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New plant macrofossil localities are found in the middle-upper part of the Albian Upper Hatira Formation
of Makhtesh Qatan, an erosion crater in the northern Negev. These are so far the only outcrop localities in
the Negev containing plant compressions and well-preserved sporomorphs. Their age assignments are
controlled by the ammonite Knemiceras records below and above the plant-bearing sequence in the
adjacent Makhtesh Hatira. The macrofossil assemblages are strikingly different in the sandy ﬂuvial and
shaly lacustrine facies, the former being dominated by Araucaria, Athrotaxopsis, Brachyphyllum and
pinnatiﬁd Sapindopsis, comparable at the plant assemblage and leaf morphological levels to the early to
early late Albian assemblage of the North American Potomac ﬂora. The lacustrine shale macrofossil
assemblages appear archaic on account of their diverse pteridophyte component and sparse angiosperm
remains. A new supposedly gnetophytic genus and species Qataniaria noae Krassilov, gen. et sp. nov. is
dominant in the shale horizon. The sporomorph assemblages are strongly dominated by psilate trilete
spores (87e93%). In the absence of elaterate forms, the angiosperm pollen Afropollis jardinus, Pennipollis,
Tricolpites spp. and Walkeripollis sp. is consistent with the early Albian age. The abundance and diversity
of conifers and the prominence of the fern bog assemblage suggest a relatively humid phase of the
regional Albian climates.
Ó 2010 Elsevier Ltd. All rights reserved.
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1. Introduction
Cretaceous deposits are widespread in Israel, being represented
by the non-marine or marginal marine clastic lithofacies in the
Lower Cretaceous and by the predominantly marine carbonates
since the latest Albian. The major Lower Cretaceous plant localities
are conﬁned to the Aptian e Albian of erosional depressions (or
“craters”, makhteshim in Hebrew), of the northern Negev: Makhtesh Ramon, Makhtesh Hatira and Makhtesh Qatan (Hazera). The
Upper Cretaceous localities occur in the Arava Rift Valley, southern
Negev (Fig. 1).
The Early Cretaceous plants have been ﬁrst found in the
Makhtesh Ramon, but only a list of provisional taxonomic assignments has been published (Lorch, 1963; Lorch in Nevo, 1968). The
Turonian ﬂora of Arava and the arthropod leaf damages are monographically described in Krassilov et al. (2005) and Krassilov and
Rasnitsyn (2008). The materials collected by Krassilov and his
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former PhD student Natalia Silantieva in the Makhtesh Ramon in
2005e2007 are only partly published (Silantieva and Krassilov,
2006a,b) and are presently under monographic study.
In the Makhtesh Qatan, fossil plants were ﬁrst found in 2007 by
Noa Fruchter, a student of Hebrew University, Jerusalem, in the
course of geomorphologic survey of the crater. In 2007e2009 ﬁeld
seasons, two plant-bearing horizons were found and excavated by
Krassilov assisted by Sophia Barinova, Natalia Silantieva (University
of Haifa) and Dmitry Vassilenko (Paleontological Institute, Moscow).
Eckart Schrank discovered the third, uppermost ﬂoristic horizon and
made palynological sampling. The Makhtesh Qatan localities are the
richest and so far the only outcrop localities in the Negev that yielded
plant cuticles and well-preserved palynomorphs.

2. Materials and methods
The macrofossil remains are ferruginous impressions lacking
organic matter in sandstones (locality IQ2, see below), but with
diffused organic matter and fragmented compressions in the shale
horizons (locality IQ1). They are partly immersed in the rock matrix
and require excavation with thin needles. The compressions are not
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Fig. 1. Map of the study area based on the digitally shaded topographic map of Israel, 1: 5000 000, Geological Survey of Israel, 1997. Plant localities (dots) are designated as in the
fossil plant depository of the Institute of Evolution, University of Haifa (IMR for Makhtesh Ramon, IH for Makhtesh Hatira, and IQ for Makhtesh Qatan).

mechanically separable and had to be macerated with small pieces
of rock matrix. The cuticles are weathered and extremely fragile,
cleared by a brief (about 7 min) exposure to concentrated nitric acid
followed by a dilute potassium hydroxide treatment. In situ spores
were extracted from sporangia by the same treatment. The
photographs were obtained under stereomicroscope Leica MZ6
with camera Leica DEC320 and dissection microscope Nikon Eclipse
80i with camera Nikon DS-Fi1.
Plant macrofossil materials are housed at the Institute of
Evolution, University of Haifa, the depository collection designations IMR1 e 5 for the Makhtesh Ramon localities, IH1 for the
Makhtesh Hatira locality, and IQ1 e 3 for the Makhtesh Qatan
locality. The respective symbols in the text and in Figs. 1 and 2 refer
to these designations.
The chemical processing, including treatment with hydrochloric
and hydroﬂuoric acids (HCleHFeHCl) and sieving (mesh width
10e15 mm), and further study of palynological samples was done at
the Technical University Berlin. The acid-resistant residues and
palynological slides are deposited at the Technical University Berlin.
3. Stratigraphy of the early Cretaceous plant localities
In the northern Negev, the clastic Lower Cretaceous of the
erosional craters are assigned to the Lower and Upper Hatira

formations. In the larger craters Makhtesh Ramon and Makhtesh
Hatira, the Lower Hatira Formation lies unconformably on the midJurassic Mahmal Formation. The Lower Hatira sequence begins
with conglomerates and ﬂuvial sandstones followed by the Zuweira
Marine Tongue that comprises an alternation of sandstones, siltstone, and dolomites with bivalves, gastropods, Lingula, crustaceans and plant remains (Gvirtzman et al., 1996; Krassilov et al.,
2004). This marine horizon is traced in outcrops and boreholes
over the southern and central Negev and is correlated with
marginal marine deposits of the Abu Ballas Formation of southern
Egypt and the gastropod shales (“Couches à Gasteropodes”) of
Lebanon (Barthel and Böttcher, 1978; Gvirtzman et al., 1996). The
Lower Hatira Formation is topped by basaltic ﬂows, pyroclastics
and their covering lateritic redbeds.
On magnetostratigraphic evidence and on isotopic dating of the
basalts, the Lower Hatira Formation has been assigned to the Barremian (?) e Early Aptian (Gvirtzman et al., 1996) and more recently
to the Aptian e early Albian (Segev et al., 2005). Early angiospermoid
pollen appeared at about this level (Schrank, 1992; Brenner, 1996) or
even earlier (in the late Valanginian to early Hauterivian: Brenner,
1996), but the plant macrofossils are mostly ferns Weichselia in the
marginal marine deposits and gymnosperms in the interbasaltic
shales. The fruit-like Afrasita lejalnicoliae Krassilov et Lewy, ﬁrst
described from the Abu Ballas Formation of Dakhla Basin, southern
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Fig. 2. Generalized stratigraphic section of the Upper Hatira Formation in the Makhtesh Qatan, northern Negev, indicating the fossil plant-bearing beds IQ1 e 3 (designated as in the
fossil plant depository of the Institute of Evolution, University of Haifa). Thick horizontal lines are boundaries of lithological units described in the text.

