata Zone (CQI 1 in Text-Fig. 2). No
samples with miospores are known below this single sample
(Becker et al. 1984).

21. Retispora lepidophyta Last Occurrence Biohorizon.

Plate 1, Figure 15, reproduced from Higgs & Streel (1984,
pl 4, fig. 3; from sample Hb18-19, see below).

Bio-stratotype: At the level of sample Hb 18-19 in the
Hangenberg Schiefer, in the Hasselbachtal section, Remscheid-
Altena Anticline, Sauerland region (Higgs & Streel 1984, fig.
4). Six samples in the overlying 14 cm did not yield R.
lepidophyta but were dominated by simple laevigate taxa.

Fauna: The sulcata conodont zone (its lower part corre-
sponding to the trilobite Archegonus abruptirachis Zone) oc-
curs 14 om higher than LOB 21. The Early praesulcata Zone is
about 6 m below {see FOB 20; Becker et al. 1984).

Other, better dated, localities are in (unfortunately only
ternporary) trenches at Stockum and Seiler. At Stockum new
trench II (Higgs et al. 1993), assemblages from six samples in
the4.5 m intervalimmediately below the Stockum Limestone
are transitional in composition to those of the overlying
miospore zone. This is because R. lepidophyta is a rare but
consistent element in these assemblages, characteristically
forming less than 1% of the total spore content. In this trench
1, the Stockum Limestone carries the conodont Late praesulcata
Zore. Sample Str.A5, with R. lepidophyta, was obtained from
the Hangenberg Schiefer in the Seiler 1979 trench, Remscheid-
Altena Anticline, 15 km east of the Hasselbach section, same
region (Paproth & Streel 1982, p. 58, fig. 34). It was collected
above samples A2/ A3 that contain the Late praesulcata Zone.
Combining the data from all localities, R. lepidophyta LOB is
ws._g the conodont Late praesulcata Zone (CQI 1 in Text-

ig. 2).

The correlation between the miospore biohorizons and
the standard conodont zones is shown in Text-Figure 3. All
these data originate from the Ardenne-Rhine regions but
other regions may contribute to refinement of the results. For
instance, we have indicated in the legend of Text-Figure 3

additional correlation data from Bohemia {a} and New York
State (b). Evaluating the quality of the correlation inevitably
focussesattentionon those partsof the biostratigraphicscheme
that need further research.

Refinement of the miospore-based stratigraphy
through intra-generic or intra-specific variations

cies, like the random toradial folding in the morphon Rugospora )
bricei-R. radiata, or the size of the typical radial extensions of ||
the zona of Samarisporites triangulatus, one canbe attracted by
the possibility of demonstrating lineages and using them to
refine stratigraphy.

Suchattemptshavebeenmade with the genera Ancyrospora
(Richardson 1962), Rhabdosporites (Richardson 1965),
Vallatisporites (Streel & Traverse 1978), and mwore recently by
using the morphon concept, e.g. with Cyrtospora cristifera (van
der Zwan 1979) and Diducites (van Veen 1981).

Such methods require the examination of large numbers
of specimens to be statistically reliable. Unfortunately most of
these taxa commonly display some restricion in lateral distri-
bution (see below) which can reduce their potential for corre-
lation.

Observing subtle morphological differences between spe- ,.J

Taxa with restricted lateral distribution

Even if the biostratigraphic scheme described above can
be applied in the whole of the Western Gondwana-Southern
Euramerica phytogeographic province, it does not mean that
the flora was homogeneous over such a hugearea. Two kinds
of climatic restrictions appear to have disturbed such homo-
geneity: (1) macroclimatic, probably latitudinal, differences
determining subprovinces and (2) microclimatic, mainly alti-
tudinal, variations affecting plant communities in local areas.

Macroclimatic, probably latitudinal subprovinces

Differences between polar and tropical regions were es-
pecially pronounced during the Givetian and persisted in the
Frasnian. A few endemic species might even represent a
significant part of the miospore assemblages, particularly
when the percentages, computed for each sample, are based
on the number of specimens rather than on the number of
species (Loboziak et al. 1989; Streel et al. 1990, fig. 2). For
instance, the five paleo-polar (South American) to paleo-
subtropical (North African) species Camarozonotriletes?
concavus, Craspedispora ghadamisensis, Grandispora gabesensis,
G.libyensis and G. riggelii ray together represent as much as
38% of the whole assemblage in South America, and 18% in
North Africa. These differences seem to decrease signifi-
cantly from the upper Givetian upwards (Streel et al. 1990},

A few Frasnian species are apparently restricted to the
paleo-polar (e.g. South American) subprovinces, e.g.
Acinosporites eumammillatus and Grandispora daemonii.

