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ABSTRACT

Streel, M. and Scheckler, S.E., 1990. Miospore [ateral distribution in upper Famennian atiuvial — lagoonal to tidal facies from
eastern United States and Beigium. Rev. Palaeobot. Palynol,, 64: 315-324.

Miospore assemblages from continental rocks of mid late Famennian age of the Hampshire Formation of Virginia and West
Virginia, U.S.A., are compared with those from the nearly coeval marine facies of the Ourthe Valley, Belgium. Eighteen spore
taxa from the type Famennian 2c section in Belgium are also found in the continental beds of Virginia and West Virginia, Near-
shore sediments carry more uniform and richer miospore assemblages than any one continental facies. Offshore currents or
barriers, however, can alter the mixture of miospores coming from various land source areas by different drainages. Onshore
autochthonous and allochthonous beds generally show correspondence between the recovered megafossils and the miospore
assemblages. But the miospore assemblages enable us to distinguish between deposits resulting from shori-term floeding
episades, those of autochthonous upland backswamps and deltaic marshes. We can thus distinguish upstream from downstream
environments in our continental samples. Near-shore sediments in Belgiuvm show a dominance of upstream over downstream

derived miospores that suggests frequent strong floods in their fluvial sysiems.

Introduction

As a result of the closing of the Iapetus Ocean,
-the Acadian orogeny produced events which
reached Virginia by the Late Devonian (Oliver,
1980). Continued erosion of the uplands produced
broad, flat coastal plains (Bambach et al., 1980).
The Hampshire beds of West Virginia and Virginia
were mainly deposited under alluvial and fluvial
conditions (Meckel, 1970} in mid late Famennian
(Fa2c) time (Clendening ct al,, 1980).

The type Fa2c rocks were deposited 3000 km
away on the opposite side of the Acadian Moun-
tains in a shallow epicontinental sea bordering the
southern part of the Old Red Continent, in the
area which is now the Belgian Ardenne (Paproth et
al., 1986).

Very similar assemblages of miospores oceur in
the continental beds of West Virginia and Virginia
and in the marine beds of Belgium. They were
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produced by plants growing in a tropical vegeta-
tion belt located at that time around 15° or 25° S.
Lat. (Scheckler, 1986b; Streel, 1986).

The miospores found in both regions by us and
by Clendening et al. (1980} are listed in Table L.
Grandispora cornuta, Retispora macroreticulata,
Rerusotriletes phiflipsii and Rugospora radiata are
all characteristic of the VCo Zone (Streel et al,,
1987), the base of which indicates the Fa2b/FaZc
chronozone limit in Belgium (sensw Bouckaert et
al., 1968). The absence of Retispora lepidophyta
(Kedo) Playford 1976, the first occurrence of which
characterizes the base of the Fa2d chronozone in
Belgium, allows us to date our assemblages to an
unquestioned Fa2c age. However, there might be a
small difference in age between Virginian—-West
Virginian and Belgian assemblages, as the former
contain  Vallatisporites  hystricosus  {Winslow)
Byvsheva 1985. V. Aystricosus is known to occur in
the uppermost part of the VCo Zone (an upper-
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TABLE 1
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Taxa {and probable synonyms) known from the type FaZc in Belgium and identified in the continental beds of West Virginia and

Virginia.

Anewrospora greggsii {(McGregor) Streel in Becker et al., [974
Auroraspara asperella (Kedo) Van der Zwan, 1980
Syn.: A. asperelle var. B Van der Zwan, 1980

A. macra Sullivan, 1968 in Becker et al. 1974, pro parte

Aurpraspora hyalina (Naumova) Streel in Becker et al,, 1974

Syn.: Endosporites gr. minutus Hoflmeister et ak,, 1955 in Bouckaert et al., 1969 (pl. 94, fig.5)

A. macra Sullivan 1968 in Becker et al. 1974, pro parte

Auroraspora varia {(Naumova) Ahmed, 1930
Syn.: A. varia var. mudtifaria Ahmed, 1980

Perotrifites of. P. perinatus Hughes and Playford, 1961 in Bouckaert et al., 1969 (pl. 94, fig.2)
Auroraspora sp. <f. Perotrilites perinatus Hughes and Playlord, 1961 in Becker et al., 1974, pro parte

