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Abstract:  Diverse assemblages of dispersed spores hawef variable thermal maturity. Here, we describe the dispersed
been recovered from Middle Devonian rocks in northern spores and consider their signibcance as regards biostratigra-
Spain, revealing a signibcant endemism in the Rora. Middlephy, palaeophytogeography and ddk Event interpretation.
Devonian Iberia was part of a relatively isolated island com-The dispersed spores represent a single assemblage assignable
plex (Armorican Terrane Assemblage), separated by considerto the lemuratalangii Assemblage ZondefnurataSubzone)

able tracts of ocean from Laurussia to the north-west andindicating a probable early (but not earliest) Givetian age.
Gondwana to the south-east. The Middle Devonian depositsSigns of endemism include various taxa known only from this
of the Cantabrian Zone of northern Spain are entirely marine region, some taxa appearing to have discordant ranges com-
and comprise a thick clastic unit sandwiched between extenpared with elsewhere, and the absence from Iberia of certain
sive carbonate units. The clastic unit, the laterally equivalentprominent taxa characteristic of coeval assemblages elsewhere,
Naranco, Huergas and Gustalapiedra formations of Asturiassuch as those with grapnel-tipped processes. The abrupt inter-
Leon and Palencia provinces, represents a nearshore-offshoneiption of carbonate deposition, with a change to rapid depo-
transect across a marine shelf. This unit is also believed tmition of thick clastic deposits, provides support for a
encompass the Kak Event, an important global extinction monsoonal cause of the Eak Event.

event. The recovered palynomorphs include marine (phyto-

plankton, chitinozoans, scolecodonts) and terrestrial (spores)key words: endemism, Spain, Eifelian, Givetian, dd&
assemblages. These are abundant and well preserved, althouBtient, Iberia.

DispeErseDSpore assemblages from Middle Devonianassemblages from throughout this sequence and use them
deposits of northern Spain have previously been relativelyo test and rePne previously erected spore biostratigraphi-
neglected and brieBy considered in only three publica-cal schemes, identify palaeophytogeographical differentia-
tions (Cramer 1966, 1969; Fombella Blanco 1988). This ision on this isolated island group, and shed light on the
unfortunate as these deposits are otherwise well studiedature of the Kaak Event.

and exhibit a number of extremely interesting features.

They represent an entirely marine onsharffshore tran-

sect, represented by a clastic unit sandwiched betweeB EOLOGICAL SETTING

thick carbonate sequences, securely age-constrained by

conodonts and sedimentologically/palaeontologically wellDevonian sediments crop out in the Cantabrian Zone in
characterized. The sequence is of particular intereshorthern Spain in a large partial arc from the northern
because: (1) it accumulated around a small group ofcoast near Ggn, south through Asturias and in an east
islands in a palaeogeographically isolated location situatetvest orientation across bte and Palencia provinces
between the large continents of Laurussia and GondwangGarda-Alcaldet al.2002). They are interpreted as having
(Torsvik & Cocks 2013); and (2) the clastic unit is been deposited in a transect across the shelf from nearshore
believed to incorporate the Kak Event (Gar@a-Alcalde (Asturias) to offshore (Palencia) (G&a-Alcaldeet al.
1998). This extinction event has been identibped globally2002). Details of the stratigraphic sequence are given in
(House 2002) although its characteristics and cause§igure 1. The sedimentary sequence broadly alternates
remain the subject of much debate (Marshetlal. 2007;  between calcareous and clastic in character. This paper
Beckeret al. 2016). The aim of this study is to describe concerns the Middle Devonian clastic unit classiPed as the
the composition and distribution of dispersed spore laterally equivalent Naranco, Huergas and Gustalapiedra
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formations located in Asturias, ba and Palencia, respec- in Asturias but reduced to only 50 m in thickness in
tively. They are bounded by thick limestone sequence®alencia. The deposits are characterized by a lower and
below (the laterally equivalent Moniello, Santa 8acand an upper unit. The lower unit is coarser in character,
Polentinos formations) and above (the laterally equivalentdominated by thick sandstone layers, and represents a
Candhs, Portilla and Carde® formations). more abundant terrigenous clastic supply. The upper
The age of the Naranco, Huergas and Gustalapiedranit has a more mixed character, with rapid alternations
formations is EifeliarGivetian, supported directly by between sandstones and siltstones (and occasional lime-
biostratigraphical analysis based on various marinestones) and represents a combination of course terrige-
macrofaunal groups (Gada-lopez et al. 2002). Con- nous and Pner basinal deposits. Inobe it includes
odonts from the bounding limestone formations provide euxinic nodular black shales that are pelagic-like in char-
a rebned age constraint. Those from the underlying Santacter. Gar8a-Ramos (1978) details the wide range of
Lucda Formation (and possibly lowermost Huergas andfacies present in the Naranco Formation and its equiva-
Naranco formations) belong to th&olygnathus costatus lents that represent varied marine and transitional depo-
costatusZone of middle Eifelian agec( 391392 Ma  sitional environments associated with large deltas
based on Beckeet al. 2012). Those from the overlying (Garda-Alcaldest al.2002).
Portilla and Cands formations belong to the lowétoly- For this project, 30 localities were examined and
gnathus varcugone of early, but not earliest, Givetian age samples collected for palynological analysis. The loca-
(c. 386-387 Ma based on Beckest al. 2012) (Garba- tion of each site is indicated in Figure 2. Details of the
Lopez & Sanz-bpez 2002; Gada-lopezet al.2002). sitesO location and precise geological setting, as well as
The sediments of the Naranco, Huergas and Gustasamples taken, are provided in Askew & Wellman
lapiedra formations are in excess of 500 m in thicknesg2018).
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FIG. 1. Age and correlation of Devonian units in several Iberian areas. Dashed lines indicate uncertainly placed boundaries. Dia-
gram not to scale. Abbreviations for uppermost Famennian units: B, Baleas; C, Candamo; LE, Las Ermitas; ¥nVRganawn
from Garda-Alcaldet al.(2002).
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PREVIOUS PALYNOLOGICAL STUDIES SAMPLING AND METHODS

Previous palynological studies of the Naranco and Huer-A total of 130 samples were collected for palynological
gas formations are limited to three papers. Cramer (1966)analysis from across the outcrop area of the Naranco,
described an assemblage from one sampled site of thiduergas and Gustalapiedra formations during two Peld-
Naranco Formation, believed to be the 01200 site of Craips in January and AugusBeptember 2015. Sampling
mer (1969) and this study. Cramer (1969) expanded thefocused on beds of dark, Pne-grained material, predomi-
earlier work with four additional sites from the same gen- nantly mudstones and siltstones, interspersed within the
eral area. These studies described a spore assemblage comstly sandstone formations (Fig. 3). As outlined in
taining many new species, with others mostly showing anAskew & Wellman (2018), three relatively long sections,
afpnity with Russian and European Roras known at thetwo incomplete and one nearly complete, were sampled
time, relatively early in the history of Devonian spore with the remaining localities representing either spot sam-
studies. Cramer interpreted the spore assemblage as suples or relatively short sections. It is important to note
porting the EifeliarGivetian age the Naranco Formation that during the extensive folding and thrusting of the
had previously been assigned based on invertebrat8panish sequence the clastic sediments of the Naranco,
macrofossil evidence. Fombella Blanco (1988) describetluergas and Gustalapiedra formations often acted as a
an assemblage of spores (including one newly describeslip plane between the more rigid limestone formations
species) and phytoplankton from a single site in theabove and below. Furthermore, compared to the bound-
Huergas Formation, relocated during the present studying limestones they are often deeply weathered, with
and described in Askew & Wellman (2018), but made nosurface exposures vegetated. As a consequence: (1) long
comment on the formationOs age. Table 1 lists the specissctions are rare (see above); (2) good upper and lower
named in these studies, along with a correlation with theboundary sections are rare and difpcult to identify; and
species identiPed and taxonomy utilized in the present(3) short exposed sections are difbcult to place in strati-
study. graphical context.
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FIG. 2. Outline map of northern Spain. Sites surveyed in this study are marked with crosses. Outlined areas marked with dots indi-
cate the outcrop area of Devonian sediments.
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TABLE 1. Comparison of the spore taxa found in this study with those previously reported.

Identipcations used in
this study and comments
on previously identibed

species not synonymized here

Species reported in previous studies

Acinosporites acanthomammill&us

A. lindlarensis
Ambitisporites avitus
A. dilutus

A.sp. A

A.sp.B

A.sp.C

Anapiculatisporites abrepunius

A. carminae

A. picantus
Apiculatasporites perpusillus
Apiculatisporigf. elegans
Apiculiretusisporaf. brandtii
A. plicata

A.sp. A

A?sp. B

Brochotriletes foveola®us
Camarozonotriletesoncavus
C. parvus
Concavisporitessp. A
Corystisporitesf. sp.
Deltoidospora priddyi
Devonomonolete$ sp. 1
Diatomozonotriletes. franklinii
Dibolisporites tuberculatus
D.sp. A

Dictyotriletef. hemeri

D. gorgoneus
Emphanisporites annulatus

. cf. annulatus

. annulatud
augusta

. cf. laticostatus
mcgregorii

. micrornatus

. orbicularis

. cf. orbicularis

. protoannulatus
. rotatus

MMmmmMmmMmmmimimim

E. cf. rotatus
E.sp. A

Anapiculatisporites carmi(@emer 1966)
A. carminaeCramer (Cramer 1969)

cf. Apiculiretusisporaf. brandtii Streel (Fombella Blanco 1988)
Cyclogranisporites plicadllen (Cramer 1969)

? Aneurospora greg€ilaytonet al. (Fombella Blanco 1988)

? Apiculiretusispora arenorugddeGregor (Fombella Blanco 1988)

?Dibolisporites echinacedissenack) Richardson (Fombella Blanco 1988)

? Cymatiosphaera magna@alchler (Fombella Blanco 1988)

Emphanisporites anniei@Gsegor (Cramer 1966)
E. annulatusvicGregor (Cramer 1969)
E. cf. anulatusMcGregor (Fombella Blanco 1988)

Emphanisporites McGre@oaimer (Cramer 1969)

? Emphanisporites erratic{ESsenack) (Cramer 1966)

Emphanisporites rotaiisGregor (Cramer 1966)
E. obscurusicGregor (Cramer 1969)

E. robustud/cGregor (Cramer 1969)

E. rotatusMcGregor (Cramer 1969)

E. rotatusMcGregor (Fombella Blanco 1988)

(continued)



TABLE 1. (Continued)

ASKEW & WELLMAN: MIDDLE DEVONIAN SPORES OF NORTHERN SPAIN

Identipcations used in
this study and comments
on previously identibed

species not synonymized here

Species reported in previous studies

Geminospora lemurata
G. cf. svalbardiae
Grandispora argutus

G. douglastownenis

G. cf. inculta

G. permulta
G. protea

G. cf. stolidota
G. velata

Granulatisporites concavus
G. cf. muninensis
Latosporitesp. 1
Planisporitesf. minimus

Retusotriletes atratus
R. goensis
R. rotundus

R. semizonalis

R. triangulatus

R.sp. A

R. spp.

Rhabdosporites minutus
Samarisporitesf. praetervisus
Verrucosisporites scurrus

V. tumulentus

Zonotriletes armillatus

Z. simplicissimus

Spore type A

A phytoplankton specimen
Too poorly bgured to identify
A phytoplankton specimen

Too poorly bgured to identify;

probablyDictyotriletes
Too poorly bgured to identify

Too poorly bgured to identify;

potentially Apiculiretusispora

? Geminosporaf. tuberculatag Kedo) Allen (Fombella Blanco 1988)
Hymenozonotriletes ar@iti@ Naumova (Cramer 1966)
p. Calyptosporitesf. deliquescer{dlaumova) New Combination (Cramer 1969)
?Hymenozonotriletes. eximiu® Naumova (Cramer 1966)
H. cf. deliquescedNaumova (Cramer 1966)
? Calyptosporites argut(idaumova) New Combination (Cramer 1969)
p. C. cf. deliqguescer{dlaumova) New Combination (Cramer 1969)
? Hymenozonotriletes argu®$O Naumova (Cramer 1966)
H. narancaeCramer (Cramer 1966)
p. Calyptosporites microspinofRighardson) Richardson (Cramer 1966)
cf. C. optivugChibrikova) Allen; (Cramer 1969)
p. C. (?) narancagCramer) New Combination (Cramer 1969)
? Grandispora sp.@ariset al.(Fombella Blanco 1988)
Grandisporsp. A, Pariet al.(Fombella Blanco 1988)
? Calyptosporitesf. domanicugNaumova) New Combination (Cramer 1969)

p. Calyptosporites microspinofREhardson) Richardson (Cramer 1969)
C. velatugEisenack) Richardson (Cramer 1969)
? Leiotriletes bonituSramer (Cramer 1969)

Cyclogranisporites rosendesmer (Cramer 1966)
Rhabdosporites prospegif@samer) New Combination (Cramer 1969)
? Acanthotriletesp. (Fombella Blanco 1988)

Retusotriletes barbu@uamer (Cramer 1969)
R. rotundugqStreel) Streel (Cramer 1969)
Retusotriletes pychoMiaumovamajor Naumova (Cramer 1969)

? Retusotriletes triangulat(Streel) Streel (Fombella Blanco 1988)

Raistrickia avstemn (Fombella Blanco 1988)

Acanthotriletes espinositBeamer (Cramer 1969)

A. heterodontug§~ombella Blanco 1988)

A. tenuispinosus tenuispinoblaimova (Cramer 1969)
Camptotriletes araneosdsamer (Cramer 1966)

Grandisporasp. B Pariet al. (Fombella Blanco 1988)
G. sp. B (Fombella Blanco 1988)

(continued)
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TABLE 1. (Continued)

Identibcations used in Species reported in previous studies
this study and comments

on previously identibed

species not synonymized here

Too poorly bgured to identify; cf. Hymenozonotriletes disc@tsibrikova (Fombella Blanco 1988)
potentially Apiculiretusispora
Not described or bgured Hystrichosporites delectahiisGregor (Cramer 1969)
Too poorly bgured to identify; Retusotriletes spariset al. (Fombella Blanco 1988)
probably Apiculiretusispora
Not described or bgured Rhabdosporites butifarr(@Gramer) New Combination (Cramer 1969)
Too poorly bgured to identify Samarisporitesp. B Pariet al. (Fombella Blanco 1988)
Poorly bgured; possibly a megaspore Verrucosisporites. tuberosuglLoose) Smith & Butterworth (Fombella Blanco 1988)

Previously reported species are reproduced as cited and followed in parenthesis by the reference in which they were reported. Previ-
ously reported species synonymized with species found in this investigation are listed against them.