Paleo-tropical (Western European) assemblages, inwhich
these species are lacking, might instead contain a few species
that are often abundant in the nearby Northern Euramerica
phytogeographic province, such as Cristatisporites deliquescens
(as Samarisporites sp. Cin Loboziaketal. 1983;see Avkhimovich
et al. 1989, p. 563), and members of the Cyrtospora cristifera
Morphon. The latter is commonly present in the uppermost
Famennian of Ireland (van der Zwan 1980), and may occur in
the lowermost Famennian in the Boulonnais region (Loboziak
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MIiDDLE AND UPPER DEVONIAN MIOSPORES

& Streel 1981} and the paleo-subtropical subprovince of north-
eastern Libya (Paris ef al. 1985).

Microclimatic, mainly altitudinal areas

The existence of both distinct upland and “marginal” or
coastal miospore assemblages in the Middle Devonian and
Frasnian has been recognized and/or discussed by Streel
(1964, 1967), Richardson (1965), Beckeretal. (1974, p-22),and
Allen & Marshall (1981). The variety in local abundance of
species belonging to Rhabdosporites and the hystricospores
{(mainly Ancyrospora and Hystricosporites) was emphasized.

A more recent approach has taken into account the sedi-
mentological environment of deposits. Species such as
Teichertospora torquata, or species of the Diducites morphon

like Driducites commutatus (see van der Zwan & van Veen {

1978), or speciesof the Vallatisporites complex, like V. hystricosus
{see Streel & Scheckler 1990), are locally abundantin different
facies of alluvial and coastal plains, and may represent plants
that preferred these environments.

Northern Euramerica, a single major
phytogeographic province in Middle
and Late Devonian time

McGregor {1979a) and Streel (1980, 1986) have plotted, on
different paleogeographic maps, the distribution of
Archaeoperisaccus versus other Frasnian mjospore assemblages
containing Geminospora lemurata. The distribution of
Archaeoperisaccus is believed to characterize a single major
phytogeographic province: Northern Euramerica. Thesouth-
ern limit of its distribution is shown here (Text-Fig. 1) on one
of the most recent Middle Devonian paleogeographic recon-
structions {Scotese & McKerrow 1990, fig. 15), just south of
the Givetian paleoequator, where it almost coincides with the
Famennian paleoequator. Alternative positions of the
paleoequator, as suggested by Witzke (1990} on the supposi-
tion that the Devonian paleomagnetic poles of the earth did
not coincide with the rotational poles, indicate that Northern
Euramerica might well have been equatorial, a supposition
that is accepted here as the most rational hypothesis (Streel et
al, 1990, p. 293).

Richardson & McGregor (1986, fig. 6) checked the first
occurrence of ten zonally significant species of their own
zonation in a number of Givetian and Frasnian spore and
conodont bearing strata from the western (Canada) and the
eastern (former U.5.5.R.) parts of Northern Euramerica. Five
species (our biohorizons 6 to 10) have stratigraphic distribu-
tions compatible with Southern Euramerica and therefore
allow north-south correlation. But despite these, observa-
tions indicate that at least the Frasnian miospore assemblages
of the Northern Euramerica province differ to some extent
from those described in the Southern Euramerica-Western
Gondwana province. Loboziak & Streel (1981), for instance,
found it difficult to correlate conodont-dated Frasnian
miospore zonations from the Russian Platform and Timan-
Pechora, in the Commonwealth of Independent States, with
the Boulonnais region in northern France. McGregor (1981)
remarked that many Givetian and Frasnian species of the
C.LS., regarded as stratigraphically important by local work-
ers, have not been recognized in other regions.

To illustrate these differences between the two major
provinces more clearly, in Text-Figure 4 we compare, as did
Avkhimovitch et al. (1989), the zonation recently published

|
!

for Byelorussia with that proposed for the Ardenne-Rhine
regions by Streel et al. (1987}, indicating also the bichorizons
mentioned in this chapter. A comparison (after Streel ef al.
1987y with the Old Red Sandstone Continent zonation shows,
for instance, that no less than 15 Byelorussian palynozones
correspond to just three latest Givetian to early-middle
Famennian assemblage zones of Richardson & McGregor
(1986). Even the more subdivided zonation of the Ardenne-
Rhine regions does not match the detail of the Byelorussian
zonation (a comparison tempered by the recognition of the
Acme-Zone character of the latter). Also, despite the nomen-
clatural problems that are still important between the two
provinces, the palynofloras of Byelorussia and, more gener-
ally, of the Russian Platform and of Arctic Canada (see also
Braman & Hills 1992), probably contain many more species
than those from Southern Euramerica-Western Gondwana,
within the latest Givetian to early-middle Famennian
timespan.