Egypt as an early angiosperm (Leguminocarpon: Lejal-Nicol, 1981)
has been re-interpreted as proangiospermous of gnetophytic afﬁnities, representing the same evolutionary grade as the gnetophyte
records in the Lower Cretaceous of Central Asia (Krassilov et al.,
2004).
In the Makhtesh Ramon, Weichselia almost disappeared during
the Aptian uplift that was accompanied by basaltic extrusions, but
recovered in the Albian tidal-ﬂat deposits above. The Upper Hatira
sequence, conformable on the Aptian redbeds, consists of two large
sedimentary cycles with fossil plant horizons in their shaly members.
Platanoid leaves were found in the lower fossil plant horizon,
whereas the upper horizon is dominated by Weichselia, accompanied
by Araucaria, Brachyphyllum, Nageiopsis and the narrow-leaved
angiospermoids of Acaciaephyllum type, as well as aquatic forms. The
broad-leaved Vitiphyllum and platanoids are rare members of the
younger Upper Hatira assemblage (Silantieva and Krassilov, 2006a).
In the Makhtesh Hatira, the Barremian e Aptian sequence with
marine intercalations is overlain by sandy deposits with terrestrial
plant remains in the lower part and with shallow-water marine

mollusks in the upper part. These are followed by an argillaceous
marl horizon with oolitic ironstones (the Deragot marine tongue:
Segev et al., 2005), with Knemiceras sp., a representative of Albian
ammonite fauna (Avnimelech et al., 1954). This part of the Upper
Hatira Formation probably corresponds to Knemiceras gracile Zone
(early Albian) of Sinai (Abu-Zied, 2008). The sandstone, siltstone and
clay sequence above contains two fossil plant-bearing horizons and
grades upward into a carbonate unit (the Uza marine tongue) with
Knemiceras dubertreti Basse, a member of a late Albian Knemiceras
group widespread in the Tethys realm (Robaszynski et al., 2008).
Variegated sandstones separate this marine intercalation from the
limestones and dolomites of the upper Albian e Cenomanian platform carbonates, a readily recognizable stratigraphic marker all over
the Negev.
In the Makhtesh Qatan, the Jurassic limestones are exposed in
the dry Hazera channel over the deepest part of the crater. They are
unconformably overlain by about 200 m thick clastic deposits
equivalent to the Barremian e Aptian Lower Hatira Formation of
the Makhtesh Hatira and Makhtesh Ramon depressions (above). At
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Fig. 3. IQ1 and IQ3 assemblages, Makhtesh Qatan, ferns: A, specimen IQ1-4, Cladophlebis cf. denticulata (Brongiart) Fontaine; B, specimen IQ1-16, Asplenium sp. (sp. nov); CeF,
Weichselia negevensis Silantieva et Krassilov (C, D, specimens IQ3-2 and IQ1-191, fusainized pinnules; E, specimen IQ1-104a, shed synangium, F, specimen IQ1-104b, in situ spores).

the top of the sequence, there are redbeds spotted with greenish
inclusions of tuffaceous material, about 10 m thick, corresponding
to the thick lateritic deposits over the Ramon Basalts. They are
conformably overlain by the Upper Hatira sequence, about 160 m
thick, striking NW, studied in the nearly continuous outcrops on
both sides of the Hazera canyon, traversing the central and western
parts of the crater along the strike. The generalized stratigraphic
sequence includes from base upward (Fig. 2):

(1) Tabular cross-bedded grey sandstones with massive pink
interbeds, 33 m;
(2) Grey and greenish-grey calcareous shales with sandy interbeds, 18 m;
(3) Tabular cross-bedded whitish and yellowish-grey sandstones
with reddish-brown shaly interbeds, 25 m;
(4) Thin-bedded grey shales, 2.5 m, with fossil plant remains in
the lower 0.5 m (locality IQ1);
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Fig. 4. IQ1 and IQ3 assemblages, Makhtesh Qatan. A, B, specimens IQ3-90 and IQ3-21, conifer Brachyphyllum cf. crassicaule Fontaine; C, F, specimens IQ1-129 and IQ1-111,
angiosperm Parvileguminophyllum sp.; D, specimen IQ3-58, male cone, associated with Qataniaria noae, gen. et sp. nov.; E, H, specimens IQ1-43 and IQ1 ¼ 114, samaras, supposedly
of a gnetophytic plant; G, specimen IQ1-53, mesofossil assemblage with synangia of a fern Weichselia negevensis Silantieva et Krassilov; arrows on pieces of amber.

(5) Variegated sandstones of alternating yellowish-grey, reddishbrown and purple ferruginous bands, 6 m, with fossil plant
remains (locality IQ2);
(6) Massive yellowish-grey sandstone, 10 m;
(7) Cross-bedded whitish-grey sandstone with strings of gravel,
20 m;

(8) Massive reddish-brown and yellow sandstones with variegated shale packets, 15 m;
(9) Thin-bedded whitish (yellowish) grey calcareous shales, 2 m,
with plant remains (locality IQ3);
(10) Alternation of light yellowish-grey or pink sandstones and
variegated, locally ﬂaser-bedded calcareous shales, about
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Fig. 5. IQ2 assemblage, Makhtesh Qatan, conifers. AeC, Athrotaxopsis cf. expansa Fontaine (A, C, specimens IQ2-130 and IQ2-131, leafy shoots; B, IQ2-230, cones); DeG, Araucaria sp.
(specimens IQ2-133 and IQ2-141, shoots; E, G, specimens IQ2-2 and IQ2-145, seed cone scales); H, specimen IQ2-56, Nageiopsis sp., leafy shoot.