Rock samples were processed at the University of Shefer species previously recorded from the Naranco and
Peld using standard HEHF-HCI acid maceration, fol- Huergas formations. Dimensions are given for each species
lowed by sieving using a 15m mesh to remove the as diameters and where three numbers are given these
Pnest mineral matter. Remaining mineral residue wascorrespond to the minimum value (arithmetic mean) and
removed using heavy liquid centrifugation with ZRCl maximum values. Species occurrences are given as locality
The organic residue was then assessed, with three barr@ode characters for brevity (for an explanation see Askew
samples and one with very poor preservation not being& Wellman 2018). Previous records are taken from con-
processed further. The remaining kerogen samples wersultation of the John Williams Index of Palaeopalynology
evaluated by strew mounting on microscope slides andfor details see Ridingt al. 2012). Materials (rock sam-
viewing using a light microscope. ples, residues and slides) are housed in the collections of

The palynomorph assemblages are mostly well prethe Centre for Palynology, Department of Animal and
served but of variable thermal maturity, between 2 Plant Sciences, University of Shefpeld, UK. Figured speci-
and 4 on the TAI scale (Traverse 2008). All samplesnens are located using an England Finder.
were oxidized in SchulzeOs solution for between 5 and
60 min, except for four extremely mature samples that
were oxidized for around 19 h. At this stage, the sam- Genus ACINOSPORITES Richardson, 1965
ples were spiked witlLycopodiumtablets at a ratio of
one tablet per millilitre of solid yield. Two to four strew Type species. Acinosporites acanthomammifRitherd-
mounts were made of these Pnal preparations. Fromson] 1965.
these, 113 samples were counted to 200 identiPable
palynomorph specimens or the end of the slide in the
occasional samples with less than 200 palynomorphs per Acinosporites acanthomammillatus ? Richardson, 1965
slide. A note was kept of the number of modekyco- Figure 4A, L
podiumspores encountered to enable quantitative assess-
ment of the fossil material using an equation derived
from one given by Stockmarr (1971). Slides were examMpegcription. Amb shape uncertain. Laesurae not observed.
ined using standard light microscopy techniques andgxine appears quite thick, ornamented with biform processes.
photographed using a Meiji Techno Inbnity 1-5C cam- Sculptural elements are rounded, up tol @ wide, often
era mounted on a Meiji Techno MT5300H transmitted joined to form ridges and surmounted by apical spines up to
light microscope. 41m high.

Dimensions55 (70) 85l m (5 specimens measured).
SYSTEMATIC PALAEONTOLOGY

Remarksldentibcation is highly questionable, as it is
Taxa are organized alphabetically by genera and specidsased entirely on the characteristic ornament of rounded
Species with an uncertain identibcation are signibed cf. oridges topped by spines, in a low number of incomplete
?, after Matthews (1973). A limited synonymy is provided and very poorly preserved specimens.
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OccurrenceSites 3, 11, G.

Clastic grain size

Previous record®eported from EifeliarFrasnian strata
with a worldwide distribution (Breuer & Steemans 2013).

Acinosporites lindlarensis Riegel, 1968
Figure 5A

Description.Amb circular to subcircular. Laesurae straight,
extending one-half to the whole amb radius. Equatorial thicken-
ing of 241 m observed, with some minor separation of the
exoexine from a possible inner body. Proximal surface laevigate.
Distal surface bears an ornament of microgranulae, large conate
elements up to 3 m high and wide as well as more irregular,
parallel sided, sometimes biform elements up tbrb high.

Dimensions49 (79) 153 m (8 specimens measured).

Remarks.This genus is distinguished by bearing its orna-
ment atop anastomosing ridges. These ridges are not visi-
ble in these specimens except for some small joining of
ornament bases. However, this species has been repeatedly
recorded as having an extremely variable morphology,
including a lack of obvious ridges (McGregor & Cambpeld
1976; Richardsoet al. 1993).

OccurrenceSites 3, 7, G.
Previous recordReported from Emsian to Frasnian strata
and with an almost worldwide distribution (although
absent from Australia) (Breuer & Steemans 2013; Xu
et al. 2014), as well as an unusual specimen from the
Lochkovian of Belgium (Steemans 1989).
Genus AMBITISPORITES Hoffmeister, 1959
Type species. Ambitisporites aHtoBmeister, 1959.
Ambitisporites avitus Hoffmeister, 1959

Figure 4B

Dimensions.26 (37) 671 m (10 specimens measured).

FIG. 3. Stratigraphic log of the Playa del Tranqueru (3) site,
including locations of samples taken (see Askew & Wellman
(2018, chart S1) for detailed information on sample positions).
Colour online.
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ASKEW & WELLMAN: MIDDLE DEVONIAN SPORES OF NORTHERN SPAIN

OccurrenceSites 2, 3, 7, 11, 19, 120, 598, G. Remarks.This taxon is distinguished frorA. sp. A by its
possession of labra.

Previous recordfeported from Lower Silurian to Lower

Devonian strata and with a worldwide distribution OccurrenceSites 2, 3, 4, 5, 7, 10, 11, 22, 120, 598, 599,

(Breuer & Steemans 2013). G, P.
Ambitisporites dilutus  (Hoffmeister) Richardson & Lister, Ambitisporites - sp. C
1969 Figure 4G
Figure 4C

Description.Amb circular to subcircular. Laesurae straight,
accompanied by narrow labra along their length, extending from
three-quarters to the whole amb radius. Walll | m thick. Sur-

OccurrenceSites 2, 3, 4, 7, 10, 11, 13, 15, 19, 22, 1202 laevigate to occasionally scabrate.

598, 599, G, P.

Dimensions.21 (35) 541 m (43 specimens measured).

Dimensions.22 (35) 48l m (26 specimens measured).

Previous record®eported from Upper Ordovician to
Eifelian strata and with an almost worldwide distribution
(although absent from Australia).

Remarks.This taxon is distinguished from. sp. B by its
longer laesurae and froi. dilutusby its distal ornament.

OccurrenceSites 2, 3, 5, 7, 10, 11, 13, 19, 20, 22, 120,

Ambitisporites  sp. A 598, 599, G, P.

Figure 4D
Description.Amb circular to subcircular. Laesurae straight, ~ G€nus ANAPICULATISPORITES Potoei& Kremp, 1954
extending from one-third to bve-sixths of the amb radius. Tips
of the laesurae may be slightly spatulate. Wal? lm thick. Type species. Anapiculatisporites isselburgatisise &
Surface laevigate. Kremp, 1954.

Dimensions.18 (36) 651 m (142 specimens measured).
Anapiculatisporites abrepunius  Cramer, 1966
RemarksThis taxon is distinguished froni\. dilutus by Figure SF
its shorter laesurae.
Description.Amb circular to subcircular. Laesurae straight,

OccurrenceSites 2. 3. 4. 5 7. 10. 11. 15. 19. 120 598extending from one-half to the whole amb radius. Equatorial
509. G P o T T e e ' thickening of 14 | m observed. Proximal surface laevigate. Dis-

tal surface bears a sparse ornament of microgranulae and small
spines separated by at leastr.

Ambitisporites sp. B

Figure 4H Dimensions.25 (38) 611 m (9 specimens measured).

Description.Amb circular to subcircular. Laesurae straight, Remarks.Some of the specimens have shorter trilete rays

accompanied by narrow labra along their length, extending from than 'Specibed in .the original de.scri.ption, though .thisl was
one-half to two-thirds of the amb radius. Wadl. 1 | m thick. considered to be insufbcient to justify an alternative iden-

Surface laevigate. tibcation.

Dimensions.24 (35) 55| m (35 specimens measured). OccurrencesSites 2, 3, 4, 5, 7, 10, 15, 120, 598.

FIG. 4. Each bgured specimen is identibed by slide including the sample code, followed by its England Finder refereAce. A, L,
nosporites acanthomammill&u&JA2-GZ-01, R31, L, detail of ornament.Anbitisporites avityNJA3A-O1; X34/3. CAmbitisporites
dilutus AJA2-PC-01; G46/3 (open trilete form). Bynbitisporitesp. A; AJA598C-0O1; N39/1 (open trilete form). Aapiculatisporites
carminag AJA598C-01; D46/4. kzamarozonotriletes parydslA2-7G-O1; W30/2 (open trilete form). @Gymbitisporitesp. C;
AJA11A-01; M33/1. HAmbitisporitesp. B; AJA3A-O1; Y34/2. Anapiculatisporites picantusJA598C-0O1; D26. Loncavisporit@s

sp. A; AJA7A-O1; Y37/2. Keltoidospora priddyAJA2-7B-0O1; V44/4. Scale bars represent: hQA—K); 101 m (L). Colour online.
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ASKEW & WELLMAN: MIDDLE DEVONIAN SPORES OF NORTHERN SPAIN1

Previous record®eported from the PragiafEmsian of  Previous record®eported from the Pragian of Belgium
Spain (Cramer 1966). (Steemans 1989) and the Pragigmsian of Spain (Cra-
mer 1966).

Anapiculatisporites carminae Cramer, 1966
Figure 4E Genus APICULATASPORITES Potori& Kremp, 1956

1966 Anapiculatisporites carmin@zamer, p. 261; pl. 3, Type species. Apiculatasporites spinulistfiatese) Ibra-
bgs 51, 52. him, 1933.
1969 Anapiculatisporites carmin@amer; Cramer, p.
435; pl. 2, bg. 19.
Apiculatasporites perpusillus (Naumova ex Chibrikova)

Description.Amb circular to subcircular. Laesurae straight, McGregor, 1973
extending from three-quarters to the whole amb radius. Equato- Figure 5B
rial thickening of 34 | m observed. Proximal surface laevigate.
Distal surface bears an ornament of microgranulae and granula®imensions.25 (38) 55| m (12 specimens measured).
above 1l m in size.
OccurrenceSites 3, 7, 13, 19, 22, G.
Dimensions.21 (36) 65| m (26 specimens measured).
Previous record®eported from Upper Silurian to
Remarks.The specimens reported by Cramer (1966) from Famennian strata and with an almost worldwide distribu-
the Naranco Formation are often larger than the speci-tion (although absent from Australia).
mens seen here.

OccurrenceSites 2, 3, 4, 5, 7, 10, 11, 13, 14, 19, 20, 22, Genus APICULATISPORIS Potomi & Kremp, 1956
G.
Type species. Apiculatisporis acule@uahim) Potonie,
Previous record®eported from the upper Eifelian to 1956.
lower Frasnian of Spain (Cramer 1966, 1969).

Apiculatisporis cf. elegans McGregor, 1960
Anapiculatisporites picantus Cramer, 1966 Figure 5C
Figure 4l

Description.Amb circular to subcircular. Laesurae straight, usu-
Description.Amb circular to subcircular. Laesurae straight, ally open, extending from one-half to three-quarters of the amb
extending from two-pbfths to the whole amb radius. Equatorial radius. Proximal surface laevigate. Distal surface bears a dense
thickening of £3 | m observed. Proximal surface laevigate. Dis- ornament of large microgranulae up tolIm in size.
tal surface bears an ornament of microgranulae.

Dimensions.34 (48) 63l m (6 specimens measured).
Dimensions.25 (39) 83l m (25 specimens measured).

Remarks.The species as originally described has a less vari-
Remarks Distinguished fromA. abrepuniudy its denser able trilete size and slightly larger ornament than the speci-
ornament. Specimens seen here may have shorter laesuragns found here. Owens (1971) considerfedeleganso
than originally described. be one end member of a morphological series, \Rilénis-

porites minimuslcGregor, 1960 as the other extreme. This
OccurrenceSites 2, 3, 4, 5, 7, 10, 11, 13, 14, 16, 19, 20series shows an increase in ornament size with amb dimen-
22,120, 598, G. sions. This study recovered both end members of the series

FIG. 5. Each bgured specimen is identibed by slide including the sample code, followed by its England Finder refedence. A,
nosporites lindlarenssJA2-7A-0O1; W40/4. BApiculatasporites perpusijlésdA3A-O1; R34/2. Gypiculatisporisf. elegansAJA598C-

01; L33/1 (open trilete form). DApiculiretusispora plicatAJA10B-O1; V37/4. Bpiculiretusisporaf. brandtii AJA7A-O1; C33/3. F,
Anapiculatisporites abrepunids]A598C-0O1; J27 (open trilete form). Brochotriletes foveoleusJA2-7E-O1; O33. Hhevonomono-
letescf. sp. 1; AJA2-7E-O1; H46/3. Scale bar representsri@olour online.
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but no intermediate forms. The decision was taken to pre- 2 1988 Apiculiretusispora arenorugddaGregor; Fombella
serve them as separate, tentatively assigned species, as Blanco, pl. 2, bg. 6.