Incertae sedis in Becker et at., 1974 {pl. 24, fig.12)
Diducites plicabilis Van Veen, 1981

Syn.: Auroraspora sp. cf. Perotrilites perinatus Hughes and Playford, 1961 in Becker et al., 1974 pro parte {pl. 21. fig.6)

Diducites poljessicus (Kedo) Van Veen, 1981
Diducites versabifis (Kedo) Van Veen, 1981
Grandispora cornuta Higgs, 1975
Grandispora gracilis {Kedo) Streel in Becker ct al., 1974
Knoxisporites of. pristinus Suttivan 1968 in Becker et al., 1974
Plicatispora guasilabrata (Higgs) Higes et al., 1988

Syn.: Pulvinispora sp. A in Becker et al., 1974 (pl. 16, fig.3}

Plicatispora seolecophora (Neves and lonnides) Higgs et al., 1988

Syn.: Aneurospora incohata (Sullivan) Streel (in Becker et al., 1974} in Streel, 1977 (pl. 1, fig.6)

Punctatisporites minutus Kosanke, 1950

Syn.: Punctatisporites glaher (Naumova) Playford, 1962 in Becker et al., 1974

Retispora macroreticilata (Kedo) Byvsheva, 1985
Syn.: Spelacotriletes sp. A in Becker et al., 1974
Retusorriletes cf. coniferus Kedo 1963 in Higgs et al., 1988

Syn.: dneurospora ineohata (Suitivan) Strecl (in Becker et al., 1974} in Becker et al., 1974, pro parte

Retusotriletes incohatus Sullivar, 1964

Syn.: Anenrospora incohate (Sullivan) Streel (in Becker et al., 1974) in Becker ¢t al., 1974, pro parte

Retusotriletes philtipsii Clendening et af.,, 1980
Syn.: Retusotrifetes sp. A Streel in Becker et al, 1974
Rugospora radiata (Juschko) Byvsheva, 19835

Syn.: Rugospora flexuose {Juschko) Streel in Becker et al., 1974,

most part of Fa2c that may not be represented by
rocks in Belgium; see Streel, 1986, p.77) in
Pennsylvania (Streel and Traverse, 1978) and
Libya (Paris et al., 1985).

Only the most abundant miospores will be
considered in this paper, as we intend to evaluate
their approximate lateral distribution from alluvial
(in West Virginia—Virginia) to lagoonal-tidal (in
Beigium) environments.

Miospore distributions

Systematic concepts have evolved since the
initial work (in the late nineteen sixties and early

seventies) in the type FalZc in Belgium, Tablel
shows a reappraisal of the systematics.

Three groups of miospores are mainly con-
cerned:

(1) The Retusotriletes group with “banded”
curvaturae (Lele and Streel, 1969).

We now separate R, cf. coniferus from R. incoha-
tus, the former being much more abundant than
the latter in the Famennian of Belgium. We refer to
Plicatispora scolecophora those specimens with a
micrefolded exine.

(2) The Auroraspora macra concept of Streel in
Becker et al., 1974,

This is now separated into two entities. The first,
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A. asperella, has distinct labra and a closely fitted
thin bladder on the body; the second, which is
more abundant in the Famennian of Belgium, has
a thicker bladder at the equator, and is merged
with A. hyalina. o _

(3) The Perotrilites perinatus concept of Streel in
Becker et al., 1974, oL

This is now separated into two entities: Diducites
plicabilis with three distinct exine layers and
Auroraspora varia with two. These two entities are
not separated, however, in the quantitative analy-
sis made in the present work.

Continental facies

The two localities studied are Elkins, in Ran-
dolph County, West Virginia and Rawley Springs,
in Rockingham County, Virginia (Scheckler,
1986a).

At the Rawley Springs locality, a coal bed up to
1.5 m thick rests on a bioturbated and partly
rooted mudrock at the top of a fluvial fining
upward cycle. This type of cycle is interpreted as
having been deposited by a river or stream
wandering or meandering over a low gradient
alluvial plain. The presence of a coal bed indicates
that a swamp temporarily existed on this flood
plain so that peat accumulated and was preserved.
Silty partings in the coal suggest occasional
influxes of sediment due to fiooding events. One
parting (Fig.1) fines laterally and is regarded as a
portion of a crevasse splay.