30 m, overlain by the uppermost Albian e Cenomanian limestones of the regional Hazera Formation (¼ Hevyon Formation: Segev et al., 2005).
The Albian sequence thus comprises two sedimentary cycles,
the lower cycle comprising the beds 1e4 and the upper cycle
comprising the beds 5e10, about 78 m and 83 m respectively, both
commencing with thick ﬂuvial sandstones and culminating with

lacustrine e lagoonal shales. Bed 2 of the lower cycle sequentially
corresponds to the ammonitic Knemiceras shales of Makhtesh Hatira,
but no marine fossils were found in Makhtesh Qatan. The uppermost
variegated shale horizon contains the ﬂaser-bedded tidal-ﬂat
facies. Plant remains are found in the shaly upper parts of both cycles
and in the basal sandstones of the upper cycle and are correlated,
respectively, with the lower and upper fossil plant-bearing horizons
of the Upper Hatira sequence of Makhtesh Ramon (above).
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Fig. 6. IQ2 assemblage, Makhtesh Qatan, gymnosperms of gnetophytic alliance and angiosperms. A, B, specimens IQ2-158 and IQ2-44, Sapindopsis cf. heterophylla Fontaine,
compound leaves; C, specimen IQ2-37a, platanophyllous leaf; D, Afrasita cf. lejalnicoliae Krassilov et Lewy, seed scale; E, F, specimens IQ2-86 and IQ2-48, supposed stem and leaf of
the same plant (also seen in Figs 5D and 6B).

4. Macro- and mesofossil plant assemblages
4.1. Plant-bearing facies and taphonomic associations
The locality IQ1 occurs in a siltstone/claystone alternation (bed 4
of the log, Fig. 2), in which the most remarkable features of sedimentary matrix are pyrite inclusions indicative of a reducing

deposition environment, as well as small pieces of amber, about
5 mm across, scattered over the bedding planes and probably redeposited from a larger accumulation. Dense debris of fragmentary
wood, leaves and reproductive parts covers the siltstone lamellae as
a seasonal wash-out. The determinable leaves are rather rare,
belonging to ferns, conifers and angiosperms. The predominant
preservation form is impression (which is not a mechanical
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imprint, as the term implies, but a clayey subcutaneous ﬁlm, see
Krassilov and Makulbekov, 1996), often covered with a crumpled
cuticle. Fusainized wood splinters are rather frequent, as well as
fusainized Weichselia pinnules (Fig. 3C, D). Dispersed synangia of
this fern are the most common mesofossils (Figs. 3E and 4G).
Tubular cases, supposedly of caddis ﬂies, are built of small debris,
including synangia of Weichselia.
Dominant in the IQ1 assemblage are the scattered leaves and
cataphylls of a new gymnosperm genus Qataniaria of a supposed
gnetophytic afﬁnity (described in the systematic section below).
The leaves are resiniferous, suggesting that Qataniaria might have
been a source plant for amber. The conifers Araucaria and Brachyphyllum are infrequent and poorly preserved, coming as allochthonous elements (they are much better represented in the sandstone
assemblage IQ2 above). The ferns are common, but Weichselia is
less abundant than in the Makhtesh Ramon tidal-ﬂat facies
(Silantieva and Krassilov, 2006b) and the whole fronds are rare in
comparison with pinnules and dispersed synangia, indicating
transportation from a distant source. Also common and more likely
autochthonous are the leaf pinnae of Cladophlebis (a form-genus for
sterile leaves with open dichotomous lateral veins, typical of
Osmunda, Todites and the other osmundaceous natural genera) and
fertile Asplenium (Aspleniaceae). On account of numerical representation and preservation mode, the source vegetation might have
been a Qataniaria bog forest or shrubland, as well as an osmundaceous fern bog. Notably, no remains of aquatic macrophytes were
found. The only angiosperm that might belong to the bog forest
assemblage is Parvileguminophyllum represented by a few relatively
well-preserved leaﬂets (Fig. 4C, F).
The locality IQ2 comprises two fossil plant assemblages, the
stratigraphically lower of which is conﬁned to the coarsely laminar
river-channel sandstones about 0.7 m thick, with abundant shoots
and cones of a taxodiaceous conifer Arthrotaxopsis cf. expansa
Fontaine (Fig. 5AeC), accompanied by the crumpled leaﬂets of an
angiosperm leaf morphogenus Sapindopsis. The plant remains are
not accumulated on the bedding planes, but are immersed in the
sandy matrix, indicating a rapid deposition from running water.
The globose cones of Athrotaxopsis might have been rolled over the
channel bedrock. This conifer is conﬁned to this depositional
environment alone, most likely representing a riparian growth
nearest to the channel.
The silty sandstones in the upper part of unit 5 consist of quartz
grains coated with iron oxides. The plant remains are coarsely
preserved as ferric impressions. Absolutely dominant among them
are the large ribbon-shaped leaves forming mat-like accumulations
on the bedding planes, with articulate stems occasionally preserved
as three-dimensional moulds (Fig. 6E, F). The ribbon-shaped leaves
are accompanied by Afrasita, a fruit-like fossil of a probable gnetophytic afﬁnity (Krassilov et al., 2004). Likewise abundant in the
same plant bed, but obviously representing a different type of
vegetation are the branching shoots and cone scales of Araucaria
(Fig. 5DeG). Its taphonomic associates are the less frequent, but
common Brachyphyllum and Nageiopsis. Angiosperms, next in
abundance to conifers, are represented by polymorphic Sapindopsis
and a few platanophylls (Fig. 6AeC).
A reed-like growth in iron-rich shallow ox-bow water is the
most plausible interpretation of the mats of ribbon-shaped leaves.
The “reeds” were buried under a sediment ﬂow bringing the
diverse plant material from the forested land in the upper reaches
of the river basin. Araucaria is found in all depositional settings of
the IQ2 locality, both as allochthonous components of the ribbonleaf mats and mixed with the other conifers and with angiosperms
in the coarser sedimentary facies, as can be expected of a dominant
canopy tree of a coniferous forest with a species-rich understorey,
including the broad-leaved angiosperms. Insofar as araucarian