P. minimusis not formally included under synonymy with ? 1988 Aneurospora greg§llaytonet al; Fombella Blanco,
A. eleganby Owens (1971) or McGregor (1964) aAd el- pl. 4, Pgs 2, 6.

eganshas only ever been synonymized with a tentatively
identiped assemblage ofApiculatasporites dilucidus Dimensions.20 (52) 100l m (45 specimens measured).
(McGregor) McGregor, 1964 (Owens 1971), which does
not resemble the specimens found here. OccurrenceSites 2, 3, 4, 5, 7, 10, 11, 13, 14, 15, 19, 20,
22, 120, 598, G, P.
OccurrenceSites 3, 7, G.
Previous recordReported from LowesMiddle Devonian
Previous record®eported from the upper Eifelian to strata with a worldwide distribution (Breuer & Steemans
lower Givetian of the USA (Urban 1968), the middle to 2013).
upper Givetian of Greenland (Frienét al. 1983), the
Frasnian of Canada (McGregor 1960) and the Upper

Devonian of Romania (Venkatachas al. 1968). Apiculiretusispora ? sp. A
Figure 6G—H

Genus APICULIRETUSISPORA (Streel) Streel, 1967

Description.Amb circular to subcircular. Laesurae straight,
extending to the equator. Possible32 m wide equatorial thick-
ening observed. Proximal face bears subcircular thickened region
extending from two-thirds to three-quarters of the distance to
the equator. Distal surface bears an ornament of microgranulae.

Type species. Apiculiretusispora braSttiel, 1964.

Apiculiretusispora cf. brandtii Streel, 1964
Figure S& Dimensions50 (61) 921 m (4 specimens measured).
cf. 1988 Apiculiretusisporaf. brandtii Streel; Fombella

Blanco, pl. 4, bgs 3, 5. Remarks.These specimens are doubtfully assigned to this

genus owing to their lack of obvious curvaturae, although
these could be incorporated in the thickened wall. Some
Dimensions 32 (46) 611 m (15 specimens measured). previously bgured specimens Apiculiretusisporalo not

show obvious curvaturae, such as Breuer & Steemans
Remarks.The species as originally described is markedly2013, pg. 10F). This species® interradial thickenings are
larger than the specimens described here, while the orareminiscent of the structures seen . arabensisAl-

ment seen here occasionally exceedsmlin height,  Ghazi, 2009 although they are not of such a clear
hence the uncertain identiPcation. rounded shape.

OccurrenceSites 2, 3, 4, 5, 7, 10, 11, 13, 14, 20, 22, 598, GOccurrenceSite G.

Previous record&eported from PragiafGivetian strata and

with a worldwide distribution (Breuer & Steemans 2013). cf. Apiculiretusispora sp. B
Figure 6A
Apiculiretusispora plicata  (Allen) Streel, 1967 Description.Amb circular to subcircular. Laesurae straight,
Figure 5D extending almost to the equator. Laesurae connected by curvatu-
rae perfectae delimiting obvious proximal contact areas, up to
1969 Cyclogranisporites plicaten; Cramer, p. 435; 151 m away from the equator. Distal surface bears an ornament
pl. 1, bgs 15, 17. of microgranulae and granulae together with a prominent,

FIG. 6. Each bgured specimen is identibed by slide including the sample code, followed by its England Finder refererga: A, cf.
culiretusisporap. B; AJA2-GP-02; S37-®, Dibolisporites tuberculatu®, AJA3A-O1, P40; C, AJA3A-0O1, V28 I, Camaro-
zonotrileteédconcavusD, AJA2-7Q-0O1, W41/2; E, AJA2-7J-0O1, W43/3; |, AJA2-7B-0O1, X35[3ickyotriletes gorgoneds]A2-3R-01;
X41/4. GH, Apiculiretusispofasp. A: G, AJA2-GZ-01, U44; H, AJA2-GA-O1, X3Bidtomozonotriletes. franklinii; AJA598C-01;
J33/1. Scale bars represent] 20 (A); 10| m (B-J). Colour online.
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101 m wide annulus, positioned one-half of the distance of the Remarks.The generic assignment of this species is dubious

equator. owing to only a slight thinning of the equatorial thickening
opposite the laesurae (Breuer & Steemans 2013). Distin-
Dimensions.147 (198) 268 m (2 specimens measured). guished fromC. parvusy its concave interradial margins.

Remarks.This taxon could be accommodated by the OccurrenceSites 3, 7, G.
genusApiculiretusisporaxcept that it is outside the nor-

mal size range for the genus, with the larger specimempreyious recordReported from the middle Eifelian to

being of megaspore size. lower Frasnian of Tunisia (Breuer & Steemans 2013), the
_ upper Eifelian to Frasnian of Brazil (Loboziek al. 1988;
OccurrenceSite G. Melo & Loboziak 2003; Breuer & Grahn 2011), the

lowermiddle Givetian of Libya and the lowarpper

Givetian of Saudi Arabia (Breuer & Steemans 2013).
Genus BROCHOTRILETES Naumovax Ishchenko, 1952

Type species. Brochotriletes malghgtenko, 1952. Camarozonotriletes parvus Owens, 1971
Figure 4F
Brochotriletes foveolatus ? Naumova, 1953 Dimensions24 (32) 411 m (5 specimens measured).
Figure 5G

OccurrenceSites 7, G.

Dimensions.39 (51) 64l m (3 specimens measured).

o ) . o Previous recordReported from the lower Eifelian to upper
Remarks.The identibcation of this species is doubtful for Frasnian of Libya (Moreau-Benoit 1989), the upper Eifelian
similar reasons cited in McGregor (1973); the original to Frasnian of Canada (McGregor & Owens 1966; Owens
description and Pgures are inadequate for conPdent iden1971; McGregor & Uyeno 1972; McGregor & Cambeld
tibcation of modern material. In addition, the specimens 1982), the lower Givetian of Saudi Arabia (Breuer & Stee-
seen here have slightly larger luminae than the specimengans 2013), the Givetian of Morocco (Rahmani-Antari &

in McGregor (1973). Lachkar 2001), Algeria (Moreau-Bendt al. 1993), Brazil
(Breuer & Grahn 2011) and Liby@reuer & Steemans 2013),
OccurrencesSites 3, 7, G. and the Frasnian of Tunisia (Breuer & Steemans 2013).

Previous recordfeported from Upper Silurian to upper
Famennian strata with a worldwide distribution. Genus CONCAVISPORITES P ugn Thomson & P ug, 1953

Type species. Concavisporites ruguRfdug in Thomson
Genus CAMAROZONOTRILETES Naumovax Naumova, 1953 & PRug, 1953.

Type species. Camarozonotriletes devorinaismova,

1953. Concavisporites? sp. A
Figure 4J
Camarozonotriletes ? concavus Loboziak & Streel, 1989 Description.Amb subtriangular with straight to slightly convex
Figure 6D-E, | interradial margins. Laesurae straight, simple or accompanied by

narrow labra along their length, extending from one-half to two-
Description.Amb subtriangular with slightly concave to slightly thirds of the amb radius. Proximal surface bears thickened kyr-
convex interradial margins. Laesurae straight, may be accompd®mes in the interradial areas, reaching the tips of the laesurae.
nied by narrow labra along their length, extending from two- Surface otherwise laevigate.
thirds to the whole amb radius. Equatorial thickening of
14 1 m observed, wider in the interradial areas though this is Dimensions.29 (31) 33l m (3 specimens measured).
not always obvious. Proximal surface laevigate. Distal surface
bears an ornament of microgranulae. RemarksThis species meets the generic criteria Gam-
cavisporitesalthough this genus has not previously been
Dimensions24 (31) 391 m (11 specimens measured). used in the Palaeozoic.
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OccurrencesSite 7. Eifelian of Bolivia (McGregor 1984), the Emsian to middle
Eifelian of Canada (McGregor 1973), the Eifelian of Russia
(Chibrikova & Olli 1992) and the Emsiafifelian (Andrews

Genus CORYSTISPORITES Richardson, 1965 et al.1977) and Pennsylvanian of the USA (Ravn 1986; Wil-

lard 1992; Gennett & Ravn 1993; Peppers 1993; Eble 1996).

Type species. Corystisporites multispind&iahardson,

1965.

Genus DEVONOMONOLETES Arkhangelskaya, 1985

Corystisporites cf. sp. Turnau, 1996 Type species. Devonomonoletes microtuberc(Ghis
Figure 7A rikova) Arkhangelskaya, 1985.

Description.Amb subcircular to vaguely subtriangular. Laesurae Devonomonoletes cf. sp. 1 Breuer & Steemans, 2013

not easily discerned, believed to extend to the equator. Proximal Figure 5H
surface presumed to be laevigate. Distal surface bears an orna-
ment of densely packed, tapering spines up tol @9 high.  pegcription. Amb circular to  subcircular. Monolete mark

Spines often have wide bases with marked shoulders at aroungpseryved extending from one-half to the whole amb radius.
onejthird to. one-half of their height, before a thinner tapering crvaturae perfectae may be observed at the laesurae tips. Equa-
portion begins. Large, rounded granulae are also seen, thougyyia| thickening of 2 | m observed. Proximal surface laevigate.
these are probably broken spine bases. Distal surface bears an ornament of microgranulae.

Dimensions.70 (98) 139 m (5 specimens measured). Dimensions32 (42) 491 m (4 specimens measured).

Remarks.The specimens seen here are sometimes Sma"?femarksThe specimens described here do not show
than those of Turnau (1996) and with less variation in the obvious curvaturae as seen in the original bgured speci-

Igngth of the spings. Aside from Fhis we Qraw similar cpnclu-mens_ These specimens resentaosporitesp. B Owens,
sions: the species resemblasinosporites macrospinosus; g7¢ thoughLatosporitess a laevigate genus
Richardson, 1965 except for having more densely distributed ' '

spines not clearly superimposed on convolute ridges. OccurrenceSites 2, 3, 4. 5, 7, 10, 13, 14, G.

OccurrenceSite G. Previous record®eported from the Pragian to middle

. . Emsian of Saudi Arabia (Breuer & Steemans 2013).
Previous record3he study of Turnau (1996) was carried

out on Middle Devonian strata from Poland.
A. macrospinosusvhich the species has been compared
to, is reported from upper Pragian to Lower Carbonifer-
ous strata and has a worldwide distribution.

Genus DIATOMOZONOTRILETES (Naumova) emend.
Playford, 1963

Type species. Diatomozonotriletes sadtdaoguebard &

Genus DELTOIDOSPORA Miner, 1935 Barss) Hughes & Playford, 1961.

Type species. Deltoidospora hdlilier, 1935.
Diatomozonotriletes  cf. franklinii McGregor & Cam eld,

1982

Deltoidospora priddyi  (Berry) McGregor, 1973 Figure 6J

Figure 4K o ) ) . .
Description.Amb subtriangular with straight to slightly convex

interradial margins. Laesurae straight, extending from two-thirds
to the whole amb radius. Proximal surface laevigate. Distal sur-
face bears an ornament of microgranulae, with a prominent row
OccurrenceSites 3, 7, 11, 599. of spines around 1 m high in the interradial regions. The areas
opposite the laesurae are laevigate to very bnely scabrate.

Dimensions.23 (32) 48l m (8 specimens measured).

Previous record®eported from the upper Pragian to lower
Emsian of France (Le étise 1983), the Emsian to lower Dimensions26 (29) 30l m (3 specimens measured).
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Remarks.The specimens seen here have shorter interraOccurrenceSites 2, 3, 7, 11, 20, 120, 598.
dial spines than the species as originally described, possi-

bly attributable to damage. Previous record®eported from the Emsiatkifelian of
] the USA (Ravn & Benson 1988), the Emsian to lower
OccurrenceSites 3, 7, G. Givetian of Saudi Arabia (Breuer & Steemans 2013;

Breueret al.2015), the upper Eifelian of Brazil (Breuer &
Previous recordReported from the Emsiastifelian of  Grahn 2011) and Tunisia (Breuer & Steemans 2013) and
Morocco (Rahmani-Antari & Lachkar 2001), the middle the Givetian of Libya (Breuer & Steemans 2013).
Emsian of Saudi Arabia (Breuer & Steemans 2013), the
upper Emsian to lower Eifelian of Algeria (Moreau-Benoit
et al. 1993), the upper Emsian to Givetian of Brazil Dibolisporites sp. A
(Loboziaket al. 1988; Melo & Loboziak 2003), the upper Figure 7F
Emsian to middle Givetian of Libya (Breuer & Steemans
2013), the upper Emsian to lower Frasnian of Tunisiapescription.Amb circular to subcircular. Laesurae not observed.
(Breuer & Steemans 2013), the upper Eifelian of Russi&quatorial thickening of 3 m observed. Surface (probably dis-
(Avkhimovitch et al. 1993) and the upper Eifelian to tal) bears a dense ornament of clavate elements, with narrow

lower Givetian of Canada (McGregor & Uyeno 1972). basesc. 11 m wide and widened heads up tol3n wide. Ele-
ments have rounded tips and are up to L6 high.

Genus DIBOLISPORITES Richardson, 1965 Dimensions.70 | m (one specimen measured).

Type species. Dibolisporites echingEésenack) Richard- RemarksThe sculptural elements on this species closely
son, 1965. resemble those dd. pilatusBreueret al, 2007, except for
being slightly narrower, often taller and distributed much
more densely, in contrast to the sparse, irregular orna-
Dibolisporites tuberculatus Breuer & Steemans, 2013 ment of D. pilatus The specimen also resembles a small
Figure 6B-C example of the megaspodbariatriletes emsiensi®reau-

Benoit, 1979. Only a single specimen was found.
? 1988 Dibolisporites echinacedsi€) (Eisenack) Richard-

son; Fombella Blanco, p. 35; pl. 3, bPg. 3. OccurrenceSite 10.

