|
| |

|
L

i oy I g N

!
L

I
i -

== R R U AR T R T

= |

- W

g 4S

T -

ELSEVIE

Review of Palacobotany and Palynology 86 (1995) 147-155

mm/n\u_mé

PALAEOBOTANY
AND

PALYNOLOGY

West Gondwanan aspects of the Middle and Upper Devonian
miospore zonation in North Africa and Brazil

Stanislas Loboziak *, Maurice Streel ®

® Université des Sciences et Technologies de Lille, URA CNRS 1365, 59653 Villeneuve d’'Ascq Cedex, France
b Université de Liége, Paléontologie, 7 Place du XX Aodit, 4000 Liége, Belgium

Received 15 November 1992; revised and accepted 15 March 1993

Abstract

The stratigraphical distribution of 11 miospore species found so far only in North Africa and Brazil are compared
to the range of taxa which characterize the west European based zonation in order to establish accurate determinations.
The zonate-camerate miospores that are more or less restricted to the Middle Devonian are the most frequent.
Other taxa, often camerate with some tabulate ornamentation, first occur near the Givetian—Frasnian boundary.
Three of them are restricted to Brazil. These species are more abundant in the early Givetian. During the late Givetian
they are probably more numerous in North Africa than in Brazil. Their relative frequencies strongly decrease during

the Frasnian.

A greater climatic contrast between the two regions during the late Eifelian (?) and the late Givetian and Frasnian

than during the early Givetian is inferred.

1. Introduction

This paper is based on several studies that we
have recently published on Middle and Late
Devonian miospores from two separated, distinct
geographic areas of the western part of the
Gondwanan continent: the northern African area
(Loboziak and Streel, 1989; Loboziak et al., 1992a)
and the Brazilian area (Loboziak et al., 1988a,
1992Db).

The studies resulted from detailed palynological
analyses of boreholes which allowed the establish-
ment of a well documented stratigraphical record
of the most significant species. Everywhere the
stratigraphical similarity of these miospore assem-
blages during the Emsian—Frasnian interval was
noted, not only within western Gondwana but also
with the Ardenne-Rhenish regions on the south-
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east border of the Old Red Sandstone Continent.
The preliminary conclusions drawn after a compar-
ative study between west European and northeast-
ern Libyan (Streel et al., 1988) material were
confirmed. Accurate datations were, therefore,
possible across all these regions.

A quantitative approach based on the relative
abundance of taxa permitted palaeoclimatic con-
clusions within western Gondwana (Loboziak
et al., 1988b) and between western Gondwana and
southern Euramerica (Streel et al., 1990). The
almost complete uniformity of the vegetation (as
deduced from the miospore record) and therefore
of the climate, from palaeotropical to palacopolar
realms during the Givetian and Frasnian, -was
sugeested. However, only a few species were noted
to be restricted to western Gondwana giving some
sort of provincialism connotation to these regions.
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- We will now evaluate the stratigraphical and
geographical significance of those last few species.

2. Descriptions

These species show distinctive morphological
characteristics and have been fully described in
previous papers (Moreau-Benoit, 1980; Loboziak
et al., 1988a; Loboziak and Streel, 1989). There is
no need to duplicate these descriptions herein.
Only the main characteristics and a few remarks
are given below.

These species belong to two groups: the species
occurring both in northern Africa and Brazil and
those restricted to Brazil.

2.1 Species occurring both in northern Africa and
Brazil

Six species range from the Eifelian to the
Frasnian, two are restricted to the Frasnian.

Camarozonotriletes? concavus Loboziak and
Streel, 1989 (Plate I, 10)

Cingulate miospore with subtrianguiar amb,
rounded angles and slightly concave interradial
margins. The width of the cingulum is only slightly
smaller at the angle than at the interradial margins;
thus the attribution of this species to the genus
Camarozonotriletes is questionable.

This species is never abundant but is a frequent
component within its stratigraphic range from the
Eifelian to the early Frasnian.

Craspedispora ghadamisensis Loboziak and Streel,
1989 (Plate I, 8)

Zonate miospore. The zona is thin, narrow and
ornamented with biform elements, composed of a
bulbous lower part (up to 4 pm wide) and a thin
spiny upper part (up to 1 g wide and 4 um high).
The zona is reduced in width opposite the ends of
the trilete mark. Most ofien the zona is deflected
onto the proximal surface.