remains are found in the ﬂuvial facies of IQ2, while being extremely
rare in IQ1 and lacking in IQ3, may indicate transportation from
river benches or lower slopes rather than a ﬂood-plain source.
The locality IQ3 is conﬁned to the indistinctly laminated white
and whitish-grey silty claystones, with scattered leaf impressions
on bedding planes. The fossil plant assemblages are monodominant, consisting of the detached leaves and occasional leafy
shoots of Qataniaria admixed with the much rarer shoots of a scaleleaved conifer Brachyphyllum (Fig. 4A, B). Aquatic angiosperms
(Nelumbites) are present, but infrequent. The fusainized fronds of
Weichselia occur on a single bedding plane at the base, whereas
a few angiosperm leaves are found in the uppermost silty bed of the
white claystone sequence. Except in the Weichselia bed, the mesofossil debris is much less abundant than in the locality IQ1 (above).
There is no taphonomic evidence of a fern bog, and the overall input
of organic material must have been less voluminous. This is also
reﬂected in the fewer caddis-ﬂy cases built of plant material. This
locality represents a low energy depositional environment, suggesting a ﬂat source area, which can also explain the decrease of
conifers and disappearance of Araucaria from the fossil record.
4.2. Floristic composition
A number of plant macrofossils form the Albian ﬂora of Qatan
may represent new species. The others are quite similar to those
known from North American and European localities, but their
species level identity has to be validated by further studies.
Therefore, we are compelled to conﬁne ourselves to the genus level
analysis. The ﬂora consists of about 18 genera, including ferns (4),
conifers (4), gymnosperms of gnetophytic alliance (4), and angiosperms (6). Weichselia of the monotypic family Weichseliaceae is
a tree fern having connate sporangia with three cell layer walls,
suggesting the afﬁnities with the eusporangiate ferns (Silantieva
and Krassilov, 2006b). It is dominant in the tidal-ﬂat assemblages
of Makhtesh Ramon, which implies a coastal wetland habitat. Yet it
is far less prominent in Makhtesh Qatan, being mostly represented
by allochthonous debris of detached pinnules and dispersed synangia in IQ1 and the somewhat larger, but rare frond fragments in
IQ3 upsection. In situ spores are moulds in the Makhtesh Ramon
material (Silantieva and Krassilov, 2006b), but are organically
preserved in IQ1, showing details of the margo and ornamentation
(Fig. 3F). Cladophlebis is a ubiquitous Mesozoic morphotype, mainly
including the foliage of extant and extinct osmundaceous genera. A
fern with linear sori on anterior branches of arcuate lateral veins
(Fig. 3A) represents a relatively recent group, matching the extant
Asplenium (Aspleniaceae) in the shape and arrangement of sori, the
main diagnostic characters of the genus (Kramer and Viane, 1990).
The conifers constitute a numerically dominant group, with the
most abundant shoot and cone scale remains from locality IQ2
assignable to a natural genus Araucaria on account of both vegetative and reproductive features, such as the fastigiate shoots with
radially spreading subulate scale leaves and the bilaterally winged
awned cone scales with a solitary embedded seed and transverse
subapical ridge, representing the ligule (Fig. 5DeG).
The slender scale-leaved shoots bearing small globose cones
(Fig. 5AeC) are practically indistinguishable from Athrotaxopsis
expansa Fontaine from the roughly contemporaneous Potomac ﬂora
of Virginia, U.S.A. (Fontaine, 1889). Its peltate cone scales with
minute winged seeds in two tiers suggest an alliance with giant
sequoias of the genus Sequoiadendron (Sequoiae, Taxodiaceae).
Nageoiopsis Fontaine is a morphotaxon for coniferoid shoots and
leaves with many parallelodromous veins (Fig. 5H), also prominent
in the North American Albian ﬂoras, though occasionally recorded
from Europe and eastern Asia (Seward, 1895; Kimura et al., 1988;
Bartiromo et al., 2009). Brachyphyllum and associated cones
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represent a widespread Mesozoic family Cheirolepidiaceae, which
is traditionally included in the Coniferales, but is separated by
Krassilov (2009) into a gnetophytic order Cheirolepidiales.
The gymnosperms of gnetophyte alliance are recently recognized
as a major group of Mesozoic plants (reviewed in Krassilov, 2009)
distinguishable on the basis of their seed organ morphology. Their
leaf morphology is diverse, as in the recent Gnetales. The Proherbatype ribbon-shaped parallelodromous leaves are grass-like
(Krassilov and Bugdaeva, 1999), which challenges the monocotyledonous afﬁnities of Mesozoic leaves usually described under
such names as Phragmites, Typha or Pandanites. In the locality IG2,
large ribbon-shaped leaves with acuminate apices are found in
association with Afrasita, the fruit-like fossils abundant in the Aptian
of Makhtesh Ramon. If actually of the same plant, the leaves were
buried not in the season when the fruits were shed. Afrasita has been
interpreted as a polyspermous gnetophytic cupule (Krassilov et al.,
2004). The new ﬁnd does not add to interpretation, but provides
a plausible candidate for the leaves of the Afrasita plant.
Another plant of a probable gnetophytic afﬁnity, dominant in
both IQ1 and IQ3 localities, is described below as a new leaf genus
Qataniaria. The associated fruit-like bodies are wrapped in cataphylls similar to the foliage leaves. The 2e3-lobed samaras from
IQ1 (Fig. 4E, H) are also considered to be gnetophytic, with the wing
lobes probably corresponding to persistent bracteoles as in
Welwitchia.
Angiosperms are the most diverse, but numerically insigniﬁcant
group, except Sapindopsis that is common in both the Araucarian
and Athrotaxopsis assemblages of IQ2, also occurring as leaf fragments in the other localities. The genus is common in the Potomac
ﬂora of Virginia (Fontaine, 1889; Berry, 1911; Hickey and Doyle,
1977) and is also reported from the Cenomanian of Lebanon
(Dilcher and Basson, 1990; Krassilov and Bacchia, 2000). The leaves
from Qatan are extremely polymorphous, including both
compound and pinnatiﬁd morphotypes. In the Araucaria bed they
are associated with broad-leaved platanophylls that also accompany Sapindopsis heterophylla in the Potomac ﬂora (Fontaine, 1889;
Berry, 1911). The detached terminal and lateral Parvileguminophyllum-type leaﬂets are infrequent, but conspicuous in IQ1. The
other angiosperms, including Ranunculaecarpus and Nelumbites, are
the single-specimen records.