Description.Amb circular to subcircular. Laesurae straight,
extending from three-quarters to the whole amb radius. An Genus DICTYOTRILETES Naumovax Ishchenko, 1952
equatorial thickening up to 4 m is sometimes observed. Cur-

vaturae perfectae Joining the. tips of the Iaesgrae are Somet'm.e'? ype species. Dictyotriletes bireticuldhrahim) Potonie
observed, often coincident with equator. Proximal surface IaeV|-§L Kremp, 1955

gate. Distal surface bears an ornament of rounded granules an

pointed spines. Well-preserved specimens may show slightly bul-

bous tips on the spines. These ornamental units ar8 [2n

high and separated by at leas2ll m. Dictyotriletes gorgoneus Cramer, 1966
Figure 6F

Dimensions.35 (46) 771 m (18 specimens measured).

Dimensions40 | m (one specimen measured).
Remarks.This species is distinguished frobn. eifeliensis
by its original authors by having a coarser ornament. TheRemarks Distinguished fromD. cf. hemeriin this study
stated ornament dimensions in the original descriptions by its rather more substantial looking muri and more
of the two species are almost identical, however, and wéregularly shaped luminae. The Pgured specimen could
consider this speciesO much greater wall thickness to beba interpreted as having an interradially thickened wall,
more useful diagnostic feature. in the fashion ofCamarozonotriletebut we interpret this

FIG. 7. Each bgured specimen is identibed by slide including the sample code, followed by its England Finder refeGemgs- A,
tisporitexcf. sp.; AJA2-GD-01; R45/3. Bmphanisporites annulatiusJA2-20B-2-02; 042/4. Emphanisporitesf. annulatus AJA7A-
01; X42/4. DEmphanisporites annula®@asAJA598C-01; L32/1. Emphanisporitesf. orbicularis AJA2-PC-0O1; N41. Mibolisporites
sp. A; AJA10B-0O2; W42/3.-8, Dictyotriletesf. hemeri G, AJA2-7D-O1, W33/2 (open trilete form); H, AJA598C-O1, H31/4 (open
trilete form). Scale bar represents L. Colour online.
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specimen as having a widely opened trilete mark, leaving Emphanisporites annulatus  McGregor, 1961

the proximal exine gathered around the margins. Though Figure 7B

known primarily from earlier sediments this species is

known from the Givetian, through a taxon known from 1966 Emphanisporites annulaticGregor; Cramer,
the Givetian of Spitsbergen and placed in open nomencla- p. 263; pl. 3, Pg. 63.

ture by Allen (1965), later referred t®. gorgoneudy 1969 Emphanisporites annulatiicGregor; Cramer,
Breuer & Steemans (2013). Only a single specimen was p. 432; pl. 1, Pg. 12.

found in this study. 1988 Emphanisporitesf. anulatusMcGregor; Fombella

Blanco, pl. 2, bg. 4.

OccurrencesSite 3.
Dimensions.28 (38) 621 m (15 specimens measured).
Previous record®eported from the upper Lochkovian
to upper Emsian of Belgium (Lessuisé al. 1979; Stee- OccurrenceSites 3, 7, 10, 19, 20, 22, G.
mans 1989), the lower Pragian to Emsian of Germany

(Steemans 1989), the Pragi&msian of Spain (Cramer RemarksSpecimens questionably assignedBoannula-
1966) and Saudi Arabia (Breuer & Steemans 2013), théus owing to their poor state of preservation are called
Emsian of Canada (McGregor & Owens 1966; McGre-E, annulatud (e.g. Fig. 7D).

gor 1973) and the Emsiaivetian of Spitsbergen

(Allen 1965). Previous record®eported from EmsiafTournaisian

strata with a worldwide distribution (Tayloet al.2011).

Dictyotriletes cf. hemeri Breuer & Steemans, 2013

Figure 7G—H Emphanisporites cf. annulatus McGregor, 1961

. . Figure 7C
? 1988 Cymatiosphaera magna®alchler; Fombella Blanco,

l. 3, bg. 1. o . .
pl.= Pg Description.Amb circular to subcircular. Monolete mark

observed, extending to the equator. Equatorial thickening of
Description.Amb circular to subcircular or ovoid. Laesurae 3| m observed. Proximal face bears interradial muri, six in each
straight, sometimes accompanied by narrow labra along theirhalf. Distal surface bears an annulus, otherwise laevigate.
length, extending from one-half to the whole amb radius. Proximal
surface laevigate. Distal surface bears a reticulate ornament Withimensions35 (40) 511 m (3 specimens measured).
muri, ¢. 1-2 | m high and wide, enclosing mostly polygonal lumi-

nae 26 | mwide. Small projections may occur at muri junctions. RemarksMonolete specimens attributed to various

Emphanisporitespecies have been recorded previously

Dimensions.33 (43) 531 m (4 specimens measured). (Breuer & Steemans 2013)

Remarks.The species as originally described is rather Iargeb .
. . ccurrenceSite 7.
and with larger sculptural elements than the specimens
described here. In addition, the biform elements at muri
junction are not obvious in these specimens, though this is

. . Emphanisporites augusta Fombella Blanco, 1988
also the case on some of the original Pgured specimens. P P g

Figure 8A
OccurrenceSites 3, 7, 11, 598, G, P.

. o L Description.Amb circular to subcircular. Laesurae straight,
Previous record®eported from the EifeliasGivetian of  ,ccompanied by narrow labra along their length, extending from

Spam (Cramer ];969) .and the upper Eifelian to middle gne-haif to the whole amb radius. Equatorial thickening ef 1
Givetian of Saudi Arabia (Breuer & Steemans 2013). 21 m observed. Proximal face bears interradial mur3 Zoer

sector. Distal surface bears an ornament of microgranulae.

Genus EMPHANISPORITES McGregor, 1961 Dimensions.25 (38) 521 m (32 specimens measured).

Type species. Emphanisporites rot&to&regor emend. Remarks.The species as originally described is larger than
McGregor, 1973. the specimens seen here, with a wider cingulum.
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OccurrenceSites 2, 4, 5, 7, 10, 11, 13, 14, 19, 20, 22, G. McGregor (1973) as a later homonym (orthographic vari-
ant) of the species used here.
Previous record®eported from the Middle Devonian of

Spain (Fombella Blanco 1988). OccurrenceSites 3, 5, 7, 10, 16, 19, 22, 598, G.
Previous recordfeported from the Lochkovian to Eifelian
Emphanisporites cf. laticostatus Breuer & Steemans, 2013 of Germany (Lanninger 1968; Riegel 1968; Schultz 1968;
Figure 8B Edalat 1974; Steemans 1989; PRug &sBIr 1991), the

upper Lochkovian to Emsian of France (Steemans 1989;
Description.Amb circular to subcircular. Laesurae straight, Moreau-Benoit 1994) and Belgium (Steemans 1989), the
accompanied by narrow labra, extending from two-thirds to Pragian to upper Givetian of Libya (Massa & Moreau-
three-quarters of the amb radius. Equatorial thickening of Benoit 1976; Moreau-Benoit 1979, 1989; Patisl. 1985;
1-3 I m observed. Proximal face bears interradial muri4 Der Moreau-Benoit & Massa 1988; Stretlal. 1988; Breuer &
sector. Distal surface laevigate. Steemans 2013), the Pragian to middle Emsian of Poland
(Turnau 1986; Turnau & Jakubowska 1989), the Pragian
Givetian of Spain (Cramer 1966, 1969), the upper Pragian
Ao lower Emsian of Brazil (Mendlowicz Maullegt al.
007), the upper Pragian to upper Givetian of Saudi Arabia
reuer & Steemans 2013), the Emsian to lower Eifelian of
Bolivia (McGregor 1984), the EmsigRamennian of Alge-
ria (Abdesselam-Rouighi 1986; Moreau-Beratital. 1993),
the upper Emsian to lower Frasnian of Tunisia (Breuer &
Steemans 2013), the lower Givetian of Egypt (Schrank
1987) and the Upper Devonian to Tournaisian of Ireland
éNaonret al.1977; Sleemaet al.1978).

Dimensions.26 (37) 571 m (5 specimens measured).

Remarks.The species as originally described is larger tha
the specimens reported here and these specimens do n
show fading muri towards the equator.

OccurrenceSites 3, 7.
Previous recordReported from the middle Givetian of

Brazil (Breuer & Grahn 2011) and the upper Givetian to
Frasnian of Tunisia and Saudi Arabia (Breuer & Steeman

2013).
Emphanisporites micrornatus Richardson & Lister, 1969
Figure 8C
Emphanisporites mcgregorii  Cramer, 1966
Figure 8E—F Description.Amb circular to subcircular. Laesurae straight, may
) _ B be accompanied by narrow labra, extending from one-half to the
1969 Emphanisporites McGregdgsic) Cramer; Cramer, whole amb radius. Proximal face bears interradial muB fer
p. 432; pl. 1, Pg. 13. sector. Distal surface bears an ornament of microgranulae.

Description.Amb circular to subcircular. Laesurae straight, may Dimensions.26 (37) 45 m (23 specimens measured).
be accompanied by narrow labra, extending from one-third to

the whole amb radius. Equatorial thickening of-2lm  RemarksThese specimens possess more interradial muri
observed. Proximal face bears interradial murl2 per sector  than the species as originally described.
and arranged parallel to one another, producing a distinct her-

ringbone pattern. Distal surface laevigate. OccurrenceSites 2, 4, 7, 10, 13, 14, 19, 20, 22, G.

Dimensions.23 (36) 53l m (22 specimens measured).

Previous recordReported from LochkoviarfEmsian
RemarksThe description of McGregor (1961), restated Strata with a worldwide distribution (Tayloet al.2011).
by Cramer (1966), does not specify the number of inter-
radial ridges this species should possess. We have

included specimens with laesurae shorter than the radius Emphanisporites orbicularis  Turnau, 1986

in this species as this measurement varies in other mem- Figure 8G-H

bers of the genus. The descriptions of this species and

E. spinaeformiSchultz, 1968 do not differ in their impor- ? 1966 Emphanisporites erratic(i§senack); Cramer,
tant characteristics and the synonymization of the two by p. 263; pl. 3, Pgs 60, 61.

Breuer & Steemans (2013) is followed here. Care should
be taken not to confuse this species wih macgregorii Description.Amb circular to subcircular. Laesurae straight, may
Schultzin Lanninger, 1968, renderedrmen nudunby be accompanied by narrow labra along their length, extending
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from one-third to three-quarters of the amb radius. Equatorial Dimensions.31 (35) 391 m (3 specimens measured).

thickening of 51 m observed. Proximal face bears interradial

muri, 3-10 per sector. Distal surface laevigate. Remarks Distinguished fromE. annulatusin this study
by its shorter trilete rays.

Dimensions.22 (33) 58l m (70 specimens measured).

o o _ ) OccurrenceSites 3, G.
Remarks.The original description for this species does

not specify how many interradial muri it should possess pravious record®eported from the Ludlow to Lower

and does not mention labra, though they may be visiblenaqnian of Spain (Rodiguez 198 1983).
on one of the bgured specimens (pl. 4, bg. 9).

OccurrenceSites 3, 7, 10, 11, 13, 19, 22, 120, 598, G, P. Emphanisporites rotatus McGregor emend. McGregor, 1973

Figure 8J
Previous record®eported from the upper Lochkovian to
Emsian of Poland (TUrnaU 1986, Turnau & Jakubowska 1966 Emphanisporites rotattécGregor; Cramer, p. 262;
1989), the upper Givetian to Frasnian of Iran (Ghavidel- pl. 3, bgs 57, 58, 62.
Syooki 1994) and the upper Famennian to lower Tour- 1969 Emphanisporites rotatiécGregor; Cramer, p. 431.
naisian of Canada (Playford & McGregor 1993). 1969 Emphanisporites obscuMsGregor; Cramer,

p. 432.

1969 Emphanisporites robustdsGregor; Cramer,
p. 434; pl. 1, bg. 11.

1988 Emphanisporites rotatddcGregor; Fombella
Blanco, pl. 2, bg. 3.

Emphanisporites cf. orbicularis Turnau, 1986
Figure 7E

Description.Amb circular to subcircular. Monolete mark
observed, extending from one-half to three-quarters of the ambDimensions 21 (34) 521 m (165 specimens measured).
radius. Proximal face bears interradial muri1® in each half.
Distal surface laevigate. OccurrenceSites 2, 3, 4, 5, 7, 10, 11, 13, 14, 19, 20, 22,
120, 598, 599, G, P.
Dimensions.25 (33) 40l m (15 specimens measured).
Previous record®eported from Upper Silurian to Tour-
RemarksMonolete specimens attributed to various naisian strata with a worldwide distribution (Tayl@t al.
Emphanisporitespecies have been recorded previously2011; Breuer & Steemans 2013).
(Breuer & Steemans 2013).

OccurrenceSites 3, P. Emphanisporites cf. rotatus McGregor emend. McGregor,
1973
Figure 8K-L
Emphanisporites protoannulatus Rodr guez, 1978
Figure 8l Description.Amb circular to subcircular. Monolete mark
observed, extending to the equator. Equatorial thickening-of 1

Description.Amb circular to subcircular. Laesurae straight, accom- 3Im obser\(ed. Proximal fa.ce bears interradial mur13 in
panied by narrow labra along their length, extending two-thirds of each half. Distal surface laevigate.

the amb radius. Proximal face bears interradial muri4 Jer

sector. Distal surface bears-&3 m annulus, otherwise laevigate.  Dimensions.23 (36) 48 m (6 specimens measured).