One sample (Hm7) taken at the edge of the
crevasse splay carries an assemblage of dark but
rather well-preserved miospores, largely domi-
nated by Retusotriletes cf. coniferus (66%). Puncta-
tisporites minutus and Grandispora gracilis are also
abundant (13% ecach). Anewrospora greggsii and
the Diducites plicabilis—Auroraspora varia Complex
are also present (4% each).

Another sample (Hml) taken in the crevasse
splay near its contact with the overlying fluvial
cycle contains a poorly preserved assemblage
composed, in decreasing proportion, of Retusotri-
letes cf. coniferus, Punctatisporites mimutus, Gran-
dispora gracilis and Aneurospora greggsii.

At the Elkins locality, the study section includes
two 15 cm thick coal beds separated by 17 m of
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deltaic sediments and associated strata (Fig.2). The
bioturbated and rooted zones beneath the two coal
beds suggest that these were autochthonous com-
munities that colonized a delta lobe that was
temporarily exposed and abandoned. Above the
coals lies a thick sequence of mudrocks and
sandstones. The presence of a few hummocky
cross-siratified sandstones indicates that the wan-
ing stages of stormwave action were responsible

“for their deposition,

One sample (Hb), a thin, laminated underclay in
the bioturbated and rooted zone benecath the
lowest coal-bed, contains a very poorly preserved
assemblage of miospores dominated by Aurora-
spora asperella and Aneurospora greggsii. Tt also
contains acritarchs. Two samples from the lowest
coal-bed carry comparable assemblages of rather
well preserved miospores but the dominant species
occur in slightly different proportions, One (Hc
pyr.), coming from a pyritic part of the coal-bed, is
dominated by the Diducites plicabilis—Auroraspora
varia Complex (40%). Auroraspora asperella is also
abundant (26%). Punctatisporites minuius, Aneu-
rospora greggsii and  Vallatisporites lystricosus
vary from 7 1o 3%. Six other species together with
nondetermined forms total 18% of the assemblage,
The other one (Hc), coming from another part of
the same coal-bed, is even richer in species. It has
ten other species (and nondetermined forms)
totalling 36% of the assemblage. It is dominated
by Aneurospora greggsii (30%). The Diducites
plicabilis- Auroraspora varia Complex, Aurora-
spora asperella, Punctatisporites minutus and Valla-
tisporites hystricosus vary from 12 to 4%.

One sample (Hg), from the highest pyritic coal-
bed, contains only a poorly preserved assemblage
of miospores dominated by Vallatisporites hystri-
cosus, Auroraspora asperella and Punctatisporites
IHTRLTNS.

Another sample (Hd), coming from a more shaley
part of a hummocky cross-stratified sandstone
overlying the lowest coal-bed, contains a predomi-
nance of the Diducites plicabilis—Auroraspora varia
Complex {39%) and of Vallatisporites hystricosus
(34%).  Punctatisporites  prnutus, Aneurospora
greggsii and Awroraspora asperella vary from 7 to
4%, Four other species (and nondetermined forms)
total 10% of the assemblage.
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RAWLEY SPRINGS, VIRGINIA
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Fig.1. Quantitative analysis of the most abundant miospores in one sample (Hm7) collected at the edge of a crevasse splay, at Rawley
Springs, Virginia, U.S.A.
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Fig.2. Quantitative analysis of the most abundant miospores in threc samples collected at Elkins, West Virginia, U.S.A. Sce legend on
Fig.l.
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Samples taken from plane-laminated mudstones
at the base of the lower Elkins section, from the
alternating mudstones and siltstones in the upper
part of this section, and from a bioturbated
underclay below the higher coal-bed at Elkins were
barren. At Rawley Springs, barren samples were
also taken in rooted underclay from beneath and at
the edge of the coal-bed, from clastic free coal
beneath the crevasse splay, from a thin, laminated,
cross-stratified sandstone at the bottom of a
channel and from bioturbated levee mudstones/
siltstones.