5. Sporomorph assemblages
Three samples were collected in April 2009 from an intercalation of grey shales of the macrofossil plant locality IQ1 (above).
Sample WP48/1 (slide number 313-BMJ) represents the exposed
base of the shale horizon. WP48/2 (slide number 314-BMK) and
WP48/3 (slide number 315-BML) are 20 cm and 48 cm above the
base, respectively. All three samples have yielded abundant and
well-preserved palynomorph assemblages which are strongly
dominated by psilate, trilete spores, most commonly Dictyophyllidites, Deltoidospora and Triplanosporites, less commonly Cyathidites,
Concavisporites, Cibotiumspora and Matonisporites. The triplan
spores represent mainly lateral (equatorial) views of Dictyophyllidites and Deltoidospora. The estimated percentages of psilate spores
range from 87% (WP48/3) to 93% (WP48/1-2) of the total palynoﬂora. The quantitative estimates are based on a count of at least 200
palynomorphs larger than 15 mm from the acid-resistant residue. A
total of several thousand palynomorphs was encountered out of
count, so that also rare forms, including the palynostratigraphically
signiﬁcant angiosperm pollen (see below), could be taken into
consideration. Selected representatives of the sporomorph assemblage found are illustrated in Fig. 7AeP.
Pteridophytic spores other than psilate triletes include Concavisiimisporites, Gemmatriletes (both 0.4% or present out of count),
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Cicatricosisporites (out of count, WP48/2), Verrucosisporites (out of
count, WP48/3), Sestrosporites (out of count, WP48/2) and the
megaspore Balmeisporites (out of count, WP48/1).
Gymnosperm pollen is represented by the Araucariacites/Inaperturopollenites group and Balmeiopsis (together 2e4%), Callialasporites (out of count, WP48/2), cf. Partitisporites sp. (out of count,
WP48/1-2; 1%, WP48/3), Classopollis (out of count, WP48/1-2; 1%,
WP48/3), Eucommiidites (out of count, WP48/1-2; 0.4%, WP48/3),
and Ephedripites (out of count, WP48/2-3).
Angiosperm pollen grains occur as a minor element in all three
samples studied so far Notable among them are Clavatipollenites
(0.5%, WP48/1; out of count, WP48/2-3), Pennipollis (out of count,
WP48/2-3), Retimonocolpites (out of count, WP48/1-2), Tricolpites
(out of count, WP48/1-2; 0.4%, WP48/3), Rousea (out of count,
WP48/2) and Walkeripollis (out of count, WP48/2-3).
It should be noted that Clavatipollenites grains (Fig. 7N), Eucomiidites and small Tricolpites occasionally form dense pollen
masses. These are probably parts of sporangia that have been
transported as a unit and are therefore counted as one grain.
Afropollis, a pollen genus present in the Makhtesh Qatan sample
WP48/3 (out of count), has been assigned to early angiosperms, but
this opinion is sometimes doubted in favour of a gymnospermous
afﬁnity (e.g. Doyle, 1999; Heimhofer et al., 2007). Afropollis specimens in the studied material probably belong to Afropollis jardinus,
which is an Albian species according to Doyle (1999).
6. Floristic comparisons and geological age
6.1. Macroﬂora
In Israel, the Cretaceous paleoﬂoristic succession can be traced
from the late Neocomian to Turonian, with the richest fossil plant
localities in the Albian of Negev (Silantieva and Krassilov, 2006a
and this paper) and the Turonian of Arava (Krassilov et al., 2005).
The Neocomian e Aptian stage is mostly represented by singlespecies assemblages, such as the Afrasita assemblage of Makhtesh
Ramon (Krassilov et al., 2004).
In the neighboring countries, the Neocomian locality Quehmez/
Beskintaa near Beirut contains coniferous wood and leafy shoot
remains (Barale et al., 2003). The Late Jurassic e Early Cretaceous
ﬂora of Libya (El Chair et al., 1995) is also non-angiospermous,
evidencing a gradual transition from the Jurassic to Neocomian
ﬂoras. The Sabaya Formation of the Dakhla Basin, deposited after
retreat of the Aptian sea, contains a diverse assemblage of conifers,
Araucaria among them (Barthel and Böttcher, 1978; Klitzsch and
Lejal-Nicol, 1984) and a few angiosperms, including an Araliaephyllum type leaf (Schrank, 1999). The Upper Aptian e Lower
Albian ﬂora of South Tunisia is of a “mixed” aspect, including
Weichselia, Podozamites and brachyphyllous conifers that are
associated with narrow-leaved angiosperms and aquatic forms
(Barale and Ouaja, 2001).
The Albian ﬂora of the Negev shows a great advancement in
diversiﬁcation of all major plant groups relative to the Neocomian e
Aptian assemblages. The fossil plant-bearing horizons of Makhtesh
Qatan and Makhtesh Ramon are stratigraphically equivalent, being
conﬁned to the upper parts of two sandy/shaly sedimentary cycles of
the Upper Hatira Formation. In both, the uppermost plant-bearing
beds are situated about 30 m downsection from the overlying
fossiliferous limestones, a uniform stratigraphic marker of the
Negev. However, the composition of plant assemblages is dissimilar
owing to differences in the depositional environments. Tidal-ﬂat
facies are widespread in Makhtesh Ramon (Silantieva and Krassilov,
2006a), whereas in Makhtesh Qatan they are recognizable only in
the uppermost Upper Hatira, the main part of which is built up
of ﬂuvial deposits. The Makhtesh Ramon fossil plant localities
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Fig. 7. Selected miospores from the grey shales of the fossil plant locality IQ1, Makhtesh Qatan. The name of the taxon with author citation if applicable is followed by a TU Berlin
photo and slide number and England ﬁnder coordinates. The scale bar on all ﬁgures equals 10 mm. A, Dictyophyllidites harrisii Couper 1958, MH9, 313-BMJ2, Y49. B, Deltoidospora
psilostoma Rouse 1959, MQ1, 314-BMK2, G30/2. C, Cibotiumspora jurienensis (Balme, 1957) Filatoff 1975, MJ11, 313-BMJ4, F54. D, Cyathidites australis Couper 1953, ML5, 314-BMK1,
F56/1. E, Concavissimisporites punctatus (Delcourt and Sprumont, 1955) Brenner, 1963, MU6, 315-BML1, S28/4. F, Gemmatriletes clavatus Brenner, 1968, MU23, 315-BML2, R45. G,
Balmeiopsis limbatus (Balme, 1957) Archangelsky 1979, MT8, 315-BML1, J47. H, Retimonocolpites sp., MJ5, 313-BMJ3, S25/3. I, Classopollis major Groot and Groot 1962, MJ14, 313-BMJ4,
J52/4. J, Eucommiidites minor Groot and Penny 1960, MR16, 314-BMK3, L25/1. K, L, Pennipollis peroreticulatus (Brenner, 1963) Friis, Pedersen and Crane 2002, MN16-17, 314-BMK2,
K41. M, Walkeripollis sp. A in Doyle et al. (1990), MS17, 314-BMK4, H23/1. N, Clavatipollenites sp., pollen mass, MG18, 313-BMJ1, T35. O, P, Tricolpites albiensis Kemp 1968, s.l., MK1213, 313-BMJ4, N42/2.