FIG. 8. Each bgured specimen is identibed by slide including the sample code, followed by its England Finder reference.

A, Emphanisporites augusfJA2-7F-01; W39/1. EEmphanisporited. laticostatusAJA120A-02; L35/4. GEmphanisporites microrna-
tus AJA2-GE-O1; T30. DEmphanisporitesp. A; AJA2-7C-0O1; H29.-E, Emphanisporites mcgregdej AJA7A-O1, S28/3;

F, AJA11A-0O1, C38/2.-61, Emphanisporites orbiculara, AJA3A-O1, Q46; H, AJA2-GE-O1, S43/ZEimphanisporites protoannula-
tus AJA2-GH-O1; S33/3. Emphanisporites rotaiusJA7A-O1; C42/3. K., Emphanisporitesf. rotatus K, AJA7A-O1, U42/1;

L, AJA2-GF-O1, S40. Mpranulatisporites concayés]A10B-O1; O38. NGranulatisporitesf. muninensisAJA7A-O1; W39/2. Scale
bar represents 10m. Colour online.
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RemarksMonolete specimens attributed to various from species ofGrandisporain the thickness of the
Emphanisporitespecies have been recorded previouslyexoexine and in the laesurae not extending past the
(Breuer & Steemans 2013). intexine.

OccurrenceSites 3, 7, 11, 13, G. OccurrenceSites 3, 7, G.

Previous recordReported from GivetiadFrasnian strata

Emphanisporites sp. A with a worldwide distribution (Breuer & Steemans 2013).
Figure 8D

Description.Amb circular to subcircular. Laesurae straight,

extending to the equator. Equatorial thickening of32 m

observed. Proximal face bears interradial mu#7 per sector and

arranged parallel to one another, producing a distinct herringbone

pattern. Distal surface bears an ornament of microgranulae. ? 1988 Geminosporaf. tuberculataKedo) Allen; Fombella
Blanco, pl. 2, bg. 7.

Geminospora cf. svalbardiae (Vigran) Allen, 1965
Figure 10A-D

Dimensions.33 (41) 501 m (7 specimens measured).
Description.Amb circular to subcircular. Cavate. Exoexine
Remarks.This species has the herringbone muri pattern attached proximally, detached equatorially and distally. Intexine

of E. mcgregorbut possesses a distal ornament. forms distinct inner body. Laesurae straight, extending to
perimeter of intexine. Exoexine extends past intexine perimeter
OccurrenceSites 7. 10. 13. 14. G by one-quarter to one-third the radius of the intexine. Exoexine

markedly thick, always over IIm. Proximal surface laevigate.
Exoexine distally sculptured with densely distributed grana and

apiculate elements—4 | m high.
Genus GEMINOSPORA Balme, 1962

Dimensions.Intexine: 33 (38) 48 m; exoexine: 39 (46) 5Bm

Type species. Geminospora lemuBaiane emend. Play- .
(5 specimens measured).

ford, 1983.

Remarks.The specimens described here differ from those
assigned tds. lemurataprimarily in having a larger orna-
ment and sometimes a somewhat thinner exoexine,
though still thicker than inGrandisporaThe specimens
described here are rather smaller than those originally
described for the species.

Geminospora lemurata Balme emend. Playford, 1983
Figure 9A-C, EG

Description.Amb circular to subcircular. Cavate. Exoexine
attached proximally, detached equatorially and distally. Intexine
forms distinct inner body. Laesurae straight, extending to
perimeter of intexine. Exoexine extends past intexine perimeter

by one-quarter to one-third the radius of the intexine. Exoexine Previous record®eported from Pragian to upper Famen-
markedly thick, always over llm. Proximal surface laevigate. nian strata with an almost worldwide distribution
Exoexine distally sculptured with densely distributed grana and(although absent from Australia).

apiculate elements up to IlIm high.

OccurrenceSites 2, 3, 7, 10.

Dimensions.Intexine: 23 (40) 53 m; exoexine: 30 (52) 76m Genus GRANDISPORA Hoffmeister et al. emend. Neves &
(10 specimens measured). Owens, 1966

Remarks.The specimens described here correspond tolType species. Grandispora spingdsaffmeister et al.
the specibc designation in all respects. Distinguished955).

FIG. 9. Each bgured specimen is identibed by slide including the sample code, followed by its England Finder refee@mmiA
nospora lemurataéd, AJA2-3C-02, E43/3; B, AJA2-GE-O1, R49/2; C, AJA2-7A-01, O49@rabdispora douglastownehsisJA2-
GE-O1; M49/4. EG, Geminospora lemuratk, AJA2-7Q-0O1, V50; F, AJA2-GAB-02, P29/3; G, AJA2-7A-0O1, N39{2 LHatosporites
sp. 1: H, AJA10B-0O1, R28; |, AJA2-7D-01, P46/1 (open monolete formPladjsporitesf. minimus AJA598C-O1; K34. Scale bars
represent: 10 m (A—-C, E-J); 20l m (D). Colour online.
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‘Grandispora’ (Hymenozonotriletes) argutus Naumova, 1953 CramerOs (1966)ymenozonotriletes argud#O Naumova,
sensu Cramer, 1969 1953 (CalyptosporiteHymenozonotriletesargutus (Nau-
Figure 12C mova) Cramer, 1969) but have placed it with the genus
Grandispora This follows recent taxonomic practise for
1953 Hymenozonotriletes argufaum. Sp. n.; Naumova, Devonian spores that considers the gei@mlyptosporites

pl. 9, Pg. 9. to be a junior synonym ofGrandispora(Playford 1971;
1966 Hymenozonotriletes arguldO Naumova; Cramer, Breuer & Steemans 2013). We have named the species
p. 46; pl. 3, Pg. 73. ‘Grandispora’ (Hymenozonotriletes) argutii&umova,
non 1969 Calyptosporites argut(l8aumova) New 1953sensuCramer (1969) because we are not in a posi-

Combination; Cramer, p. 436; pl. 3, bg. 33.
p. 1969 Calyptosporitesf. deliquescer{dlaumova) New
Combination; Cramer, p. 438; pl. 3, bg. 32.

tion to propose a formal comb. nov. This is because: (1)
comparison with NaumovaQs material is tentative because
she provided only line drawings of spores (as also noted
by Cramer 1969); and (2) NaumovaOs (1953) brst
Description.Amb subcircular to vaguely subtriangular. Cavate. described species has priority but we are concerned with

Exoexine attached proximally, detached equatorially and distallythe second described species of the same name.
Intexine forms distinct inner body. Laesurae not obvious, may

extend to the spore equator. Exoexine extends past intexindComparison.The characteristic ornament of this species
perimeter by a distance equal to the radius of the intexine. Prox-is similar to that of G. douglastownensasd Ancyrospora
imal surface laevigate. Exoexine distally sculptured with an ornanettersheimensiiegel, 1973 but is far more pronounced

ment of large ridges and spines up to 1 long. These spines  and also lacks the bifurcate ornamentAficyrospora
have a broad base, often drawing up the exoexine around them.

This produces a Opinched® appearance and a prominent scalloped .
margin to the exoexine. Ccurrencesites 2,3,5,7,10, 11, 13, 20, 120, 598, G.

Previous recordén often-reported taxon reported from
upper Emsian to upper Frasnian strata from Canada,
China and Europe, particularly the former USSR, though
often referred to a different genus.

Dimensions.Intexine: 39 (58) 73 m (6 specimens measured);
exoexine: 75 (104) 135m (5 specimens measured).

Remarks.This taxon has a complicated taxonomic his-
tory. Naumova (1953) described and illustrated two new
species, which are very different in structure and mor-
phology, but called both of themHymenozonotriletes Grandispora douglastownensis ? McGregor, 1973
argutussp. n. These were described as spore number 73 Figure 9D

(p. 41) and spore number 169 (p. 67) illustrated as line

bgures in her plate 4, bgure 10 and plate 9, bgure 9, ? 1966Hymenozonotriletes. eximiu® Naumova; Cramer,

respectively. Cramer (1966) identibped both species in the p. 268; pl. 6, bg. 1.

Spanish Middle Devonian and called thetdymeno- 1966 Hymenozonotriletes. deliquesceAsNaumova;
zonotriletes argutu®©I0 Naumova, 1953 aktymeno- Cramer, p. 269; pl. 4, Pg. 77.

zonotriletes argutu®I1® Naumova, 1953 with | referring to 7 1969 Calyptosporites argut(Saumova)New Combina-
spore number 73 and Il referring to spore number 169. tion; Cramer, p. 436; pl. 3, Pg. 33.

p. 1969 Calyptosporitesf. deliquescer{dlaumova) New

Subsequently Cramer (1969) placéthmenozonotriletes o
Combination; Cramer, p. 438; pl. 2, Pg. 26.

argutusOIl® Naumova, 1953 in the ge@alyptosporiteas
a new combination:Calyptosporite§Hymenozonotriletes
argutus(Naumova) Cramer, 1969 (although it should be . ) ) .
. . Description.Amb circular to subcircular. Cavate. Exoexine
noted that Cramer appears to have inadvertently misla- . . : .
belled his ol d ol 3 ba. 32 al inl attached proximally, detached equatorially and distally. Intexine
elie !S plates and pl. 9. almost certalpy "ePr€6rms distinct inner body. Laesurae straight, extending from
sents this Faxon rather thaanI. 3 Pg. 33). In this PAPET, yyo-thirds to the whole radius of intexine. Exoexine extends past
we have included CramerOs (196@menc_>zonqtnletes intexine perimeter by one-third to two-thirds the radius of the
argutusOIO Naumova, 1953 in synonymy \@thndispora intexine. Proximal surface laevigate. Exoexine distally sculptured
cf. inculta Allen, 1965 (see below). We have identiPedwith faint microgranulae and occasional, isolated, large granulate

FIG. 10. Each bgured specimen is identiPed by slide including the sample code, followed by its England Finder refddence. A
Geminosporaf. svalbardiaeA, AJA2A-0O1, V42; B, AJA2-7A-O1, U32/1; C, AJA11A-O1, T46/4; D, AJA2-7A-O1, NGearktlispora
permulta AJA2-GI-O1; U46/4. FGrandisporaf. incultay AJA7A-O1; C28/4. Garandispora velatsAJA10B-O1; D28/2. Scale bars rep-
resent: 10 m (A-E); 201 m (FG). Colour online.
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and spinose elements with some distortion of the exoexineDimensions.Intexine: 26 (60) 94 m (33 specimens measured);
around them. exoexine: 31 (76) 13Bm (31 specimens measured).

DimensionsIntexine: 58 (76) 90 m; exoexine: 131 (142) RemarksThis species has a very broad original descrip-
1681 m (3 specimens measured). tion. As a result a wide variety of forms, with a relatively
small, simple ornament but widely ranging exoexine:in-
Remarks.The species as originally described has folds thagexine ratios, can be placed in this species. The specimens
accompany the laesurae and may extend to the sporg this study have a larger size range than the species as
equator, features not seen here. As the few specimensiginally described but show a continuous spread.
found of this species are poorly preserved this is attribu-
ted to a preservational debciency. OccurrenceSites 2, 3, 4, 7, 10, 11, 13, 14, 20, 22, 120,
598, G.
OccurrencesSites 3, G.
Previous recordReported from the Emsian to middle
Previous record®eported from the EmsiaiGivetian of  Givetian of Libya (Pariset al. 1985; Streelet al. 1988;
Canada (McGregor 1973; McGregor & Campeld 1976Moreau-Benoit 1989), the Emsiafrasnian of Algeria
1982), the Emsian to middle Givetian of Libya (Moreau- (Boumendjelet al. 1988; Moreau-Benoiet al. 1993), the
Benoit 1989; Ghavidel-Syooki 2003), the upper Emsian tcEifelian-Givetian of Morocco (Rahmani-Antari & Lachkar
lower Eifelian of Algeria (Moreau-Benoét al. 1993), the  2001), the upper Eifelian of Scotland (Marshall 1988), the
upper Emsian to Eifelian of Libya (Breuer & Steemansupper Eifelian of Russia (Avkhimovitcht al. 1993), the
2013), the upper Emsian to lower Givetian of Brazil upper Eifelian to lower Givetian of Canada (McGregor &
(Loboziaket al. 1992; Melo & Loboziak 2003), the Eife- Cambeld 1982), the upper Eifelian to Givetian of Poland
lian of Germany (Loboziaket al. 1991) and Tunisia (Turnau 1996; Turnau & Racki 1999), the Givetian of Spits-
(Breuer & Steemans 2013), the Givetian of France (Lobobergen (Allen 1965), the Givetian to lower Frasnian of Brazil
ziak & Streel 1980), the Eifelian to upper Givetian of (Loboziak et al. 1988), the lower Givetian of Libya, the
Saudi Arabia (Breuer & Steemans 2013) and the Frasniagpper Givetian of Saudi Arabia (Breuer & Steemans 2013),
of Bolivia (Perez-Leyton 1990). the upper Givetian to upper Frasnian of France (Betel.
1979; Loboziak & Streel 1980, 1988; Loboztkl. 1983)
and the Frasnian of Bolivia (Perez-Leyton 1990).
Grandispora cf. inculta Allen, 1965

Figure 10F
Grandispora permulta (Daemon) Loboziak et al., 1999
? 1966 Hymenozonotriletes argu$O Naumova; Cramer, Figure 10E
p. 268; pl. 4, bg. 74.
1966 Hymenozonotriletes naranc@amer, p. 269; pl. 3, 1988 Grandisporap. A, Parigt al; Fombella Blanco,
Pg. 70. pl. 1, bg. 1.

cf. 1969 Calyptosporites optiv(Bhibrikova) Allen; Cramer,
p. 440; pl. 4, bg. 38.

p. 1969 Calyptosporites microspinofREhardson) Richard-
son; Cramer, p. 439; pl. 3, bgs 35, 36.

