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Abstract. The Umm Irna Formation, exposed along the eastern
shore of the Dead Sea, has been the focus of intense palaecobotanical
study, but more recently, it has been revealed that well-preserved
palynological assemblages are also present. The age of the Umm Irna
Formation is such that it provides a showcase for taxa from the
Guadalupian (mid Permian) to Lopingian (late Permian) which are
hard to find in the carbonate-dominated successions to the southeast
in the Arabian Peninsula and elsewhere in the Middle East. In this
paper distinctive taxa present in the Umm Irna Formation are de-
scribed and illustrated, and surveyed for their stratigraphic occur-
rences, to consider their suitability for biozonal indices within the
Guadalupian to early Lopingian. Two appear to be promising: Proto-
haploxypinus uttingii Stephenson and Filatoff, 2000 and Pretricolpipol-
lenites bharadwajii Balme, 1970. The first is distinctive in that it is
relatively small, has numerous, very narrow taenaie, and a shrunken
intexinal corpus; the second has three narrow distal sulci. Both taxa
may have first appearance levels within the Permian above the base of
the OSPZ6 palynological Biozone, and thus may be useful in the
future for further biozonation.

Introduction

The Umm Irna Formation, exposed along the east-
ern shore of the Dead Sea (Fig. 1), consists of a mixed
arenaceous — argillaceous clastic succession. Makhlouf et
al. (1991) recognised an informal Lower Member, about
10 m thick, consisting of sandstones and silty shales in
upward-fining sequences, which they attributed to a dis-
tal braidplain setting. Their Upper Member comprises
five fining-upward cycles with elements of both braided
and meandering stream deposits, with silty beds depos-
ited in abandoned channels. Palaeosols with ferruginous
glaebules are developed in the middle and upper part of

the formation (Makhlouf et al. 1991; Powell & Moh’d
1993; Stephenson & Powell 2013).

Palaeontological work in the Umm Irna Forma-
tion has mainly focussed on the well-preserved plant
fossils and their depositional environments (Kerp et al.
2006; Uhl et al. 2007; Abu Hamad et al. 2008). More
recently, Stephenson & Powell (2013) synthesised paly-
nology and sedimentology into a comprehensive de-
positional model and correlated the Umm Irna Forma-
tion with successions elsewhere in the Arabian Penin-
sula and Israel. Stephenson & Powell (2013) indicated
that the complex of lithologies in the Umm Irna For-
mation is similar to that of the informal ‘basal Khuff
clastics’ unit of the Arabian Peninsula, a unit underlying
the carbonate Khuff Formation which in turn repre-
sents a major transgressive-regressive cycle deposited
along the northern Gondwanan margin in the Arabian
Peninsula, Iran, Iraq and Pakistan.

The ‘basal Khuff clastics” in Oman are difficult to
date directly but the Khuff Formation directly overlying
is dated with macro- and microfauna as Wordian (An-
giolini et al. 1998). A tentative Roadian or earliest Wor-
dian age has therefore been suggested (e.g. Stephenson et
al. 2003). The basal Khuff clastics in central Saudi Ara-
bia known as the Ash Shigqah Member (see Vaslet et al.
2005) are tentatively dated as ?Capitanian (?Midian)
based on the presence of the fusulinids Monodiexodina
kattaensis and Reichelina sp. by Vaslet et al. (2005), and
as late Midian by Vachard et al. (2005). The dates for the
basal Khuff clastics in Oman and central Saudi Arabia
supports the suggestion (e.g. Hughes 2005) that the ba-
sal Khuff clastics, and therefore the base of the Khuff
Formation, are diachronous, younging to the north
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through the Arabian Plate (Fig. 2; see Stephenson &
Powell 2013, their fig. 12; Stephenson & Jan 2013).

The similarity in palynology and lithology also
strongly suggest that the Umm Irna Formation in Jor-
dan is an equivalent of the basal Khuff clastics. Its total
age range suggested by palynology (Wordian-Capita-
nian to early Wuchiapingian; Stephenson & Powell
2013) may indicate that the diachronous trend continues
to the northeast.