represent coastal wetlands with Weichselia and narrow-leaved
Acaciaephyllum. Conifers are a rare allochthonous component that
increases further inland. In Makhtesh Qatan, conifer remains prevail
in both the river-bank and slope facies, whereas the role of gnetophytes (Qataniaria and the ribbon-shaped leaves) increases in the
ﬂood-plain wetlands.

The Early Cretaceous ﬂoras of the Negev and the roughly
contemporaneous ﬂoras of southern and northern Mediterranean
(e.g., Barale and Ouaja, 2001; Bartiromo et al., 2009) and Crimea
(Krassilov, 1984) share a few cosmopolitan elements. The rich
Albian ﬂoras of Kazakhstan (Vakhrameev, 1952; Vakhrameev and
Krassilov, 1979; Krassilov et al., 1983) and Primorye, Russian Far
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East (Krassilov, 1967; Krassilov and Volynets, 2008) have a few
conifer elements in common with Qatan, such as Athrotaxopsis.
However, the role of Araucariaceae and Nageiopsis is subordinate in
the northern Asiatic ﬂoras. Platanophylls are prominent in the
Upper Albian of Kazakhstan and elsewhere, while the ranunculids
Caspiocarpus, Hyrcantha, Achaenocarpites, Ternaricarpites and the
other morphotypes constitute the most diverse angiosperm group
(Krassilov and Volynets, 2008) that is not so far recorded from the
Negev.
At the same time, the Potomac ﬂora of North America appears
fairly close at the plant assemblage level, with abundant Araucaria
(Araucarites), Athrotaxopsis, Nageiopsis and Sapindopsis represented
by the same or closely related species, such as Araucarites aquinensis
Fontaine, A. expansa Fontaine, Brachyphyllum crassicaule Fontaine,
and Sapindopsis magnifolia/variabilis Fontaine. The most closely
comparable assemblages are assigned to Subzone II-B, early e early
Late Albian, of the Potomac Group (reviewed in Upchurch et al.,
1994), while the pinnatiﬁd Sapindopsis morphotype is conﬁned to
the upper, Late Albian part of subzone, where it is associated with
broad-leaved platanophylls as in the IQ2 locality of Makhtesh Qatan.
The Cenomanian of Judean Mountains contains a few singlespecies Sapindopsis localities. This genus is also important in the
Nammoura locality of Lebanon in association with small-leaved
xeromorphic angiosperms (Dilcher and Basson, 1990; Krassilov and
Bacchia, 2000; Dalla Vecchia et al., 2002). A well-dated Cenomanian ﬂora from the Bahariya Formation of southwestern Egypt
(Lejal-Nicol and Dominik, 1990) comprises Weichselia and angiosperms, assigned to the extant families Magnoliaceae, Lauraceae,
Cornaceae, Vitaceae, and Proteaceae. An angiospermous Cenomanian ﬂora of Jordan, with a single gymnospermous species
Nilssoniophyllum benderi Mädler (Bender and Mädler, 1969),
apparently represents the same evolutionary level. The mid-Turonian ﬂora of Arava is fully angiospermous (Krassilov et al., 2005),
comparable to the Late Cretaceous ﬂora of Sudan (Schrank and
Rüfﬂe, 2003).
6.2. Palynoﬂora
Among the stratigraphically signiﬁcant pollen morphotypes of
the Makhtesh Qatan assemblage, Pennipollis, a non-columellar
monosulcate angiosperm pollen (formerly Brenneripollis) is indicative of an age not older than Aptian (e.g. Brenner and Bickoff, 1992;
Doyle, 1992, 1999; Schrank, 1992). The association of Pennipollis,
Tricolpites and A. jardinus is recorded from Egypt and elsewhere in
the Albian deposits and probably extended into the early-middle
Cenomanian (e.g. Brenner and Bickoff, 1992; Schrank and Ibrahim,
1995; Gvirtzman et al., 1996; Ibrahim, 1996; Mahmoud et al., 2007).
The absence of elaterate pollen grains that are typical elements in
the late Albian to early Cenomanian of the region (e.g. Schrank and
Ibrahim, 1995) probably precludes the Late Albian or younger ages.
The presence of Walkeripollis sp. A of Doyle et al. (1990) (see
Fig. 7M) in Makhtesh Qatan enables correlation with the Cretaceous
sequence of Zohar 1 Well in the northern Negev. This pollen type
was originally described as a winteraceous tetrad from core 5 of
Zohar 1, and its age was given as late Aptian e early Albian (Walker
et al., 1983; Brenner, 1996, p. 107) or (more likely) early Albian
(Brenner, 1996, p. 115).
Notably, the macrofossil comparisons are mainly restricted to
the sandy facies assemblage IQ2, whereas the shaly facies assemblages IQ1 and IQ3 appear archaic on account of the diverse,
essentially Mesophytic, fern elements and poor representation of
angiosperms. Since the palynological samples are obtained from
the shaly IQ1 alone, the facies differences might have caused
a slight discrepancy of age assignments based on the macrofossils
and microfossil data.
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7. Palaeoenvironmental implications
7.1. Sedimentary environment
In Makhtesh Qatan, the thickness of tabular cross-bedded
sandstones is greater than in the erosional windows to the west and
the gravel content in the upward-coarsing sequence up to the bed 7
(see description of the log above) is conspicuously higher, indicating
a strong river discharge, with gravel progradation from the rising
drainage area over the present day Arava e Dead Sea rift valley.
The intercalated lacustrine shales with pyrite, amber, plant cuticles
and well-preserved palynomorphs are evidence of sediment
decomposition in sulfur-rich anoxic bottom layer of a meromictic
lake uptaking a considerable input of organic-rich water from
surrounding wetlands of a vast ﬂood plain. The lake had no or
insigniﬁcant ﬂoating vegetation, while the presence of freshwater
algae (Ovoidites and/or Botryococcus) in all palynological samples
and of dinoﬂagellate cysts in one sample (WP48/2, out of count)
suggest a nutrient-poor surface layer and open water surface as in
the present day Lake Kinneret of Galilee, in which dinoﬂagellates are
periodically blooming (Zohary, 2004). Also as in the Kinneret, the
reed-like wetlands expanded with progradation of the river deltas.
7.2. Vegetation
The overall abundance of plant material, representing several
fairly distinct plant assemblages, indicates a dense vegetation cover
of the drainage area and a constant inﬂux of terrestrial organic
debris. The diverse fern macrofossils, as well as the overwhelming
dominance of fern spores are consistent with an extensive fern bog
as a major source of organic input. The relatively rare and often
fusainized Weichselia might have been transported from a raised
and drier bog zone. A different types of ﬂood-plain wetland are
represented by the one-species assemblages of Qataniaria and the
reed-like growths of Afrasita or allied plant.
The conifer diversity and abundance are much greater in the
Albian of Makhtesh Qatan than in the preceding and succeeding
regional Cretaceous assemblages. Araucaria is numerically dominant in the ﬂuvial deposits (locality IQ2) and is found as an
allochthonous component elsewhere, suggesting a coniferous
forest, with Brachyphyllum and Nageiopsis as co-dominants on
slopes of the river valley. Broad-leaved angiosperms are subordinate members of this type conifer-dominated assemblage. On the
other hand, Athrotaxopsis, a taxodiaceous conifer preserved as
a monodominant fossil plant assemblage in the laminated riverchannel sandstones may represent a coniferous wetland, perhaps
ecologically equivalent to the pure stands of water cypresses over
the waterlogged ﬂuviodeltaic planes.
Both sedimentary environments and vegetation thus indicate
a relatively humid phase of climate evolution during the midCretaceous. Angiosperms diversiﬁed under canopy of conifer
forests during the pluvial event and emerged as a dominant plant
group after it.
8. Systematics
Genus Qataniaria Krassilov, gen. nov.
Derivation of Name. After the type locality.
Type species. Qataniaria noae Krassilov, sp. nov.
Diagnosis. The foliar blades are distichous, alternate and sessile
on a thin slender axis. The blade shapes are typically elongate or
elliptical, about 20e60 mm long, straight or somewhat falcate, their
margins are bordered with a thick narrow rim. The apex is
mucronate, the base is sheathing, cordate or truncate, with
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a thickened (callous) arcuate detachment scar. Occasional small
broadly elliptical obtuse leaves are linked with the typical form by
intermediate shapes and are interpreted as cataphylls of the same
plant. About 7e10 veins enter the leaf base. They are basally forked
or unbranched, in the long elongate leaves, nearly parallelodromous, ascending the whole length of the blade and slightly
converging towards the apex, a few running into the margin, in the
shorter elliptical leaves nearly acrodromous, on ﬂanks running into