Marine facies
The localities studied are in the Ourthe Valley,

south of Liége in Belgium and arc described in
Becker ct al. (1974, fig.19). Most of the 18 selected
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samples come from lagoonal environments with
more or less tidal current infiuences. Most samples
contain acritarchs (see Becker et al.,, 1974, enclo-
sure 11, fig.5).

During the early part of Falc, the alluvio-
lagoonal environment of Evieux (EV FL) and La
Gombe (GO 35 and 38) was separated from the
tidal environment of Beverire (BEV 38/2, 42/3,
42/4, 46, 47 and 49) and Comblain (CBT 135 and
142) by a barrier complex. During the late part of
Fa2c, the barrier complex vanished, allowing
better exchanges throughout the basin between the
lagoonal to subtidal environments (Montfort-MT
[V/2 and Beverire-57/13, 57/14, 60/5, 62/4, 64/17
and 64/19).

The samples were selected for their well-pre-
served miospores and their diversity (more than 30
taxa in each sample). They are arranged according

* early Fa2¢

Fig.3. Quantitative analysis of the most abundant miospores in 18 samples collected in the Ourthe valley, south of Liége, Belgium. See

legend on Fig. 1.
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to their similarities in Fig.3 (see legend). The
affinity between two assemblages is not based on
the percentage values of each species, but only on
their rank of relative abundance, the most abun-
dant being classed first. A correlation value was
computed between each pair of assemblages: ¢ach
sequence of x species presenting the same decreas-
ing order of abundance was given a value
calculated with the formula:

2l

The four most abundant species in these assem-
blages are shown in Fig.3.

All assemblages are dominated by Anewrospora
greggsii, The second most abundant taxon is the
Diducites plicabilis—Auroraspora varia Complex
except in the alluvio-lagoonal environment of La
Gombe and Evieux during the early Fa2c where
Grandispora gracilis is second. The third and
fourth most abundant species are always (in 17 of
the 18 selected samples) two of the following
species: Auroraspora hyalina, Retusotriletes cf.
coniferus, Diducites versabilis, Plicatispora scoleco-
phora or Auroraspora asperella.

Known miospore mother plants

In the same year, 1968, spores were isolated
from the sporangia of Rhacophyton both in West
Virginia, U.S.A. (Andrews and Phillips, 1968) and
in the northeast of the L'vov Trough, U.S.S.R.
(Ischenko and Sorokina, 1968). The American
Rhacophyton  corresponds  to  R. ceratangium
Andrews and Phillips and was found in the
Hampshire Formation at a locality 40 km south-
west of FElkins. The Soviet Rhacophyton is a
possibly  synonymous  species  R. incertum
(Dawson) Krausel and Weyland found in the
Dankov-Lebedyan beds (but see Andrews and
Phillips, 1968, p.54).

Although the spores isolated from R. ceratan-
gium are compared to Perotrilites conatus Richard-
son 1965 and Perotrilites perinatus Hughes and
Playford 1961 and those from R.incerfum to
Hymenozonotriletes varius var. ntinor Naumova
1953, they look obviously similar. The Russian
material contains diads similar 1o the sporae
dispersae figured by Ahmed (1980, pl. 3, figs.3 and
6) under the names Auroraspora varia (Naumova)

iz

Ahmed 1980 and Aduroraspora varia var. multifaria
Ahmed 1980, from the Famennian of New York
State and Pennsylvania, There is little doubt that
the miospores described in Virginia, West Virginia
and Belgium from the Diducites plicabilis— Auroras-
pora varia Complex do belong to the same taxa.
They are also found in diads or agglomerates of
spores.

Spores have been isolated from several different
species of Archaeopteris. These are reviewed by
McGregor (1979, table 1) for North America and
also by Gensel (1980) and Allen (1980). Those in
the miospore size range are attributed to Apicula-
tasporites, Cyclogranisporites, Anewrospara or Ge-
minospora. These genera have in common a very
similar ornamentation comprising very small coni
or grana. They differ mainly in the number of
visible exine layers and the presence of haptotypic
features which change during development and so
vary with the level of maturity of the spores.
Presence of an internal layer of exine was not
always shown. Sometimes “banded” curvaturae as
in the miospore genus Aneurospora were observed.
Therefore, we suggest that Anewrospora greggsif
which has the same sculpture as the sporae in situ
of Archaeopteris might belong to this genus.