A palynological biozonation (the Oman and Sau-
di Arabia Palynological Zonation, OSPZ, scheme) of
the Cisuralian and Guadalupian of the Arabian Penin-
sula was established by Stephenson et al. (2003) and
refined subsequently (e.g. Stephenson 2006, 2008). It
has been shown to be applicable at least in part outside
the Arabian Peninsula in for example Pakistan, Kuwait
and Turkey (see Jan et al. 2009; Tanoli et al. 2008; Stolle
et al. 2010). However the scheme terminates within the
Guadalupian largely because in Arabia the succession
above (through to the Lower Triassic) is dominated
by the carbonates of the Khuff Formation that are in-
imical to the preservation of palynomorphs. In practice,

this means that the highest of the OSPZ biozones
(OSPZ6) does not have an upper boundary, due to the
lack of suitable marker taxa. The base of the OSPZ6
biozone is defined at the first appearance of the small
monosaccate pollen Florinites? balmei and is best seen
in cores of the Gharif and Khuff formations in Oman
and is dated as Wordian (Stephenson 2006).

Thus, the well-preserved assemblages of the Umm
Irna Formation present an opportunity to identify taxa
that may have value in subdividing the higher Permian
sequence of the Middle East and North Africa (above
the base of OSPZ6, or above the Wordian). The purpose
of this paper is therefore to document distinctive taxa
from the Umm Irna Formation and survey their ranges

in the Middle East and North Africa.

Materials and methods

A total of 25 samples were taken at nine localities in the Umm
Irna Formation adjacent to the Dead Sea (Figs 1, 2). Palynological sam-
ples were extracted by deep excavation of the claystone, siltstone and
coaly beds using a pick-axe to avoid near-surface contamination or the
present-day oxidation of palynomorphs. In addition, samples were ta-
ken, where possible, from shaded north-facing exposures to avoid, as far
as possible, oxidized areas. The preparation of strew mounts for paly-
nological analysis comprised crushing, followed by hydrochloric and
hydrofluoric acid treatments (Wood et al. 1996). The post-hydrofluoric
acid organic residues were oxidized using Schulze’s solution. The paly-
nological slides bear the British Geological Survey code prefix ‘MPA’
and are curated in the BGS collections in Keyworth, Nottingham.

Twenty five samples were processed and of these only one was
barren of palynomorphs. A few samples yielded less than ten palyno-
morphs, but generally samples yielded large populations of palyno-
morphs which were moderately- to well-preserved. The assemblages
are very variable but in general contain common non-taeniate bisaccate
pollen (often fragmentary or too poorly preserved to be identified);
those that are determinable include Falcisporites stabilis, Alisporites
nuthallensis, A. indarraensis, and Cedripites priscus. The most common
taeniate bisaccate pollen is Protohaploxypinus uttingii and P. limpidus.
Monosaccate pollen is rare, as are spores. Details of the quantitative
character of the assemblages and the stratigraphic ranges of taxa are
given in Stephenson & Powell (2013). Schematic ranges of the palyno-
morphs considered here are shown on Fig. 3. The bisaccate pollen is
described according to the scheme shown in Fig. 4.

In this paper previous records for taxa refer to their occurrences
in the Middle East and North Africa. The geographically closest se-
quences to those of the Umm Irna Formation studied in detail for
palynology are from boreholes in eastern and southern Israel, west of
the Dead Sea. Eshet & Cousminer (1986) and Eshet (1990) studied
assemblages from eleven boreholes including the Makhtesh Qatan-1
well, from which the only Permian core material came (Eshet & Cous-
miner 1986), the rest being from drill cuttings. Previous records from
Israel in the present paper thus concentrate on this borehole since the
object of the study is to gather information about distinctive taxa
whose stratigraphic range is fixed in core and outcrop study.

Discussion and conclusions

Camptotriletes warchianus and Cedripites priscus
are distinctive components of Wordian to Changsingian
Middle Eastern assemblages, but do not allow biostrati-
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graphic subdivision within that period (see Systematic
palaeontology section). Falcisporites stabilis is common
in the Umm Irna Formation assemblages and elsewhere
in the Middle East. It is perhaps significant in that it was
produced by the corystosperm plant Dicroidium, and its
occurrence in the Umm Irna Formation is the earliest
appearance of that plant genus, long thought to be con-
fined to the Triassic (see Kerp et al. 2006). However, F.
stabilis is often difficult to distinguish from Alisporites
nuthallansis, a taxon known to extend below the Gua-
dalupian (Stephenson et al. 2003; Stephenson 2008). Its
utility as an easily recognisable marker for Guadalupian
or Lopingian sequences may therefore be in doubt.