PLATEI

All x 500, The miospore locations in the slides are based on England Finder graticule coordinates.
All palynological material is housed in the collections of the Laboratory of Palagobotany of the University of Lille.
i. Grandispora riegelii Loboziak and Streel, 1989. Slide 315,30(1): K46, Parana Basin (Brazil), RSP-1 borehole, sample at

31530 m.

2 Grandispora gabesensis Loboziak and Streel, 1989. Slide C6(2): V26%. Hammadah Basin ( Tunisia), MG-1 borehole, sample

at 2161.80 m.

b

sample at 11.00 m.

N

2222.70 m.

5. Grandispora tabulata Lobozak, Streel and Burjack, 1988.
Slide 52,80(1): Q25*. Parana Basin {Brazil), RSP-1 borehole, sample at 52.80 m.
Skide 92,60(1): Q30%. Parapa Basin (Brazil), RSP-1 borehole, sample at 92.60 m.
Grandispora [ibyensis Moreau-Benoit, 1980. Stide C12(2}: L57. Hammadah Basin (Tunisia}, MG-1 borehole, sample at

Grandispora daemonii Lobozizk. Streel and Burjack. 1988. Slide 11(1): K44, Parana Basin (Brazil), RSP-1 borehole,

1. Craspedispora paranaensis Loboziak, Streel and Burjack, 1988. Slide 315,30 (1): O31*. Parana Basin (Brazl), RSP-1

borehole, sample at sample at 315,30 m.

8. Craspedispora ghadamisensis Loboziak and Streel, 1985. Slide 348,60 (1): T40%, Parana Basin (Brazl), RSP-1 borehole,

sample at 348.60 m.

9. Acinosporites eumammillatus Loboziak, Streel and Burjack. 1588, Slide 92,60(1): Q52% Parana Basin (Brazil}). RSP-1

borebole, sample at 95.60 m.

10. Camaro=onowriletes? concavus Loboziak and Streel, 1989, Slide C6(2): F34*. Hammadah Basin { Tunisia). MG-1 borehole,

sample at 2161.80 m.

11, 12. Chelinospora paravermiculata Loboziak, Streel and Burjack, 1988.
1. Skide 259,60(1): N30. Parana Basin (Brazil), R$P-1 borehole, sampie at 259.60 m.
12. Slide 259,60(1): O43%. Parana Basin (Brazil), RSP-1 borehole, sample at 259.60 m.

13, 14. Geminespora piliformis Loboziak, Streel and Burjack, 1988.

13. Shde 2085(1): J35°. Hammadah Basin {Tunisia), MG-1 borehole, sample at 2085 m.
14. Slide 2100¢1): N27. Parana Basin {Brazil), RSP-1 borehole, sample at 2100 m.
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The species is often present and sometimes a
common component within its stratigraphic range
from the Eifelian to the early Frasnian.

Craspedispora paranaensis Loboziak, Streel and
Burjack, 1988 (Plate I, 7)

This species differs from C. ghadamisensis by
possessing a coarser and somewhat coalescent
ornamentation on the zona. Elernents are up to
10 pm high and 6-7 um wide at the base, pro-
gressively narrowing towards the top or with paral-
lel sides topped by a coni.

Only few specimens were found from the Eifelian
to the early Frasnian.

Geminospora piliformis Loboziak, Streel and
Burjack, Gmm_ (Plate 1, 13, 14)

Camerate miospore. The exoexine is ornamented
mainly with, pila and bacula up to 2 ym high and
wide, and & b with smaller grana and coni.

Em mﬁnn:.%m omnﬁnm Egmmﬂ.mmag.ﬁwomg
present but rarely abundant.

Grandispora gabesensis Loboziak and Streel, 1989
(Plate 1, 2)

Subtriangular to rounded triangular camerate
miospore with conformable central body. Exoexine
thinner than intexine and ornamented, outside the
contact areas, with irregularly but densely distri-
buted slender elements (coni, spinae or capilli) up
to 3—6 um high and 0.5-2 ym wide.

