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Comparison. Some exbreme variants of Lophozonotriletes nredia
Taugourdeau-Lantz, 1967, which show a similar exine and a much
reduced ornamentation, could intergrade with A, variabilis. Con-
sequently, the A. variabilis Morphon is defined here {Table 1}.

Occurrence. 5-462 and WELL-8; Jubah Formation; lemurata-
langii to triangulatus-catillus zones. Al1-69; Awaynat Wanin II
Pormation, Jemurata-langii to langii-concining ZONES. MG-1;
Awaynat Wanin It and Awaynat Wanin 11T formations; incognita
to langii-concinna zones.

Previous records. Archaeozonotriletes variabilis has been widely
reported from Middle through Upper Devonian; e.g. Wpper
Givetian — lower Frasnian of Argentina (Ottone 19596); middle
Givetian — lower Prasnian (Grey 1991; Hashemi and Playford
2005); Frasnian of Belgium (Streel and Loboziak 1987); upper
Givetian—Frasnian of Bolivia (Perez-Leyton 1990); lower Givetian
_ lowermost Famennian of Brazil (Loboziak er al. 1988; Leborzial
et al. 1992b; Melo and Loboziak 2003; Breuer and Grahn 2011);
Eifelian-lower Famennian of Canada (McGregor and Owens
1966; Owens 1971; McGregor and Uyeno 1972 McGregor and
Camfield 1982); Givetian of China (Gao Lianda 1981}, Poland
(Turnau 1996; Turnau and Racki 1999) and Spitsbergen, Norway
{Allen 1965); upper Givetian—upper Frasnian of France (Loboziak
and Streel 1980, 1988; Loboziak et al. 1983); Eifelian—Givetian of
Germany {Tiwari and Schaarschmidt 1975; Loboziak et al, 1990);
middle Givetian of Greenland (Friend er al. 1983; Marshall and
Hemsley 2003); middle Givetian — upper Famennian of Libya
(Streel et al, 1988; Moreau-Benoit 1989); Givetian—Famennian of
Morocce (Rahmani-Antari and Lachkar 2001); lower Frasnian of
Russian Platform (Avkhimovitch et al. 1993); and uppermost
Givetian — lower Frasnian of Scotland {Marshall et al. 1996).

Genus AURORASPORA Hoffmeister et al., 1955

Type species. Auroraspora solisorta Hoffmeister et al., 1955.

Aurcraspora macromanifesta (Hacquebard) Richardson,
1960
Figure 10K

1925 Type A Lang, p. 255, pl. 1, figs 1-2.

1957 Endosporites macromarifestus Hacquebard, p. 317,
pt. 3, figs 14-15.

1960 Auroraspora macremanifestus (Hacquebard)
Richardson, p. 50, p. 14, figs 1-2; text-fig. 6A.

Dimensions. 122124 pm; two specimens measured.

Occurrence. MG-1; Awaynat Wanin 1T Formaticn; lemurata-
langii to triangulatus-catillus zones.

Previous records, From middle Givetian—Frasnian of Algeria
{Moreau-Benoit et al. 1993); Givetian—Mississippian of Canada
(Hacguebard 1957; McGregor and Owens 1966; Owens 1971;

McGregor and Uyeno 1972} upper Emsian — lower Givetian of
Germany {Tiwari and Schaarschmidt 1975); upper Givetian —
lower Frasnian of France (Brice ef al. 1979; Loboziak and Streel
1980); upper Eifelian—Givetian of Poland (Turnau 1996; Turnau
and Racki 1999); and middle Eifelian — lower Frasnian {Richard-
son 1965; Marshall 1988, 2000; Marshail et al. 1996; Marshall
and Fletcher 2002).

Auroraspora minuta Richardson, 1965
Figure 10L-M

1965 Aureraspora minuta Richardson, p. 586,
pl. 93, fig. 2.

Dimensions. 59(72)92 pm; 14 specimens measured.

Ocenrrence. TNDL-1, $-462 and WELL-8; Tubah Formation; sval-
bardiae-eximius to triangulatus-catilius zones, Al-69; Awaynat
Wanin 11 Formatiown; rugulata-libyensis 1o lemurata-langii zones.
MG-1; Awaynat Wanin I, Awaynat Wanin Tl and Awaynat
Wanin III formations; rugulata-libyensis to langii-concinna zones.

Previous records. From middle Givetian of Algeria (Meoreau-
Benoit et al. 1993); upper Eifelian—middle Givetian (Breuer and
Grahn 2011); Emsian—¢lower Eifelian of Canada (McGregor and
Owens 1966); lower Bifelian of Libya {Moreau-Benoit 1989);
and Givetian of Scotland (Richardson 1965).

Genus BIORNATISPORA Lele and Streel, 19692
Type species. Biornatispora dentata Lele and Streel, 1969.

Comparison. Acinosporites Richardson, 1965 bhas convoluted
pattern of muri that bear characteristically biferm ornaments.
Dictyotriletes Naumaova, 1939 ex Ishchenko, 1952 is ornamented
with a perfectly closed reticulum.

Biornatispora dubia {McGregor) Steemans, 1989
Figure 11A-D

1973 Camptotriletes dubius McGregor, p. 42,
ph 5, figs 9-11, 13-14
non 1989 Bierratispora dubia (McGregor} Steemans, p. 104,
pl. 22, figs 21-25.

Descriptioti, Amb is sub-circular to broadly triangular. Lagsurac
are simple or with low labsa individually up to 1 pm wide, two-
thirds to mine-tenths of the amb radius in length. Contact areas
are lnevigate. Distal and equatarial regions are ornamented with
coni, truncate c¢omni, bacula or biform tubercules generally
1-2 pm wide at base, 1-2.5 pm long, 1—4 pm apart, commonly
interconnected by ridges ¢.5-2.5 pum wide and high that form an
incomplete reticutum. Muri thicken where the ornamentation is
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rooted. Lumina of the reticulum 2-8 pm in greatest diameter.
Exine is up to 2 pun thick at equator.

Dimensions. 29(37)51 pm; 30 specimens measured.

Remarks. Camptotriletes  dubius McGregor, 1973 was
transferred to the genus Biornatispora Lele and Streel,
1969 by Steemans (1989), who, however, as is evident
from his description, erroneously applied the new combi-
nation B. dubia to another species of Biornatispora,
namely B. elegantula sp. nov. The combination B. dubia
(McGregor) Steemans, 1989 must not be applied to
B. elegantula but must be retained for C. dubius.

Biornatispora dubia is a morphologically variable spe-
cies. All gradations are observed between specimens char-
acterized by small muri and ornament to ones showing
thicker ornamentation. The appearance of the reticulum
varies from an almost complete reticulum to an incom-
plete reticulum.

Comparison. Biornatispora elegantula  sp.
granulate, finely sculptured and possesses a typical darker apical
sub-triangular band. B. dubia is smaller than B. dentata (Streel)
Lele and Streel, 1969 and has a more variable, less regularly dis-
posed sculpture. It is distinguished from Brochotriletes sp. B in
McGregor (1973) by its smaller size and low-ridged or incom-

nov. is proximally

plete foveo-reticulate sculpture.

Occurrence. BAQA-1, WELL-2, WELL-3, JNDL-3, JNDL-4,
WELL-1, WELL-4, WELL-5, WELL-6 and WELL-7; Jauf Forma-
tion (Subbat to Murayr members); ovalis-biornatus to annulatus-
protea zones, Al-69; Ouan-Kasa Formation; lindlarensis-sextantii
Zone. MG-1; Ouan-Kasa Formation; annulatus-protea Zone.

Previous record. From Emsian of Eastern Canada (McGregor
1973).
Biornatispora elegantula sp. nov.,

Figure 11E-

1989 Biornatispora dubia (McGregor) Steemans, p. 104,
pl. 22, figs 21-25,

Derivation of name. From elegantulus (Latin) meaning elegant,
graceful; refers to the fine sculpture of the equatorial and distal
regions.

Holotype. EFC P32/4 (Fig. 11G), slide 66812.

Paratype. EFC E41/2 (Fig. 11H), slide 03CW114; BAQA-1 core
hole, sample 345.5 ft.

Type locality and horizon. BAQA-2 core hole, sample 50.2 ft;
Jauf Formation at Bag’a, Saudi Arabia.

Diagnosis. A Biornatispora sculptured with densely dis-
tributed, small coni or spines interconnected by thin
ridges. Contact areas granulate and characterized by a
darker apical sub-triangular band, with concave to
straight margins, which extends between the ends of the
laesurae.

Description. Amb is sub-circular, Laesurae are accompanied
with low labra, individually 1.5-2.5 pm wide, one-half to three-
quarters of the amb radius in length. As the labrate laesurae are
commonly open, it gives a darker apical sub-triangular band,
with concave to straight margins, which extends between the
ends of the laesurae. Curvaturae perfectae are commonly conflu-
ent with the equator for part of their length and invaginate
proximally to join the extremities of laesurae. Contact areas are
granulate. Distal and equatorial regions are ornamented with
coni or spines ¢. 0.5 pm wide at base, ¢. 0.5-1.5 pum long, 0.5
2 pm apart, commonly interconnected by ridges up to 1 pm
wide and high that form an incomplete reticulum. Muri thicken
where the discrete sculptural elements are rooted. Lumina of the
reticallum 1-4 um in greatest diameter. Exine is 0.5-1.5 pm
thick.

Dimensions. 30(34)39 pum; 18 specimens measured.

Remarks. Biornatispora dubia (McGregor) Steemans, 1989
sensu Steemans (1989) is a later homonym of B. dubia
sensu McGregor (1973; see above). B. elegantula sp. nov.
is consequently nominated (nomen novum) to encompass
the description of the specimens described in Steemans
(1989) and here. Holotype and paratype are also desig-
nated.

Comparison. Biornatispora dubja (McGregor) Steemans, 1989 is
more coarsely ornamented and does not have a darker apical
sub-triangular band.

Occurrence. BAQA-1, BAQA-2 and JNDL-4; Jauf Formation
(Sha’iba to Subbat members); papillensis-bagaensis to ovalis-bi-
ornatus zones.

Previous record. From upper Lochkovian—Pragian of Belgium
and upper Lochkovian—Emsian of Germany (Steemans 1989).
Biornatispora microclavata sp. nov.
Figure 11J-L
Derivation of name, From microclavatus (Latin), meaning sculp-
tured with small club-shaped elements (clavae); refers to the
sculpture of the equatorial and distal regions.

Holotype. EFC V36/4 (Fig. 11]), slide 03CW126.

Paratype. EFC E50/3 (Fig. 11L), slide 03CW126; BAQA-2 core
hole, sample 50.2 ft.
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Type locality and horizon. BAQA-2 core hole, sample 50.2 ft;
Jauf Formation at Baq’a, Saudi Arabia.

Diagnosis. A Biornatispora bearing small clavae or pila
interconnected by low ridges.

Description. Amb is sub-circular. Laesurae are strajght, simple or
up to 2 pm wide, commonly three-fifths to four-fifths of the
amb radivs in length. Curvaturae are visible and sometimes
bounded by a single continuous thin and translucent murus, up
to 2.5 um high. Contact areas are granular. Distal and equatorial
regions are ornamented with clavae or pila {elements with a
swollen tip), or more rarely bacula and parallel-sided spinae.
Sculptural elements are ¢.5~1 pm wide at base, 1-3 pm long, 1-
3 pm apart, commonly interconnected by low ridges, generally
¢ 0.5 pm wide and high that form an incomplete reticulum.
Irregular lumina of the reticulum are 3-8 pm in greatest diame-
ter. Exine is 1-1.5 pm thick at equator.

Dimensions. 41(54)72 wm; 13 specimens measured.

Comparison. This species is easily recognizable because it is the
only species of Biornatispora Lele and Streel, 1969 that is orna-
mented with pila.

Oceurrence. BAQA-1 and BAQA-2; Jauf Formation (Sha'iba and

Qasr members); ovalis Zone.

Genus BROCHOTRILETES Naumova, 1939
ex Ishchenko, 1952

Type species. Brochotriletes magnus Ishchenko, 1952,
Brochotriletes crameri sp. nov.
Figure 11M-R

Derivation of name. In honour of the Dutch palynologist, Fritz
H. Cramer, for his pioneering work on Gondwanan Lower Pal-
aeozoic spores and actitarchs.

Holatype. EFC O54 (Fig. 11N}, slide 68659,

Paratype. EFC Q38/3 (Fig. 11M}, slide 68567; IND1L-3 core hole,
sampie 413.2 ft.

Type locality and herizen. JNDL-4 core hole, sample 277.6 ft
jauf Formation at Domat Al-Jandal, Saudi Arabia.

Diagnosis. A Brochotriletes foveolate proximally and dis-
tally.

Description. Amb is sub-circular to sub-triangular. Laesurae are
often open, straight, simple, extending to or almost to the equa-
tor. Exine is 1.5-3.5 pm thick. Proximal and distal regions are
foveolate. Foveolae from both regions are round to oval in plan
view, 3—6 pm in diameter, up to 2 pm deep and 2—4 pm apart.
Number of foveolae on the equator are around 15 Exine
between foveolae is laevigate.

Dimensions. 33(36)41 yum; nine specimens measured.

Comparison, Coronespora reticulata Richardson ef af,, 2001 has
kyrtome on the contact areas and is not reticulate proximally.
Brochotrileies sp. B in Tekbali and Wood (1991) may correspond
to specimens described above but there are only illustrations in
the paper.

Occurrence, BAQA-1, INDL-1, JNDL-3 and JNDL-4, Jauf {Sub-
bat te Murayr members) and Jubah formations, asymmetricus to
svalbardine-eximius zones, Al1-69; Quan-Kasa and Awaynat Wa-
nin 1 formations; lndlarensis-sextantii to svalbardiae-eximius
Z0nes,

Brochotriletes foveolatus Naumova, 1953
Figure 115

1953 Brochotriletes foveolatus var, major Naumova, p. 58
{cum syn.), pL. 7, fig. 23-24.

Pimensions, 47(63)77 um; 17 specimens measured.

Comparison. The absence of sculpture between foveolae distin-
guishes this species from B, bellatulus Steemans, 1989 and
B. robustus {Scott and Rouse) McGregor, 1973. Perforosporites

FIG. 11. Fach figured specimen is identified by borehole, sample, slide number and England Finder Co-ordinate location. All figured
specimens are at magnification x 1000 except where mentioned otherwise. A-D, Biornatispora dubia (McGregor) Steemans, 1989, A,
WELL-7, 13614.1 ft, 62373, E34. B, TNDL-3, 499.5 ft, 03CW183, V37/3. C, WELL-3, 141595 fi, 60521, H34. D, INDL-4, 331.9 ft,
03CW246, K38. BE-L, Biornatispora elegantula sp. nov, E, BAQA-2, 50.8 ft, 66813, G29/4. F, BAQA-1, 345.5 ft, 03CW114, E41/2. G,
Holotype, BAQA-2, 50.2 ft, 66812, P32/4. H, Paratype, BAQA-1, 395.2 f, 66807, Y39/2. 1, BAQA-1, 223.5 ft, 66783, P37. J-L, Biarna-
tispora mictoclavata sp. nav. ], Holotype, BAQA-2, 50.2 ft, 03CW126, V36/4. K, BAQA-2, 52.0 i, G3CW128, U44/1. L, Paratype,
BAQA-2, 50.2 ft, 03CW126, H50/3. M-R, Brochotriletes crameri sp. nov. M, Paratype, JNDL-3, 413.2 ft, 68567, (338/3. N, Holotype,
JNDL-4, 277.6 fi, 68659, 054. O, JNDL-4, 471.6 ft, 68697, M42. P, INDL-4, 316.4 ft, 68667, K44. (3, INDLE-1, 156.0 ft, 60840, F47/3.
R, JNDL-4, 471.6 f, 68697, N53. S, Brochotriletes fovealatus Nawmova, 1953. BAQA-1, 345.5 ft, 03CW 114, H54/4. T, Brochotriletes hud-
souii McGregor and Camfield, 1976. JNDL-3, 462.0 ft, 68576, K54. U-V, Brochotriletes robustus (Scott and Rouse} McGregor, 1973, U,

WELL-8, 166423 fi, 62407, $32. V, WELL-8, 16642.3 ft, 62406, Q45.
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sp. in Allen (1965) is mmch larger and has a thicker exine.
B. hudsonfi McGregor and Camfield, 1976 is ornamented with
more foveolae which are moreover smaller. Chelinospora carnosa
sp. nov. is distinguished by the presence of constriction of the
muri between the lumina.

Occurrence. BAQA-1, BAQA-2, INDL-3, JNDL-4, WELL-1, 5-
4672, WELL-2, WELL-3, WELL-4, WELL-6 and WELL-7; Jauf
and Jubah formations; papillensis-bagaensis to  triangulatus-
catillus zones. A1-69; Ouan-Kasa and Awaynat Wanin II forma-
tions; lindlarensis-sextantii to lemurata-langii zones. MG-1;
Ouan-Kasa, Awaynat Wanin II and Awaynat Wanin III
formations; lindlarensis-sextantii 1o langii-concinma zones.

Previous  records. Brochotriletes foveolatus has been widely
reported in Early through Middle Devonian palynofloras; e.g.
Algeria (Boumendjel ef al. 1988), Brazil (Melo and Loboziak
2003; Grahn et al. 2005; Mendlowicz Mauller et al. 2007; Stee-
mans et al. 2008), Belgium (Steemans 1989), Canada (McGregor
and Owens 1966; McGregor 1973; McGregor and Camfield
1976), France (Le Hérissé 1983; Steemans 1989), Germany {Stee-
mans 1989), Libya (Morean-Benoit 1982}, Poland (Turnau et al.
2005) and Romania (Steemans 1989).

Brochotriletes hudsonii McGregor and Camfield, 1976
Figure 11T

1966 Brochotriletes sp. McGregor and Owens,
pl. 1, figs 8-9.

? 1968 Spore no. 380 Magloire, pt. 1, fig. 9 pl. 2, fig. 2.
1970 Brochotriletes sp. McGregor et al,, pl. 1, figs 14-15.
1975 Brochetriletes sp. in McGregor; Sanford and Norris,

pl 1, figs 14-15.
1976 Brochotriletes hudsonii McGregor and Camfield,
p. 12, pl. 3, figs 1-2.