the margins, converging to the apex and terminating shortly before
the mucro. Veins are more prominent and sparser in the cataphylls
and intermediate forms. The leaf compressions are hypostomatic,
the upper cuticle showing rows of rectanguloid cells with barbed
anticlinal walls, the lower cuticle differentiated into stomatal and
stomata-free zones of irregular rectanguloid or elongate cells. The
stomata are elongate-elliptical, in 2e4 rows per zone, longitudinal,
seldom oblique, amphicyclic, with 5e6 papillate subsidiary cells

Fig. 8. Qataniaria noae, gen. et sp. nov. from localities IQ1 and IQ3, Makhtesh Qatan. A, IQ3-85, leafy shoot, BeK, detached leaf shapes, detachment scars and apical mucro
magniﬁed; resin ducts seen as continuous or dashed lines in D and H (B and I, IQ1-54, C and F, IQ1-48, D and E, holotype IQ1-24, G, IQ1-58; H, IQ1-94; K, IQ1-66).
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and irregular encircling cells. The resin ducts are continuous or
segmented slender tubes under the costal zones.
Discussion of the new genus. The elongate-elliptical foliar
blades with open venation of several to many parallelodromouseacrodromous veins occur in the extant Araucariaceae
and Podocarpaceae. In the Mesozoic, such leaves are widespread,
representing both extant and extinct conifer families, as well as
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extinct ginkgophytes and gymnosperms of uncertain taxonomic
afﬁnities, such as the “leaf family” Miroviaceae (Bose and Manum,
1990). The comparable leaf morphologies are assigned to the
fossil morphogenera Podozamites Braun in Münster (1843),
Nageiopsis Fontaine, 1889, Pseudotorellia Florin, 1936, Araucariodendron Krassilov, 1967, and Mirovia Reymanówna, 1968. The
latter genus has been originally described as ginkgophytic

Fig. 9. Qataniaria noae, gen. et sp. nov. and associated reproductive structures from localities IQ1 and IQ3, Makhtesh Qatan. A, B, IQ1-40 and IQ1-47, part and counterpart of a fruitlike body wrapped in cataphylls; CeG, cataphylls and transitional form between leaves and cataphylls; resin ducts are seen as dashed lines in D (C, IQ3-34a; D, IQ3-20; E, IQ3-48; F,
IQ1-67; G, IQ3-71).
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(Reymanówna, 1968), close to Pseudotorellia (Krassilov, 1972). Both
genera are sometimes assigned to conifers (Watson et al., 2001).
Qataniaria differs from all these forms in auriculate leaf base with
a callous detachment scar, as well as in the spreading veins running
into the margins in the proximal part of the blade.
Some cycads, such as extant Encephalartos, are similar in the
shape and venation of their mucronate pinnae. The pinnae with
obliquely sheathing bases also occur in bennettites. In particular,

Otozamites Braun (in Münster, 1843) has auriculate pinnae not
unlike Qataniaria. Yet, in both cycads and bennettites, the pinnae are
regularly distichous, whereas the arrangement of foliar blades in
Qataniaria suggests spiral phyllotaxis. Leaf shedding is implied by
the taphonomy of abundant detached foliar blades, whilst only few
leafy axes are preserved, bearing the irregularly overlapping blades.
The leaf base features ﬁnd their closer analogues among gnetalean plants with sheathing leaves. In Ephedra, the leaf blades are

Fig. 10. Qataniaria noae, gen. et sp. nov. from localities IQ1 and IQ3, Makhtesh Qatan, cuticles. A, IQ1-50, upper cuticle with a massive median resin duct; BeE, holotype IQ1-24,
stomata (B, C, stomatal bands; D, amphicyclic stomata; E, stoma with papillate subsidiary cells); F, IQ1-50, upper cuticle with a detachment scar marked with an arcuate fold.
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commonly attached at a prominent arcuate callosity (Fig. 11) and
may represent a reduced variant of Qataniaria foliage, but differ in
decussate leaf whorls.
Among the fossil leaf-genera, Nageiopsis (Fontaine, 1889) is an
impression genus that was shown by Berry (1911) to be a taxonomically heterogeneous assemblage of leafy shoots, possibly including
also compound leaves with elongate or elliptical leaﬂets. None of
these are sheathing or showing arcuate detachment scars. Both
Araucariodendron and Podozamites are fairly distinct in cuticular
characters (Krassilov, 1967). Pseudotorellia is similar in having
continuous leaf-long resin ducts and in disposition of stomata, but
differs in the leaf base features. In this genus, the leaves are supplied
by two vascular bundles, as is typical of ginkgoalean foliage
(Krassilov,1972). Contrary to the opinion held by Watson et al. (2001),
there is no evidence for assigning Pseudotorellia to conifers or
including it in the so-called “Miroviaceae”. Their associating reproductive structures are of widely disparate taxonomic provenances.
In the Makhtesh Qatan locality IQ1, Qataniaria is accompanied
by a ribbed fruit-like structure wrapped in cataphylls that are
similar in venation to detached cataphylls assigned to this leaf
genus (Fig. 9A, B). The reproductive structures are superﬁcially
similar to bennettitalean ﬂowers, as well as to Afrasita Krassilov and
Lewy, a fruit-like many-seeded cupule of a gnetophytic alliance
(Krassilov et al., 2004). While bennettites are ruled out by the
anomocytic stomatal structures, gnetophytes remain a viable
possibility for taxonomic afﬁnities of Qataniaria.
Qataniaria noae Krassilov sp. nov.
Figs. 8AeK, 9CeG and 10AeF.
Derivation of name. After Noa Fruchter, Hebrew University, Jerusalem, who ﬁrst found fossil plants in the Albian of Makhtesh Qatan.
Holotype. Institute of Evolution, University of Haifa, collection
IQ1, specimen IQ1-24, leaf impression with compression fragments
(Figs. 8D, E and 10BeE); designated here;
Type locality. Makhtesh Qatan (Hazera), the northern Negev
Desert, Israel (30 580 1700 N. 35 100 5500 E.).
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Stratigraphic horizon. The Upper Hatira Formation, the early e
early late Albian.
Diagnosis. As for the genus.
Description. This species was collected in two localities, IQ1 and
IQ3. In both it is represented by numerous detached leaves. The
holotype is a leaf of the most common elongate-lanceolate morphotype with a prominent arcuate detachment scar and the basally
spreading veins. It is selected on account of the patchy compression
material preserved all over the blade, yielding the relatively wellpreserved adaxial and abaxial cuticles, as well as resin ducts
(Fig. 10BeE). Despite the considerable leaf polymorphism
(described below) the leaves ﬁgured as paratypes (Fig. 8AeC, F e K;
Fig. 9CeG; Fig. 10 A, F) share with the holotype the basal scar and
venation features, as well as recognizable cuticular characters.
Only three fragmentary leafy shoots are found in the locality IQ3.
These have a slender axis that becomes slightly sinuous distally,
offset at the leaf nodes, obliquely clasped by the leaf bases. The
detached leaves are polymorphic. Their size range is 20e67 mm
long, 3e12 mm wide. The leaf blade shapes show a somewhat
discontinuous variation between elongate-lanceolate (Fig. 8E, F),
elliptical (Fig. 8B), falcate (Fig. 8 G, K), and rounded-elliptical (Fig. 9C,
D), the last two shapes being rather rare. The leaf apices seem to have
been mucronate in all the blade shapes, but the mucro, spreading at
an angle to the blade, is seldom preserved for its full length as in the
leaf shown in Fig. 8C. The membranous marginal fringe is a constant,
but fragile feature that is only patchily preserved along the leaf
length. However, the detachment scar is usually well-preserved as
a double arcuate line, forming a major distinguishing feature of the
leaves. The basal auricles are asymmetrically developed (e.g., Fig. 8D,
H, I), adjusted to oblique clasping of the axis. The scars are thick and
apparently callous, well-marked on the leaf cuticle that extends
down the leaf sheath (Fig. 9F).
Venation is well-marked on one (supposedly abaxial) side of the
leaves, with about 7e8 veins entering the leaf blade at the
detachment scar, some forking shortly above the base. In the
elongate-lanceolate leaf variety, the veins only slightly diverge at
the base, a few running to the leaf margins, whereas in the elliptical