Pretricolpipollenites bharadwajii may offer more
utilty because it is very distinctive in being trisulcate
and because its first appearance probably occurs well
above the base of OSPZ6 Biozone. Its first occurrence
in the Salt Range is in the Changhsingian Chhidru For-
mation but its presence in the Umm Irna Formation
may indicate a lower regional first occurrence (Fig. 2).
Pretricolpipollenites bharadwajii does not occur in low-
est OSPZ6 Biozonal assemblages in Oman. Protoha-
ploxypinus uttingiz similarly does not occur in the low-
est OSPZ6 Biozonal assemblages in the basal Khuff
clastics of Oman but is often common in the same unit
in central Saudi Arabia. Further studies may allow the
establishment of the first appearance of Protohaploxy-
pinus uttingii and Pretricolpipollenites bharadwajii as
subdivisions of the OSPZ6 Biozone or the basis of high-
er biozones (see Fig. 2).

Systematic palaeontology

Genus Camptotriletes Naumova ex Potonié &
Kremp, 1954

Camptotriletes warchianus Balme, 1970
PL 1, a-f

1964 ?Camptotriletes sp. Singh, p. 249; pl. 44, fig. 29.

Description. Spores, radial, trilete; amb rounded
triangular with straight to slightly concave interradials.
Laesurae distinct, straight, without lips; extend to the
margins; often gaping. Exine thick (3-4 pm), rigid; prox-
imal face sparsely and irregularly granulate or cristate;
distal face with distinctive cristae and (rarely) discrete
ornament. Ornament coarseness and density is variable;
most coarsely ornamented specimens have cristae-rugu-
lae and rare discrete coni and bacula; cristae sinuous 2-
10 pm in length, 1-2 pm high, 1-2 pm wide. In these
coarsely ornamented specimens ornament protrudes at
the margin giving a serrated amb. Specimens with finer
ornament have cones and rarely bacula (1-2 um high
and wide at the base), with narrow indistinct thicken-
ings in between the elements; these specimens have
smoother ambs.

Dimensions. 58(70)87 pm; 8 specimens.

Remarks. Balme (1970) noted that a specimen
figured by Singh (1964; pl. 44, fig. 29) and assigned to
Camptotriletes sp. may be synonymous with the pre-
sent species; this is also suggested here. Specimens fig-
ured by Kaiser (1976; pl. 8, fig. 9) and assigned to
Camptotriletes polymorphus Kaiser, 1976 display many
of the characteristics of the present species including
similar variability; however, C. polymorphus is smaller
(45-55 pum, Kaiser 1976) and has thinner exine (1-1.5
pum, Kaiser 1976).

The large size, thick exine (giving it a rather dark
colour) and coarse ornament make Camptotriletes
warchianus rather distinctive and conspicuous in the
often pollen-dominated assemblages characteristic of
the Guadalupian and Lopingian in the Arabian Penin-
sula.

Previous records. Camptotriletes warchianus was
recorded as common in the Amb Formation, and rare in
the Wargal and Chhidru formations of the Pakistan Salt
Range, corresponding to a stratigraphic range of Wor-
dian to Changhsingian (Balme 1970). Singh (1964) re-
corded specimens similar to C. warchianus from a single
borehole core sample from the Chia Zairi Formation
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near Mosul, northern Iraq, assigned to the ‘Late Permian’
(Singh 1964). Nader et al. (1993) recorded C. warchianus
from their lower Assemblage Zone A of borehole Mitya-
ha-1 (northern Iraq) considered to be “Tatarian’ (broadly
Lopingian in age). Stolle (2007) and Stolle et al. (2010)
recorded the taxon from the late Wordian to Changh-
singian Tanin Group in Turkey. In the Arabian Peninsu-
la, C. warchianus is present in the basal Khuff clastics of
central Saudi Arabia (Stephenson & Filatoff 2000).

Genus Cedripites Wodehouse, 1933

Cedripites priscus Balme, 1970

Description. Pollen, bisaccate, bilaterally symme-
trical; haploxylonoid. Corpus oval or circular, exoexine
of cappa and sacci merge imperceptively. Cappa thick
(approx. 3 um) and densely columellate. Cappula usual-
ly indistinct due to indistinct nature of distal saccus
onlap; when distinct varies in outline but broadly par-
allel-sided with width approximately 50% of that of the
corpus and length equal to that of corpus. Sacci distally
inclined. Sacci outline narrow, crescentic to semi-circu-
lar; sacci usually smaller than the corpus. Sacci appear to
be continuous around the corpus merging with the col-
lumellate cappa. Sacci structure often columellate with a
fibrous appearance, columellae <0.5 pm wide, radially

Pl 2, a-0 arranged. Sacci rigid, robust.
: T : . - Fig. 4 - The measurement and orien-
Diploxylonoid Bisaccate Grain Haploxylonoid Bisaccate Grain . .
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PLATE 1

Camptotriletes warchianus. Slides are held in the collection of the British Geological Survey, Keyworth, Nottingham, NG12 5GG, UK. Speci-

men locations are given by England Finder code.

a, b - 62242, V56/4; ¢, d - 62242, R66/1; e - 62242, V56/2; f - 62243, R59/1.