Dimensions. 52(69)80 pm; 10 specimens measured.

Occurrence. BAQA-1, TNDL-3 and JNDL-4; Jauf Formation
(Subbat and Hammamiyat members); ovalis-biernatus to lindlar-
ensis-sextantti zones. A1-69; Ouan-Kasa Formation; lindlarensis-
sextantii Zone. MG-1; Ouan-Kasa Formation; lindlarensis-
sextantii Zone.

Previous records, From upper Lochkovian-Pragian of Canada
{McGregor and Owens 1966; McGregor and Cam#feld 1976);

upper Pragian of Germany (Steemans 1989); and Pragian—upper-
most Emsian of Poland {Turnau 1986; Turnau ef al, 2005).

Brochotriletes robustus (Scott and Rouse) McGregor, 1973
Figure 11U~V

1961 Perforosporites robustus Scott and Rouse, p. 978
(pars), pL 113, figs 1-2.

1966 Brochotriletes spp. McGregor and Owens (pars),
pl. 4, fig, 5.

1967 Perforosporites robustus Scott and Rouse; Beju, pl. 1,
figs 23-24.

1973 Brochotriletes robustus (Scott and Rouse) McGregor,
p- 40, plL. 5, figs 1, 6.

? 1983 Brochotriletes cf. robustus {Scott and Rouse)

MecGregor; Le Hérissé, p. 34, pl. 5, fig. 11,

Dimensions. 35(42)64 um; eight specimens measured.

Comparison. This species is distinguished from B. bellatulus
Steemans, 1989 by its smaller size and spinose sculpture. It is
very close to it, and may represent an extreme member of the
B. bellatulus population. Unfortunately, few specimens have been
found.

Occurrence. TNDL-3, INDL-4, WELEL-3 and WELL-8; Jauf
(Hammamiyat Member) and Jubah Formation; Hndlarensis-
sextantii Zone only as youngest specimens from the Jubah
Formation are probably reworked.

Previous records. From upper Lochkovian—Emsian of Belgium
(Steemnans 1989); Emsian of Canada (McGregor and Owens,
1966; McGregor 1973; McGregor and Camfield 1976); and upper
Lachkovian — lower Pragian of Germany (Steemans 1989).

Brochotriletes tenellus sp. nov.
Figure 12A-D

Derivation of name. From tenellys (Latin), meaning delicate,
wispy; refers to the size of the foveolae and the spore.

Holotype. EFC T32/2 (Fig. 12D), slide 68617.

Paratype. BFC T36/3 (Fig. 12B), slide 66782; BAQA-1 core hole,
sample 222.5 ft.

FIG. 12. Each figured specimen is identified by borehote, sample, slide number and England Finder Co-ordinate location. All figured
specimens are at magnification x 1000 except where mentioned otherwise. A-D, Brochotriletes tenellus sp. nov. A, INDL-4, 316.4 ft,
68667, 1L50. B, Paratype, BAQA-1, 222.5 ft, 66782, T36/3. C, [NDL-4, 484.1 ft, 68699, 524, D, Holotype, INDi-4, 135.8 f, 68617, T32/
2. E-H, Brochotriletes tripapillatus sp. nov. E, Paratype, A1-69, 1109 ft, 27274, Q46/4. F-G, Holotype, A1-69, 1334 ft, 27127, O51. H,
A1-69, 1109 ft, 27273, P53/3. I-M, Camarozonatriletes asperulus sp. nov. 1, MG-1, 2247 m, 62941, O40/1. J, MG-1, 2278 m, 62936,
G43. K, MG-1, 2295 m, 63007, M38/3. L, Paratype, MG-1, 2264 m, 62950, J47/2. M, Holotype, MG-1, 2160.6 m, 62747, X46/2. N-O,
Camarozonotriletes filatoffii Breuer et al., 2007¢, N, BAQA-1, 227.1 ft, 03CW110, B25. O, BAQA-1, 346.8 11, 66796, E37/3.
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Type locality and horizon. JNDL-4 core hole, sample 135.8 ft;
Jauf Formation at Domat Al-Jandal, Sandi Arabia.

Diagnosis. A small Brochotriletes sculptured with small
regular circular to sub-circular, evenly distributed foveo-
lae. Exine laevigate.

Descriptio. Amb is rounded sub-triangular to sub-circular.
Laesurae are not always perceptible, simple, straight and extend-
ing to equator. Exine is 0.5-1.5 pm thick eguatorially and dis-
tally, thinner on contact areas of proximal face. Contact areas
are laevigate, Distal and proximo-equatorial regions are foveo-
late, Foveolae are circular or sub-circular in plan view, U-shaped
in profile, 0.5-2 pm in diameter, ¢. 0.5 um deep, and 1.5-2 pm
apart, Exine between foveolae is laevigate.

Dimensions. 25(30)40 pm; 20 specimens measured.,

Comparison. Brochatriletes rarus Arkhangelskaya, 1978 is larger
and shows small foveolae, usually less than 1 um in diameter,
B, robustus (Scott and Rouse) McGregor, 1973 is ornamented
between the foveae with discrete elements, which are intercon-
nected by barely perceptible fine muri.

Occurrence. BAQA-1, TNDL-3 and JNDL-4, Jauf Formation
(Subbat and Hammamiyat members); milleri to lindlarensis-sexi-
antii zones.

Brochotriletes tripapillatus sp. nov.
Figure 12E-H

Derivation of name. From tripapillatus (Latin}, meaning sculp-
tured with three papillae; refers to the proximal papillae.

Holotype. ERC 051 (Fig. 12F-G), slide 27127,

Paratype. EFC Q46/4 (Fig. 12E), slide 27274; Al-69 borehole,
sample 1109 ft.

Type locality and hotizon. A1-69 borehole, sample 1109 fi;
Awaynat Wanin 11 Formation in A1-69, Libya.

Diagnosis. A Brochotriletes bearing three proximal sub-
circular papillae in the interradial areas.

Description. Amb s sub-circular. Laesurae, simple, straight,
three-quarters to nine-tenths of the amb radius in length. Pati-
nate exine is 2-6.5 um thick equatorially and distally, thinner on
contact aveas. Contact areas are laevigate to infragranular. Sub-
circular papillae, 4-9 pm in diameter, are developed on each in-
terradial region, one-third to one-half of the distance from api-
cal pole to equator. Distal surface is foveolate. Foveolae are
circular to elongate or roughly polygonal in plan view, 4-9 pm
in diameter and 1.5-5 pum apart. Exine between foveolae is
laevigate.

Dimensions. 45(55)61 um, three specimens measured.

Comparisons, Although the specimen figured as Brochotriletes sp.
cf. B. foveolatus Naumova, 1953 in McGregor and Playford
(1992, pl. 4, fig. 11) seems to have proximal sculpture, the spe-
cies described above is the only representative of Brochotriletes
Naumova, 1939 ex Ishchenke, 1952 known that shows proximal
papillae.

Occurrence. Al-69; Awaynat Wanin I Formatiory wundulatus to
catillus zones.

Genus CAMAROZONOTRILETES Naumova, 1939 ex
Naumova, 1953

Type species. Camarozonotriletes devonicus Naumova, 1953,

Camarozonotriletes asperufus sp. nov.
Figure 121-M

Derivation of name. From asperulus (Latin), meaning slightly
rough; refers to the sculpture of the proximo-equatorial and dis-
tal regions.

Holotype, EEC X46/2 (Fig. 12M), slide 62747.

Paratype. EFC J47/2 (Fig. 12L), slide 62950; MG-1 borehole,
sample 2264 m.

Type locality and horizon. MG-1 borehole, sample 2160.6 oy
Awaynat Wanin IIf Formation at Mechiguig, Tunisia.

Diagnosis. A large triangular Camarozonotriletes sculp-
tured with minute, closely spaced grana or coni.

Description. Amb is triangular. The corners are rounded, while
the margins are slightly convex, straight or sometimes slightly
concave. Exine is thin. Laesurae are sometimes open, distinct,
simple, straight and extending to the inner margin of the cingu-
Jum. Curvaturae are not easily distinguishable. Cingntun is gen-
erally 1-3 pm wide equatorially opposite the laesurae and
commonly 4-10 pm intetradially. Contact faces are laevigate.
Proximo-equaterial and distal regions are infragranular, sculp-
tured with minute closely spaced grana or conj, less than 0.5 pm
in diameter and sometimes barely visible. Cinguium is slightly
darker than central area.

Dimensians. 42(69)85 pm; 17 specimens measured.

Comparison. Camarozonatriletes minutus Naumava ex Chibrik-
ova, 1959 and C. antiguus Kedo, 1955 are smaller and are
described as shagreenate. C. patvis Owens, 1971 is smaller and
more rounded. C, laevigatus McGregor and Camfield, 1982 is
unsculptured and also smaller. C. rugidosus Breuer et al., 2007¢
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is commonly smaller and finely rugulate distally, but ornamenta-
tion is sometimes barely visible, Camarozonotriletes? concavus
Loboziak and Streel, 1989 is smaller and the width of cingulum
is barely reduced opposite the laesurae, which calls its allocation
to the genus Camarozonotriletes Naumova, 1939 ex Naumova,
1953 into question. Leiotriletes bonitus Cramer, 1966b has the
same thickening of the interradial margins but shows proximal
thickenings along the laesurae. In addition, it is laevigate and
smaller (¢. 50 pm).

Occurrence. Al-69; Awaynat Wanin IT Formation; incognita to
femurafa zones. MG-1; Awaynat Wanin [, Awaynat Wanin IT
and Awaynat Wanin TIT formations; rugulata-libyensis to langii-
concinna zones.

Previous record. From lower—middle Givetian of Parnaiba Basin,
Brazil (Breuer and Grahn 2011),

Camarozonotriletes filatoffii Breuer et al., 2007¢
Figures 12N-O, 13A-B

2007c¢ Camarozonotriletes filatoffii Breuer et al., p. 49,
pl. 4, figs 14-23; pl. 5, fg. 1.

Dimensions. 24(30)35 pmy; 36 specimens measured.

Comparisons. Camarozonatriletes (Rotaspora) retiformis (Has-
hemi and Playford) comb. nov. is distally reticulate but not
ornamented with spines. In contrast, Rotaspora rara (Raskatova)
Hashemi and Playford, 2005 has the same type of spines but is
not distally reticulate.

Occurrence. BAQA-1, BAQA-2, JNDL-3, JNDL-4, WELL-2,
WELL-3, WELL-4 and WELL-7; Jauf Formation (Sha’iba to
Hammamiyat members); papillensis-baqaensis to lindlarensis-sext-
antii zones,

FPrevious record. From upper Pragian — lower Emsian of Parand
Basin, Brazil (Mendlowicz Mauller et al. 2007).

Camarozonotriletes parvus Owens, 1971
Figure 13C-F

1966 Camarozonotriletes sp. cf. C. breviculus Ishchenkos
McGregor and Owens, pl. 9, fig. 5.
1971 Camarozonotriletes parvus Owens, p. 40,
pl. 11, figs 1-4.
1972 Camarozonotriletes n. sp. McGregor and Uyeno,
pl. 2, fig. 2.
non 1989 Camarozonotriletes parvus Owens; Steemans, p. 112,
pl. 26, figs 4-8, 56.
non 2007 Camarozonotriletes parvus Owens; Mendlowicz
Mauller er al., pl. 5, fig. 7.

Dimensions. 28(36)43 pm; 15 specimens measured.

Comparison. The specimens described as C. parvus Owens, 1971
in Steemans (1989) are misidentified; they show higher pila and
bacula. This misidentified species needs to be redefined because
it is the key species of the Pa Interval Zone of Streel et al.
(1987). This biozone remains valid but not its name. C. minutus
Naumova ex Chibrikova, 1959 and C. antiquus Kedo, 1955 are
described as shagreenate. In all other respects, they appear iden-
tical to C. parvus. C. laevigatus McGregor and Camfield, 1982
strongly resembles the latter but is unsculptured.

Occurrence. S-462 and WELL-8; Jubah Formation; lemurata-
langii Zone but some specimens from $-462 may be caved in
older strata. A1-69; Awaynat Wanin II Formation; undulatus
Zone. MG-1; Awaynat Wanin Il Formation; langii-concinna
Zone,

Previous records. From middle Givetian of Algeria (Moreau-
Benoit et al. 1993) and Parnaiba Basin, Brazil (Breuer and
Grahn 2011); upper Eifelian—Frasnian of Canada (McGregor and
Owens 1966; Owens 1971; McGregor and Uyeno 1972; McGre-
gor and Camfield 1982); lower Eifelian — upper Frasnian of
Libya (Moreau-Benoit 1989); and Givetian of Morocco
(Rahmani-Antari and Lachkar 2001).

Camarozonaotriletes (Rotaspora) retiformis (Hashemi and
Playford) comb. nov.
Figure 13G

1972 ?Reticulatisporites sp. Kemp, p. 115, pl. 55, fig. 9.

1992 Camarozonotriletes spp. McGregor and Playford
(pars), pl. 18, fig. 4 (non figs 1-3, 5).

2005 Rotaspora retiformis Hashemi and Playford, p. 362,
pl. 7, figs 13-17.

Dimensions. 25-27 pm; two specimens measured.

Remarks. Although Camarozonotriletes Naumova, 1939 ex
Naumova, 1953 is considered by Hashemi and Playford
(2005) as a junior synonym of Rotaspora Schemel, 1950,
the present species is transferred to the genus Camarozon-
otriletes. The criterion to differentiate the two genera is
the differing body and equatorial crassitude colour densi-
ties, but it seems unconvincing as a taxonomic distinction
according to Hashemi and Playford (2005).

Comparison. ?Reticulatisporites sp. in Kemp (1972), which is dis-
tally reticulate but not ornamented with spines, is synonymous
with Camarozonotriletes (Rotaspora) retiformis (Hashemi and
Playford) comb. nov.

Occurrence. JNDL-3 and JNDL-4; Jauf Formation (Hammamiyat
Member); lindlarensis-sextantii Zone.
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Previous records. From Pragian of Antarctica (Kemp 1972; Troth
et gl. 2011); and Emsian of Adavale Basin, Australia (Hashemi
and Playford 2005).

Camarozonotriletes rugulosus Breuer et al., 2007¢
Figure 13H-

2007¢ Camarozonotriletes rugulosus Breuer et al, p. 49,
pl. 5, figs 2-9.

Dimensions. 37(46)59 1um; 30 specimens measured.
Occurrence. JNDL-1. Jubah  Formation; svalbardiae-eximits
Zone, A1-69; Awaynat Wanin II Formation; triangulatus Zone.

Camarozonotriletes sextantii McGregor and Camfield, 1976
Figure 13J-K

1976 Camarozonotriletes sextantii McGregor and
Camfield, p. 12 {cum syn.), pl. 4, figs 13-14, 16-18.
1982 Craspedispora arctica McGregor and Camfield,
p. 28, pl. 5, figs 5-9; text-fig. 38.

Ditmensions. 31(39)59 pm; 21 specimens measured.

Remarks, Two populations can be distinguished in our
material. Size ranges of North African and Saudi Arabian
specimens are 31-36 and 37-59 pm, respectively.

Comparison. Craspedispora  arctica  McGregor and Camfield,
1982 is herein considered as synonymous of Camarozonotriletes
sextantii, Craspedispora arctica has notably straight to convex in-
terradial margins of the contact area, while those of Camarozon-
otriletes sextantii are convex to more commonly concave. This
feature does not constitute a discriminatory critevion to erect
two different species as the shape of interradial margins may be
similar in both species. Craspedispora arctica strongly resembles
the specimens from the North African pepulation.

Occurrence. INDL-1, JNDL-3, JNDL-4, WELL-4, WELL-5,
WELL-6 and WELL-7; Jauf (Hammamiyat and Murayr mem-

bers) and Jubah formations; lindlarensis-sextantii to svalbardiae-
eximius zones. A1-69: Ouan-Kasa and Awaynat Wanin T forma-
tions; lindlarensis-sextantii to annulatus-profea ZOnes. MG-1;
Ouan-Kasa and Awaynat Wanin [ formations; annudatus-proted
to svalbardiae-eximiits Zones.

Previous records. Camarozenotriletes sextantii is eponymeus for
the Emsian annulatus-sextantii Assemblage Zome of the Old
Red Sandstone Continent and adjacent regions (Richardson
and McGregor 1986). C. sextantii has an almost worldwide dis-
tribution extending from Emsian into the lower Fifelian. It has
been reparted from many parts of the world; e.g. Algeria (Mo-
reau-Benoit et al.  1993), Belgium (Steemans 1989), Brazil
{Mendlowicz Mauller et al 2007), Canada {(McGregor and
Camfield 1976), Germany (Steemans 1989), Libya (Moreau-
Benoit, 1989), Morocco {Rahmani-Antari and Lachkar 2001),
Paland (Turnau ef @l 2005) and Sandi Arabia (Steemans 1995;
Al-Ghazi 2007).

Camarozonotriletes? concavus Loboziak and Streel, 1989
Figure 13L-P

1989 Camarozonotriletest concavus Loboziak and Streel,
p. 175, pl. 1, figs 13-15.

Description. Amb is sub-triangular to triangular with rounded
corners and generally corcave o almost straight interradial mar-
gins. Laesurae are simple, straight and extend to the inner mar-
gin of cingulum, Cingulum, 2-5 pm wide, is slightly reduced at
corners, slightly darker than central area of the spore. Exine is
proximally laevigate, equatorially and distally infragranulate to
granulate giving a spongy appearance. Sculptural elements are
less than | pm wide and high, often barely perceptible and <lo-
sely distributed.

Dimensions. 32(40)48 un; 23 specimens measured.

Remarks. Sometimes, two slightly separated walls can be
detected. Reduction in the cingulum width at corners is
not often very conspicuous in this species, and attribu-
tion to Camarozonotriletes Naumova, 1939 ex Naumova,
1953 is therefore questionable (Loboziak and Streel
1989).