This species is rather rare. It is found occasion-
ally within the Eifelian-early Frasnian range, We
consider now as atypical the two badly preserved
specimens assigned to G gabesensis in samples
1962 and 1950 m in borehole A1-69 (Loboziak
and Streel, 1989, fig. 2).

Grandispora libyensis Moreau-Benoit, 1980
(Plate I, 6)

Large, subtriangular, camerate miospore.
Exoexine with an apparent thickened equatorial
margin and ornamented with elongate biform coni,
up to 12 ym high and up to 8 yan wide.

It occurs from the Eifelian to the early Frasnian.
It is rarely frequent.

Grandispora riegelii Loboziak and Streel, 1989
(Plate I, 1)

Camerate miospore with dominant mamillate
and biform conical elements, but also with grana,
verrucae and coni, 1-3 ym wide and high, irregu-
larly distributed, commonly closely spaced.

This species is the most frequent camerate
miospore in the Eifelian-Frasnian deposits of west-
ern Gondwana. It is very abundant in the Givetian.

Grandispora tabulata Loboziak, Streel and
Burjack, 1988 (Plate I, 4, 5)

Camerate miospore with typical tabulate
ornaments.

Rare and only known in the Frasnian.

2.2 Species only occurring in Brazil

Three rare species occur only in Brazil.

Acinosporites eumammillatus Loboziak, Streel and
Burjack, 1988 (Plate I, 9)

A camerate miospore with an ornament of very
close spaced mammillate elements: verrucae up to
3 pm high and wide with a small coni up to 0.5 gm
high and wide on the top.

Restricted to the Frasnian.

Chelinospora paravermiculata Lobozak, Streel and
Burjack, 1988 (Plate I, 11, 12)

Patinate miospore with convoluted and anasto-
mozed rugulae, 0.5 to 1.5 ym wide.

This species is found in the Givetian and early
Frasnian.

Grandispora daemonii Loboziak, Streel and
Burjack, 1989 (Plate I, 3)

Rounded camerate miospore with conformable
central body and an exoexine ornamented with
biform elements, verrucae, coni and grana up to
2 um high and wide.

It occurs only in the Frasnian.
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3. Stratigraphy

The location of the borcholes investigated is
indicated in Fig. 1. Three boreholes were investi-
gated in Brazil: RSP-1 in the Parana Basin; 2NA-
1-PA in the Amazonas Basin; and 2PM-1-MA in
the Parnaiba Basin. The North African boreholes
are from the Hammadah Basin: MG-1 in the
northern part of this basin, near the Tunisian—
Libyan border on the Tunisian side; D1-26 in the
northern part of the basin in Libya; and Al-69
and C1-49 in the southern part of the basin in
Libya. The biostratigraphical data based on
miospores and the age range covered by these
boreholes are given in Figs. 1 and 2.

Three boreholes (C1-49 and D1-26 in North
Africa and 2NA-1-PA in Brazil) provided only a
few core samples. The other boreholes cover a
relatively similar stratigraphical range {Eifelian-
Frasnian). The lowest part (early Eifelian) is absent
or poorly productive in the Brazilian boreholes
and the highest part (late Frasnian) is insufficiently
sampled in the North African boreholes.

The correlation based on the miospore zonation
is shown in Fig. 2 where the data are aligned on
the Interval Zones “pre Lem”/Lem limit, corre-
sponding to the first occurrence of Geminospora
lemurata (Balme) emend. Playford, 1983 [in Lybia,
in Borehole Al-69 (Loboziak and Streel, 1989,
fig. 2), the first occurrence of G. lemurata is based,
at level 1480', on one single specimen which we
believe now to be atypical, as far as the ornamenta-
tion is concerned, when compared to the descrip-
tion given by Playford, 1983. We now fix the limit
at 1340']. The late Eifelian Interval Zome “pre
Lem” which corresponds to the lower part of
Oppel Zone AD, below Interval Zone Lem, is
represented in Brazil only by a few core samples
in which the miospores are not abundant and are
poorly diversified. Comparison between Brazil and
North Africa therefore remains doubtful at that
level. The range of the selected species mentioned
in the descriptive part of this paper is given on the
right hand side of Fig. 2 for most of the boreholes.