Dimensions. Total width 45(57)88 um; total
length 42(51)66 pm; saccus offlap 5(8)10 um; saccus on-
lap 20(22)30 pm; cappula width 10(22)45 pum; 20 speci-
mens.

Remarks. Cedripites priscus Balme, 1970 differs
from Rimaesporites aquilonalis Goubin, 1965 in having
a less well defined cappula and associated with this, less
distinct distal sacci onlap areas. Divarisaccus scorteus
Lele and Makada, 1972 differs from the present species
in being larger (100-127 pm x 90-102 pum, Lele & Ma-
kada 1972) and in having a narrower distal sulcus with
more definite distal saccus roots.

Cedpripites priscus has a rather compact rigid ap-
pearance from its haploxylonoid outline and columel-
late cappa and sacci, which distinguish it from the more
elongate diploxylonoid bisaccate pollen that are com-
mon in the Guadalupian and Lopingian in the Arabian
Peninsula.

Previous records. Cedripites priscus was recorded
by Le Nindre et al. (1990) from the upper Unayzah Mbr

(= Ash Shigqah Mbr), Huqayl, Duhaysan and Midhnab
members of the Khuff Formation of the SHD-1 bore-
hole, Saudi Arabia, suggesting an age range of Capita-
nian to Changhsingian (see Vaslet et al. 2005; Angiolini
et al. 2006). Broutin et al. (1995) recorded C. priscus
from the upper Gharif Formation ‘Gharif Plant bed’
in Oman considered Kubergandian-(?)Murghabian in
age by Broutin et al. (1995), and likely Wordian in age
on current evidence (see Stephenson 2006, 2011).

Genus Falcisporites Leschik emend. Klaus, 1963

Falcisporites stabilis Balme, 1970
PL 3, a-

Description. Pollen bisaccate, bilaterally symme-
trical; amb haploxylonoid to very slightly diploxylo-
noid. Corpus slightly elongate or circular; intexine thin,
almost imperceptible, cappa exoexine thick, slightly co-
lumellate. Cappula narrow (25% of corpus width); par-
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PLATE 2

Cedripites priscus. Slides are held in the collection of the British Geological Survey, Keyworth, Nottingham, NG12 5GG, UK. Specimen

locations are given by England Finder code.

a- 62263, H62/3; b, c - 62263, Y62; d, e - 62263, C63; f - 62263, E53; g - 62263, E43; h, 1 - 62263, M48/1; j, k - 62263, H62; 1 - 62263, G62; m, n -

62263-1, G58; o - 62263-1, J66/3.

allel sided; extends the length of the corpus. Within the
cappula a longitudinal medial distal sulcus is very dis-
tinct. Sacci strongly distally inclined; crescentic to semi-
circular; rigid; with relatively coarse infrareticulation
(brochi 1 um in diameter or greater). Sacci slightly lar-
ger or similar in size to the corpus. A pair of narrow

crescentic, intexinal folds are often present at the distal
saccus bases.

Dimensions. Total width 56(70)105 pm; total
length 42(50)55 um; saccus offlap 20(22)35 pm; saccus
onlap 15(22)30 pm; cappula width 5(10)15 um; 20 speci-
mens.
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PLATE 3

Falcisporites stabilis. Slides are held in the collection of the British Geological Survey, Keyworth, Nottingham, NG12 5GG, UK. Specimen
locations are given by England Finder code.
a, b (lateral view) - 62256, C46/4; ¢ - 62259, G62/3; d - 62259, W44/1; e - 62259, G72/4; f - 62260, P71; g, h - 62256, F56/2; i, j 62256, N63/2.
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Comparison and remarks. There is some diffi-
culty in distinguishing Falcisporites stabilis and Alispor-
ites nuthallenis Clarke, 1965, and even in distinguishing
Falcisporites Leschik emend. Klaus, 1963 and Alisporites
Daugherty, 1941 emend. Jansonius, 1971. This is no
doubt the reason for frequent generic re-assignments
between Falcisporites and Alisporites in the literature
(see de Jersey & McKellar 2013 for discussion). Falcis-
porites stabilis and Alisporites nuthallenis Clarke, 1965
are rarely directly compared but Stephenson (2008)
considered that Falcisporites stabilis differs from Alis-
porites nuthallensis in having a well-defined distal sul-
cus. This distinction is however difficult to make in
poorly preserved material.