FIG. 13. FBach figured specimen is identified by borehole, sample, slide number and England Finder Co-ordinate location. All figured
specimens are at magnification x 1000 except where mentioned otherwise. A—B, Camarozonotriletes filatoffii Breuer et al., 2007c. A,
BAQA-1, 308.3 ft, 03CW112, U26. B, BAQA-1, 223.5 ft, 03CW109, F30, G-F, Camarozonotriletes parvus Owens, 1971, C, MG-1,

2178 m, 62997, Y33/2. D, MG-1, 2160.6 m, 62747, 131. E, MG-1, 2180 m, 62971, M42/1. F, MG-1, 2178 m, 62997, P38/3. G, Camar-
azonotriletes (Rotaspora} retiformis (Hashemi and Playford) comb. nov. INDL-4, 163.3 f, 68625, U60. H-1, Camarozonotriletes rugulo-

sus Breuer et al., 2007c. H, JNDL-1, 172.7 ft, PPM007, R28/1. I, INDL-1, 156.0 ft, 60840, V47/4. ]-K, Camarozonotriletes sextantil

McGregor, 1973. ], INDL-4, 37.1 ft, 03CW184, R42. K, MG-1, 2639 m, 62779, M36/3. L—P, Camarozonotriletes? concavus Loboziak and
Streel, 1989. L, A1-69, 1486 ft, 26977, R46. M, Al-69, 1483 ft, 26995, G38. N, Al-69, 1483 ft, 26995, B54. O, A1-69, 1486 ft, 26977,
P40/3. P, WELL-1, 16354.0 ft, 61959, M36/1. Q-V, Chelinospora carnosa sp. nov. Q, BAQA-1, 395.2 ft, 03CW121, R38. R, Paratype,
BAQA-2, 134.4 ft, 03CW137, P40/1. S, Holotype, BAQA-1, 395.2 ft, 62277, K48/2, T, BAQA-1, 395,2 ft, 62274, M49/4. U, BAQA-2,

133.0 ft, 03CW136, E30/1. V, BAQA-2, 133.0 f, 03CW136, V42.
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Comparison. Among sculptured species, C. antiguus Kedo, 1955
has convex interradial margins. C. parvus Owens, 1971 has the
cingulum clearly reduced in froat of the laesurae and a more
rounded general amb. C. pusillus Naumova ex Chibrikova, 1959
has ornamentation up to 1.5 pm high.

Occurrence. 5-462, WELL-1 and WELL-8; Jubah Formation;
lemurata-langii to triangulatus-catillius zones. Al-69; Awaynat
Wanin II formations; incognita to triangulatus zones. MG-1,;
Awaynat Wanin I, Awaypat Wanin II and Awaynat Wanin III
formations; rugulata-libyensis to langii-concinna zones.

Previous vecords. From uapper Eifelian—Frasnian of Brazil (Lob-
oziak et al. 1988; Melo and Loboziak 2003; Breuer and Grahn
2011).

Genus CHELINOSPORA Allen, 1965

Type species. Chelinospora concinna Allen, 1965,

Chelinospora carnosa sp. nov.
Figure 13Q-V

Derivation of name. From carnosus (Latin), meaning fleshy;
refers to the distal sculpture.

Holotype. EFC K48/2 (Fig. 135), slide 62277.

Paratype. EFC P40/1 (Fig, 13R), slide 03CW137; BAQA-2 core
hole, sample 134.4 ft.

Type locality and horizon. BAQA-1 core hole, sample 395.2 ft;
Jauf Formation at Baq'a, Saudi Arabia,

Diagnosis. A thick-walled Chelinospora sculptured with
broad reticulum and large verrucae showing constrictions
between each pair of junctions,

Description. Amb is sub-triangular to triangular. Laesurae are
straight and simple, but often not observed because of the thin-
ness of proximal exine, frequently torn. Exine is laevigate to in-
fragranulate, 2-7 yum equatorially thick, thinner proximally.
Patina is sculptured with broad reticulum. Muri are 2-7 pm
wide and 1-4 pm high, At junctions, muri commonly widen

into large rounded or flat-topped verrucae, 4-9 pm wide, up to
8 um high, sometimes fused together. Lumina, polygonal or
irregular in plan view, are 2-10 pm in greatest diameter. Muri
show constrictions between each pair of junctions.

Dimensions. 37(55)69 sum; 16 specimens measured.

Comparison. The broad muri with distinct constrictions and
more or less polygonal lumina distinguish this species from
other species of Chelinosporn Allen, 1965.

Occurrence. BAQA-1, BAQA-2 and WELL-7; Jauf TFormation
(Sha'iba to Subbat members); papillensis-bagaensis to ovalis
zones.

Chelinaspora concinna Allen, 1965
Figure 14A-C

? 1964 Knoxisporites reticulatus Vigran, p. 22,
pl 1, figs 10-12; pl. 2, figs 8-9.
1965 Chelinospora concinna Allen, p. 728,
pl. 101, figs 1220,

Dimensions. 36(51)65 pmy; 22 specimens measured.

Remarks. ‘There is considerable variation in width of the
patina, thickness of muri and size of lumina,

Occurrence. 5-462; Jubah Formation; [langii-concinna  Zone.
Al-69; Awaynat Wanin 11 Formation; langii-concinia Zone.
MG-1; Awaynat Wanin II and Awaynat Wanin i formations;
langii-concinna Zone.

Previous records. Chelinospora concinna is eponymous for the
upper Givetian — lower Frasnian TCo Oppel Zone of Western
Europe (Streel et al. 1987} C. concinna has an almost world-
wide distribution extending from Givetian into Frasnian and
has been reported from many parts of the world; e.g. Bolivia
(Perez-Leyton 1990), Brazil {Loboziak et al. 1988; Breuer and
Grahn 2011}, Canada (McGregor and Uyeno 1972), Prance
(Brice et al. 1979; Loboziak and Streel 1980, 1988), Greenland
(Friend et gl 1983; Marshall and Hemsley 2003), Spitshergen,
Norway (Vigran 1964; Allen 1965), Poland {Turnau 1996;
Turnau and Racki 1999), Portugal {Lake et al. 1988), Russian
Platform (Avkhimovitch et al.  1993; Arkhangelskaya and

FIG. 14. Each figured specimen is identified by borehole, sampte, slide number and England Finder Co-ordinate location. All figured
specimens are at magnification x 1000 except where mentioned otherwise. A—C, Chelinospora concinna Allen, 1965, A-B, $-462, 1810—
1815 fi, 63256, 550/1. C, MG-1, 2205 m, 62597, M43, D—G, Chelinospera condensata sp. nov. D, Holotype, BAQA-1, 371.1 fi,
G3CW118, R48. E, BAQA-1, 371.1 ft, 03CW118, H42/1. F, Paratype, BAQA-1, 371.1 fi, 03CW118, H27/3. G, BAQA-1, 219.2 ft,
03CW107, G31/2, H-XK, Chelinospora densa sp. nov. H, Paratype, BAQA-2, 50.8 ft, 03CW127, R23/4. I, BAQA-1, 408.3 f, 03CW124,
F29/2. ], BAQA-1, 416.6 ft, 03CWI125, P30. K, Holotype, BAQA-2, 54.8 ft, (3CW129, P-Q36. L-P, Chelinospora laxa sp. nov. L, Holo-
type, INDL-4, 459.1 ft, 68704, D27/1. M, BAQA-2, 50.8 ft, 66813, G54/4. N, Paratype, BAQA-2, 64.5 ft, 03CW132, X29. O, BAQA-2,
64.5 fi, 66818, V53/1. P, BAQA-2, 54.8 ft, 03CW129, U28/4. Q, Chelinospora retarrida Trrnan, 1986, BAQA-2, 134.4 ft, 66826, H41/3.
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Turnau 2003} and Scotland {(Marshall and Allen 1982; Marshall
et al. 1996).

Chelinospora condensata sp. nov.
Figure 14D-G

Derivation of name. From condensatus (Latin), meaning dense;
refers to the colour of the hody and the distal sculpture.

Holotype. EFC R48 (Fig. 14D), slide 03CW118.

Paratype. EFC H27/3 (Fig. 14F), slide 03CW118; BAQA-1 core
hole, sample 371.1 fi.

Type locality and horizon. BAQA-1 core hole, sample 371.1 fi;
Jauf Formation at Baq’a, Saudi Arabia.

Diagnosis. A thick-walled Chelinospora sculptured with
brain-like convoluted muri almost adjoining,

Description. Amb is sub-circular to triangular. Laesurae are
straight, simple and extending to the inner edge of patina. Exine
is laevigate to infragranulate, 3-—5 um thick equatorially, thinner
proximally. Contact areas are laevigate. Patina is sculptured with
brain-like convoluted muri almost adjoining, 1.5-4 um wide
and commonly less than ! pm apart (rarely up to 2 um}. Muri
become radially oriented over the equatorial and subequatorial
regions.

Dimensions. 36(47)68 pm; 16 specimens measured.

Comparison. Chelinospora densa sp, nov. and C. hemiesferica
(Cramer and Diez) Richardson et al, 2001 have narrower distal
muri. C. vulgata sp, nov. and Chelinospora of. hemiesferica
(Cramer and Diez) Richardson et al, 2001 have the same
muri, but these are loosely spaced. All these convolute forms
of Chelinospora Allen, 1965 are not always distinguished easily.
They may derived from a group of closely related plants and
can be grouped into the C. vulgata Morphon defined here
(Table 1).

Occurrence. BAQA-1 and BAQA-2; Jauf Formation (Sha'iba to
Subbat members); papillensis-bagaensis to ovalis-biornatus zones.
Chelinospora densa sp. nov.

Figure 14H-K

Derivation of name, From densus {Latin) meaning dense; refers
to the distal sculpture.

Holotype. EFC P-Q36 (Fig, 14K), slide 03CW129.

Paratype. EFC R23/4 (Fig. 14H}, slide 03CW127; BAQA-2 core
hole, sample 50.8 ft.

Type locality amd horizon. BAQA-2 core hole, sample 54.8 fi;
Jauf Formation at Baq’a, Sandi Arabia.

Diagnosis. A Chelinospora sculptured with numerous, clo-
sely spaced, narrow brain-like convoluted muri.

Description. Amb is sub-cizrcular to sub-triangular. Laesurae are
straight, simple or labrate (up to 2 pm wide) and extend to the
inner edge of patina. Exine is laevigate or infragranulate,
3-7 pm equatorially thick, thinner proximally. Contact areas are
laevigate, sometimes torn. Patina is sculptured with brain-like
convoluted muri, 0.5-2 pm wide and up to 1.5 pm apart. Muri
become radially oriented over the equatorial and subequatorial
regions.

Dimensions. 37(47)62 pmy; 10 specimens measured.

Comparison. The spores may be two-layered, and on some spec-
imens some localized detachment of the outer layer is apparent
(Fig. 14]) as in C. hemiesferica (Cramer and Diez) Richardson
et al., 2001. The latter, however, show a membranous carvatural
zone bearing well-pronounced radial extensions of the distal
muri. C. vulgata sp. nov. and Chelinospora cf. hemiesferica {Cra-
mer and Diez) Richardson et gl., 2001 have wider muri.

Occurrence. BAQA-1 and BAQA-2; Jauf Formation (Sha’iba to
Subbat members); ovalis Zone,

Chelinospora laxa sp. nov.
Figure 14L-P

Detivation of name. From laxus (Latin), meaning loose; refers to
the distal sculpture.

Holotype. EFC D27/1 (Fig. 14L}, slide 68704.

Paratype. EFC X29 (Fig. 14N), slide 03CW132; BAQA-} core
hote, sample 64.5 fi.

Type locality and horizen. NDL-4 core hole, sample 499.1 ft;
Jauf Formation at Domat Al-Jandal, Saudi Arabia.

Diagnosis. A Chelinospora sculptured with loosely spaced
broad muri, forming an irregular reticulum with broad
tumina.

Description. Amb is sub-circular to sub-triangular. Laesurae are
straight, simple and extend to the inner edge of patina, Exine is
laevigate to infragranulate, 3-6 pm equatorially thick, thinner
proximally. Contact areas are laevigate. Patina is sculptured with
convolated murt widely distributed, 35 pm wide and from | to
more than 10 um apart. They form an irregular reticulate
pattern.

Dimensions. 40{54)70 pm; 12 specimens measured.
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Remarks, Depending on compression, specimens may
give the appearance of having a zona (Fig. 14N).

Comparison, Chelinospora cassicula Richardson and Lister, 1969
and C. lavidensis Richardson et al., 200] show the same kind of
irregular reticulate pattern but the former has narrower, high
and fold-like muri and the latter is sculptured with narrower,
low muri (1 pm or less wide). C. vulgata sp. nov. and Chelinos-
pora cf. hemiesferica (Cramer and Diez} Richardsen et al, 2001
have narrower distal muri which are closely spaced and more
numerous. Chelinospora laxa sp. nov. represents an end-member
of the C. vulgata Morphon (Table 1).

Occurrence. BAQA-1, BAQA-2 and JNDL-4; Jauf Formation
(Sha’iba to Subbat members}; papillensis-bagaensis to ovalis-
biornatus zones,

Chelinospora reterrida Turnau, 1986
Figure 14Q

1969 ?Chelinospora sp. A Richardson and Lister, p. 243,

pl. 41, fig, 15,
? 1983 Synorisporites cf, dittonensis; Rodriguez,

pl 1, fig. 13.

1986 Chelinospora reterrida Turnan, p. 339,
pl. 1, figs 1-4.

1989 Chelinospora retorrida Turnau; Steemans,
p- 118, pl. 29, figs 12-17.

Dimensions. 33-35 pm; two spectinens measured.

Remarks. Steemans (1989) noted the presence of inspissa-
tions, rarely evident, on the interradial margins of the
proximal face on 50 per cent of the specimens of C. retor-
rida. These could represent different varieties of C. retor-
rida (Steemans 1989), although this feature was not
mentioned by Turnau (1986).

Comparison, ?Chelinospora sp. A in Richardson and Lister
(1969} is similar to C. retorrida Turnau, 1986. Archaeozonotri-
letes dubius Richardson and Lister, 1969 has muri that represent
an internal structure. C. hemiesferica (Cramer and Diez) Rich-
ardson ef al, 2001 is sculptured with closely spaced narrow
muri, geniculate in plan, becoming radially oriented over the
equatorial and subequatorial regions. Chelinospora densa sp. nov.
is larger and has a thicker exine.

Oeccurrence. BAQA-2; Jauf Formation (Sha'iba Member); papill-
ensis-baqaensis to ovalis zones.

Previous records. From lower Lochkovian — upper Pragian of Bel-
gium (Steemans 1989); Lochkovian of Canada (Burden er al
2002); upper Lochkovian of France, Germany and Romania {Stee-
mans 1989); Lochkovian of Iran (Ghavidel-Syooki 2003), Saudi
Arabia (Steemans 1995) and Wales (Richardson and Lister 1969);

middle Piidali of Libya (Rubinstein and Steemans 2002); and
Lachkovian—Pragian of Poland {Turnau 1986; Turnau et al. 2005},

Chelinospora timanica (Naumova} Loboziak and Streel, 1989
Figure 15A-B

1953 Archaeozonotriletes timanicus Naumova, p. 81,
pl. 12, fig, 14,
? 1962 Convolutispora fromensis Balme and Hassell, p. §,
pi 1, figs 14-16.
? 1959 Archaeozonolriletes polymorphus Naumova var.
takatinicus Chibrikova, p. 58, pl. 7, figs 2-3.
21962 Archacozonotriletes timanicus Nawmova var. radiatus
Chibrikova, p. 412, pl. 7, fig. 1.
¢ 1965 Convolutispora tegula Allen, p. 705, pl. 97, figs 4-8.
1965 Archaeozonotriletes ignoratus Naumova; Hemer, pl. 2.
1965 Archaeozonotriletes timanicus Naumova var, no 13
Nazarenko, pl. 1, figs 4950,
? 1965 Tholisporites ancylus Allen, p. 724 (pars), pl. 101,
fig. 5 (non figs 1-4, 6-7}.
? 1966 Archaeozonoiriletes laticolaris Mikhailova, p. 209,
pl 3, fig. 4.
1982 Archaeozonotriletes timanicus Naumova; McGregor
and Camfield, p. 20, pl 3, figs 13-15.
1989 Chelirospora timanica (Naumova) Loboziak and
Streel, p. 175, pl. 2., figs 8-9,
1992 Archaeozonotriletes timanicus Naumaova; McGregor
and Playford, pl. 4, figs 3—4.

Dimensions. 43(54)74 pm; 54 specimens measured.

Remarks. Numerous specimens are allocated to this spe-
cies which may include several species defined in the liter-
ature and probably belonging to genera other than
Chelinospora Allen, 1965. These forms are very variable
and are not easily distinguishable. In such forms, it is dif-
ficult to determine whether the character of sculptural ele-
ments are positive or negative because variation between
the two configurations seems to be continuous. Intergra-
dations from C. timanica to other species of Convolutis-
pora Hoffmeister et al., 1955 genus most likely exist.

Comparison. The diagnosis of Convolutispora fromensis Balme
and Hassell, 1962 is similar to that of Chelinospora timanica, but
iliustrations do not allow a direct comparison. C. timanica is
difficult to distinguish from Convolutispora tegula Allen, 1965.
The main difference is that the patina is dissected into elements
{negative) in Chelinospora timanica while exine of Convelutispora
tegula is sculptured with positive elements. The two characters
are distinguishable with difficulty {see above}. C. tegula may
thus be included in the present taxon. C florida Hoffmeister
et al, 1955 has a more extensively anastomosing muroid
pattern, and wider lumina. C. wistatas Playford, 1962 has similar
sculpture, but is much larger. Convolutispora crassata? (Naum-
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ova) McGregor and Camifield, 1982 is not patinate. C. subiilis
Owens, 1971 possesses narrower convolutae, Archaeozonotriletes
asyrrmetricus Panshina, 1971 appears to be of similar basic con-
struction but its large, fat, irregular tubercules are larger
towards the equator where they are commonly fused with one
another. Extreme forms of spores with convolute and verrucose
sculpture, including notably species of Convolutispora Hoffmei-
ster et al., 1955, Dibolisporites uncatus (Naumova) McGregor
and Camfeld, 1982 and Verrucosisporites scurtus (Naumova)
MeGregor and Camfield, 1982, may intergrade with Chelinospora
timanica. Indeed, all these species are morphelogically very close
and occur mostly in the same Givetian strata,

Occurrence. S-462; Jubah Formation; lemurata-langii to langii-
concinna zones, Al-69; Awaynat Wanin 11 Formation; lemurata-
langii to langii-concinna zones. MG-1; Awaynat Wanin [
Awaynat Wanin II and Awaynat Wanin 11 formations; rugulata-
libyensis to langii-concinna zones.