Discussion

Samples lrom the West Virginian coal-beds at
Elkins probably provide the closest approximation
to autochthonous (hypautochthonous) assem-
blages of miospores available. The coal fiora
consists mostly of Rhacophyion foliar axes, but has
a small component of lycopod fragments. The
latter are mostly megaspores and fragments of
megasporangiate strobili, but also include some
small xylem strands. The palynofacies of all
investigated samples contain large dark organic
fragments.

The upper coal is uniformly pure, except for the
coal-ball horizon in the middle. Unfortunately, the
miospores (Hg) are poorly preserved but seem to
favor a dominance of V. hystricosus over A. asper-
effg and P. minutus,

The lower coal is far less pure. In some places it
contains so much pyrite as to be a carb-pyrite and
in other places it has so much sediment as to be a
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carb-shale. It also contains coal-balls. When the
coal-balls are examined, the autochthonous swamp
community can be seen to consist of almost pure
stands of Rhacophyton. The lycopod fragments
occur almost exclusively in the allochthonous
assemblage and were probably brought into the
swamp by the same events that led to the pyrite
permineralization {Scheckler, 1986a).

D, plicabilis—A. varia spores dominate the as-
semblage in the carb-pyrite (Hc pyr) sample.
A. greggsii spores dominate the assemblage in the
carb-shale (Hc) sample. Dominance of species is
more exclusive in the carb-pyrite (66%: 40% of
D. plicabilis—A. varia and 26% of A. asperella)
than in the carb-shale where dominant A, greggsii
reaches only 30%. The number of taxa is also less
in the carb-pyrite (12 taxa) than in the carb-shale
(16 taxa} pointing to a less allochthonous content
in the former. Dyads and agglomerates of A. -
greggsii and A. varie are found in both samples.

The acceptance of D. plicabilis—A. varia as repre-
sentting Rhacophyton in the miospore eontent of the
lower coal agrees with the large dominance of the
megafossil in this coal. In the more allochthonous
part of the coal, 4. gregesii might well represent
Archaeopteris “which seems to have grown on the
flood plains where its litter could be easily picked
up and transported during foods” {Scheckler,
19864, p.218). The low content of miospores in the
upper coal (Hg) at Elkins does not allow us to
confirm or reject the relationship between the
abundance of D, plicabilis- A, varia and the abun-
dance of Rhacophyton. 1t only indicates that the
plants producing V. hystricosus spores were prob-
abty also living near the swamp.

It should be noted that A. asperefla spores are
the next most abundant spores in each of the coals.
This suggests a relationship with the next most
abundant plant in these coals: the tree lycopods,
“The rare presence of lycopod debris in the
allochthonous portion of the coal-balls suggests
that a community of tree lycopods existed at the
fringes of the marsh and provided the buoyant
fragments that were drawn into the swamp as the
storm waters retreated from the land” (Scheckler,
1986a, p.217).

The material isolated from the cross-stratified
sandstone hummocks at Elkins shows a palynofa-
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cies devoid of the large organic fragments which
characterize the coals. It corresponds fo a more
sorted palynofacies, The miospore assemblage
with a co-dominance of D. plicabilis—-A. varia and
V. hystricosus might well represent a mixture of the
swamp and near-swamp environments.

At Rawley Springs, the palynofacies of samples
TIml and Hm7 also has the large organic frag-
ments typical of coals. The relationship between
the miospore assemblages and the megafossils
present at the edge of the crevasse splay are rather
poor. The low proportion (4%) of D. plicabili-
s—A. varia suggests that the relatively abundant
Rhacophyton in this splay resulted from fiooding
rather than from hypautochthonous growth even
though this megafossil comprises from 81-94% of
the coal flora. The floods might also have carried
into the swamp miospores produced by near-
swamp communities represented by high percent-
ages of R. coniferus spores and to a lesser extent
G. gracilis spores, never abundant in Elkins. When
comparing Elkins and Rawley Springs palynologi-
cal data, the difference in the swamp environment
suggested by Scheckler (1986a) is not only
confirmed but emphasized.