Description.Amb subcircular to slightly subtriangular. Cavate.
Exoexine attached proximally, detached equatorially and distally.
) . Intexine forms distinct inner body. Laesurae straight, extending
p. 1969 CalyptOSponte@) narancagCramer) New Combi- to the spore equator. Exoexine extends past intexine perimeter
nation; Cramer, p. 439. by one-third the radius of the intexine. Proximal surface laevi-

? 1988 Grandisporasp. C Parist al; Fombella Blanco, gate. Exoexine distally sculptured with microgranulae.
pl. 1, bg. 5; pl. 2, bg. 1.

Dimensions.Intexine: 47 (74) 93 m; exoexine: 72 (99) 120m
Description.Amb  circular to subcircular. Cavate. Exoexine (4 specimens measured).
attached proximally, detached equatorially and distally. Intex-
ine forms distinct inner body. Laesurae straight, may be

. - . Remarks.This species is distinguished fro@. incultain
accompanied by labra or triradiate folds, extending from

two-thirds the radius of the intexine to the spore equator. this study by its sllghtly suptrlangula_r shape. A prq-
Exoexine extends past intexine perimeter by one-bfth tohounced, though often discontinuous, ring is observed in
three-quarters the radius of the intexine. Proximal surface lae-tN€ middle of the exoexine ofo';lp, .p.oten.tlally representing
vigate. Exoexine distally sculptured with microgranulae, largercurvaturae. A similar structure is visible in Breuer & Stee-

granulae and small spines. mans (2013, bg. 33B).
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OccurrenceSites 2, G. distance equal 1 to 1.5 times the radius of the intexine. Proximal
surface laevigate. Exoexine distally sculptured with microgranulae.

Previous record®eported from the upper Emsian to

lower Frasnian of Tunisia (Breuer & Steemans 2013)Dimensionsintexine: 35 (45) 52 m; exoexine: 68 (91) 98m
lower Eifelian to lower Givetian of Libya (Parist al. (3 specimens measured).

1985; Streekt al. 1988), the Eifeliad-rasnian of Brazil

(Loboziaket al. 1988; Melo & Loboziak 2003), the upper Remarks.This species is distinguished from the other
Eifelian to upper Givetian of Libya (Breuer & SteemansGrandisporapecies in this study by its much larger exoex-
2013), the upper Eifelian to lower Frasnian of Bolivia in€:intexine ratio. We use this to refer the specimens provi-
(Perez-Leyton 1990) and Saudi Arabia (Breuer g sionally toG. stolidotathough no intexine measurement is
Steemans 2013), the middle Givetian of Algeria (Moreau-give” in the original description and the complex, biform
Benoit et al. 1993) and the upper Givetian to lower Sculptural elements could not be seen in these specimens.

Frasnian of Argentina (Ottone 1996). OccurrenceSites 7. G

Previous recordf®eported from the upper Eifelian to
lower Frasnian of Tunisia, Libya and Saudi Arabia
(Breuer & Steemans 2013) and the middle Givetian to
lower Frasnian of Australia (Balme 1988; Grey 1991).

Grandispora protea (Naumova) Moreau-Benoit, 1980
Figure 11A

non 1966 Hymenozonotrilatesf. domanicusNaumova; Cra-
mer, p. 268; pl. 3, bg. 71.
? 1969 Calyptosporitesf. domanicugNaumova) New
Combination; Cramer, p. 438; pl. 4, bg. 39. Grandispora velata (Richardson) McGregor, 1973
Figure 10G

Description.Amb circular to subcircular. Cavate. Exoexine
attached proximally, detached equatorially and distally. Intexine
forms distinct inner body. Laesurae straight, extending to the
spore equator. Exoexine extends past intexine perimeter by two-
thirds to the whole of the radius of the intexine. Proximal sur-
face laevigate. Exoexine distally sculptured with very widely sepa-
rated granulae and spines up tol 81 high. Description.Amb subtriangular. Cavate. Exoexine attached prox-
imally, detached equatorially and distally. Intexine forms distinct
Dimensions.ntexine: 48 (60) 77 m; exoexine: 72 (97) 136m inner body. Laesurae straight, extending to the spore equator.
(4 specimens measured). Exoexine extends past intexine perimeter by three-quarters the
radius of the intexine. Proximal surface laevigate. Exoexine dis-
tally sculptured with microgranulae and small spinose ornament.

p. 1969 Calyptosporites microspinofREhardson) Richard-
son; Cramer, p. 439; pl. 3, bg. 37.
1969 Calyptosporites velat(isisenack) Richardson; Cra-
mer, p. 440.

Remarks.This species is distinguished from the other
Grandisporaspecies in this study by its characteristic

Dimensions.Intexine: 44 (51) 60 m; exoexine: 68 (88) 116m
ornament.

(4 specimens measured).
OccurrenceSites 7, 11, 20. RemarksThis species is distinguished from the other
Grandisporaspecies in this study by its subtriangular

Previous record®eported from upper Emsian to Fras- sphape, large exoexineiintexine ratio and spinose orna-
nian strata, with an almost worldwide distribution \ent.

(although absent from Asia and Australia) (Breuer &
Steemans 2013). OccurrenceSites 3, 7, 10, 20, G.

Previous record®eported from upper Emsian to Fras-
Grandispora cf. stolidota (Balme) Breuer & Steemans, 2013 nian strata and with a worldwide distribution (Breuer &
Figure 12A Steemans 2013).

Genus GRANULATISPORITES lbrahim emend. Potone &
Kremp, 1954

Description.Amb circular to subcircular. Cavate. Exoexine
attached proximally, detached equatorially and distally. Intexine
forms distinct inner body. Laesurae straight, extending to the
spore equator. Exoexine extends past intexine perimeter by dype species. Granulatisporites granulatakim, 1933.
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Granulatisporites concavus Breuer & Steemans, 2013 Curvaturae perfectae often observed at the laesurae tips. Surface
Figure 8M laevigate.
? 1969 Leiotriletes bonituSramer; Cramer, p. 430; pl. 1, Dimensions.24 (36) 62| m (20 specimens measured).
bg. 9.

Remarks.The specimens found here have a greater size
Dimensions.20 (29) 471 m (8 specimens measured). range than originally described for the species.

Remarks.The specimens seen here meet the specibc chaGccurrenceSites 3, 4, 7, 10, 11, 120, G, P.
acteristics in all respects.
Previous record&®eported from the Eifelian of Libya, the
OccurrenceSites 3, 4, 7, 11, 19, G. Eifelian to middle Givetian of Tunisia and the middle
Givetian of Saudi Arabia (Breuer & Steemans 2013).
Previous record®eported from the middle Emsian to
lower Givetian of Libya and the upper Emsian to upper
Eifelian of Saudi Arabia (Breuer & Steemans 2013). Genus PLANISPORITES (Knox) Potor & Kremp, 1954

Type species. Planisporites gra(ifemhim) Knox, 1950.
Granulatisporites cf. muninensis Allen, 1965

Figure 8N
Planisporites cf. minimus McGregor, 1960
Description.Amb subtriangular with straight or slightly convex Figure 9J
interradial margins. Laesurae straight, extending to the equator.
Proximal surface laevigate. Distal surface bears an ornament of 1966 Cyclogranisporites rosendammer, p. 264; pl. 3,
Pne microgranulae. bg. 55.

1969 Rhabdosporites prospeg@samer) New Combina-
Dimensions.24 (34) 44l m (2 SpeCimenS measured). tion; Cramer, p. 443; p| 2, pgs 21-25.
? 1988 Acanthotriletesp.; Fombella Blanco, pl. 3, bg. 2.
Remarks.These specimens are doubtfully assigned to

G. muninensias the presence of labra could not be deter'Description.Amb circular to subcircular. Laesurae straight, may

mined with certainty. be accompanied by narrow labra along their length, extending
from one-third to the whole amb radius. Equatorial thickening
OccurrencesSites 3, 22, P. of 1-3 1 m observed. Proximal surface laevigate. Distal surface

bears an ornament of microgranulae.

Previous record®eported from Upper Silurian to middle
Tournaisian strata with a worldwide distribution. Dimensions.15 (40) 70l m (80 specimens measured).

Remarks.The specimens found here show a greater range

Genus LATOSPORITES Potomi & Kremp, 1954 of variation in the length of the trilete rays than the spe-
cies as originally described, though no meaningful divi-
Type species. Latosporites [Ratsnie & Kremp, 1954. sion of the population could be made. This species may

form one end member of a morphological series with

A. elegansat the other extreme (Owens 1971); see

Latosporites sp. 1 Breuer & Steemans, 2013 remarks above pertaining to that species for a fuller
Figure 9H- explanation.

Description.Amb  subcircular to ovoid. Monolete mark OccurrenceSites 2, 3, 4, 5, 7, 10, 11, 13, 14, 19, 20, 22,
observed, extending from one-half to the whole amb radius.120, 598, 599, 600, G, P.

FIG. 11. Each bgured specimen is identiPed by slide including the sample code, followed by its England Finder refeGace. A,
dispora proteaAJA2-20A-01; P48. BRetusotriletes rotundusJA7A-O1; T33/3. CRetusotriletes semizonafidA2-7H-01; O39.

D, Retusotriletes atratuaJA2-3R-O1; E42/1. Retusotriletes goen#idA11A-01; W39/4. RRetusotriletes triangulafusJA11A-01;
M36. G, Retusotriletesp. A; AJA2A-0O1; L39/2.H, Retusotriletespp.: H, AJA11A-O1, M37; |, AJA3A-O1, D34/4Rhabdosporites
minutus AJA11A-O1; B45/4. Scale bar representsriOColour online.
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Previous record®eported from the upper Emsian of have been Pbgured (Breuer 2008; Breuer & Steemans

Germany (Edalat 1974), the Frasnian of Canada (McGre2013). These specimens bear a resemblan&oizentri-

gor 1960) and the Mississippian of England (Lele & Wal-cosporites sagittarifRodrdguez) Rodiguez, 1983, though

ton 1962) with an additional record from the former they have no obvious crassitude and a diffuse outer mar-

USSR of uncertain age (Bezak & Planderova 1981). gin to their thickened area, as opposed to the hard edge
seen inC. sagittarius

Genus RETUSOTRILETES Naumova emend. Streel, 1964 OccurrenceSites 3, 4, 7, 10, 11, 598, G, P.

Type species. Retusotriletes sinjdermova, 1953. Previous record&eported from the upper Lochkovian of
Brazil (Rubinsteinet al. 2005), the middle Emsian to
lower Givetian of Saudi Arabia (Breuer & Steemans

Retusotriletes atratus Breuer & Steemans, 2013 2013), the upper Emsian (Lessuiseal. 1979) and proba-
Figure 11D ble upper Eifelian of Belgium (Lele & Streel 1969; Breuer
& Steemans 2013) and the lower Eifelian to lower Give-

Description.Amb  circular to subcircular. Laesurae straight, tjan of Libya (Moreau-Benoit 1989).

extending from one-half to the whole amb radius. Possible 2

31 m wide equatorial thickening sometimes observed. Proximal

face bears subtriangular, thickened regions in each interradial

area, not touching the laesurae and extending up to two-thirds
of the distance to the equator. Distal surface laevigate.

Retusotriletes rotundus (Streel) Streel emend. Lele & Streel,
1969
Figure 11B
Dimensions.33 (40) 541 m (5 specimens measured). )
1969 Retusotriletes barbut@samer; Cramer, p. 430.
1969 Retusotriletes pychoMaumovamajor Naumova,;
Cramer, p. 430; pl. 1, bgs 3, 7.
1969 Retusotriletes rotund(Streel) Streel; Cramer, p.
431; pl. 1, bgs 1, 2.

Remarks.The species as originally described is somewhat
larger than the specimens found here.

OccurrenceSites 3, 7, 120, 598.
Previous record®eported from the upper Pragian to Dimensions 23 (44) 631 m (29 specimens measured).
upper Givetian of Saudi Arabia (Breuer & Steemans
2013) and the Emsian to lower Givetian of Australia
(Hashemi & Playford 2005).

Remarks.The specimens found here meet the specibc
description for R. rotundusin all respects. The species is

sometimes considered as part of a continuous morphological
series wittR. goensandR. triangulatugMcGregor 1973).

Retusotriletes goensis Lele & Streel, 1969
Figure 11E OccurrenceSites 2, 3, 5, 7, 10, 11, 13, 19, 20, 22, G.

Description.Amb circular to subcircular. Laesurae straight, may be Previous recordReported from Devonian, especially
accompanied by narrow labra along their length, extending from one-Lower to Middle Devonian, strata and with a worldwide
half to the whole amb radius. Curvaturae perfectae sometimeglistribution (Breuer & Steemans 2013).
observed joining the laesurae tips. Proximal surface bears an apical,
subcircular to subtriangular thickened area extending froome-third
to one-half of the distance to the equator. Distal surface laevigate. Retusotriletes semizonalis McGregor, 1964
Figure 11C

Dimensions.23 (36) 521 m (10 specimens measured).