Previous records. From middle Givetian — lower Frasnian of
Australia (Grey 1991; Hashemi and Playford 2005); upper Givetian
_Frasnian of Bolivia (Perez-Leyton 1990); lower Givetian — lower-
most Famennian of Brazil (Loboziak et al. 1988; Loboziak et al
1992b; Melo and Loboziak 2003); Eifelian—lower Givetian of Canada
(McGregor and Camfield 1982); upper Eifelian-Givetian of Ger-
many (Loboziak et af. 1990); middle Givetian of Greenland (Friend
et al. 1983; Marshal and Hemsley 2003); Givetian of Poland
(Turnau 1996; Turnau and Racki 1999); Givetian-lower Frasnian of
Russian Platform (Avkhimovitch ef al. 1993); and uppermost
Givetian—lower Frasnian of Scotland (Marshall et al, 1996).

Chelinospora vulgata sp. nov.
Figure 15C-G

Derivation of name. From vulgatus (Latin), meaning comron;
refers ta its abundance in the lower Jauf Formation.

Holotype. FRC M-N41 (Fig. 15E), slide 03CW118.

Paratype. BEC W39/3 (Fig. 15D), slide 03CW118; BAQA-1 core
hole, sample 371.1 ft.

Type locality and horizon. BAQA-1 core hole, sample 371.1 ft;
Jauf Formation at Baq’a, Saudi Arabia.

Diagnosis. A targe Chelinospora sculptured with brain-like
well-defined convoluted muri. Exine infragranulate.

Description. Amb is circular to sub-triangular. Laesurae are
straight, simple or accompanied by labra, up to 3 pm in overall
width, extending to the inner edge of patina. Exine is infragran-
ulate, 2-8 pm thick equatorially, thinner proximally. Contact
areas are laevigate, sometimes torm. Patina is sculptured with
brain-like convoluted mmri, 1-4 pm wide and 1-3 pm apart.
Muri become radialty oriented over the equatorial and subequa-~
torial regions.

Dimensions. 43(55)71 um; 17 specimens measured.

Comparison. Chelinospora laxa sp. nov. has fewer muri and
C. condensata sp. nov. has the same type of muri, but these are
more densely spaced. All these convolute forms of Chelinospora
Allen, 1965 may be included in the C. vulgata Morphon
{Table 1). They were probably derived from a group of closely
related plants. C. densa sp. nov. and C. hemiesferica (Cramer
and Diez) Richardson ef al, 2001 have narrower distal muxi
which are closely spaced. Nevertheless, the two species may
intergrade within the same morphon.

Occurrence. BAQA-1, BAQA-2, TNDL-4 and WELL-3; Jauf For-
mation (Sha’iba to Subbat members); papillensis-bagaensis 10
ovalis-biornatus zones.

Chelinospora? sp. 1
Figure 15H-

Description. Amb is circular to sub-circular. Laesurae are simple,
straight, three-quarters to full central area radius in length. Con-
tact areas are thinner and support a sparse ormament of broad
rugulae and muri 2-4 pm wide, Patina, ¢. 3 pm thick equatori-
ally and distally, is sculptured with irregularly distributed broad
rounded muri, 2-5 pm wide and high, forming an imperfect to
perfect reticulum. Lumina are irregular in plan view, commonly
3-10 pum in greatest diameter.

Dimensions. 49(52)56 um; three specimens measured.

Remarks. A doubt remains about the assignment of this
form to the genus Chelinospora Allen, 1965 as the contact
areas show a sparse ornamentation of rugulae,

Comparison. Chelinospora concinng Allen, 1965 has narrower
muri, larger lumina and commonly a thicker patina, C. tfirranica
(Naumova) Loboziak and Streel, 1989 has also a thicker patina
with a very irregular ornament pattern.

FIG. 15. Each figured specimen is identified by borehole, sample, slide number and England Finder Co-ordinate location. All figured
specimens are at magnification x 1000 except where mentioned otherwise. A—B, Chelinospora timanica {Naumova) Loboziak and Streel,
1989, A, MG-1, 2476 m, 63016, 1J36. B, MG-1, 2178 m, 62996, Q43. C-G, Chelinospora vulgata sp, nov. C, BAQA-2, 133.0 fi,
03CW136, J52. D, Paratype, BAQA-1, 37L.1 {t, 03CW118, W39/3. E, Helotype, BAQA-1, 371.1 ft, 03CW118, M-N41. F, BAQA-1,
376.4 ft, 03CW119, J49. G, BAQA-1, 366.9 ft, 03CW117, 138/4. H-I, Chelinospora? sp. L. H, A1-69, 971 ft, 62369, P44. I, A1-69,

971 ft, 62641, US2. I, Cirratriradites? diaphanus Steemans, 1989. BAQA-2, 50.2 ft, 03CW126, $26/2. K, Clivosispora verrucata McGre-
gor, 1973 var. convoluta McGregor and Camfieid, 1976, JNDL-4, 316.4 fi, 03CW244, K43/2, LM, Chivosispora verrucata McGregor,
1973 var. verrucata McGregor and Camfield, 1976, L, BAQA-1, 395.2 ft, 66807, G39. M, JNDL-4, 87.2 ft, 03CW193, F34/1.
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Occurrence. Al-6%; Awaynat Wanin II Formation; Iangri-

concinna Zone,

Genus CIRRATRIRADITES Wilson and Coe, 1940

Type species, Cirratriradites maculatus Wilson and Coe, 1940.

Cirratriradites? diaphanus Steemans, 1989
Figure 15]

1981 Cirratriradites sp. A Steemans, p. 53.

198 Cirratriradites sp. A in Steemans; Streel et al, pl. 3,
figs 10-11.

1989 Cirratriradites diaphanus Steemans, p. 119, pl. 30,
figs 4-9.

2006 Unidentified zonate spores Wellmau, pl. 19, fig. d.

Dimensions. 46(58)71 pmy; 10 specimens measured.

Remarks. There is some doubt about the allocation of
this species to the genus Cirratriradites Wilson and Coe,
1940 because no distal foveolae are observed in the pres-
ent population.

Occurrence, BAQA-1, BAQA-2, JNDL-3, JNDL-4, WELL-2,
WELL-3, WELL-4, WELL-5, WELL-6 and WELL-7; Jauf Forma-
tion (Sha’iba to Hammamiyat members); papillensis-haqaensis to
lindlarensis-sextantii zones. MG-1; Ouan-Kasa Formation; sval-
bardiae-exinius Zone but occurrences are probably reworked.

Previous records. From upper Lochkovian — upper Pragian of
Belgium {Steemans 1989); Lochkovian-lower Emsian of Brazil
{Melo and Loboziak 2003; Grahn et al. 2005; Mendlowicz Maul-
ler et al. 2007); upper Lochkovian — upper Pragian of Germany
{Steemans 1989); middle Pragian — middie Emsian of Luxem-
bourg {Steemans et al. 2000a); upper Lochkovian {Steemans
1989); and upper Pragian — flowermost Emsian of Scotland
(Wellman 2006).

Genus CLIVOSISPORA Staplin and Jansonius, 1964

Type species. Clivosispora variabilis Staplin and Jansonius, 1964.
Clivosispora verrucata McGregor, 1973 var. convoluta
McGregor and Camfield, 1976

Figure 15K

1976 Clivosispora verrucata McGregor var. convoluta
McGregor and Camfield, p. 15, pl. 2, figs 13-21.

Dimensions. 36(44)63 um; 11 specimens measured.

Comparison, Although ornamentation of Chelinospora poecilo-
morpha (Richardson and Ioannides) Richardsen et al, 2001
could be comparable, it exhibits muri produced by the terminal
fusion of verrucae, circular, sub-circular, sub-polygonal to irreg-
ular in plan view. This species is also distinguished by its smaller
size. Clivosispora verrucata var. conveliuta seems to intergrade
with Chlivosispora  verrucata McGregor, 1973 var. verrucala
McGregor and Camfield, 1976,

Occurrence. BAQA-1, BAQA-2, INDL-4, WELL-2, WELL-4 and
WELL-7; Jauf Formation (Sha’iba to Subbat members); papillen-
sis-bagaensis to evalis-biornatus zones, Al-69; Ouan-Kasa Forma-
tomn; lindlarensis-sextantii Zone.

Previous records. From lower Pfidoli — lower Emsian of Amazon
and Parand basins, Brazil (Mendiowicz Mauller et al. 2007; Stee-
mans et al. 2008); Pragian-Fmsian of Canada {McGregor and
Camfield 1976) and Iran (Ghavidel-Syooki 2003); upper Pragian
of Armorican Massif, France {Le Hérissé 1983); Ludiow or
Pridolf of Libya (Rubinstein and Steemans 2002); upper Pragian
— Emsian of Morocco (Rahmani-Antari and Lachkar 2001); and
upper Pragian — Iowermost Emsian of Scotland {Wellman
2006).

Clivasispora verrucata McGregor, 1973 var. verrucata
McGregor and Camfield, 1976
Figure 15L-M

1954 Spore type C6 Radforth and McGregor,
pL. 1, fig. 35.

1966 cf. Clivosispora McGregor and Owens, pl. 3,
figs 16-17.

7 1968 Trilete verruquée sp. 1 Jardiné and Yapaudjian,

pl. 1, fig. 23.

1970 Clivosispora sp. McGregor et al., pl. 1,
figs 28-29.

1973 Clivosispora verrucata McGregor, p. 54,
pl. 7, figs 45, 10,

1976 Clivosispora verrucata McGregor var. verrucata;
McGregor and Camfield, p. 15, pl. 3, figs 11-14.

non 1981 Clivosispora verrucata McGregor var. verrucafa; Gao

Lianda, pl. 2, fig. 3.

Dimtensions. 36(43)55 pm; 16 specimens measured.

Comparison. This variety differs from C. verrucata McGregor,
1973 var. convoluta McGregor and Camfield, 1976 in that the
distal sculpture consists of convolute muri. The two varieties
are otherwise alike, and intergrade. Chelinospora poecilomorpha
(Richardson and Ioannides) Richardson et al, 2001 is distin-
guished by the terminal fusion of comparable verrncae that
produce muri sometimes anastomosing in places. It is also
smaller and the simple sutures are often barely perceptible
because of its very thin proximal face. Synorisporites vertucatus
Richardson and Lister, 1969 has a narrower cingulum and
smaller verrucae.
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Occurrence. BAQA-1, BAQA-2, JNDL-1, JNDL-4, WELL-2,
WELL-3, WELL-4, WELL-5, WELL-6 and WELL-7; Jauf Forma-
tiow; papillensis-bagaensis to annulatus-pratea zones.

Previous records. From lower P¥doli of Amazon Basin, Brazil
(Steemans ef al. 2008); Pragian—-Emsian of Canada (McGregor
and Owens 1966; McGregor 1973; McGregor and Camfield
1976) and Iran {Ghavidel-Syooki 2003); and nppermost Pragian
— tlowermost Emsian of Scotland {Wellman 2006).

Genus CONCENTRICOSISPORITES Rodriguez, 1983

Type species. Concentricosisporites sagittarius (Rodriguez) Rodri-
guez, 1983,

Concentricosisporites sagittarius (Rodriguez) Rodriguez,
1983
Figure 16A-C

1978a Stenozonotriletes sagittnriys Rodriguez, p. 219, pl. 1,
fig. 7.

1983  Concentricosisporites sagittarius (Rodriguez);
Radriguez, p. 36, pl. 3, fig. 15.

Dirmensions. 28(38)47 pur; 10 specimens measured,

Occurrence. BAQA-1, BAQA-2, JNDL-4 and WELL-7; Jauf
Formation (Sha’iba to Subbat members); papillensis-bagaensis to
MG-1; Ouan-Xasa Formation;

lindlarensis-sextantii  zones.

lindlarensis-sextantii Zone,

Previous records. From upper Lochkovian of Solimoes Basin,
Brazil (Rubinstein ef al. 2005); middle PFidoli of Libya (Rubin-
stein and Steemans 2002); upper Ludfordian — lower Lochkovian
(Rodriguez 1978a, b; Richardson et @l 2001); and middle—upper
Ludfordian of Pennsylvania, USA (Beck and Strother 2008).

Genus CONTAGISPORITES Owens, 1971

Type species. Contagisporites optivis (Chibrikova) Owens, 1971,

Contagisporites optivus (Chibrikova) Owens, 1971
Figures 16D, 47A-C

1959  Archaeozonotriletes optivus Chibrikova,
p. 60, pl. 7, fig. 9.

1960 Retusotriletes sp. Taugourdeau-Lantz,
p- 145, pl. 1, fig. 5.

1962 Archaeozonotriletes optivus var. vorobjevensis
Chibrikova, p. 430, pl. 2, fig. 6.

1964 Biharisporites spitsbergensis Vigran, p. 12, pl. 2,
figs 1-4.

1965 Calpptosporites optivus (Chibrikova) Allen, p. 736,
pl. 104, figs 14,

1966 Archaeszonotriletes cf. A. optivus var. vorobjevensis
Chibrikova; McGregor and Owens, pl. 16,
figs 3—4.

1966 Archaeozonotriletes optivis Chibrikova; McGregor
and Owens, pl. 17, fig. 6.

1967 Rhabdosporites cuvillieri Taugourdeau-Lantz, p. 54,
pl. 3, figs 1-6.

1971 Ceontagisporites optivus (Chibrikova) var. optivis
Owens, p. 52, pl. 16, figs 1-3.

1971 Contagisporites optivus var. vorobjevensis
(Chibrikova) Owens, p. 53, pl. 16, figs 4-6.

1987 Megaspore (Biharisporites} of Tanaitis furchihasta
Krassilov et al,, p. 173, pl. 4, figs 1-2; pi. 7,
figs 1-2.

Dimensions. 200(223)250 jun; seven: specimens measured.

Remarks. Although C. optivus var. vorobjevensis (Chibrik-
ova) Owens, 1971 differs mainly from C. optivus (Chi-
brikova) var. optivus Owens, 1971 by its coarser, low
verrucose or blunt pointed conate elements, both are
grouped here together because they appear to intergrade
and the difference is often impossible to discern under a
transmitted light microscope. 1t is the first time that this
megaspore is observed on the Gondwana (de Ville de
Govet et al, 2007; Steemans ef al. 20115},

Comparison. Contagisporites optivus (Chibrikova) Owens, 1971
differs from Rhabdosporites langii (Eisenack) Richardson, 1960
by its larger size, well-developed curvaturae and elevated labra.

Occurrence. 5-462; Jubah Formation; lemurata-langii to sriangul-
atus-catillus zones, although some specimens may be slightly
caved. Al1-69; Awaynat Wanin I Formation; undulatus to tri-
angilatus-catilhus zones.

Previous records. Contagisporites optivus is eponymous for the
upper Givetian — lower Frasnian optivus-triangulatus Assern-
blage Zone of the Old Red Sandstone Continent and adjacent
regions (Richardson and McGregor 1986). C. optivus has been
mainly recorded from Givetian—Frasnian from Euramerica; e.g.
Canada (McGregor and Owens 1966; Owens 1971; McGregor
and Uyeno 1972}, France (Brice et @l 1979; Loboziak and Streel
1980, 1988; Loboziak et al. 1983), Greenland {friend et al
1983; Marshall and Hemsley 2003), Spistsbergen, Norway (Vi-
gran 1964; Allen 1965), Poland (Turnan 1996; Turnau and
Racki 1999}, Russian Platform (Avkhimovitch et al. 1993; Arkh-
angelskaya and Turpau 2003) and Scotland (Marshall et al.
1996; Marshall 2000). Cutside Euramerica, it has only been
reported from Givetian assemblages of Spain (Cramer 1969),
Libya (de Ville de Goyet 2007; Steemans et al 2011b) and
China, which was originally claimed as Eifelian by Gao Lianda
(1981).
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Genus CONVOLUTISPORA Hotfmeister ef al.,, 1955

Type species. Convelutispera florida Hoffmeister et al., 1955.

Convolutispora subtilis Owens, 1971
Figure 16E-G

1971 Ceonvolutispora subtilis Owens, p. 35, pl. 9, figs 3-6.
1987 Chelinospora sp. Burjack et al, pl. 2, fig. 1.
1988 Chelinospora paravermiculat Loboziak et al,

p- 355, pl. 3, figs 7-13.

Dimensions. 37(49)62 pm; seven specimens measured.

Comparison, Chelinospora paraverimiculata Loboziak et al., 1988
is herein considered as synonymous with Convelutispora subtilis,

Occurrence. MG-1; Awaynat Wanin II and Awaynat Wanin TII
formations; undulatus to lnngii-concinnma zones,

Previous records. From Givetian-lower Prasnian of Parand Basin,
Brazil (Loboziak ef al. 1988); upper Eifelian—Frasnian of Canada
(Owens 1971; McGregor and Camfield 1982); Frasnian of Iran
(Ghavidel-Syooki 2003); Givetian of Paland {Turnau 1996;
Turnau and Racki 1999); lower Givetian of Russian Platform
(Avkhimovitch et al. 1993); ?Eifelian—Givetian of Sandi Arabia
(PB, pers. obs.); and uppermost Givetian ~ lower Frasnian of
Scotland (Marshall et al. 1996).

Genus CORONASPORA Rodriguez emend. Richardson ef al.,
2001
Type species. Coronaspora mariae Rodrigaez, 19784,
Coronaspora inornata sp. nov.
Figure 16H-M

Derivation of nmme. From inornatus (Latin), meaning without
ornament; refers to the absence of distal sculptural elements.

Holotype, EFC V27 (Fig. 16]), slide 68704.

Paratype. EFC E34/4 (Fig. 16]), slide 68697; INDL-4 core hole,
sample 471.6 ft.

Type locality and horizon. TNDL-4 core hole, sample 499.1 fi;
Jeuf Formation at Domat Al-Jandal, Saudi Arabia.

Diagnosis. A Coronaspora with a broad kyrtome and a
laevigate distal surface.