The Elkins locality corresponds to a deltaic
marsh characterized by rare introduction of acri-
tarchs (Hb) and different near-swamp communities
dominated either by V. hysiricosus spores or by
A. asperella spores, R. coniferus and G. gracilis
spores are never abundant., The Rawley Springs
locality corresponds to a backswamp on the
“upland™ floodplain characterized by near-swamp
communities dominated by R, coniferus and
7. gracilis spores. A. asperellg spores are rare and
V. hystricosus spores are not present.

D. plicabilis—A. varia, the spores of Rhacophyion
and A. greggsil, the presumed spores of Archacop-
teris, are present in both types of swamp, but seem
more abundant downstream than upstream.

In the 18 samples of the FaZe of the Qurthe
Valley in Belgium, 5 of the 8 most abundant
miospores {Fig.3) are also abundant and character-
ize the different environments in Virginia and West
Virginia. A. hyaling, D. versabilis and P. scoleco-
phora, although present in Virginia and West
Virginia, are never abundant in the studied
samples.
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Among the miospores abundant in both regions,
the dominant ones, in almost all sequences, are
shown in Fig. 3 and are (except one: EV FL, GO
35, GO 38) 4. greggsii and D. plieabilis—A. varia.
Archaeopteris and  Rhacophyton are therefore
thought to represent the dominant source vegeta-
tion on the continent for the miospores in the Fa2c
marine basin of the Qurthe Valley. This probably
means that floodplains and swamps were wide-
spread on the nearby continent.

Among the other three miospores abundant in
both regions, two (G. gracilis and R. coniferus)
belong to upstream near-swamp environments and
one (A. asperellad) to a downstream near-swamp
environment, In almost every type of sequence
shown in Fig.3 (except one: BEV 46, 57/13, 57/14)
the most abundant miospores characteristicaily
come from the upstream facies. This is particularly
obvious in the 3 samples of the early Fa2c alluvio-
lagoonal environment of Evieux and La Gombe
where G. gracilis (and R. coniferus) spores are
abundant. In contrast, three samples of the
Beverire section, in the tidal environment, show a
sequence of miospores, with abundant A. asperella
in the fourth position, rather similar to the
downstream flooding facies of West Virginia (He).

The dominance of upstream over downstream
derived miospores in marine assemblages has been
discussed by Chaloner and Muir (1968). Work
done on Jurassic miospores of Yorkshire clearly
demonstrated that marine rocks of various litholo-
gies contained miospore assemblages similar to the
continental “fluvial” sandstones but quantitatively
different from the siltstones, mudstones and coals
of the delta plain. The coarse sandstones contain
material of more remote source, comprising spores
of plants from the hinterland rather than from the
delta swamp. A study of recent pollen sedimenta-
tion along two small rivers entering the Mediter-
ranean Sea at Calvi in Corsica has also demon-
strated (Richelot and Streel, 1985) that most of the
pollen deposited within the nearshore marine
sediments originated from an upland hinterland
through periadical violent floods.

From the latter part of the discussion it might be
concluded that the fluvial system draining the
hinterland of the Fa2c marine basin in the OQurthe
Valley was characterized by strong floods capa-
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ble of carrying upstream material directly into the
sea.

Conclusion

The study of the miospore lateral distribution
through different environments containing mega-
plants of mid late Famennian age in Virginia, West
Virginia and Belgium allows several conclusions to
be drawn.

The relationships between the spores and their
mother plants are obvious for the Diducites
plicabilis—Auroraspora varia Complex and the
genus Rhacophyton. There is a probable relation-
ship between Anewrospora greggsii and the genus
Archaeopteris and a possible relationship between
Auroraspora asperella and tree lycopods.

Although deltaic marshes and backswamp en-
vironments on the “upland” floodplain were both
colonized by Rhacophyton, their near-swamp com-
munities were distinct. They allow us to character-
ize separated upstream and downstream vegetation
environments. Miospores produced by upstream
vegetation environments are abundant in the near-
shore marine sediments. They suggest strong
flooding in the fluvial system.

Near-shore marine sediments contain miospore
assemblages that are more uniform and more
diverse than each single continental deposition
niche. Barrier complexes can, however, attenuate
the mixing of miospores coming from different
source areas through different fluvial deliveries.
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