Previous records. Falcisporites stabilis was re-
corded by Eshet & Cousminer (1986) from the Arqov,
Yamin, Zafir, Ra’af and lower Gevanim formations in
Makhtesh Qatan-1 well spanning what those authors
considered to represent the Cisuralian to Mid Triassic.
It is likely however that the Cisuralian age suggested for
the Sa’ad Formation and basal Arqov Formation (see
Eshet & Cousminer 1986) is incorrect since these units
probably correlate with the Umm Irna and Ma’in for-
mations respectively in Jordan (see discussion in Ste-
phenson & Powell 2013). Bach-Imam & Sigal (1985)
recorded F stabilis from the Kurachine and Mulussa
formations of the Afandi 1, Habari 1, Jbissa 205, Mar-
kada 101 and Wabha 1 boreholes, Syria, suggesting a
Mid Triassic age. Le Nindre et al. (1990) recorded E
stabilis from the Ash Shiqqah, Huqayl, Duhaysan and
Midhnab members of the Khuff Formation of the SHD-
1 borehole (Capitanian to Changhsingian; see above).

Genus Pretricolpipollenites Danzé-Corsin
& Laveine, 1963

Pretricolpipollenites bharadwaijii Balme, 1970
Pl 4, a-u

Description. Pollen, trisulcate; amb oval. Three
parallel sulci occur in the distal face of the grain; sulci
parallel to the long axis. Large medial sulcus narrow (1-
2 um wide), extends the length of the grain, margins
folded inward slightly so that they appear dark; sulcus
margins parallel or closer at the centre. Two shorter
sulci flank the medial sulcus; flanking sulci narrow,
slit-like, slightly shorter than the medial sulcus. Exine
thin (<1 pm), laevigate or very finely infragranulate-
punctate.

Dimensions. Total length 32(36) 44 pum total
width 19 (25) 24 pum; 20 specimens

Comparison and remarks. Pretricolpipollenites
bharadwajii is very distinctive amongst Permian assem-
blages because of its trisulcate distal surface.

Previous records. Pretricolpipollenites bharadwa-
jii is mainly recorded from the Triassic in the Middle
East. Mazroui-Kilani et al. (1988), Kilani-Mazraoui et
al. (1990) and Kamoun et al. (1994) recorded it spanning
the Lower to Upper Triassic in Tunisia; similarly Geleta
& Wille (1998) recorded the taxon from the Middle
Triassic (Ladinian) of west-central Ethiopia. It was first
described from the ‘upper 12 feet or so of the Chhidru
Formation” (Balme 1970, p. 406) of the Salt Range of
Pakistan (reportedly Changhsingian, see Wardlaw &
Pogue 1995). Hermann et al. (2012) in a recent survey
of the Salt Range of Pakistan recorded P bharadwajii
and Pretricolpipollenites spp. between their units PTrl
and PTr2 (earliest Triassic). Venkatachala & Kar (1968)
reported a specimen from the Triassic ‘Kathwai Shales’
of the Salt Range which they assigned to Ginkgocyca-
dophytus. sp. cf. G. cymbatus but which is similar to P,
bharadwajii. Coverage of the palynological succession
below the Chhidru Formation in the Salt Range is
rather patchy since the study of Hermann et al. (2012)
does not extend below that formation and because Bal-
me’s (1970) study considered only five samples from the
underlying Wargal and Amb formations (Capitanian-
Whuchiapingian and Wordian respectively, see Wardlaw
& Pogue 1995). It is thus possible that P bharadwaji is
present below the Changhsingian, as suggested by its
presence in the Umm Irna Formation.

Pretricolpipollenites bharadwajii occurs widely in
Israel (e.g. Zuk Tamrur-1 and -2; Zohar-8; Pleshet-1
boreholes) as reported by Eshet (1990), but as discussed
above, samples from these boreholes are cuttings rather
than core. The key cored well Makhtesh Qatan - 2 does
not appear to contain P. bharadwajii according to Eshet
& Cousminer (1986).