Description. Amnb is circular to sub-triangutar. Laesurae are
straight, simple and extending to the inner edge of crassitude,
which is invaginated at the radial apices. Equatorial crassitude is
smooth to irregularly thickened, 3-6 m wide. Proximal region
is Jaevigate and bears a broad kyrtome on each interradial area.
Kyrtome is distinct, formed by raised ridges (more or less semi-
circular in profile} paralieling the laesurae and increasing in
width (up to 8.5 pm wide) towards the spore apex in the inter-
radial areas. Distal surface is laevigate.

Dimensions, 32(37)45 jun; 18 specimens measured.

Comparison, Differs from other members of the genus, with the
exception of C. primordinle (Rodriguez) Rodriguez, 1983 in hav-
ing a laevigate distal surface. C. primodiale has thick labra.

Orccurrence. BAQA-1, BAQA-2, INDL-3, JNDE-4 and WELL-7;

Jauf Formation (Sha’iba to Hammamiyat members); papillensis-
bagaensis to lindlarensis-sextantii zones,

Genus CORYSTISPORITES Richardson, 1965
Type species. Corystisporites multispinosus Richardson, 1965,
Corystisporites collaris Tiwari and Schaarschmidt, 1975
Figures 16N, 47D-F

1975 Corystisporites collaris Tiwari and Schaarschmidt,
p- 28, pl. 6, figs 2-5; text-fig. 18.

Dimensions. 72(74)77 pm; three specimens measured.

Comparison. Corystisporites multispinosus Richardson, 1965 has
smaller regular spines, which do not posses any collars.

FIG. 16. Each figured specimen is identified by borehole, sample, slide number and England Finder Co-ordinate location. All figured
specimens are at magnification x 1000 except where mentioned otherwise. A—C, Concentricosisporites sagittarius (Rodriguez) Rodriguez,
1983. A, BAQA-1, 395.2 ft, 03CW121, H48. B, BAQA-2, 57.2 fi, 66817, X42/4. C, BAQA-1, 346.8 ft, 66795, V47/2. D, Contagisporites
optivis (Chibrikova) Owens, 1971, magnification x500. 5-462, 2260-2265 fi, 63281, Q28/2. E-G, Convolutispora subtilis Owens, 1971.
E, MG-1, 2264 m, 62950, J35. F, MG-1, 2160.6 m, 62747, X26. G, MG-1, 2181.2 m, 62525, V42. M, Corenaspora inorndata sp. nov.
H, INDL-4, 495.2 ft, 68702, D26. I, Holotype, INDL-4, 499.1 fi, 68704, V27. ], Paratype, INDL-4, 471.6 ft, 68697, E34/4, K, INDIL-4,
306.3 ft, 68665, F26/4. L, BAQA-1, 406.0 ft, 66809, F39. M, WELL-7, 137385 ft, 62322, §37/2. N, Corystisporites collaris Tiwari and
Schaarschmidt, 1975. A1-69, 1109 ft, 27274, 045/1. O, Corystisporites undulatus Turnau, 1996, magnification x500. A1-69, 1277 ft,

62636, E35/3.
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Occtirrence. S-462; Jubah Formation; langii-concinna Zone,
A1-69; Awaynat Wanin II Formation; undidatus to friangulatus-
catillus zones.

Previous records. From lower Eifelian — lower Givetian of
Germany (Tiwari and Schaarschmidt 1975); and upper Eifelian—
Givetian of Poland (Turnau 1996; Turnau and Racki 1999).

Corystisporites undufatus Turnau, 19%6
Figures 160, 17A, 47G-L

1989 Hystricosporites wmitratus Allen; Loboziak and Streel,
pl. 8, figs 3—4.

1996 Corystisporites undulatus Turnau, p. 117,
pl 1, fig. 1.

Dimensions. 75(110)156 pm; 15 specimens measured.

Remarks. The megaspore Heliotriletes longispinosus Fug-
lewicz and Prejbisz, 1981, which strongly resembles the
microspore C. undulatus, is present in North Africa in
same samples but was not studied here (de Ville de Goyet
et al. 2007; Steemans et al. 2011b). These two species also
co-occur in Poland.

Comparison. Loboziak and Streel {198%) misidentified specimens
of C. undulatus from North Africa as Hysfricosporites mitratus
Allen, 1965, No typical grapnel-tipped Hystricosporites ornamen-
tation was recognized on specimens in the restudied slides of
Loboziak and Streel (1989). The figured specimen in Loboziak
and Streel (1989, pl. 8, fig. 3} shows the characteristic merphol-
ogy of C. undulatus.

Occurrence, WELL-8; Jubah Formation; undulatus Zone, A1-69;
Awaynat Wanin II Formation; undulatus to langii-cencinna
zones. MG-1; Awaynat Wanin IT and Awaynat Wanin III forma-
tions; undulatus to langii-concinna zones.

Previous record. From upper Eifelian of Poland {Turnau 1996).

Genus CRASPEDISPORA Allen, 1965

Type species. Craspedispora craspeda Allen, 1965.

Craspedispora ghadamesensis Loboziak and Streel, 1989
Figures 17B, 47M-O

1989 Craspedispora ghadamesensis Loboziak and Streel,
p. 177, pl. 2, Aigs 1-4; pl. 9, fig. 4.

Dimenstons. 71(80}95 um; nine specimens measured.

Comparison. Craspedispora craspeda Allen, 1965 is smaller and
has a laevigate or sparsely sculptured zona. Samarisporites eximi-
us (Allen) Loboziak and Streel, 1989 has the same type of orna-
ment but has a farger amb and the zona is as wide interradially
as radially.

Occirrence. $-462; Jubah Formation; triangulatus-catillus Zone,
Al1-69; Awaynat Wanin 1 and Awaynat Wanin Il formations;
svalbardiae-eximius  to  triangulntus-catillus  zones. MG-1;
Ouan-Kasa, Awaynat Wanin I and Awaynat Wanin II
formations; annulatus-protea to triangulatus-catillus zones.

Previous records. From Fifelian—Givetian of Brazil (Loboziak
et al. 1988; Melo and Loboziak 2003; Breuer and Grahn
2011).

Craspedispora paranaensis Loboziak et al., 1988
Figures 17C, 47P-R

1988 Craspedispora paranaensis Loboziak et al, p. 355,
pl. 2, figs 5-10.

Dimensions. 70(88)120 pm; nine specimens measured,

Cemparison. This species differs from  C. ghadamesensis
Loboziak and Streel, 1989 by possessing a larger and somewhat
coalescent ornamentation on the zona.

Orccurrence. Al-69; Awaynat Wanin 1 and Awaynat Wanin II
formations; svalbardiae-eximius to triangulatus-catillus zones.

Previous records. From upper Eifelian—Givetian of Brazil (Lob-
oziak ef al. 1988, 1992h; Melo and Loboziak 2003; Breuer and
Grahn 2011} and Sandi Arabia (PB, pers. obs.); and Givetian—
Frasnian of Tunisia {(Loboziak et al. 1992a).

FEG. 17. Fach figured specimen is identified by borehole, sarnple, stide number and England Finder Co-ordinate location. All figured

specimens are at magnification x 1000 except where mentioned otherwise. A, Corystisporites undulatus Tumau, 1996, magnification
x500. A1-69, 1277 ft, 62636, R29/2. B, Craspedispora ghadamesensis Loboziak and Streel, 1989, A1-69, 1596 ft, 26990, D44. C, Craspe-
dispora paranaensis Loboziak et al., 1988. A1-69, 1700 ft, 62632, R50. D-E, Craspedispora sp. in Paris ef al. (1985). D, A1-69, 2108—
2111 fi, 26913, L57-58. E, A1-69, 20392040 ft, 27279, M37/1. F-H, Cristatisporites {Calyptosporites) reticulatus {Tiwari and Schaarsch-
midt} comb. nov., magnification x730. F, MG-1, 2264 m, 62951, L42/3. G, A1-69, 1109 ft, 27273, J35. T, MG-1, 2264 m, 62951, V31/
3. I, Cristatisporites streelif sp. nov., magnification x750. MG-1, 2241 m, 62964, T30/1.
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Craspedispora sp. Paris et al., 1985
Figure 17D-E

? 1966a Perotrilites gordianus Cramer, p, 266, pL. 3, fig. 64.
1985 Craspedispora sp. Paris et al, pl. 18, fig. 9.

Description. Amb is sub-triangular to triangular with rounded
corners. Laesurae are distinct, straight to slightly sinuous, up to
1.5 pm high, extending to the inner margin of the zona. Curv-
aturae not visible. Central body radius equals more or less
nine-tenths of the amb radius. Exine of the central body is thin
equatorially, The thin proximo-equatorial flange is commonly
2-4.5 um wide interradially. The flange is generally narrower
opposite the laesurae. Thin iransverse attachment lines of the
flange on the central body often can be distinguished on
the proximal face. Proximal and distal surfaces are entirely
laevigate.

Dimensions. 32(35)39 pm; three specimens measured.

Comparison. Perotrilites gordianus Cramer, 1966a may be the
same species. Craspedispora sp. in Paris et al. (1985) is the same
species and was found from equivalent Libyan material.

Occurrence, Al-69; Ouan-Kasa and Awaynat Wanin II forma-
tions; lindlarensis-sextantii to annulatus-protea, the single speci-
men from the Awaynat Wanin Il Formation (annulatus-protea
Zone) may be reworked.

Previous record. From lower or middle Emsian of Libya (Paris
et al. 1985),

Genus CRISTATISPORITES Potonié and Kremp, 1954

Type species. Cristatisporites indignabundus (Loose} Potonié and
Kremp, 1954.

Comparison. Samarisporites Richardson, 1965 is considered as a
junior synonym of Cristasisporites by Playford (1971). Samarisp-
orites includes forms with a wide variety of distal sculpture (e.g.
coni, cristae and wverrucae), which cannot be accommodated
within Cristatisporites. The species described from this study in
Samarisporites show a more flimsy and better individualized
zona than the species described in Cristatisporites.

Cristatisporites (Calyptosporites) reticulatus (Tiwari and
Schaarschmidt) comb. nov.
Figures 17F-H, 475-U

1975 Calyptosperites reticulatus Tiwart and
Schaarschmidt, p. 45., pl. 27, figs 2-4; pl. 28, fig. 1;
text-fig. 35.

? 1989 Acinospetites acanthomamimillaius Richardson;
Loboziak and Streel, pl. 1, fig. 4.

Dimensions. 57(85)113 pm; 10 specimens measured.

Remarks. The genus Calyptosporites Richardson, 1962,
which is considered as a junior synonym of Grandispora
Hoffmeister et al. emend. Neves and Owens, 1966, is not
the most appropriate genus for the species described here.
Calyptosporites reticulatus Tiwarl and Schaarschemnidt, 1975
is transferred to the genus Cristatisporites Potonié and
Kremp, 1954 as it is sculptured with ridges supporting
spines.

Comparison. Acinosporites acanthomarmnillatis Richardson, 1965
illustrated in Loboziak and Streel (1989} was probably misidenti-
fied because it does not bear contorted anastomosing ridges as
described by Richardson (1965) but rather ridges forming a sub-
reticulate pattern. The specimen figured in Loboziak and Streel
{1989) may be similar to C. reticulatus. C. streelii sp. nov., which
is morphologically very similar, larger and does not possess a
discernible inner body. These two taxa seem to intergrade in the
C. reticulatus Morphon defined here (Table 1).

Occurrence, S-462, WELL-1 and WELL-8; Jubah Formation;
rugulata-libyensis to triangulnius-catillus zones, although some
specimens from S-462 may be caved. Al-69; Awaynat Wanin [
and Awaynat Wanin [I formations; rugulata-libyensis to triangul-
atis-catillius rones. MG-1; Ouan-Kasa and Awaynat Wanin II
formations; annulatus-protea to lemurata-langii zones.

Previous record. From Eifelian of Germany (Tiwari and
Schaarschmidt 1975).

Cristatisporites streelii sp. nov.
Figures 171, 18A~B, 47V-X, 48A-C

? 1985 Samnarisporites sp. B Paris et al, pl. 20, fig, 6,
¢ 1988 Acinosporites acanthomammillatus Richardson
Loboziak et al, pl. 1, fig. 12.

Derivation of name. In honour of the Belgian palynologist, Prof,
Maurice Streel, for his pioneering Devonian palynology.

Holotype. EFC R42/3 {Figs 184, 47W), slide 62849,

Type locolity and horizon. MG-1 borehole, sample 2270 m;
Awaynat Wanin If Formation at Mechiguig, Tunisia.

Paratype. EFC H44/3 (Figs 18B, 47V), slide 62964; MG-1 bore-
hole, sample 2241 m.

Diagnosis. A Cristatisporites sculptured with cristae closely
distributed in a subconcentric, sinuous or subreticulate
pattern. Laesurae extending to equatorial margin com-
monly obscured by thick triradiate fold-like labra. Central
body not well differentiated.
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Description. Amb is sub-triangular, Laesurae are straight or sin-
uous, extending to equatorial margin and commonly obscured
by triradiate fold-like labra c. 49 pm thick in total width. A
central area can sometimes be delimited by thick folds, but an
mner body is not clearly present. Sexine is laevigate, infragranu-
lar or shagreenate, sculptured distally and equatorially with fold-
like ridges, up to 6 pm thick and high, bearing spines or biform
elements (bulbous coni supporting an accuminate apical spine),
commorly 1-5 pm wide at their base and 3-7 um high. Cristae
thus formed are sometimes closely distributed and constitute a
subconcentrie, sinuous or subreticulate pattern. On some speci-
mens, the ridges may be barely visible,

Dimensions. 87(104)130 pum; 12 specimens measured.

Comparison, Acinosporites acanthommarillatus Richardson, 1965
iliustrated in Loboziak et al. (1988) was probably misidentified
because the specimen does not bear contorted anastomosing
ridges as in the diagnosis of Richardson (1965) but rather ridges
forming a subconcentric, sinuous or subreticulate pattern. The
specimen figared in Loboziak and Streel, 1989 may be similar to
C. streelii. C. reticulatus sp. nov. is somewhat smaller and shows
very often a thin inner body, and cristae are instead distributed
in a subreticulate pattern. Extreme variants could intergrade
with C. reticlatus and form a morphon (Table 1),

Occurrence. 5-462, WELL-1 and WELL-8; Jubah Formation;
lemuyrata-langii to triangulatus-catillus zones. A1-69; Awaynat
Wanin I Formation; lemurata-langii Zone. MG-1; Awaynat Wa-
nin I, Awaynat Wanin II and Awaynat Wanin III formations;
incognita to langii-concinna zones,

Previous record. From lower—middle Givetian of Parnaiba Basin,
Brazil (Breuer and Grahn 2011).
Genus CYMBOSPORITES Allen, 1965
Type species. Cymbosporites cyathus Allen, 1965,
Cymbosporites asymmetricus Breuer et al., 2007¢
Figure 18C-D

2007c Cymbosporites asymmetricus Breuer ef al., p. 49,
pl. 5, figs 15-19; pl. 6, figs 1-2.

Dimensions, 43(53)69 umy; 29 specimens measured.

Remarks, It is possible that the sexine, which is some-
times slightly locally detached, may be completely
removed and the resulting spores would resemble speci-
mens of Retusotriletes Naumova emend. Streel, 1964,

Comparison. Apiculiretusispora brandtii Streel, 1964 has a similar
size and ornamentation, and sometimes also has asymmetrically

placed laesurae, but differs in not being patinate. Rhabdosporites
minutus Tiwari and Schaarschmidt, 1975 also possesses a simitar
ornamentation, but the sexine is totally detached from the nex-
ine at the equator. These three species seem related and are
included i the same morphon (Table 1).

Occurrence. BAQA-1, JNDL-1, JNDL-3, JNDL-4, WELL-1,
WELL-3, WELL-5, WELL-6 and WELL-7; Jauf {Subbat to Mur-
ayr members) and Jubah formations; asyrumetricus to syalbar-
die-eximius zones. Al-69; Quan-Kasa, Awaynat Wanin I and
Awaynat Wanin IT formations; lindlarensis-sextantii to iriangula-
tus-catillus zones. MG-1; Awaynat Wanin | and Awaynat Wanin
1T formations; svalbardiae-eximius to triangulatus-catillus zones,

Previous record. From upper Pragian — lower Emsian of Parang
Basin, Brazil (Mendlowicz Mauller et al. 2007).

Cymbosporites catiffus Allen, 1965
Figure 18E-F

1965  Cymbeosporites catillus Allen, p. 727, pl. 100,
figs 11-12.
non 1978b Cymbosporites catillus Allen; Rodriguez,
p- 416, pl. 3, figs 17, 21.

Dimensions. 34(48)63 um; 37 specimens measured,

Remarks, One monolete specimen of C. catillus was
recorded,

Comparison, Cymbosporites cyathus Allen, 1965 has an ornamen-
tation of larger coni. C. cyathus and C. catillus, which are gener-
ally found together in the same samples from the studied Saudi
Arabian material, intergrade and consequently represent a mor-
phon. The C. catillus Morphon is defined here (Table 1).

Occurrence. 8-462 and WELL-8; Jubah Formation; trigngulatus-
catilius to langii-concinna zones, some specimens may be caved.
Al-6%; Awaynat Wanin II Formation; eatillus to langii-concinna
zones. MG-1; Awaynat Wanin I and Awaynat Wanin TT forma-
tions; catillus to langii-concinna zones.

Previous records. From upper Givetian — lower Frasnian of
Argentina (Ottone 1996}; upper EifeHan — upper Givetian of
Bolivia {Perez-Leyton 1990); lower Givetian — ?middle Famen-
nian of Brazil {Loboziak et @l 1988; Loboziak et al. 19925; Melo
and Loboziak 2003); Givetian of Iran (Ghavidel-Syooki 2003}
and Spisbergen, Norway (Allen 1965).

Cymbosporites cyathus Allen, 1965
Figure 18G-H

1965 Cymbasporites cyathus Allen, p. 725, pl. 101,
figs 8-11.
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Dimensions. 37{48)70 wm; 97 specimens measured.