A first group is represented by four species that
first occur in the same miospore zome in both
tegions: G. libyensis and C. paranaensis in the
Eifelian, and G. tabulata and G. piliformis in the

Frasnian. They are informative species for correla-
tion because their stratigraphical ranges are dis-
tinct: the first two species are almost entirely
restricted to the Middle Devonian.

A second group is represented by four species
(C. ghadamisensis, G. riegelii, G. gabesensis and C.?
concavus) that seem to appear later in Brazil (in
the Eifelian-Givetian transition) than in North
Africa. This observation needs confirmation when
more samples are available in Brazil. However, it
is striking to note that C. ghadamisensis and G
riegelii are already well represented in the lowest
productive horizon (i.e. the oldest investigated
sample of the RSP-1 borehole). This record proba-
bly means that their first occurrence in this area
should be expected before the Givetian. On the
other hand, if they were already abundant in the
Eifelian of Brazil as known from northern Affica,
why are they not present amongst the few speci-
mens recovered from the lowest samples of 2NA-
1-PA and 2PM-1-MA boreholes?

A third group is represented by three species
occurring only in Brazil. C. paravermiculata first
occurs in the Givetian, whereas A. eumammillatus
and G. daemonii appear in the Frasnian. They
might be useful for local stratigrapby despite the
fact that they are not abundant species.

Amongst the species of the first and second
groups, the Middle Devonian species G. libyensis
and the Middle Devonian and Frasnian species G.
riegelii are also known in the uppermost Famen-
pian (“Strunian”) and Lower- Carboniferous of
North Africa (for G. libyensis, see Lanzoni and
Magloire, 1969; Coquel and Moreau-Benoit, 1986,
1989; for G. riegelii, see Hymenozonotriletes sp.
20. 2972 in Lanzoni and Magloire, 1969, table 1,
plate 8, figs. 2 and 3, and Grandispora uyenoi
McGregor and Camfield, 1982 in Coquel and
Moreau-Benoit, 1989, plate 4, fig. 1). We believe
that these species, as well as several other Middle
Devonian species, are present as a result of rework-
ing processes.

4. Quantitative analysis

Loboziak et al. (1988b, fig- 3) have shown the
quantitative distribution of various miospore
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Fig. 3. Quantitative distribution of Gondwanan miospores in Brazil and North Africa boreholes.

b

groups in the &w% regions of western Gondwana
through ooﬁumbmm separately the morphologically
simple (smooth or' finely ornamented, one-layered)
miospores and the morphologically more elaborate
miogpores. It was a count of specimens rather than
a count of species so that the recorded variations
do not reflect the changes in the flora (i.e. the
number of species) but in the vegetation (i.e. the
proportion of specimens of the different species).
The relative frequency of the specimens belonging
to the characteristic species of western Gondwana
described above are reproduced on Fig. 3. These
species are the most numerous in the early Givetian
and appear to be more abundant during the late
Givetian in northern Africa than in Brazil. Their
relative frequencies decrease strongly during the
Frasnian. G riegelii and C. ghadamisensis are
largely dominant reaching up to 60% of the speci-
mens belonging to morphologically elaborate
miospores.

Obviously, if only a few species are restricted to
western Gondwana, their importance in the vegeta-
tion is limited. The variation in proportion of these
dominant species corresponds to the changes in
climate with adverse conditions occurring earlier
in the palaco-polar Brazilian region than in the
palaeo-subtropical north African region (Streel
et al.,, 1990).

5. Conclusion

There are a few species which sometimes are
even abundant in occurrence which have geograph-
ical distributions restricted to western Gondwana.
Together with the criteria defined in the Ardenne—
Rhine regions, they might represent good strati-
graphic markers in these areas.

Two large, coarsely ornamented camerate or
zonate miospores, G. libyensis and C. paranaensis,
first occur and are present in the Middle Devonian
of North Africa and Brazil. They are succeeded in
the Frasntan by smaller species with typical pilate
or tabulate ornmamentation, G. tabulata and G
piliformis.

During the Givetian, four additional species, of
which G. riegelii and C. ghadamisensis are the most
numerous, are also present in both regions of
western Gondwana but might have entered the
stratigraphic record later in Brazil than in North
Africa. This observation requires confirmation
when more productive samples will be available
from the Eifelian of Brazil. Three species occur
only in Brazl: C. paravermiculara in the Givetian—
early Frasnian, and 4. ewmammillatus and G
daemonii in the Frasnian.