Genus Protohaploxypinus Samoilovich emended
Morbey, 1975

Protohaploxypinus uttingii Stephenson & Filatoff, 2000
Pl 5, a-cl

Description. Pollen, bilaterally symmetrical,
taeniate, bisaccate, haploxylonoid to weakly diploxylo-
noid. Corpus oval, exoexine thin; cappa very finely
taeniate. Intexinal body usually distinct, shrunken so
that it appears as a circular dark-coloured area in the
centre of the corpus. Intexinal body has diameter ap-
proximately half that of the corpus. Cappula distinct,
parallel-sided to barrel-shaped; width 50% of the cor-
pus; extends the length of the corpus. Taeniae on cappa
often indistinct; narrow (1-2 um in width); numerous
(approximately 15 present). Sacci distally inclined; semi-
circular in outline, approximately the same size as the
exoexinal corpus. Sacci exoexine delicate, thin; infrare-
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PLATE 4

Pretricolpipollenites bharadwajii. Slides are held in the collection of the British Geological Survey, Keyworth, Nottingham, NG12 5GG, UK.
Specimen locations are given by England Finder code.

a, b - 62263, H60/4; ¢, d - 62263, P68; ¢ - 62263, E51; £, g - 62263, L66; b, i - 62263, K67; j, k - 62263-1, K63; 1, m - 62263-1, Q62; n, 0 - 622631,
Q64/1; p, q - 62263-1, S63/3; 1, s - 62263-1, S66/3; t, u - 62263-1, U48/1.
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PLATE 5

Protohaploxypinus uttingii. Slides are held in the collection of the British Geological Survey, Keyworth, Nottingham, NG12 5GG, UK. Speci-
men locations are given by England Finder code.

a-c - 62253, D53/3; d, e - 62253, F51/4; f, g - 62253, F46/4; h, 1 - 62253, O52; j, k - 62253, N44/3; | - 62253, L46/2; m, n - 62253, L49/2; o, p -
62253, K51/1; q, 1 - 62253, M53/2; s-u - 62253, M60; v-x - 62253, U69; y, z - 62253, L46/2; al,b1 - 62253 M64/1; cl - 62253 /2, L46/2.
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ticulation very fine, brochi just perceptible in most spe-
cimens.

Dimensions. Total width 32(40)45 pm; total
length 25(29)40 um; saccus offlap 5(7)10 pm; saccus on-
lap 4(6)10 pm; cappula width 6(9)15 pm; corpus width
30(25)29 pum; 20 specimens.

Comparison. See Stephenson & Filatoff (2000).

Previous records. Protohaploxypinus wuttingii is
common in the Dilam-1, Nuayyim-2 and Haradh-51
wells in the basal Khuff clastics of Saudi Arabia (Wor-
dian -?early Capitanian; Stephenson et al. 2003). The
taxon is also known from the overlying Khuff Forma-
tion in Oman as it often occurs in the caved components
of assemblages derived from cuttings samples from
wells that have penetrated the Khuff Formation (con-
fidential Petroleum Development Oman reports). A
single possible specimen of Protohaploxypinus uttingii

was recorded from the ?Guadalupian, Sardhai Forma-
tion of Pakistan (Jan et al., 2009), but the taxon is not
recorded from horizons above in the Salt Range (see
Balme 1970, Hermann et al. 2012).

Remarks. Stephenson & Filatoff (2000) originally
considered that the small size and finely, multitaeniate
cappa are the main characteristics of this species, but the
shrunken intexinal body within the exoexinal corpus
(PL. 5) is perhaps an even more distinctive characteristic
— it being extremely rare in other taeniate bisaccate pol-
len.

Acknowledgments. Palynological samples were prepared by
Jane Flint of BGS. Mike Stephenson and John Powell publish with
the permission of the Executive Director of the British Geological
Survey (NERC). The paper benefited from two thoughtful and con-

structive reviews.

REFERENCES

Abu Hamad A., Kerp H., Vording B. & Bandel K. (2008) - A
Late Permian flora with Dicroidium from the Dead
Sea region, Jordan. Rev. Palaeobot. Palynol., 149: 85-
130.

Angiolini L., Vaslet D., Le Nindre Y.-M & Zarbo M. (2006)
- New records and new taxa of Permian brachiopods
from the Khuff Formation, Midhnab Member, central
Saudi Arabia. GeoArabia, 11: 45-58.

Angiolini L., Nicora A., Bucher H., Vachard D., Pillevuit A.,
Platel ].-P., Roger J., Baud J.A., Broutin J., Al-Hashmi
H. & Marcoux J. (1998) - Evidence of a Guadalupian
age for the Khuff Formation of southeastern Oman:
preliminary report. Riv. It. Paleontol. Strat., 104: 329-
340.

Bach-Imam 1. & Sigal J. (1985) - Precisions nouvelles sur
’4ge triasique, et non jurassique, de la majeure partie
des formations évaporitiques et dolomitiques des
forages de I’Est syrien. Rev. Paléobiol., 4: 35-42.