Remarks. Some specimens show local detachments of
sexine,

Comparison. Cymbosporites magnificus (McGregor) McGregor
and Camfield, 1982 is larger, and may have fusion of ornament
bases. C. catillus Allen, 1965 has a less developed ornamentation
but some specimens intergrade with C. cpathus within the
C. catillus Morphon (Table 1). C. echinatus Richardson and Lis-
ter, 1969 has a thinner patina and differs in the character of
ornamentation.

Occurrence. 5-462 and WELL-8; Jubah Formation; trigngulatus-
catiflus to langii-concinna zones, some specimens may be caved.
Al-69; Awaynat Wanin 11 Formatiow; catilius to langii-concinna
zones. MG-1; Awaynat Wanin I Formation; langii-concinna Zone.

Previous records, From middle Givetian of Algeria (Moreau-
Benoit ef al. 1993); Jower Frasnian—Famennian of Bolivia (Perez-
Leyton 1990); lower Givetian — ?middle Famennian of Amazon
and Parand basins, Brazil {Loboziak et 4l 1988; Melo and Lob-
oziak 2003); Eifelian (but likely Givetian) of China (Gao Lianda
1981); lower Eifelian — lower Givetian of Germany (Tiwari and
Schaarschmidt 1975); middle Givetian — upper Frasnian of Libya
{Moreau-Benoit 1989); and Givetian of Spitsbergen, Norway
{Allen 1965}.

Cymbosporites dammamensis Steemans, 1995
Figure 181-J

? 1973 Raistrickia sp. McGregor, p. 3536, pl. 4, figs 9-10,
1983 Raistrickia sp. A Le Hérissé, p. 24, pl. 4, figs 2, 8a—-b.
1983 Raistrickia sp. B Le Hérissé, p. 25, pl. 4, fig, 3.
1983 Raistrickia sp. D Le Heérissé, p. 25, pl. 4, figs 6-7.
1995 Cymbosporites dammamensis Steemans, p. 101

(pars), pl. 2, figs 1012 (only).

Dimensions. 27(34)43 pm; 20 specimens measured.

Comparison. 'The different specimens described by Le Hérissé
(1983) are very similar to the species described by Steermans
(1995). The ornamentation of Raistrickia sp. in McGregor
(1973) is similar, but there is no dimensions for the thickness of

the exine. C. echinatus Richardson and Lister, 1969 is larger and
sculptured with biform spines. Cymbohilates bagaensis Breuer
et al, 2007c is similar but hilate. Some specimens, where the
proximal face has been torn, are difficult to assign. Some speci-
mens of Cymbosporites dammamensis not iflustrated by Steemans
(1995) were probably misidentified and should be reassigned to
the hilate species because they have just slits as laesurae (PS,
pers. obs.). Raistrickia jaufensis sp. nov. is more triangular and
sculptured with widely distributed and generally larger bacula.
Verrucosisporifes sp. 1 is not patinate and bears verrucae that are
generally wider at the base.

COccurrenice. BAQA-1, BAQA-2, JNDL-3, JNDL-4, WELL-2,
WELL-3, WELL-4 and WELL-7; Jauf Formation (Sha’iba fo
Hammamiyat members); papillensis-bagaensis to lindlarensis-sext-
antii zones. MG-1; Ouan-Kasa Formation; svalbardige-eximius
Zone but occurrences are probably reworked.

Previous records. From upper Pragian — lower Emsian of Parand
Basin, Brazil (Mendlowicz Mauller et al. 2007); upper Pragian of
Armorican Massif, France (Le Hérissé 1983); Lochkovian of Iran
{Ghavidel-Syocki 2003); and Lochkovian—Pragian of Sandi
Arabia (Steemans 1995).

Cymbosporites dittonensis Richardson and Lister, 1969
Figure 18K-N

1969 Cymbosporites dittoriensis Richardson and Lister,
p- 241, pl. 41, figs 10-13.

Dimensions, 29(33}41 pm; 10 specimens measured.

Occurrence. BAQA-1, BAQA-2, INDL-3, JNDL-4, WELL-2 and
WELL-7; Jauf Formation (Sha’iba to Hammamiyat members);
papillensis-bagaensis to lindlarensis-sextantii zones, MG-1; Ouan-
Kasa PFormation; svalbardiae-eximius Zone but occutrences are
probably reworked.

Previous records. From Lochkovian of Belgium (Steemans
1989), Armorican Massif, France (Steemans 1989), Poland
(Turnau et al. 2005) and Wales (Richardson and Lister 1969);
upper Lochkovian of Solimdes Basin, Brazil (Rubinstein et al
2005) and Germany (Steemans 1989); upper Pragian—Emsian
of China (Lu Lichang and Ouyang Shu 1976; Gao Lianda

F1G. 18. Fach figured specimen is identified by barehole, sample, slide number and England Finder Co-ordinate location. All figured
specimens are at magnification x 1000 except where mentioned otherwise. A-B, Cristatisporites streelii sp. nov., magnification x750. A,
Holotype, MG-1, 2270 m, 62849, R42/3. B, Paratype, MG-1, 2241 m, 62964, H44/3, C-D, Cymbosporites asymmetricus Breuer ef al.,
2007¢. C, JNDL-3, 294.0 ft, 03CW152, M29/1. D, INDL-3, 341.0 &, 03CW157, 032, E-F, Cymbosporites catillus Allen, 1965. E, MG-1,
2180 m, 62972, T37. F, §-462, 2010-2015 ft, 63399, N47. G-H, Cymbosporites cyathus Allen, 1965, G, $-462, 2010-2015 ft, 63399, E34/
4. 1, 5-462, 2010-2015 ft, 63399, §53/1. 1], Cymbosporites dammamensis Steemans, 1995. I, BAQA-1, 345.5 ft, 03CW114, W4l/1. ],
BAQA-1, 366.9 ft, 03CW117, H31/2, K-N, Cymbaosporites dittonensis Richardson and Lister, 1969. K, WELL-7, 13614.1 ft, 62374, F46.
L, WELL-7, 13614.1 ft, 62372, 028-29. M, WELL-2, 15893.9 f, 63105, 049/4. N, MG-1, 2631.2 m, 62552, M47/2. O, Cymbosporites
echinatus Richardson and Lister, 1969, BAQA-1, 366.9 ft, 03CW117, Q29. P-Q, Cymbosporites ocularis (Raskatova) comb. nov. P, MG-

1, 2160.6 m, 62747, P43/4, Q, MG-1, 2181.2 m, 62524, V49,
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1981); middle Pfidoli of Libya (Rubinstein and Steemans
2002); and upper Pragian of Morocce {Rahmani-Antari and
Lachkar 2001).

Cymbosporites echinatus Richardson and Lister, 1969
Figure 180

1967 Cymbasporites Richardson, pl. 1, fig. £
1969 Cymbosporites echinatys Richardson and Lister,
p. 239, pl. 42, figs 1-5.
non 1983 Cymbosporites echinatus Richardson and Lister;
Le Hérissé, p. 50, pl. 7, figs 10.

Dimensions, 52-54 um; two specimens measured.

Remarks. Cymbosporites echinatus frequently occurs in
tetrads according to Richardson and Lister (1969).

Comparison. Cymbosporites cyathus Allen, 1965 has a thicker
patina and spinose-tipped ornamentation is more densely
packed.

Occurrence. BAQA-1; Jauf Formation (Subbat Member); ovalis
Zone.

Previous records. Lochkovian of Belgium {Steemans 1989) and
Romania (Steemans 1989); and Pfidol! of Wales (Richardson
and Lister 1969).

Cymbasporites ocularis (Raskatova) comb. nov.
Figure 18P-Q

1993 Archaeozonotriletes ocularis Raskatova;
Avlchimovitch et al., pl. 8, fig. 9.

Dimensions. 40(41)42 pm; three specimens measured.

Remarks. Archaeozonotriletes ocularis Raskatova, 1969 is
herein transferred into the genus Cymbosporites Allen,
1965. The latter consists of ornamented patinate spores
while Archaeozonotriletes has a laevigate or punctate patina.

Occuirrence. MiG-1; Awaynat Wanin I Formation;
comcinna Zone,

langii-

Previous record. From middle Givetian of the Russian Platform
(Avkhimovitch et al. 1993).

Cymbosporites rarispinosus Steemans, 1989
Figure 19A-B

1981 Cymbosporifes sp. G Steemans, p. 53,
pl. 2, fig. 9.

1984 Cymbosporites sp. 1 Steemans and Gerrienne, pl. 2,
fig. 11,

1989 Cymbosporites rarispinosus Steemans, p. 124, pl. 32,
figs 26-28; pl. 33, figs 1-2.

Dimensions. 34{44)54 pm; 16 specimens measured.

Occurrence. BAQA-I, BAQA-2, INDL-3, INDL-4 and WELL-4;
Jauf Formation (Sha’iba to Hammamiyat members); papillensis-
bagaensis to lindlarensis-sextantii zones.

Previous records. From upper Lochkovian-Emsian of Belgium
{Steemans 1989); uppermost Pragian — lowermost Emsian of
Parnaiba Basin {Grahn et al. 2005); and upper Lochkovian of
Germany (Steemans 1989},

Cymbosporites senex McGregor and Camfield, 1976
Figure 19C-D

1970 New species McGregor et al., pl. 1, fig. 7.
1976 Cymbosporites? serrex McGregor and Camfield,
p- 16, pl. 2, figs 14, text-fig. 14.

Dimensions. 47(60)72 um; 28 specimens measured.

Remarks. Examination of the population presented here
has proved that this form is clearly patinate and its attri-
bution to the genus Cymbosperites is confirmed.

Comparison. Calyptosporites proteus McGregor and Camfield,
1976 is smaller, with sculpture consisting of grana and minute
cones only. Cymbohilates comptulus Breuer et al., 2007c¢ is very
similar and has the same size but is hilate.

Occurrence. BAQA-1, BAQA-2, JNDL-1, INDL-3, INDL-4,
WELL-1, WELL-2, WELL-3, WELL-4, WELL-5, WELL-6 and

FIG. 19. Each figured specimen is identified by borehole, sample, slide number and England Finder Co-ordinate location. All figured
specimens are at magnification x 1000 except where mentioned otherwise, A—B, Cymbosporites rarispinosus Steemans, 1989, A, BAQA-
2, 56,0 ft, 03CW130, U29/3, B, BAQA-2, 134.4 ft, 03CW137, P28/1. C-D, Cymbasporites senex McGregor and Camfield, 1976, C,
WELL-7, 13670.8 ft, 62382, $-T32. D, BAQA-1, 285.5 ft, 03CW1L1, O25. E-1, Cymbosporites stellospinosus var. minor var. nov. E,
BAQA-2, 133.0 ft, 66825, K37/1. F, BAQA-1, 161.0 ft, 66775, ]53. G, Paratype, BAQA-1, 161.0 ft, 66775, G40/4. H, BAQA-1, 161.0 f,
66775, 536. 1, Holotype, BAQA-1, 161.0 ft, 66773, G42. ]-M, Cymbosperites variabilis var. densus sp. et var. nov. ], BAQA-1, 366.9 ft,
62256, H32. K, BAQA-1, 219.2 ft, 62237, K35. [, BAQA-1, 345.5 ft, 62253, P30. M, Paratype, BAQA-1, 366.9 ft, 62255, H34/4.
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WELL-7; Jauf and Jubah formations; papillensis-bagaensis to
svalbardige-exintius Zones.

Previous records. From Pragian—Emsian of Canada (McGregor
and Camfield 1976); and Emsian of Saudi Arabia (Al-Ghazi
20077; Breuer et al. 2007¢).

Cymbosporites stellospinosus Steemans, 1989 var. minor var.
nov.
Figure 19E-

Derivation of name. From minor (Latin), meaning smaller; refers
to the size of distal sculptural elements.

Holatype. EFC G42 (Fig. 191), slide 66773,

Paratype. EFC G40/4 (Fig. 19G), slide 66775; BAQA-1 core hole,
sample 161.0 ft.

Type locality and horizon. BAQA-1 core hole, sample 161.0
Jauf Formation at Baq’a, Saudi Arabia.

Diagnosis, A large Cymbosporites stellospinosus  distally
sculptured with irregularly distributed, minute spines in
star-shaped clusters.

Description. Amb is sub-circular to circular. Laesurae are
straight, simple, about two-thirds of the amb radius in length.
Exine is proximally thin, equatorially and distally patinate, com-
monly 2—4 pm thick. Proximal surface is laevigate, sometimes
differentially thickened, A sub-circular to sub-tziangular apical
zone (diameter about one-third of the amb diameter) sur-
rounded by a curved, thicker band, 3—4 pm, characterized by a
sharp inner outline and a commonly diffuse cuter outline some-
times occurs. Patina is sculptured, irregularly distributed, short
spines, 0.5-2 tm high and in star-shaped clusters {one to five),
0.5-5 pm apart.

Dimensions. 38(54)62 pm; 19 specimens measured.

Remarks. This form described herein is similar to C. stel-
lospinosus Steemans, 1989 by having the same type of
ornamentation but in smaller size. The two populations
seem to constitute two different varieties of a same spe-
cies: C. stellospinosus vars stellospinosus Steemans, 1989, in
Western Europe, and #tinor var. nov., in Saudi Arabia.

Comparison. Cymbosporites stellospinosus var, stellospinosus Stee-
mans, 1989 is smaller (31-36 um) and the spines are longer {2—
3 yum). Cymbohilates cymosus Richardson, 1996 has the same
diagnostic clusters of short spines, but it occurs mainly in tetr-
ads and sometimes as hilate monads, Its exine is also thinner
{c. 1 pm thick).

Occurrence. BAQA-1, BAQA-2, JNDL-3 and JNDL-4; Jauf For-
mation (Sha’iba to Hammamiyat members); papillensis-bagaensis
to lindlarensis-sextantii rones.

Cymbosporites variabilis sp. nov.
Figures 19)-M, 20

Derivation of name. From variabilis (Latin), meaning change-
able, variable; refers to the distribution of distal sculptural ele-
ments.

Holotype. EFC N29/2 (Fig. 20H), slide 03CW128.

Paratype. BFC H37 (Fig. 201), slide 62250; BAQA-1 core hole,
sample 345.5 ft.

Type locality and horizon. BAQA-2 core hole, sample 52.0 fi;
Jauf Formation at Baq'a, Saudi Arabia.

Diagnosis. A Cymbosperites distally sculptured with grana,
coni or small verrucae, variably distributed.

Remarks. Clivosispora variabilis and Dictyotriletes biorna-
tus Breuer et al, 2007¢ constitute the D. biornatus Mor-
phon (Table 1). It includes C. variahilis vars variabilis,
densus and dispersus sp. et var. nov., and D. biornatus vars
Bioraatus and. murinatus var, nov. The ornament and its
organization on the spore distal surface vary between the
two end-members which correspond to two distinct gen-
era: Cymbosporites Allen, 1965 and Dictyotriletes Naum-
ova, 1939 ex Ishchenko, 1952. All intermediary forms
between the two end-members co-occur in the assem-
blages. In the simplest form of the spore, sculptural
elements are evenly distributed on the distal surface (C.
variabilis var. densus sp. et var. nov.). In the intermediary
forms (C. variabilis vars dispersus sp. et var. nov. and
C. variabilis var. variabilis sp. et var. nov.), elements orga-
nize progressively and combine until they form a pseu-
doreticulum, the walls of which are constituted by lines

FIG. 20. Each figured specimen is identified by borehole, sample, stide number and England Finder Co-ordinate location. All figured
specimens are at magnification x1000 except where mentioned otherwise. A-B, Cymbosporites variabilis var. densus sp. et var. nov. A,
BAQA-1, 366.9 fi, 62257, F34. B, Holotype, BAQA-1, 366.9 ft, 62256, K42/2. C-G, Cymbosporites variabilis var. dispersus sp. et var.
nov. C, BAQA-1, 366.9 ft, 62257, M51/2. D, BAQA-1, 345.5 fi, 62249, U45. E, BAQA-1, 366.9 ft, 62257, F-G42. F, Paratype, BAQA-1,
345.5 ft, 62248, R42/1, G, Holotype, BAQA-1, 395.2 ft, 03CW121, X43/1, H-L, Cymbosporites variabilis var. variabilis sp. et var. nov.
H, Holotype, BAQA-2, 52.0 ft, 03CW128, N29/2. [, Paratype, BAQA-1, 345.5 ft, 62250, H37. ], BAQA-1, 3455 ft, 62250, X38. K,
BAQA-1, 308.3 ft, 03CW112, B36. L, BAQA-1, 3455 ft, 62251, D45/2.
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of discrete ornaments (D). biornatus Breuer et al, 2007¢
var. biornatus). In the most complex spore form, orna-
ments merge to form elongated muri, which constitutes a
perfectly closed reticulum (D). biornatus Breuer et al,
2007¢ vat, murinatus var. nov.). Thus, a progressive orga-
nization of the ornamentation appears from the simplest
spores to the most complex ones.

Comparison. Cymbosporites catillus Allen, 1965 has a generally
thicker patina and distinct laesurae straight accompanied by labra,

Cymbosporites variabilis var. variabilis sp. et var. hov.
Figure 20H-L

2007a Cymbosporitest sp. 3 Breuer ef al.,
iext-fig. 13—-C.
2007b Unnamed spore Breuer et al., text-fig. 1-3.

Diagnosis. A Cymbosporites variabilis distally sculptured
with grana, coni or small verrucae distributed into an
irregular to almost imperfect reticulate pattern.

Description. Amb is sub-cireular to roundly triangular. Laesurae
are straight, simple, often indistinct, commonty three-fifths to
four-fifths of the amb radius in length. Exine is proximally thin,
equatorially and distally patinate, commoniy 2-5 pm  thick,
homogeneous. Proximal surface is Jaevigate, often torn or col-
lapsed. Patina is sculptured with grana, coni or small verrucae,
0.5-2 pm wide at base and high, 0.5-7 pm apart. Elements are
distributed into an irregular to almost imperfect reticulate pat-
tern. Elernents are often merged at the base forming elongated
elements or patches of several ornaments.

Dimensions. 47(57)68 wm; 34 specimens measured.

Comparison. C. variabilis var. dispersus sp. et var, nov. has more
regularly distributed ornament., Dictyotriletes biornatus Breuer
et al., 2007¢ var, biornatus has all the ornament disposed in a
perfect reticulate pattern, However, perfect lumina can occur
locally in C. variabilis var. variabilis; others are incomplete or
have isolated elements within the reticulum.