Fig. 11. Ephedra campylopoda A.C. Mey, growing wild in suburbs of Haifa, Israel, fruits and leaves of male shoots for comparison with the fruit-like structures (Fig. 9A, B) and
cataphylls (Fig. 10, E, F) of Qataniaria noae sp. nov.
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variety the basal divergence is stronger and more veins on the
ﬂanks meet leaf margins below the middle of the blade length.
Those running the whole length more conspicuously converge
toward the apex, forming an acrodromous pattern. The roundedelliptical leaves are smaller than the rest and have a more prominently acrodromous venation. They are interpreted as cataphylls,
whereas the small elliptical leaves with about twice sparser than
normal and relatively prominent veins (Fig. 9 EeG) are morphologically transitional between the cataphylls and regular leaves.
The resin ducts are developed in both foliage leaves and cataphylls, extending along the costal zones and continuous for the
most of the leaf or broken into short segments, appearing as a dash
line (Fig. 9E). In a few leaves, a thicker resin duct runs along the
midline groove (Fig. 10A).
While the upper cuticle is rather frequently, although patchily,
preserved, the lower is brittle and difﬁcult to prepare. Fragments
removed from the holotype (Fig. 10BeE) show intercostal stomatal
bands that are scarcely sunken, comprising irregular ﬁles of
longitudinal and occasionally oblique stomata (Fig. 10C) that are
normally well-spaced, the adjacent apparatuses seldom shearing
a lateral or a polar encircling cell. The guard cells are well-exposed,
with the aperture extending nearly to the poles, the apertural
ledges being feebly if at all developed. The subsidiary cells are not
appreciably thickened, showing stumps of large papillae on the
borders of stomatal pit. They are radially disposed, forming an
irregular ring, with the encircling cells erratically cut off and
intruding the ring. Small rounded hair bases are scattered over both
the upper and lower cuticles.
9. Conclusion
Early Cretaceous plants were recorded, but never systematically
studied in Israel. Our collecting in Makhtesh Ramon and recently in
the new localities of Makhtesh Qatan, the northern Negev, has
revealed a rich fossil ﬂora of considerable taxonomic, paleoecological and paleogeographic signiﬁcance. It is so far the only
outcrop locality in the Negev yielding plant compressions and wellpreserved palynomorphs.
The fossil plants came from three horizons in the upper part of
the Upper Hatira Formation, the stratotype of which in the adjacent
Makhtesh Hatira depression contains Albian ammonites Knemiceras in the lower part. The overlying uppermost Albian e Cenomanian platform carbonates are uniformly spread all over the
central and northern Negev. The Upper Hatira sequence comprises
two thinning-upward cycles of tabular cross-bedded sandstones
and laminated shales. A sandstone locality from the base of the
second cycle contains diverse assemblage of conifers and angiosperms, closely comparable to the early e early late Albian Subzone
II ﬂora of the Potomac Group, Atlantic coast of North America, in
particular on account of pinnatiﬁd Sapindopsis typical of the upper
part of the unit. The shale assemblages appear less advanced, with
diverse ferns and a minor angiosperm component. A palynological
assemblage from the lower fossiliferous shale contains such
stratigraphically important forms as Pennipollis and Walkeripollis,
jointly indicative, in the absence of elaterate forms, of an early
Albian age.
The facial differences strongly affect ﬂoristic composition and are
even telling on the age inferences. The sandstone assemblages are
dominated by Araucaria accompanied by Brachyphyllum, Nageiopsis,
Sapindopsis and platanophyllous angiosperms, representing a mixed
coniferousebroad-leaved forest of drainage area. Occasional plant
beds contain monodominant assemblages with a taxodiaceous
conifer Athrotaxopsis or with a reed-like plant, supposedly gnetophytic. The shale assemblages are dominated by diverse pteridophytes and a new gymnosperm genus/species Q. noae, representing

two types of ﬂood-plain vegetation: a fern bog and a gymnosperm
bog forest or woodland, respectively. Pyrite, amber, plant cuticles,
Ovoidites, Botryococcus and dynoﬂagellate cysts in the shales suggest
a meromyctic meso-oligotrophic lake with open water surface,
receiving a massive inﬂux of organic material from surrounding
wetlands. Both sedimentary and vegetation evidence imply a humid
phase of the regional Albian climates.
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