Eastern Gondwana (mainly Australia),
a single phytogeographic province in
Middle and Late Devonian time?

As stated by McGregor & Playford (1992), enough simi-
larities exist between Euramerican and Australian Middle
and Upper Devonian spore assemblages to sustain long
distance biostratigraphic correlation using a modified ver-
sion of the assemblage-zones of Richardson & McGregor
{1986). Although these authors did not separate Northern
and Southern Euramerican provinces in their range-charts
(i.e. fig. 7 in McGregor & Playford 1992), it is apparent that
Australia shares more Givetian-Frasnian taxa with Southern
Euramerica-Western Gondwana than with Northern
Euramerica. The many similarities between Australian and
Euramerican miospores imply, as already stated in the intro-
duction of this chapter, sufficiently close proximity of
Gondwana and the Old Red Sandstone Continent to allow
considerable floristic interchange.

On the other hand, several hundred of the Euramerican
taxa have not been observed in Australian palynofloras,
including for instance typical cingulizonate spores (McGregor
& Playford 1992). About 150 Australian species are appar-
ently unrepresented in Euramerican assemblages. Compared
to the latitudinal subprovinces discernible, mainly ona quan-
titative basis, within the Western Gondwana-Southern
Euramerica Province, Australia might well correspond to a
single phytogeographic entity.

Cosmopolitan late Famennian
miospore assemblages

Early to middle Famennian time {crepida-trachytera time)
is palynologically poorly documented all over Gondwana
despite many sections studied from Bolivia in the west to
Australia in the east. How far this is due to incomplete study
of available rocks, to palynologically unfavourable types of
sediments, or toa scarce vegetation cover in these areas at the
time, is still unknown. The latter explanation seems compat-
ible with the strong gradient of climate suspected from com-
parisen of northern and southern Euramerican miospore
assemblages of this age.

Late Famennian miospore assemblages contrast with ear-
lier assemblages by their cosmopolitanism, culminating in
the latest Famennian Retispora lepidophyta. This species began
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and developed during Middle expansa-praesulcats time and
collapsed atthe Devonian-Carboniferous (pracsulcata/sulcata)
boundary, allowing accurate correlations throughout the
world. This was a period of quickly changing climates, em-
phasized by glacial and interglacial alternations in South
America (Loboziak et al. 1993).
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List of taxa

Acingsporites acanthomammillatus Richardson 1965

Acinosporites apiculatus (Streel) Streel 1967

Acinosporites ewmammillatus Loboziak, Streel & Burjack 1988

Acinosporites macrospinosus Richardson 1965

Ancyrospora Richardson 1960

Archaeoperisaccus Naumova 1953, emend. McGregor 196%

Camarozonotriletes? concavus Loboziak & Streel 1989

Chelinospora concinna Allen 1965

Chelinospora timanica (Naumova) Loboziak & Streel 1989

Cornispora varicornata Staplin & jJansonius in Staplin 1961

Craspedispora ghadamisensis Loboziak & Streel 1989

Cristatisporites deliguescens (Naumova) Arkhangelskaia 1987

Cyrtospora cristifera (Liuber) van der Zwan 1972

Diducites van Veen 1981

Diducites commutatus (Naumova) Avchimovitch, in Avchimovitch
et al. 1988

Geminpspora lemurate Balme 1962, emend. Playford 1983

Grandispora cornuta Higgs 1975

Grandispora daemonii Loboziak, Streel & Burjack 1988

Grandispora famenensis (Naumova) Streel in Becker et al, 1974

Grandispora famenensis var. famenensis

Grandispora famenensis var. minute Nekriata 1974

Grandispora gabesensis Loboziak & Streel 1989

Grandispora gracilis (Kedo) Streel in Becker et al. 1974

Grandispora libyensis Moreau-Benoit 1980

Grandispora protea (Naumova) Moreau-Benoit 1980

Grandispora riegelii Loboziak & Streel 1989

Grandispora velata (Eisenack) Playford 1971

Hystricosporites McGregor 1960

Indotriradites explanatus (Liuber) Playford 1991

Knoxisporites dedaleus (Naumova) Streel 1977

Retispora lepidophyta (Kedo) Playford 1976

Retispora macroreticulata (Kedo) Byvsheva 1985

Retusotriletes phillipsii Clendening, Eames & Wood 1980

Rhabdosporites Richardson 1960

Rugospora bricei Loboziak & Streel 1989

Rugospora radiata (Tushko) Byvsheva 1985

Samarisporites triangulatus Allen 1965

Teichertospora torquata (Higgs) McGregor & Playford 1990

Vallatisporites Hacquebard 1957

Vallatisporites hystricosus (Winslow) Byvsheva 1985

Verrucosisporites bulliferus Richardson & McGregor 1986
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