Qccuirrence. BAQA-1, BAQA-2 and JNDL-4; Jauf Formation
(Sha’iba to Subbat members); avalis-biornatus to lindlarensis-
sextantil zones.

Cymbosporites variabilis var. densus sp. et var. nov.
Figures 19)-M, 20A-B

2007a Cymbosporites sp. 1 Breuer et al.,
text-fig. 1: 3A.
2007b Unnamed spore Breuer ef al., text-fig. 1: 1.

Derivation of name. From densus {Latin), meaning dense;
refers to the distribution of distal sculptural elements.

Holotype. EFC K42/2 (Fig. 20B), slide 62256,

Paratype. EFC H34/4 (Fig. 19M), slide 62255 BAQA-2 core
hole, sample 366.9 ft.

Type locality and horizon, BAQA-1 core hole, sample 366.9 ft;
Jauf Formation at Baq’a, Saudi Arabia.

Diagnosis. A Cymbosporites variabilis distally sculptured
with grana, comi or small verrucae evenly distributed and
sometimes locallty merged at their bases.

Description. Amb is sub-circular to roundly triangular. Laesurae
are straight, simple, often indistinct, commonly two-thirds to
four-fifths of the amb radius in length. Exine is proximally
thin, equatorially and distally patinate, commeonly 2-5 pm
thick, homogeneous. Proximal surface is laevigate, often torn
or collapsed. Patina is sculptured with densely distributed
grana, cori or small verrucae, 0.5-2 pm wide at base and high,
0.5-2 pm apart. Elements are evenly distributed and sometimes
Iocally merged at the base.

Dimensions. 47(58)73 pmy; 54 specimens measured.

Remarks. C. variabilis var. densus constitutes an end-
member of the Dictyotriletes biornatus Morphon
(Table 1).

Comparison. C. variabilis var. dispersus sp. et var. nov. has more
irregularly distributed ornaments. As the two species intergrade
(see discussion above), it is sometimes difficult to discriminate
between them,

Occurrence. BAQA-1, BAQA-2 and JNDL-4; Jauf Formation
(Sha’iba to Subbat members); ovalis-biornatus to lindlarensis-
sextantii zones.

Cymbosporites variabilis var. dispersus sp. et var. nov.
Figure 20C-G

2007a Cymbosporites sp. 2 Breuer et al.,
text-fig. 1: 3B.
2007b Unnamed spore Breuer et al, text-fig. 1: 2,

Derivation  of name, From  disperses  (Latin), meaning
dispersed; refers to the distribution of distal sculpiural ele-

ments.

Holotype. EFC X43/1 (Fig. 20G), slide 03CW121.
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Paratype. EFC R42/1 (Fig, 20F), slide 62248; BAQA-1 core hole,
sample 345.5 ft.

Type locality and hotizon. BAQA-1 core hole, sample 395.2 ft;
Jauf Formation at Bag’a, Saudi Arabia,

Diagnosis. A Cymbosporites variabilis distally sculptured
with grana, coni or small verrucae irregularly distributed
and often merged at the base forming patches of several
clements.

Description. Amb is sub-circular to roundly triangular, Laesurae
are straight, simple, often indistinct, commonly three-fifths to
four-fifths of the amb radius in length. Exine is proximally thin,
equatorially and distally patinate, commonly 2-5 pm thick,
homogeneous. Proximal surface is laevigate, often torn or col-
lepsed. Patina is sculptured with grana, coni or small verrucae,
0.5-2 pm wide at base and high, 0.5~3 pm apart. Elements are
irregularly packed and often merged at the base forming patches
of several elements,

Dimensions. 45{56)70 um; 46 specimens measured.

Comparison. C. variabilis var. densus sp. et var. nov. has more
regularly distributed ornament. C. variabilis var. variabilis sp. et
var. nov. shows clearly a more advanced organization of elements.

Occurrence. BAQA-1, BAQA-2, JNDL-4 and WELL-4; Jauf
Formation {Sha’'iba to Subbat members); ovalis-biornatus to
lindlarensis-sextantii zones,

Cymbosporites variegatus sp. nov.
Figure 21A-F

1972 cf. Cymbosporites cyathus Allen; Mortimer and
Chalener, p. 11, pl. 1, fig. 4.
1989 Verrucosisporites bulliferus Richardson and
McGregor; Loboziak and Streel, pl. 1, fig. 6.
? 1992 Cymbosporites sp. f. C. magnificus (McGregor)
McGregor and Camfield; McGregor and Playford,
pl. 5, figs 5-6.
2 1992a Geminospora piliformis Loboziak et al; Loboziak
et al., pl. 3, fig. 11
2011 Cymbosporites sp. 1 Breuer and Grahn, pl. 2, fig. k.

Derivation of name. From variegatus (Latin}, meaning variegated;
refers to the size and type of distal sculptural elements.

Holotype. EFC F28/3 (Fig. 21E), slide 62940.

Paratype. EFC L51 (Fig. 21D), slide 62782; MG-1 borehole,
sample 2315 m.

Type locality and horizon. MG-1 borehole, sample 2247 m;
Awaynat Wanin II Formation at Mechiguig, Tunisia.

Diagnosis. A Cymbosperites sculptured with variable low
verrucae or baculae, flat-topped or slightly rounded in
profile, sub-circular, polygonal or irregular in plan view.
Proximal surface infragranular to granular.

Description, Amb is sab-circular to sub-triangular. Laesurae are
straight, simple and extending to, or almost to, the inner margin
of patina. Exine is proximally thin, equatorially and distally pati-
nate, commonly 2-5 um thick, homogeneous to infragranulate.
Proximal surface is infragranular to granutar, Patina is sculp-
tured with variable fow verrucae or baculae, flai-topped or
slightly rounded in profile, sub-circular, polygonal or irregular
in plan view, 0.5-4 ym wide, up te 1.5 gm high, 0.5-3 um
apart. Elements are sometimes irregularly packed with some
small areas without any elements.

Dimensions. 38(48)60 pm; 26 specimens measured.

Remarks. Some specimens appear to have a partly sepa-
rate inner body similar to that of the genus Geminos-
pora Balme, 1962. This type of separation is typical
of a thick patinate structure of Cymbosporites Allen,
1965,

Comparison. The sculptural clements of cf. C. cyathus Allen,
1965 in Mortimer and Chaloner (1972) are flat-topped as those
of the species described herein. The specimens figured as Cym-
bosporites sp. of. C. magnificus (McGregor) McGregor and
Camfield, 1982 in McGregor and Playford (1992) could be
simitar, but no description of the observed specimens is given.
The specimen figured as Gewminospora piliformis Loboziak et al.,
1988 in Loboziak et al. (1992a) could be misinterpreted since
it seems to bear low verrucae and to be single-layered. Conse-
quently, it is similar to the species described herein. G. pilifor-
mis is two-layered and bears pila. C. magnificus (McGregor)
McGregor and Camfield, 1982 is larger and sculptured with
verrucae, mammeae and rounded coni, discrete or joined later-
ally into short irregularly-trending ridges white C. cyathus
Allen, 1965 bears mainly conl. Verrucesisporites bulliferus Rich-
ardson and McGregor, 1986 has generally larger verrucae {(2.5-
5 pm}, is proximally laevigate and not patinate. V. bulliferus
illustrated by Loboziak and Streel {1989) has been re-examined
and is exactly the same as C. variegatus. As no V. bulliferus
Richardson and McGregor, 1986 sensu stricto has been found
in the studied material, the specimens described here cannot be
confused with the index species of Richardson and McGregor
(1986).

COccurrence. Al-69; Awaynrat Wanin H Formation; lemurata-
langii to triangulatus-catillus zones, MG-1; Awaynat Wanin II
and Awaynat Wanin II formations; lemurata-langii to langii-
concinng Zones,

Previous records. From middle Givetian of Parnaiba Basin, Brazil
(Breuer and Grahan 2011); Frasnian of Libya (Loboziak and Streel
1989); Givetian-Frasniian of Saudi Arabia (PB, pers, abs.); and
Givetian of England (Mortimer and Chaloner 1972).
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Cymbosporites wellmanii sp. nov.
Figure 21G-K

? 20008 Aneurospora sp. A Wellnian et al, p. 171,
pl. 4, figs -9,

Derivation of name. In honour of the British palynclogist, Dr.
Charles H., Wellman, for his outstanding contribution to the
understanding of the Silurian—Devonian spore assemblages,
notably frem Saudi Arabia.

Holotype. EFC K31 (Fig, 21]), slide 66825.

Paratype. Figure 21H, BAQA-2 core hole, sample £33.0 ft, slide
03CW136, EFC K31,

Type locality and horizon, BAQA-2 core hole, sample 133.0 ft;
Jauf Formation at Bag’a, Saudi Arabia.

Diagnosis. A Cymbosporites  sculptured with densely
distributed, slender pointed spines.

Description. Amb is sub-circular to sub-triangnlar. Laesurae are
straight, simple or labrate, usually 1-2 pm wide, three-fifths to
four-fifths of the amb radius in length. Exine is proximally thin,
distally and equatoriaily patinate, 2.5-6 pm thick equatorially.
Proximal surface is laevigate to scabrate. Equatorial and distal are
regions sculptured with slender pointed spines, densely distrib-
uted, 2.5-5 pm high, 0.75-2 pm wide at base and 1-2 pm apart,

Dimensions. 40{48)61 pm; nine specimens measured,

Comparison. Although Aneurospora sp. A in Wellman et al.
{2000k} is smalter {3341 pm), slightly thinner equaterially and
distally, it could be similar to C. wellmanii (C. H. Wellman,
pers. comm. 2009}, Dibolisporites eifeliensis (Lanninger) McGre-
gor, 1973 has a thinner exine and more widely diseributed sculp-
tural elements. Moreover, their basal part is bulbous or slightly
to strongly tapering, and their apical part is not accuminate.

Occurrence. BAQA-2;
papillensis-bagaensis Zone,

Jauf Formation (Sha’iba Member);

Genus CYRTOSPORA Winslow, 1962

Type species. Cyrtospora cristifera (Luber) Van der Zwan, 1979,

Cyrtospora tumida sp. nov.
Figures 21L-N, 22A-C

Derivation of name, From tumidus (Latin}, meaning swollen up;
refers to the general aspect of the spore body.

Holotype. EFC T36/2 (Fig. 2IN), slide 62736,

Paratype. BEC E32 (Fig. 21L), slide 62936; MG-1 borehole, sam-
ple 2278 m.

Type locality and horizon. MG-1 borehole, sample 2421 m;
Awaynat Wanin I Formation at Mechiguig, Tunisia.

Diagnosis. A Cyrtospora with a patina of irregular shape
in plan view and dissected into irregularly distributed,
large, broad based, rounded verrucae, coni, tubercules or
protuberances.

Description. Amb is sub-circular to sub-triangular. Laesurae are
simple, straight, two-thirds to full central area radins in length.
Patina, 2-21 pm thick, is homogeneous sometimes with scat-
tered infrapuncta. Contact areas thinner than distal exine and
laevigate. Patina is of irregular shape in plan view and dissected
into irregularly distributed, large, broad based, rounded verru-
cae, coni, tubercules or protuberances, 1.5-28 pm wide at base,
1.5-14 pm high.

Dimensions. 39(59)72 um; 11 specimens measured.

Remarks. Spores in this population do not belong to the
genus Archaeozonotriletes Naumova emend. Allen, 1965
because their patina is far from being uniform.

Comparison. Archaeozonotriletes  variabilis Naumova emend.
Allen, 1965 also has a laevigate or finely punctate and irregular
patina, which is not dissected into ornamentation or protuber-
ances. Some specimens of A. varighilis (Fig. 101-]) may locally
show slightly convex and concave zones on the patina. A. varia-
bilis is considered to intergrade with C. fumida in the same
morphon (Table 1). Lophozonotriletes media Taugourdeau-Lantz,
1967 is densely punctate and bears equatorially blunt, pointed or
rounded verrucae. The latter is rather cingulate, but extreme
variants could intergrade with C. tumida. C. cristifera (Luber)
Van der Zwan, 1979 has a distal ornamentation mainly consist-
ing of bacula of variable shape, size, and, to a minor degree,

coni and verrucae (1-8 pm high, 1-7 pm wide).

FIG. 21. Each figured specimen is identified by borehole, sample, slide number and England Finder Co-ordinate location. All figured
specimens are at magnification % 1000 except where mentioned otherwise. A-F, Cynitbosporites variegatus sp. nov. A, MG-1, 2160.6 m,
62727, R40, B, MG-1, 2247 m, 62942, R40, C, MG-1, 2182.4 m, 62527, U-V40. D, Paratype, MG-1, 2315 m, 62782, L51. E, Holotype,
MG-1, 2247 m, 62940, F28/3. F, MG-1, 2160.6 m, 62746, R28, G-K, Cymbosporites wellmanii sp. nov. G, BAQA-2, 134.4 ft, 66826,
M29, H, Paratype, BAQA-2, 133.0 ft, 03CW136, O-F23. [, BAQA-2, 133.0 ft, 03CW136, G43/3. ], Holotype, BAQA-2, 133.0 {1, 66825,
K31, K, BAQA-2, 133.0 ft, 66825, X33. L-N, Cyrtospora tumida sp. nov. L, Paratype, MG-1, 2278 m, 62936, E32. M, MG-1, 2456 m,

62737, H48. N, Holotype, MG-1, 2421 m, 62736, T36/2.
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Occurrence. A1-69; Awaynat Wanin H Formation; lemurata-lan-
gii to triangulatus-catillus zones, MG-1; Awaynat Wanin I,
Awaynat Wanin IT and Awaynat Wanin TIF formations; rugulata-
libyensis to langii-concinng zones.

Previous record. Cyrtospora tumiida has also been recorded from
Givetian of Saudi Arabia (PB, pers. obs.).

Genus DENSOSPORITES (Berry) Butterworth et al. in Staplin
and Jansonius {1964}

Type species. Densosporites covensis Berry, 1937.

Densosporites devonicus Richardson, 1960
Figures 22D, 48D

1960 Densosporites devonicus Richardson, p. 57, pl. 14,
figs 10-11; text-fig. 7.

1965 Densosporites orcadensis Richardson, p. 580, pl. 92,
figs 1-2.

1976 Hymenozonotriletes propolyacanthus Arkhangelskaya,
p- 55, pl. 10, figs 3-4.

1976 Densosporites orcadensis Richardson; McGregor and
Camfield, p. 17, pl. 6, fig. 3.

Dimensions. 77(96)126 pm; 23 specimens measured.

Remarks. In lateral compression, proximal face flattened-
pyramidal, distal region strongly rounded (McGregor and
Camfield 1982),

Comparison. Richardson (1965) gave the sculptural details and
the relative widths of the light and dark zones of the cingulum
as criteria for distinguishing D. devonicus from D. orcadensis
Richardson, 1960. These criteria were used by Marshall and
Allen (1982) in an attempt to substantiate the differences
between the two species, but no systematic variation of these
characters, as alleged by Richardson {1965). Thus, McGregor
and Camfield (1982) and Marshall and Allen (1982) consider
that D. devonicus and D. orcadensis intergrade and it is impracti-
cal to separate them. D. weatherallensis McGregor and Camfield,
1982 differs from D. devonicus in having broader spines that
rarely expand at the tip, in the close spacing or basal fusion of
its sculpture towards the distal pole and its less conspicuous
dark zome. D. inaequus (McGregor) McGregor and Camfield,

1982 has more prominent spines, which do not bifurcate but
have papillate tips. D. concinnus (Owens} McGregor and Cam-
field, 1982 is smaller in size and less elongate, with a predomi-
nantly pointed sculpture but intergrades with extreme variants
of D. devonicus {McGregor and Camfield, 1982}

Occurrence. MG-1; Ouan-Kasa, Awaynat Wanin [ and Awaynat
Wanin it formations; annulatus-protea to lanigii-concinng zones.

Previous records, Densosporites devonicus is eponymous for the
late Eifelian — early Givetian devonicus-naumovae Assemblage
Zone of the Old Red Sandstone Continent and adjacent regions
{Richardson and McGregor 1986) and AD Oppel Zone of Wes-
tern Europe (Streel et al, 1987). D. devonicus occurs from Eifelian
into fower Frasnian and has been reported from Canada (McGre-
gor and Uyeno 1972; McGregor and Camfield 1976; McGregor
and Camfield 1982), Germany (Riegel 1973; Tiwari and
Schaarschmidt 1975; Streel and Paproth 1982; Loboziak et 4l
1990), Libya (Streel et al 1988), Siptsbergen, Norway (Allent
1965), Poland (Turnau 1996; Turnau and Racki 1999), Russian
Platform (Avkhimovitch et al. 1993), Saudi Arabia {PB, pers.
obs.) and Scotland (Richardson 1965; Marshail and Allen 1982;
Marshall er al. 1996; Marshall 2000: Marshall and Fletcher 2002).

Genus DIAPHANOSPORA Balme and Hassell, 1962

Type species, Diaphanospora riciniata Balme and Hassell, 1962.

Diaphanaspora milleri sp. nov.

Figure 22E-K

2007a sp. 1 Breuer et al, text-figs 1-4A-B.

Derivation of name. In honour of the American palynologist
employed by Saudi Aramce, Merrell A. Miller, for his outstand-
ing worlc on the acritarch and spore palynology from the Lower
Palaeozoic,

Holotype. EFC N49/1 (Fig. 22]), slide 62317.

Paratype. EFC G27/2 (Fig. 22K), slide 03CW108; BAQA-1 core
hole, sample 222.5 ft.

Type locality and horizon. WELL-7 well, sample 13685.7 f&; Jauf
Formation at Uthmaniyah, Saudi Arabia.