Description.Amb circular to subcircular. Laesurae straight,
Remarks Labra accompanying the laesurae are not alwaygccompanied by narrow labra along their length, extending from
mentioned in descriptions of this species, though theytwo-thirds to three-quarters of the amb radius. Prominent

FIG. 12. Each bgured specimen is identiPed by slide including the sample code, followed by its England Finder refeGace. A,
disporacf. stolidota AJA2-70-O1; W37. BSamarisporitesf. praetervisysAJA2-7K-O1; U33/3. C@andispor@(Hymenozonotriletes)
argutus AJA10B-O1; U33/3. Dyerrucosisporites scurrA§A2-GAB-02; P44/2 -, Verrucosisporites tumulentés AJA2-3N-O1,
Q41; F, AJA2-3E-O2, E33/2. Scale bars represehmtm2@®—C); 101 m (D—F). Colour online.
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curvaturae perfectae observed joining the tips of the laesurae. Retusotriletes spp.
Proximal surface laevigate. Distal surface bears an ornament of Figure 11H-
Pne microgranulae.

Description.Various forms referable t®etusotriletebut lacking
Dimensions.30 (46) 641 m (6 specimens measured). diagnostic characters at the species level.

Remarks.These specimens meet the specibc descriptio®ccurrenceSites 3, 7, G.
for R. semizonali® all respects.

OccurrenceSites 2, 7, 11, 13, 19, G. Genus RHABDOSPORITES Richardson emend. Marshall &
Allen, 1982

Previous recordé&n often-reported taxon reported from

upper Pragian to lower Famennian strata from North Type species. Rhabdosporites I@igienack) Richardson,

America, China and Europe. 1960.
Retusotriletes triangulatus  (Streel) Streel, 1967 Rhabdosporites minutus Tiwari & Schaarschmidt, 1975
Figure 11F Figure 11J

? 1988 Retusotriletes triangulat(Btreel) Streel; Fombella Description.Amb circular to subcircular. Cavate. Exoexine
Blanco, pl. 2, bg. 2. attached proximally, detached equatorially and distally. Intexine
forms distinct inner body. Laesurae straight, may be accompa-
nied by narrow labra along their length, extending from one-half
to the whole radius of the intexine. Exoexine just extends past

) _intexine perimeter by -281m. Proximal surface laevigate.
Remarks.The specimens found here meet the speciPqexoexine distally sculptured with microgranulae.

description forR. triangulatusn all respects.

Dimensions.25 (44) 80l m (70 specimens measured).

Dimensions Exoexine: 25 (48) 9L m (15 specimens measured).
OccurrenceSites 2, 3, 4, 7, 10, 11, 19, 120, 598, 599, G,
P. Remarks.Some specimens found here may have a rather
coarser ornament than previously described for the spe-
Previous record&®eported from Devonian, especially cies but no meaningful distinction or alternative identip-
Lower to Middle Devonian, strata and with a worldwide cation was forthcoming. The species can bear a
distribution (Breuer & Steemans 2013). resemblance td\piculiretusispora brandtiihough it has a
completely detached exoexine. The taxonomic history and
validity of this species is complex and disputed, indeed
Retusotriletes sp. A Troth et al. (2011) described it as invalid, choosing to
Figure 11G synonymize it withG. lemurata Despite this, the species
is widely used in biostratigraphy, including by Breuer &
Description.Amb circular to subcircular. Laesurae straight, Steemans (2013) who reported it as occurring across a
extending to the equator. Curvaturae observed at the tips of thewide stratigraphical range encompassing that of the sedi-

concave sides and rounded ends, extending three-quarters of thﬁ] light of this wide usage

distance to the equator. Proximal surface laevigate. Distal surface
bears an ornament of microgranulae.

OccurrenceSites 2, 3, 7, 10, 11, 13, 19, 20, 22, 120, 598,
Dimensions.28 (38) 45 m (4 specimens measured). G, P.

Remarks.This simple species dRetusotriletelacks diag-  Previous recordReported from the EmsiaEifelian of
nostic characters that enable identipcation with previ- Saudi Arabia (Al-Ghazi 2007; Breuer & Steemans 2013),
ously described species of this genus. No establishethe middle-upper Emsian of Luxembourg (Steemans
species could be found with a similar thinned exinal et al. 2000), the middle Emsian to lower Givetian of
structure. Libya, the upper Emsian to lower Frasnian of Tunisia
(Breuer & Steemans 2013) and the lower Eifelian to lower
OccurrenceSites 2, 3, 598. Givetian of Germany (Tiwari & Schaarschmidt 1975).
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Genus SAMARISPORITES Richardson, 1965 of 1-2 I m observed. Proximal surface laevigate. Distal surface
bears an ornament of microgranulae and larger granulae up to
Type species. Samarisporites orcade(Rishardson) 7! m high, usually narrower than they are high, with rounded
Richardson, 1965. or Rat tops. Some of these Rattened tips develop into a short
bifurcation.

Samarisporites cf. praetervisus (Naumova) Allen, 1965 Dimensions A3 (60) 761 m (4 specimens measured).

Figure 12B . o .
Remarks.The species as originally described often has

Description.Amb circular to subcircular. Laesurae often somewhat W'der_ orname_nt thar.l Fhe .speC|mens dt_ascrlbed
obscured, may extend to the equator. Equatorial thickening of€re, usually being as wide as it is high, though with con-
3-5 | m observed. Proximal surface laevigate. Distal surface beagiderable variation in size.

a pattern of convolute ridges around-2I m wide and high,

separated by 1 m at most. Ridges occasionally topped by small OccurrenceSites 3, 10, 14, G.

spines around 1m in size. A separated exoexinal layer may

sometimes be seen, though poor preservation precludes a morgreyious recordReported from lower Eifelian to lower
conPdent identiPcation of this structure. Famennian strata, with an almost worldwide distribu-

tion (although absent from Asia) (Breuer & Steemans
Dimensions55 (81) 104l m (8 specimens measured). 2013).

Remarks.The assignation of these specimens to
S. praetervisus difbcult due to their poor preservation Verrucosisporites tumulentus  Clayton & Graham, 1974

and rare preservation of exine remnants. The distal Figure 12E—F
ornament and size range is the basis of their identipca-
tion.

Description.Amb circular to subcircular. Laesurae straight,

extending to the equator. Proximal surface laevigate. Distal sur-

OccurrenceSites 3, 7, 14, G. face bears an ornament of microgranulae and wide granulae up
to 8 I m wide but of low relief, only around-2 | m high. Gran-

Previous record&eported from the Eifelian to middle ulae sometimes topped by minute spines and a small number

Givetian of Libya (Pariset al. 1985; Streekt al. 1088;  May be joined at their bases.

Moreau-Benoit 1989; Breuer & Steemans 2013) and Tuni-

sia (Breuer & Steemans 2013), the upper Eifelian to lowePimensions44 (55) 691 m (4 specimens measured).

Givetian of Brazil (Melo & Loboziak 2003), the lower

Givetian of Algeria (Boumendjeét al. 1988) and the RemarksThe exoexine of the specimens seen here is

Givetian of Saudi Arabia (Breuer & Steemans 2013) andsometimes detached, though this is interpreted as due to

Spitsbergen (Allen 1965). damage. A comparison can be drawn between these speci-
mens andAcinosporites tristratBreuer & Steemans 2013,
but these specimens have a primarily granule-based orna-

Genus VERRUCOSISPORITES Ibrahim emend. Smith, 1971 ment rather than consisting primarily of ridges asAai-

nosporiteslt should be noted that biform ornament is

Type species. Verrucosisporites  verrucqtorshim) not mentioned in Clayton & GrahamOs original descrip-

Ibrahim, 1933. tion of the species, though it does appear in the speci-
mens assigned to this species by McGregor & Campeld
(1982) and in the present study.

Verrucosisporites scurrus (Naumova) McGregor & Cam eld,

1982 OccurrenceSite 3.
Figure 12D
Previous record®eported from the Eifelian to middle
1988 Raistrickia aratrallen; Fombella Blanco, pl. 2, Givetian (McGregor & Cambeld 1982) and upper Famen-
Pg. 5; pl. 4, bg. 4. nian to lower Tournaisian (Braman & Hills 1992) of

Canada, the Givetiasrrasnian of Ireland (Clayton & Gra-
Description.Amb circular to subcircular. Laesurae straight, may ham 1974) and the upper Givetian to lower Frasnian of
be accompanied by narrow labra along their length, extendingthe USA (Traverse & Schuyler 1994) and Argentina
from two-thirds to the whole amb radius. Equatorial thickening (Ottone 1996).



34 PAPERS IN PALAEONTOLOGY

Genus ZONOTRILETES Luber & Waltz, 1938 Previous record®eported from the upper Emsian to
lower Givetian of Saudi Arabia, the lower Givetian of
Type speciedone designated (Breuer & Steemans 2013).Libya (Breuer & Steemans 2013) and upper Eifelian to
lower Givetian of Brazil (Breuer & Grahn 2011).

Zonotriletes armillatus Breuer et al., 2007

Figure 13A—C OTHER FORMS

Spore type A

Description.Amb subcircular to subtriangular. Laesurae straight, Figure 13D-E, GH

extending from one-quarter to the whole amb radius. Equatorial

thickening of 39 | m observed. Proximal surface laevigate. Dis- Description.Amb ovoid. Laesurae observed, in an arrangement

tal surface bears a—#|m wide subcircular to subtriangular reminiscent of a monolete mark with ends that bifurcate around

annulus, positioned around one-half to of the distance to the ~one-third of the distance to the equator. These secondary

equator, otherwise laevigate. A thin Range is present at the equdranches terminate a little over halfway between their point of

torial margin, extending by one-quarter to one-half the radius of branching and the equator. The entire laesural structure is sur-

the main body of the spore interradially but narrowing opposite rounded by narrow labra. A structure at the perimeter of the

the trilete rays so as to disappear entirely. spore may be an equatorial thickening 662 m thickness or a
separated exoexine. Surface laevigate.

Dimensions.37 (66) 104l m (9 specimens measured).
Dimensions42 (49) 571 m (4 specimens measured).

Remarks.The equatorial thickening of the specimens seen

here can be somewhat larger than originally describedRemarksThis taxon bears some resemblanceGoeud-
Some specimens seem to possess a very bne, irregular digspora divellomedi&hibrikova) Balme, 1988. However,
tal ornament, though this is interpreted as a preserva-the specimens seen here show a pronounced regularity in

tional effect. their monolete-like/trilete-like haptotypic structure, unlike
the inherently irregular scars seen in cryptospores like
OccurrenceSites 3, 7, 13, 120, 598, G. G. divellomedia

Previous record®eported from the Eifelian of Saudi Ara- OccurrenceSites 3, 7, G.
bia, the upper Eifelian of Tunisia (Breuer & Steemans

2013) and upper Eifelian to lower Givetian of Brazil
(Breuer & Grahn 2011). DESCRIPTION OF THE SPORE

ASSEMBLAGE

The spore assemblages comprise 68 spore taxa (55 identi-
Ped species belonging to 27 genera) of which 10 taxa are
known only from this assemblage. Count data is pre-

Description.Amb subtriangular. Laesurae straight, extending to sented in Askew & Wellman (2_018)' The spore as;em—
the equator. Equatorial thickening of50 | m observed. Surface blages recovered from the various sites do not differ
laevigate. A thin Bange is present at the equatorial marginSigniPcantly in their taxonomic composition and can be
extending by one-quarter to one-third the radius of the main considered as essentially representing a single spore
body of the spore interradially but narrowing opposite the trilete assemblage. The ranges of some important taxa within
rays. the Playa del Tranqueru section are displayed in Fig-

ure 14 (the remaining short sections are not sufpciently
DimensionsMain body: 43431 m; Range: 5341m (one  stratigraphically controlled to be correlated with this long
specimen measured). section).

The spore assemblage is not particularly variable, as is

RemarksThis species lacks the annulus &f armillatus  evident from analysis of the three sections of signiPcant
and its equatorial Range does not disappear entirelylength measured through the formations. These sections
opposite the trilete rays. Only a single specimen wasnclude almost all taxa found in this study, with only
found. Dibolisporitesp. A, Retusotriletesf. microgranulatus and

Zonotriletes simplicissimixeing absent. None of these
OccurrenceSite 120. taxa are stratigraphically important, as they are either not

Zonotriletes simplicissimus Breuer et al., 2007
Figure 13F
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F G H

FIG. 13. Each bgured specimen is identiPed by slide including the sample code, followed by its England Finder reference. A
C, Zonotriletes armillatu\, AJA598C-01, L28/3; B, AJA120A-02, M40/4; C, AJA120A-0O1, Q38. $pore type A: D, AJA2-3C-02,
L46/2; E, AJA7TA-O1, N37/3. Bonotriletes simplicissimu#sJA120A-01; U29. &, Spore type A: G, AJA2-7R-02, K49; H, AJA2-GO-
02, 043. Scale bar represents| 1. Colour online.
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FIG. 14. Stratigraphic ranges of selected spore taxa from the Playa del Tranqueru (3) section. Dotted horizontal lines indicate sample
locations, ordered from A (lowest) to AG (highest), as also indicated on Figure 3.
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reported from elsewhere or are known to occur across thebased on material from Arabia and North Africa. In their
stratigraphical range of the formations (Breuer & Stee-scheme(G. lemurataappears at the base of tfemurata-
mans 2013). The three long sections exhibit few taxonlangii Assemblage ZoneGgminospora lemurathnterval
inceptions, with the vast majority occurring at the base of Zone) which is considered to be of early (but not earliest)
the sections. Those taxa that do appear higher up the sedivetian age (ranging front. 385.5-387.7 Ma; Loboziak
tions rarely become signibPcant components of the assem& Melo 2002; Marshalet al. 2007; Turnau & Narkiewicz
blage, with the exceptions ddevonomonoleted. sp. 1  2011; Beckeet al.2012).