Balme B.E. (1970) - Palynology of Permian and Triassic
strata in the salt range and Surghar Range, west Paki-
stan. In: B. Kummel & C. Teichert (Eds) - Strati-
graphic Boundary Problems: Permian and Triassic of
West Pakistan. Univ. Press Kansas, Dep. Geol. Spec.
Pub., 4: 306-453.

Broutin J., Roger J., Platel J.-P., Angiolini L., Baud A., Bu-
cher H., Marcoux J. & Al Hasmi H. (1995) - The
Permian Pangea. Phytogeographic implications of
new palaeontological discoveries in Oman (Arabian
Peninsula). C R Acad. Sci. Paris, Series Ila, 321:
1069-1086.

de Jersey N. J. & McKellar J. L. (2013) - The Palynology of
the Triassic-Jurassic
Queensland, Australia, and Correlation with New
Zealand. Palynology, 37: 77-114.

Transition in Southeastern

Eshet Y. (1990) - Paleozoic-Mesozoic palynology of Israel, I.
Palynological aspects of the Permo-Triassic succes-
sion in the subsurface. Geol. Surv. Israel Bull. 81: 1-
20.

Eshet Y. & Cousminer H.L. (1986) - Palynozonation and
correlation of the Permo-Triassic succession in the
Negev, Israel. Micropaleontology, 32: 193-214.

Geleta S. & Wille W. (1998) - Middle Triassic palynomorphs
from the Fincha-a River valley section, Horo Guduru,
western central Ethiopia. Newues Jahr. Geol. Paliontol.
Monat. 1998: 257-268.

Hermann E., Hochuli P.A., Bucher H. & Roohi G. (2012) -
Uppermost Permian to Middle Triassic palynology of
the Salt Range and Surghar Range, Pakistan. Rev. Pa-
laeobot. Palynol., 169: 61-95.

Hughes G. W. (2005) - Saudi Arabian Permo-Triassic bios-
tratigraphy, micropalaeontology and palaeoenviron-
ment. In: Powell A. J. & Riding J. B. (Eds) - Recent
Developments in Applied Biostratigraphy. The Mi-
cropalaeontological Society, Special Publications.
The Geological Society, London: 91-108.

Jan LU, Stephenson M.H. & Khan ER (2009) - Palynostra-
tigraphic correlation of the Sardhai Formation (Per-
mian) of Pakistan. Rev. Palaeobot. Palynol., 156: 402-
442.

Kaiser H. (1976) - Die permische Mikroflora der Cathaysia-
schichten von nordwest-Schansi, China. Palaeonto-
graphica B, 159: 83-157.

Kamoun F, Fréchengues M. & Peybernes B. (1994) - Strati-
graphie séquentielle du Trias péritéthysien 2 partir de
I’étude de quelques exemples nordafricains et sud-eur-
opéens. Mém. Servi. Geéol. Algerie, 6: 57-83.

Kerp H., Abu Hamad A., Vérding B. & Bandel K. (2006) -
Typical Triassic Gondwana floral elements in the



156 Stephenson M. H. & Powell J. H.

Upper Permian of the paleotropics. Geology, 34: 265-
268.

Kilani-Mazraoui E, Razgallah-Gargouri S. & Mannai-
Tayech B. (1990) - The Permo-Triassic of Southern
Tunisia - Biostratigraphy and palaeoenvironment.
Rev. Palaeobot. Palynol., 66: 273-291.

Le Nindre Y.-M, Vaslet D. & Manivit J. (1990) - Le Permo-
Trias d’Arabie centrale. Histoire géologique de la bor-
dure occidentale de la Plate-forme Arabe 3. Document
du B.R.G.M. No.193, 290 pp.

Lele K. M. & Makada R. (1972) - Studies in the Talchir flora
of India - 7. Palynology of the Talchir Formation in
the Jayanti coalfield, Bihar. Geophytology, 2: 41-73.

Makhlouf .M., Turner B.R. & Abed A.M. (1991) - Deposi-
tional facies and environments in the Permian Umm
Irna Formation, Dead Sea area, Jordan. Sedim. Geol.,
73: 117-139.

Mazroui-Kilani E, Tayech-Mennai B. & Gargouri-Razgal-
lah S. (1988) - Le Trias du Sud Tunisien. Etude paly-
nologique et biostratigraphique. Rev. Sci. Terre,
IN.R.S.T, Tunis, 8: 19-35.