FiG. 22. Each figured specimen is identified by borehole, sample, slide number and England Finder Co-ordinate location. All figured
specimens are at magnification x 1000 except where mentioned otherwise. A—C, Cyrtospora tumida sp. nov. A, MG-1, 2264 m, 62951,
E46/4. B, MG-1, 2536 m, 62742, T32, C, MG-1, 2435 m, 63018, R40/3. D, Densosporites devoricus Richardsoen, 1960, magnification
x750, MG-1, 2247 m, 62942, H39/3. E-K, Diaphanospera milleri sp. nov. E, WELL-7, 13689.7 ft, 62317, Y42/1. F, WELL-7, 136897 ft,
62317, E33/4. G, WELL-7, 13689.7 ft, 62319, F-G29. H, BAQA-1, 346.8 ft, 66797, H41/3. I, WELL-2, 15919.7 ft, 63108, 028, ], Holo-
type, WELL-7, 13689.7 ft, 62317, N49/1. K, Paratype, BAQA-1, 222.5 fi, 03CW108, G27/2. L, Diatomozonotriletes franklinii McGregor
and Camfield, 1982. A1-69, 1830 ft, 26961, U30/4. M—N, Dibolisporites bullatus (Allen) Riegel, 1973. M, BAQA-1, 223.5 ft, 03CW109,

K29/4. N, WELL-7, 13738.5 ft, 62323, W32/1,
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Diagnosis. A small Diaphanospora with a darker apical
sub-triangular band on the spore body.

Description, Amb is sub-circular, Laesurae are straight, simple or
rarely accompanied by narrow labra, ¢. I um in overall width,
three-fifths to three-quarters of the amb radius in length, con-
nected by curvaturae perfectae not always well visible and often
obscured by the folds of sexine. Nexine is laevigate, commenly 1
—2 pm thick, A darker apical sub-triangular band, with straight,
slightly concave or convex sides, extends fo, or almost to, the
end of the laesurae. This thickened area is up 3-6 pm wide in-
terradially. An inner lighter sub-triangular area (with a thinner
nexine), generally with slightly concave sides is present proxi-
mally and swrrounded by the darkened band. Sexine extremely
thin, transparent, closely appressed to the spore body and
attached proximally close to the curvaturae. Surface of sexine
randomly and finely folded.

Dimensions. 26{41)51 um; 17 specimens measured.

Remarks. Specimens in which the outer layer is lecally
detached are not uncommon (Fig. 22F, G). Specimens in
which the outer layer is missing are common in the less
well-preserved  palynological conse-
quently are similar to Retusotriletes celatus sp. nov.
described below. The very delicate sexine may have been
torn off by sedimentary or taphonomic processes. The
two form-species D. milleri and R, celatus thus represent
a unique biological species with the different states of
preservation between both. They are grouped into the
D. milleri Morphon (Table 1). They sometimes co-occur
and have similar stratigraphical ranges.

assemblages and

Comparison. Diaphanaspora riciniata and D. perplexa Balme and
Hassell, 1962 are labrate and do not have a thickened apical area
on the spore body.

Occurrence. BAQA-1, JNDL-3, INDL-4, WELL-2, WELL-4 and
WELL-7; Jauf Formation (Subbat and Hammamiyat members);
milleri to lindiarensis-sextantii zones. Al-69; Ouan-Kasa Forma-
tion; lindlarensis-sextantii Zane.

Genus DIATOMOZONOTRILETES Naumova emend. Playford,
1962

Type species. Diatomozonotriletes saetosus (Hacquebard and

Barss} Hughes and Playford, 1961.

Diatomozonotriletes franklinii McGregor and Camfield,
1982
Figure 221

1966 Diatomozonotriletes devonicus Naumova,
Mikhailova, pl. 1, fig. 2.

1972 Digtomozonetriletes devonicus Naumova; McGregor
and Uyeno, pl. 2, fig. 6.

1976 Anapiculatisporites petilus Richardson; Massa and
Moreau-Benoit, pl. 3, fig. 4.

1979 Anapiculatisporites petilus Richardson; Moreau-
Benois, p. 32.

1985 Anapiculatisporites petilus Richardson; Massa and
Moreau-Benoit, pl. 1, fig, 2.

1982 Diatomuvzonotriletes franklinii McGregor and
Camfield, p. 36, pl. 7, figs 10-13.

Dimensions. 35(42)63 um; 14 specimens measured.

Comparison. Diatomozonotriletes oligodontus Chibrikova, 1962
has predominantly wider, less closely spaced sculptural elements.
Diatomozonetriletes sp. in Allen (1965) closely resembles D. fran-
klinii McGregor and Camfield, 1982, except for a greater ten-
dency towards concave-triangular amb. Camarozonotriletes
sextantii McGregor and Camfield, 1976 has similar sculpture but
has a prominent interradial cingulum.

Occurrence. BAQA-1, JNDL-3 and JNDL-4; Jauf Formation
{Subbat and Hammamiyat members}; asymmetricus to lindlaren-
sis-sextantii zones. Al-69; Ouan-Kasa, Awaynat Wanin I and
Awaynat Wanin II formations; annulatus-protea to triangulatus-
catillus zones. MG-1; Ouan-Kasa, Awaynat Wanin I, Awaynat
Wanin IT and Awaynat Wanin Il formations; annulatus-protea
to langii-concinng zones.

Previous records. From upper Emsian - lower Eifelian of Algeria
(Moreau-Benoit et al. 1993); upper Emsian—Givetian of Amazon
and Parana basins, Brazil {(Loboziak et al. 1988; Melo and Lob-
oziak 2003); upper Eifelian — lower Givetian of Canada (McGre-
gor and Uyeno 1972); Emsian-lower Givetian of Libya (Moreau-
Benoit 1989); Emsian—FEifelian of Morocco (Ralmani-Antari and
Lachkar 2001}; and upper EifeHan of Russian Platform (Avkhi-
movitch et al. 1993).

Genus DIBOLISPORITES Richardson, 1965

Type species. Dibolisporites echinaceus (Eisenack) Richardson,
1965.

Comparison. Biharisporites Potonié, 1956 contains megaspores
with similar sculpture. Apiculiretusispora Streel, 1964 shows a
variable scuipture of small grani, coni or spinae, which measure
less than 1 pm high.

Dibolisporites bullatus (Allen) Riegel, 1973
Figure 220N

1965 Bullatispotrites bullatus Allen, p. 703, pl. 96, figs 5-7.
1973 Dibolisporites bullatus Allen; Riegel, p. 84, pl. 10,
figs 10-12; pl. 11, figs 1-2.
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Dimensions. 54(75)84 pim; 14 specimens measured.

Remarks. Although McGregor and Camfield (1982)
consider D). bullatus as synonymous with D. echinaceus
(Eisenacl) Richardsom, 1965, these two species are easily
differentiated here and the synonymy is rejected.

Comparison. McGregor (1973) observed an intergradation from
spores represented by the holotype of D. echinaceus to those of
the holotype of D. bullatus, which is figured in Allen (1965).
The two species are easily distinguishable, in this stady, because
the specimens of D. echinaceus are more densely ornamented
with elongate, more or less parallel-sided spinae.

Occurrence. BAQA-1, JNDL-4 and WELL-7; Janf Formation
{Subbat and Hammamiyat members); asymmetricus to lindlaren-
sis-sextantii zones.

Previous records. From upper Givetian — lower Frasnian of
France {Brice ef al. 1979; Loboziak and Streel 1980); upper Em-
sian-Givetian of Germany (Riegel 1973; Loboziak et al. 1990);
and Pragian-Eifelian of Spitshergen, Norway (Allen 1965),

Dibolisporites echinaceus (Eisenack) Richardson, 1965
Figure 23A-B

1944 Triletes echinaceus Eisenack, p. 113, pl 2, fig. 5.
? 1953 Retusotriletes devonicus Naumova, pl. 22, fig. 108.
21962 Retusotriletes devonicus Naumova var. echinatus
Chibrikova, p. 393, pl. 1, fig. 9.
1965 Dibolisparites echinaceus Bisenack; Richardson,
p. 568, P, 89, figs 5-6; text-figs 3B-D.
non 1973 Dibolisporites bullatus Allen; Riegel, p. 84, pl. 10,
figs 10-12; pl, 11, figs 1-2.
1975 Dibolisporites triangulatus Tiwari and
Schaarschmidt, p. 21, pl. 7, figs 3—4; pl. 8, figs 1-2;
text-fig, 9.

Dimensions, 60(87}129 um; 11 specimens measured.

Comparison. Dibolisporites triangulatus Tiwari and Schaarsch-
midt, 1975 is identicai to D, echinaceus Richardson, 1965.
Retusotriletes devonicus figured but not described by Naumova
(1953) could be synonymous with D. echinacens, but the details
of the ornament cannot be seen. R. devonicus var. echinatus
Chibrikova, 1962 could be also synonymous. Dibolisporites cf.
gibberosus var. major (Kedo) Richardson, 1965 has shorter
sculptural elements. D. pseudoreticulatus Tiwari and Schaarsch-
midt, 1975 has relatively high and wide curvaturai ridges,
Although D. radiatus Thwari and Schaarschmidt, 1975 is consid-
ered as synonymeous with D. echinaceus according to McGregor
(1973), they are here distinguished because D. radiatus has
larger sculpturat elements disposed in a regular radial pattern.
D, varius Tiwarl and Schaarschmidt, 1975 has baculate orna-
mentation. Although D. bullazus (Allen) Riegel, 1973 is often

placed in synonymy with D, echinaceus, it has more bulbous,
wider spinae. All these species listed display only minor differ-
ences with D. echinaceus, so their assignation may be sometimes

difficnit.

Occurrence. BAQA-1, JNDL-1, INDL-3 and JNDL-4; Jauf
(Subbat to Murayr members) and Jubah formations; ovalis to
svalbardiae-eximius zones. A1-69, Awaynat Wanin 1 and Away-
nat Wanin II formations; svalbardiae-eximius to rugulata-
Iibyensis zones.

Previous records. Widely reported and often common in Early—
Middle Devonian (particularly Middle Devonian) assemblages
from many parts of the world; e.g. Algeria (Boumendjel ef al.
1988; Moreau-Benoit ef al. 1993), Belgium (Steemans 1989),
Bolivia (Perez-Leyton 1990), Brazil {Mendlowicz Mauller et al.
2007), Canada {McGregor and Owens 1966; McGregor and
Uyeno 1972; McGregor 1973; McGregor and Camfield 1976,
1982), China (Gao Lianda 1981), France {Brice eral 1979;
Loboziak and Streel 1980; Le Hérissé 1983), Germany (Lannin-
ger 1968; Riegel 1968, 1973; Tiwari and Schaarschmidt 1975;
Steemans 1989; Loboziak et al. 1990), Iran {Ghavidel-Syooki
2003), Libya (Paris et al. 1985; Strecl et al. 1988; Moreau-
Benoit 1989), Poland (Turnau 1986, 1996; Turnau and Racki
1999; Turnaa et al. 2005), Saudi Arabia (Al-Ghazi 2007) and
Scotland (Richardson 1965; Marshall 1988; Marshall and
Fletcher 2002).

Dibolisporites eifeliensis (Lanninger} McGregor, 1973
Figure 23C-E

1966 cf. Archaeotriletes setigerus Kedo; McGregor and
Owens, pl. 3, fig. 12.

1967 Acanthotriletes inferus Naumova; Beju, pl. 1, fig. 14

1968 Anapiculatisporites eifeliensis Lanninger, p. 124,
pl. 22, fig, 11,

1973 Dibolisporites eifeliensis (Lanninger) McGregor,
p. 31, pl. 3, figs 17-22, 26.

non 1988 Dibolisporiles eifeliensis (Lanninger) McGregor;

Ravn and Benson, pk 3, figs 16-23.

Dimensions. 29(42)60 um; 20 specimens measured.

Comparison. Dibolisporites quebecensis McGregor, 1973 has smal-
ler sculptural elements consisting of bacula and verrucae as well
as tubercules. Anapiculatisporites petilus Richardson, 1965 has
more widely spaced thinner pointed elements; about 15 around
the periphery.

Occurrence. BAQA-1, BAQA-2, JNDL-3, JNDL-4, WELL-2,
WELL-3, WELL-4, WELL-5, WELL-6 and WELL-7; Jauf Forma-
tion (Sha’iba to Hammamiyat members); papillensis-bagaensis to

lindlarensis-sextantii zones. Al-69; Ouan-Kasa and Awaynat Wa-

nin I formations; lindiarensis-sextantii to svalbardiae-eximius
zones. MG-1; Quan-Kasa and Awaynat Wanin I formations;
lindlarensis-sextantii to svalbardine-eximius zones.
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Previous records. From upper Lochkovian—-Emsian of Belghun
(Steernans 1989); upper Lochkovian — lower Emsian of Parand
and Solimédes basins, Brazil (Rubinstein et al. 2005; Mendlowicz
Mauller ef al, 2007); Emsian—FEifelian of Canada {(McGregor and
Owens 1966; McGregor 1973; McGregor and Camfield 1976);
upper Pragian — lower Emsian of China (Gao Lianda 1981);
upper Lochkovian — ?lowermost Pragian of Germany (Steemans
1989); Emsian of Iran (Ghavidel-Syooki 2003); Pragian—lower-
most Eifeliant of Libya {Paris et al 1985; Moreau-Benoit 1989);
upper Pragian-Eifelian of Morocco (Rahmani-Antari and Lach-
kar 2001}; Pragian—lowermost Eifelian of Poland (Turnau 1986;
Turnau et al. 2005); and Emsian of Saudi Arabia (Al-Ghazi
2007).

Dibolisporites farraginis McGregor and Camfield, 1982
Figure 23F-G

1982 Dibolisporites farraginis McGregor and Camfield,
p. 38, pl. 8, figs 3—4; text-fig. 54.

Dimensions. 42(60)77 pm; I8 specimens measured.

Remarks. Specimens assigned to this species belong to a
more or less intergrading series from those with predomi-
nantly conate and small verrucose sculptare (D. farraginis
and D. uncatus (Naumova) McGregor and Camfield,
1982) to those with large verrucate sculptural elements,
and thus conform rather closely to the diagnosis of
Verrucosisporites scurrus (Naumova} McGregor and Cam-
field, 1982 and V. premnus Richardson, 1965. All these
forms belong to the V. scurrus Morphon defined by
McGregor and Playford (1992). Therefore, the D. farragi-
nis Morphon also defined by McGregor and Playford
(1992) is inchuded in the V. scurrus Morphon (Table 1).

Comparison. Dibolisporites farraginis is distinguished from D. ve-
grandis McGregor and Camfield, 1982 by larger, more elongate
sculptural elements, and from Dibolisporites cf, correctus {Naum-
ova) Richardson, 1965 by relatively narrower base, more varied
sculptural elements. D. uncarus (Naumova) McGregor and Cam-
field, 1982 has larger sculptural elements but intergrades with
D. farraginis as it was noted as a component of the D. farraginis
Morphon in McGregor and Playford (1992, table 4). This mor-
phon includes sub-circular forms sculptured with a mixture of
maostly discrete grana, coni, spinae, biform elements and verru-
cae of various sizes and simple laesurae.

Occurrence, $-462; Inbah Formation; rugulata-libyensis to lemu-
rata-langii zones. A1-69; Awaynat Wanin I and Awaynat Wanin
11 formations; rugulata-libyensis to triangulatus-catillus zones.
MG-1; Awaynat Wanin T, Awaynat Wanin II and Awaynat Wa-
nin 11l formations; rugulata-libyensis to langii-concinna zones.

Previous records. From upper Eifelian — lower Givetian of Can-
ada (McGregor and Camfield 1982); and lower Eifelian - lower
Givetian of Libya (Moreau-Benoit 1989).

Dibolisporites (Apiculiretusispora) gaspiensis {McGregor)
comb. nov.
Figure 23H-J

1966 cf. Geminaspora svalbardiae {Vigran) Allen,
McGregor and Owens, pl. 5, fig. 16.

1970 ?Apiculiretusispora sp. McGregor et al.,
pl. 2, fig. 11.

1973 Apiculiretusispora gaspiensis McGregor, p. 28, pl. 3,
figs 1-4.

1974 Large spores of Chaleuria cirrosa Andrews et al,
pp- 394, 398, pl. 56, figs 1, 2; pl. 57, fig. 4.

1976 Apiculiretusispora gaspiensis McGregor; McGregor
and Camfield, p. 11, pl. 6, figs 11-12.

Dimensions. 53(65)80 pm; 16 specimens measured.

Remarks. McGregor (1973) described this form as two-
layered. Nevertheless, specimens described here are single-
layered, but the concentric equatorial folding sometimes
gives the impression of a two-layered spore. This species
is transferred to the genus Dibolisporites Richardson, 1965
because it is sculptured with short pila, bacula or biform
elements up to 2 um high and not spinae characteristic
of the genus Apiculiretusispora {Streel) Streel, 1967,

Comparison. This species differs from Apiculiretusispora areno-
rugosa McGregor, 1973 and A, plicata {Allen} Streel, 1967 in
possessing a thicker exine, Geminospora svalbardiae (Vigran)
Alen, 1965 is distinctly two-layered.

Oceterrence. TNDL-1, JNDL-3, INDL-4 and WELL-3; Jauf (Sub-
bat to Murayr members) and Jubah formations; lndlarensis-
sextantii to svalbardiae-eximius zones. A1-69; Awaynat Wanin
1 and Awaynat Wanin Il formations; svalbardige-eximius to

FIG. 23. Each figured specimen is identified by borehole, sample, slide number and England Finder Co-ordinate location. All figured
specimens are at magnification x 1000 except where mentioned otherwise. A-B, Dibolisporites echinaceus (Eisenack) Richardson, 1965,
magnification x750. A, A1-69, 1596 ft, 26989, R48/3. B, INDL-1, 495.0 ft, PPMO14, V35, C-E, Dibolisporites eifeliensis (Lanninger)
McGregor, 1973. C, BAQA-1, 223.5 fi, 03CW109, F48/2. D, BAQA-1, 223.5 ft, 03CW109, J42. E, WELL-2, 15886.3 ft, 63102, G29/4. F
~G, Dibolisperites farraginis McGregor and Camfield, 1982. F, A1-69, 1530 ft, 26984, O32/4. G, Al-69, 1416 ft, 26993, M44/2. H-],
Dibolisporites (Apiculivetusispora) gaspiensis (McGregor) comb. nov. H, TNDL-1, £72.7 ft, PPM007, N42. 1, INDL-1, 174.6 ft, 60848,
133/1. |, INDL-1, 155.6 ft, 60838, T28/4. K, Dibalisporites pilatus Breuer et al., 2007¢. INDL-1, 167.8 ft, 60843, 1.38/3.
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