and three species @&mphanisporiteim the San Pedro de Previous work on conodonts recovered from the lime-
Nora section, and none are considered to be of strati-stones that sandwich these formations provide a tight age

graphical importance. bracket for their deposition: middle Eifelian to early Give-
The spore assemblage is dominated by laevigate crassian. This represents a period of between -3 and
tate spores that can be accommodated in the géuabi- 391392 Ma, representing between 4 and 6 million years

tisporitesspp. (20% of the assemblage), similar simple(based on Beckeet al. 2012), depending on which part
trilete spores with a distal ornament (31%), retusoid of each conodont zone is represented. Correlation with
forms including Apiculiretusisporg17%) and Emphanis- the lemuratalangii Assemblage ZoneSgminospora lemu-
porites(15%). The taxonGrandisporacf. inculta is also  rata Interval Zone) would suggest that the strata yielding
important, as it constitutes a signiPcant component of the spore assemblages were deposited in the upper part of
the spore assemblage (8%). this range in a period of only a little over 1.5 million
It seems very unlikely that reworking or sorting of years between 386 and 387.7 Ma, represented diagram-
spores has seriously skewed spore assemblage compasiatically in Figure 15.
tion. The underlying Upper Silurian to Lower Devonian  The scheme of Richardson & McGregor (1986) reports
San Pedro Formation and La Vid Group spore assem-axa other than the nominal ones that are considered
blages (Cramer 1966) contain many distinctive taxa thatcharacteristic of thdemurata-magni cus Zone, many of
are not found in the Middle Devonian spore assemblagewhich are also present in the Spanish assemblage, namely
suggesting there was no large scale reworking of taxa. Th&cinosporites  acanthomammillatus Apiculiretusispora
fact that the range of spore sizes in the Middle Devonianbrandti, Emphanisporites annulatu&randispora protea
spore assemblage is large, including very small simpl&. velata G. inculta and Verrucosisporites scurrd$ow-
spores as well as very large, complex spores suGhaas  ever, the Spanish assemblage also includes other taxa,
disporaspp., suggests that size sorting is limited. such asAmbitisporites avityd\. plicata Dictyotriletes gor-
goneusE. micrornatusand G. douglastownensighich are
considered to have gone extinct much earlier in Euramer-

COMPARISON WITH PREVIOUSLY ica according to Richardson & McGregor (1986). The

DESCRIBED SPORE ASSEMBLAGES: absence offontagisporites optiviasid Samarisporites  tri-

BIOSTRATIGRAPHICAL AND angulatusthe nominal species of the overlyiogtivustri-

PALAEOPHYTOGEOGRAPHICAL angulatus Spore Assemblage Biozone of Richardson &

IMPLICATIONS McGregor (1986), would seem to preclude the Spanish
assemblage from belonging to this zone.

The distinctive biostratigraphical marker speciégmi- The AD Oppel Zone of Streett al. (1987) is based

nospora lemurataccurs in the lowest sample of the two on the work of Riegel (1975) from Eifel, summarized by
incomplete sections and in the third-lowest sample of theRiegel (1982). This summary reporfs acanthomammil-
nearly complete Playa del Tranqueru section, althoughatus A. lindlarensis A. brandtii E. annulatus E. rotatus

the two lower samples are very poor, with very few pre-and G. velata as occurring on the EifeliaGivetian
served palynomorphs of any kind (see Fig. 14 and Askewoundary. HoweverBrochotriletesf. foveolatusalso pre-

& Wellman (2018, charts-B) for details). Based on the sent in the Spanish assemblage, is reported as becoming
presence ofc. lemurata and in the absence of younger extinct earlier, in the upper Emsian. The occurrence in
species, the assemblage described here can be correlated Spanish assemblage Af acanthomammillaty€ an-

with the following spore zones erected for the Old Rednulatus G. protea G. velataand Rhabdosporites minutus
Sandstone continent (Euramerica): themurata-magni - support this assemblageOs placement in the AD Oppel
cusSpore Assemblage Biozone of Richardson & McGregoZone (Lem Interval Zone) of Streedt al. (1987). The
(1986) and the AD Oppel Zone (Lem Interval Zone) of absence of the distinctive and widespread sfmenaris-
Streelet al. (1987). Both of these have been attributed an porites triangulatysthe nominal species of the overlying
early to ?middle Givetian age. Beyond Euramerica therd@A Oppel Zone of Streeét al. (1987), would seem to
are few spore zonation schemes, although Breuer & Ste@reclude the Spanish assemblage from belonging to this
mans (2013) developed a scheme for northern Gondwanaone.
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The placement of the Spanish assemblage inlehmei-
rata-angii Assemblage Zondefnuratalnterval Zone) of
Breuer & Steemans (2013) is supported by 29 shared spe-
cies including A. acanthomammillatys A. lindlarensis
A. brandtii Camarozonotriletesconcavys E. annulatus
G. douglastownengsi§. permulta G. stolidota G. velata
R. minutusand V. scurrus However, 50 taxa Breuer &
Steemans (2013) reported from théemuratalangii
Assemblage Zone are not found in Spain and 39 taxa
identibed in the Spanish assemblage were not reported by
Breuer & Steemans (2013), including common forms
such asA. avitus A. picantusA. plicata E. cf. orbicularis
and Planisporitef. minimus Various taxa found in the
Spanish assemblage also occur at a different stratigraphic
level than they do in Breuer & Steemans (2013). For
instance A. plicataand Retusotriletes tenerimedigo not
persist beyond the Emsian in this scheme whkileparvus
occurs later in the Givetian an#. laticostatusloes not
appear until the Frasnian. Again, the absenc&amaris-
porites triangulatysthe nominal species of the overlying
triangulatescatillus Assemblage Zondriangulatusinter-
val Zone), would seem to preclude the Spanish assem-
blage from belonging to this zone.

It is clear from the above observations that the Spanish
assemblage contains a number of taxa that appear either
earlier or later than expected based on their occurrence
on the continents of Euramerica or Gondwana. Further-
more, it is evident that certain taxa that often dominate
coeval spore assemblages from Euramerica and/or Gond-
wana are absent from Iberia. The absence of spores with
grapnel-tipped processedAr{cyrosporaspp.) and Rhab-
dosporites langs particularly noteworthy.

Numerous species dfncyrosporare present and often
dominate Middle Devonian spore assemblages from
Euramerica (Richardson & McGregor 1986). However, it
is interesting that Breuer & Steemans (2013) do not
report Ancyrosporapp. from thelemuratalangii Assem-
blage Zone of northern Gondwana. Cramer (1966)
reports Ancyrosporapp. as only appearing in the Spanish
sequences after th&r@phanisporites annulatssite® he
described from the Naranco FormatiorAncyrosporas
considered to be produced by lycopsid plants based on

FIG. 15. Correlated biostratigraphy of the Middle Devonian.
Conodont zonation reproduced from Becket al.(2012). Spore
zonation reproduced from Breuer & Steemans (2013). Note the
langii-concinnazone continues into the Frasnian. Shaded region
indicates the time range in which the studied formations were
deposited. The arrow indicates the brst occurrenc&eimi-
nospora lemuratéSpore biozone boundary ages are approximate,
positioned correctly relative to conodont zones but not accu-
rately by time. Correlation with conodont zonation based on
Streelet al.(1987), Loboziak & Melo (2002), Marshait al.

(2007) and Turnau & Narkiewicz (2011).
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analysis of spore wall ultrastructure (Wellman 2002), butintercalations. Unfortunately, good palynomorph assem-
it is not entirely clear if the plants were homosporous blages were not recovered from the lower sandy part.
and/or heterosporous or whether they were trees, shrub3hey are, however, abundant in siltstones throughout
or herbs. the upper part. Interestingly, all of the upper part
Likewise,Rhabdosporites langiften dominates Middle belongs to a single spore biozone of early Givetian age.
Devonian spore assemblages from Euramerica (Richardn conjunction with the conodont evidence, this indi-
son & McGregor 1986) but this taxon is also common in cates the upper part of the formation probably repre-
spore assemblages from themuratalangii Assemblage sents a period estimated to be a little over 1.5 million
Zone of northern Gondwana (Breuer & Steemans 2013)years ¢ 386-387.7 Ma) with the lower, sandier part
Its presence both north and south of Iberia makes itsaccumulated within a time frame of no more thar435
absence all the more puzzling. langiiwas produced by million years (Fig. 15).
aneurophytalean progymnosperms (reviewed in Wellman The deposits of the Naranco and Huergas formations
2009). Interestingly, Marshall (1996) proposed an evolu-are interpreted as representing large deltas prograding
tionary hypothesis whereby the microspoi@egminospora from the land across the marine shelf. It seems likely
lemuratg and megasporeQontagisporites optiyusf het- that this onset of clastic sedimentation terminated the
erosporous archaeopteridalean progymnosperms evolvprevious carbonate deposition, which only resumed later
from Rhabdosporitespores, indicating a close phylo- when the clastic source ceased. The thick sandstone
genetic relationship between these taxa. units of the lower part probably represent periods of
The endemic nature of the Spanish assemblage makeapid deposition with numerous disconformities in a
biostratigraphical age assessment based on spore zonaearshore shallow environment. However, at no time
tions/ranges erected elsewhere problematic. Taxa may natas there a long enough break in clastic deposition for
be appearing at the same time as elsewhere, preventirgignipcant carbonate deposition to resume. The mixed
accurate correlation with other assemblages. However, sandstone/siltstone of the upper part probably represents
number of factors lend credence to the age determinatiorfurther offshore, deeper facies with a combination of
suggested herein. Implying th&. lemurataappears ear- terrigenous sands and more oceanic siltstone deposits,
lier in Spain is contrary to its very well debned inception including euxinic black shales. The Palencia sequences
in the lowermost Givetian around the world (Loboziak consist largely of calcareous siltstones and are likely to
et al. 1991). In addition, the conodont data indicate represent offshore environments far from land, although
deposition of the formations had ceased before the incepthere is an interesting interruption where a thin
tion of S. triangulatugFig. 15), precluding the possibility (<10 m) sandstone known as the Man Member is
of the Spanish spore assemblage being much youngeteposited (see below).
than is stated here. Detailed results of palynofacies analysis will be reported
In conclusion, the Rora of the isolated islands of Iberiain a subsequent publication. However, a cursory scan of
has various interesting features. There are clear differencéise results of these analyses indicates that the proportion
with the spore Roras from both the large continent to the of land-derived spores within palynomorph assemblages
north-west (Euramerica) and the large continent to the clearly decreases offshore across the shelf as terrigenous
south-east (Gondwana) with: (1) some taxa endemic toinput diminishes.
Iberia; (2) taxa that are present in Euramerica and Gond-
wana (including some extremely common forms) entirely
absent; (3) some taxa persisting for longer in Iberia thanTHE KACAK EVENT
elsewhere; and (4) some taxa possibly appearing earlier in
Iberia than elsewhere. The nature of the Keak Event is hotly debated with very
little consensus in terms of its timing, duration, causes
and effects (Gafia-Alcalde 1998; Beclatral. 2016). It is

GEOLOGICAL AND generally considered to have occurred at or near to the
PALAEOENVIRONMENTAL Eifelian-Givetian boundary. Some authors suggest a rela-
INTERPRETATION tively short time interval with a single marine anoxic

event, whilst others prefer a more extended time interval
The new biostratigraphical information provided by the possibly with numerous anoxic events. Recently Becker
spore assemblages has implications for the timing ofet al. (2016) suggested that the ¢&k Event was a third-
deposition of the Naranco, Huergas and Gustalapiedraorder global event with globally elevated extinction rates
formations. These formations are essentially divided into(at the lower taxonomic level of species and genera)
a lower part, dominated by thick sandstone units, andwithin many taxonomic clades and several ecosystems.
an upper part, dominated by siltstone/sandstone They illustrated the event as being more-or-less conbned
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to the lower ensensisonodont zone and pulsed with a sequences clearly attest to a signibcant period of increased
lower and upper event. terrigenous runoff that may indeed have resulted from a
The Kaak Event has previously been identibed inswitch to monsoonal climates. Perhaps thecdda Event
northern Spain (House 1996; Gaea-Alcalde 1998; as a whole represents a prolonged climatic event with the
Garda-Alcaldeet al. 2002). It has been reported to be black shales reported elsewhere simply representing dis-
represented by a thin (1 m) black siltstone unit in the crete horizons/locations when oceanic anoxia occurred.
Naranco Formation of Asturias (House 1996), a much
thicker unit of euxinic black siltstones in the Huergas AcknowledgementdJA was funded by a NERC studentship
Formation of Len (House 1996; Gaba-Alcaldeet al. through the ACCE (Adapting to the Challenges of a Changing
2002) and a thin (57 m) sandstone unit (Man Member) Environment) Doctoral Training Partnership (Grant no. X/
in the Gustalapiedra Formation of Palencia (Gare 008677-12-1). We thank Drs P. Breuer and P. Steemans and two
Alcalde 1998; Gaba-Alcaldeet al. 2002). Garda-Alcalde ;n:nnglsrz:)i:ts reviewers for reviewing earlier versions of this
et al. (2002) suggested that it occurs at the start of the '
upper sedimentary cycle of the Naranco and Huergas for-

mations and the top of the Man Member.
According to Marshalkt al.(2007), the series of events DATA ARCHIVING STATEMENT

comprising the _Keak took place from the uppermost Data available from the Dryad Digital Repository: https://doi.org/10.
Tortodus kockelianusonodont zone to the very lower- s5og1/dryad.cs44q29

most Polygnathus hemiansatzsne (latest Eifelian to ear-

liest Givetian). Interestingly this is considered to be justEiditor Leyla Seyfullah

before the inception ofGeminospora lemuratéTroth

et al. 2011; Marshall 2016). In this study, spore assem-
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