In the late Givetian, all these species might be
more abundant in North Africa than in Brazil
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Their qualitative and quantitative distribution
might reflect more contrasted climatic regimes
between the two regions during the late Eifelian
(?) and the late Givetian and Frasnian than during
the early Givetian.

References

Coquel, R. and Moreau-Benoit, A., 1986. Les spores des séries
strupiennes et tournaisiennes de Libye occidentale. Rev.
Micropaléontol., 29(1): 17-43.

Coquel, R. and Morear-Benoit, A., 1989. A propos de quelques
spores  trilétes “chambrées” du Dévonien terminai-
Carbopifere  inférieur  ¢'Afrique  du Nord. Rev.
Micropaiéontol.,, 32(2): 87-102.

Lanzoni, E. and Magloire, L., 1969. Associations palynolog-
iques et leurs applications stratigraphiques dans Je Dévonien
supérieur et Carbonifére inférieur du Grand Erg occidental
(Sahara algérien). Rev. Inst. Fr. Pét., 24(4): 441-468.

Loboziak, S. and Streel, M., 1989. Middle-Upper Devonian
miospores from the Ghadamis Basin (Tunisia-Libya):
Systematics and stratigraphy. Rev. Palacobot. Palynol,
58: 173~196.

Loboziak, §.. Streel, M. and Burjack, M.IA., 1988a. Miospores
du Dévonien moyen et supérieur du bassin du Parana, Brésil:
systématique et stratigraphie. Sci. Géol., 41(3/4): 351-377.

Loboziak, S., Streel, M. and Burjack, M.LA., 1988b.
Déductions paléoclimatiques d'une comparaison entre les

asserablages de miospores du Dévonien moyen et supérieur
de Libye et du Brésil. Geobios, 22(2): 247-2351.

Loboziak, S.. Steemans, P., Streel. M. and Vachard, D., 1992a.
Biostratigraphie par miospores du Dévonden inférjeur &
supérieur du sondage MG-1 (Bassin ¢’ Hammadah, Tunisie).
Comparaisons avec les données des faunes, Rev. Palaeobot.
Palynol.. 74: 193-205.

Loboziak. S., Streel, M., Caputo, M.V. and de Melo, .H.G.,
1992b. Middle Devonian to Lower Carboniferous miospore
stratigraphy o the Central Pamaiba Basin (Brazl). Ann.
Soc. Géol. Belg.. 115(1) (1991): 215-226.

Moreau-Benoit, A.. 1980. Les spores du Dévonien de Libye,
2¢me partie. Cah. Micropaléontol., 1: 3-53.

Scotese, C.R. and Barrett, S.F., 1590. Gondwana’s movement
over the South Pole during the Palaeozoic: evidence from
lithological indicators of climate. In: W.S. McKerrow and
C.R. Scotese (Editors), Palacozoic Palacogeography and
Biogeography. Geol. Soc. London Mem., 12: 73-83.

Streel. M., Higgs, K.. Loboziak, S., Riegel, W, and Steemans.
P.. 1987, Spore siratigraphy and correlation with faunas and
floras in the type marine Devonian of the Ardenne~Rhenish
regions. Rev. Palacobot. Palynol., 50: 211-229.

Streel, M., Paris, F., Riegel. W. and Vanguestaine, M., 1988.
Acritarch, chitinozoan and spore stratigraphy from the
Middie and Upper Devonian subsurface of Northeast Libya.
In: A. El-Arnpauti, B. Owens and B. Thusu (Editoss).
Subsurface Palynostratigraphy  of Northeast Libya.
Garyounis Univ. Publ,, Benghazi, pp. 111-128.

Streel, M., Fairon-Demaret, M. and Loboziak, S.. i99C.
Ciivetian—Fragnian phytogeography of Euramerica and west-
ern Gondwana based on miospore distribution. In: W.S.
McKerrow and CR. Scotese (Editors), Palaeozoic
Palacogeography and Biogeography. Geol. Soc. London
Mesn., 12: 291-296.