Nader A. D., Khalaf F. H. & Hadid A. A. (1993) - Palynol-
ogy of the Permo-Triassic boundary in Borehole Mi-
tyah-1, south west Mosul City, Iraq. Mu’tah J. Res.
Studies, 8: 223-280.

Powell J.H. & Moh’d B.K. (1993) - Structure and sedimen-
tation of Permo-Triassic and Triassic rocks exposed in
small-scale horsts and grabens of pre-Cretaceous age;
Dead Sea margin, Jordan. J. African Earth Sci. (and
the Middle East), 17: 131-143.

Singh H. P. (1964) - A miospore assemblage from the Per-
mian of Iraq. Palacontology, 7: 240-265.

Stephenson M.H. (2006) - Stratigraphic Note: Update of the
standard Arabian Permian palynological biozonation:
Definition and description of OSPZ 5 and 6. GeoAr-
abia, 11: 173-178.

Stephenson M.H. (2008) - Spores and Pollen from the Mid-
dle and Upper Gharif members (Permian) of Oman.
Palynology, 32: 157-183.

Stephenson M.H. (2011) - Two new non-haptotypic palyno-
morph taxa from the Middle Permian Upper Gharif
Member, Oman. Riv. It. Paleontol. Strat. 117: 211-
219.

Stephenson M.H. & Filatoff J. (2000) - Description and cor-
relation of Late Permian palynological assemblages
from the Khuff Formation, Saudi Arabia and evidence
for the duration of the pre-Khuff hiatus. In: Al-Hajri,
S. and B. Owens (Eds) - Stratigraphic palynology of

the Palaeozoic of Saudi Arabia. GeoArabia Spec. Pub.
No. 1, Gulf PetroLink, Bahrain: 192-215.

Stephenson M. H. & Jan I. (2013) - Palynological evidence
for diachroneity in the basal Khuff Formation clastics,
Middle East. Permopbhiles, 57: 15-19.

Stephenson M. H. & Powell J. H. (2013) - Palynology and
alluvial architecture in the Permian Umm Irna For-
mation, Dead Sea, Jordan. GeoArabia, 18: 17-60.

Stephenson M.H., Osterloff P.L. & Filatoff J. (2003) - Paly-
nological biozonation of the Permian of Oman and
Saudi Arabia: Progress and challenges. GeoArabia, 8:
467-496.

Stolle E. (2007) - Regional Permian palynological correla-
tions: Southeast Turkey-Northern Iraq. Comunica-
¢des Geoldgicas, 94: 125-143.

Stolle E., Namik Y. M. & Kavak O. (2010) - The Permian
Kas Formation of SE Turkey-palynological correla-
tion with strata from Saudi Arabia and Oman. Geol.
., 46: 561-573.

Tanoli S.K., Husain R. & Sajer A.A. (2008) - Facies in the
Unayzah Formation and the Basal Khuff Clastics in
subsurface, northern Kuwait. GeoArabia, 13: 15-40.

Uhl D., Abu Hamad A., Kerp H. & Bandel K. (2007) -
Evidence for palaco-wildfire in the Permian palaeo-
tropics - charcoalified wood from the Um Irna For-
mation of Jordan. Rev. Palaeobot. Palynol, 144: 221-
230.

Vaslet D., Le Nindre Y.-M., Vachard D., Broutin J., Cras-
quin-Soleau S., Berthelin M., Gaillot J., Halawani M.
& Al-Husseini M.I. (2005) - The Permian-Triassic
Khuff Formation of central Saudi Arabia. GeoArabia,
10: 77-134.

Vachard D., Gaillot J., Vaslet D. & Le Nindre Y-M. (2005) -
Foraminifers and algae from the Khuff Formation
(late Middle Permian-Early Triassic) of central Saudi
Arabia. GeoArabia, 10: 137-186.

Venkatachala B. S. & Kar R. K. (1968) - Palynology of the
Kathwai Shales, Salt Range, West Pakistan. 1. Shales
25ft above the Talchir Boulder Bed. Palaeobotanist,
16: 156-166.

Wardlaw B.R. & Pogue K.R. (1995) - The Permian of Paki-
stan. In: Scholle P.A., Peryt TM. & Ulmer-Scholle
D.S. (Eds) - The Permian of Northern Pangea. Sed.
Basins Econ. Res., 2: 215-224.

Wood G.D., Gabriel A.M. & Lawson J.C. (1996) - Palyno-
logical techniques - processing and microscopy. In:
Jansonius J. & McGregor D.C. (Eds) - Palynology:
Principles and Applications. Am. Ass. Stratigr. Paly-
nol. Found., 1: 29-50, Dallas.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


