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ABSTRACT

A total of 52 species of diatoms, belonging to 28 genera were identified in two sections
of the Early Pleistocene ’Ubeidiya Formation. Several fluctuations of freshwater and
mesosaline paleo-environments could be discerned within the lower limnic cycle. These

fluctuations could be observed also in other microfaunal and microfloral groups.

INTRODUCTION

The *Ubeidiya site located in the Jordan Valley (Coord. 2020/2330, Israeli grid) about 4 km
south of Lake Kinneret (Fig. 1), was excavated between 1960-1974. It has yielded a rich
vertebrate fauna, including scanty remains of Homo erectus and an Acheulean lithic industry,
resembling that of the Olduvai site (Goren-Inbar, 1981; Tchernov, 1992; Bar-Yosef & Goren-
Inbar, 1993).

The *Ubeidiya Formation, younger than the *Erq el-Ahmar Formation and older than the
Naharayim Formation (Tchernov, 1987; Braun, 1992), dated at the Early Pleistocene about 1.4
My (Tchernov, 1987). The thickness of this formation is about 190 m (Picard & Baida, 1966)
and it is exposed mainly in Tel *Ubeidiya. This formation was deposited in a lacustrine-fluviatile
environment. Four sedimentary cycles are distinguished (Picard & Baida, 1966): the lower
limnic cycle (Li), the lower fluviatile cycle (Fi), the upper limnic cycle (Lu) and the upper

fluviatile cycle (Fu).
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A very diversified association of mammals, birds, reptiles, amphibians, fish, molluscs, ostracodes
and diatoms was found (Haas, 1966; Picard & Baida, 1966; Bar-Yosef & Tchernov, 1972; Tchernov,
1973, 1980, 1986).

The present study deals with diatoms and foraminifers of the lower limnic cycle (Li), selected
sections of the lower fluviatile cycle (Fi), and the base of the upper limnic cycle (Lu).

This study continues the work begun by Dr. Aline Ehrlich on the diatoms of the *Ubeidiya

site, which was interrupted by her untimely death in 1991.
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MATERIALS AND METHODS

Material was studied from two sections of the *Ubeidiya excavation (terminology according
to Picard & Baida, 1966; Debard and others, 1989). Twenty samples were taken from the lower
part of section No. III (layers 5 - 20) and five samples from section No. Ia.

For the calcareous microfossil analysis, 50 g samples of dry sediment were washed through
63 pum sieve and dried.

For the diatom analysis 1 g of sediment was treated in a beaker of 200 ml with 10% HCI.
After flushing to neutral pH, theresidue wasdigested with 33 % Hydrogen Peroxide for 30 minutes
on a hot plate followed by 6 washings with distilled water. Finally, the residue was diluted in
150 ml of distilled water, 0.2 ml of this diluted suspension was drained on a slide and mounted

in Naphrax mountant, and 0.2 ml was set on a stub for taking SEM microphotographs.

RESULTS

The examined residues contained diatoms, charophytes, foraminifers, ostracods, gastropods,
fish teeth and bones. Results are summarized in the distribution charts (Figs. 2-3 for section III,

and Figs. 4-5 for section Ia).

Section IIT

This section yielded arich association of microfossils (Fig. 2). Diatoms occur within 7 samples
of this section in layers 5-8 and 19-20. Charophytes (P1. 11) occur in layers 6 and 8. Ostracods
are the most prevalent among the microfauna, occurring almost in all samples except layer 12.
Fish teeth and small bone fragments are present in all samples except those of layers 9 - 11.
Gastropods occur within layers 6-8, 17 and 20. Foraminifers are present only within the upper

part of layer 5. Reworked Paleogene foraminifers occur within layers 10-11, 13, 15-17 and 19.

Foraminifers
The number of foraminifer specimens in the examined samples is very small. A monospecific

population of Ammonia beccarii (Linn€) consists of dwarf specimens with a maximum diameter
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ranging from 122 um to 226 um (average 173 um). A few of them are Ammonia beccarii tepida
(PL. 3c) lacking an umbilical plug, while others resemble Ammonia beccarii cf. parkinsoniana
(P1. 3a-b) possessing an umbilical plug (Walton & Sloan, 1990).

Diatoms

The taxonomy of the diatoms and their ecological interpretation is based mainly on Ehrlich
(in press), Gasse (1986), Krammer & Lange-Bertalot (1986, 1988, 1991a, 1991b) and Van
Campo & Gasse (1993).

A total of 64 diatoms taxa were identified (Fig. 3) in section III. The diatom assemblages
comprise pennate and centric forms, with the former more common. Most of the pennate forms
are considered periphytic, the few centric species like Ellerbeckia arenaria, and probably
Cyclotella kuetzingiana and Cyclotella meneghiniana are also periphytic. The low ratio of

planktic/periphytic forms is considered to be indicative to shallow water depth.

Two assemblages are recognized in section III:

1. A well-diversified diatom assemblage (56 taxa), found within layers 6-8, consisting of
well-preserved frustules with few fragmented frustules. A similar low diversity diatom flora
(only 17 taxa) is present within layer 20 with mostly highly fragmented frustules. The
common species in the assemblage are: Achnanthes minutissima, Amphora ovalis, Caloneis
silicula, Cocconeis placentula (Pl. 1c), Cymbella cymbiformis, Diploneis elliptica,
Fragilaria brevistriata (Pl. 1f), F. construens var. venter (Pl. 1e), Ellerbeckia arenaria (Pl.
la), Gomphonema clavatum (Pl. 1d), G. clevei, Nitzschia amphibia (Pl. 1g-h), Nitzschia
denticula (Pl. 1i) and Synedra ulna. All the above mentioned taxa are freshwater and
alkaliphilous species. Very few euryhaline species, such as Campylodiscus clypeus (Pl. 1j),
C. levanderi (P1. 1k) and Cyclotella meneghiniana (Pl. 1b), which are known from
oligosaline to mesosaline waters and even in higher salinities (Ehrlich, in press; Gasse,
1990; Gasse and others, 1987; Krammer & Lange-Bertalot, 1988 and 1991a; Pienitz and

others, 1992), were found rarely in layers 6-8.
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2. A low-diversity diatom assemblage composed of badly preserved specimens. These pennate
periphytic species include: Campylodiscus sp. (Pl. 2a-c), Surirella cf. capronii (Pl. 2d-f),
S. cf. robusta (Pl. 2g-i) and S. cf. spiralis. These taxa occur rather frequently in layers 5
and 19. Specimens are relatively large, 120-150 um in diameter or 150-200 um in length,

and indicate preference for mesosaline waters.

No diatoms were found within layers 9 to 18.

Section Ia
An impoverished microfloral and microfaunal assemblage was found in this section (Fig 4).
Diatoms are present only in layer 12 together with fish teeth and small bone fragments.
Ostracods occur within layers 30-32 and 33. Foraminifers occur abundantly within layer 33.
Ostracod frequency is generally high in all the examined samples, except for layer 33 where

foraminifers dominate.

Foraminifers

Ammonia beccarii tepida is the only foraminifer present in the two samples of layer 33 (PI.
3d-i). Maximum diameters of the specimens in this section range from 200-377 um (average
290 pm).

Diatoms
Layer 12 yielded an assemblage relatively poor in diatoms (15 taxa), dominated by the
periphytic forms and mostly fragmented. Twelve of these (Fig. 5) are taxa mentioned in

assemblage 1 of section III (Fig. 3) as freshwater diatoms.

No microfossils were found within layer 23.
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DISCUSSION

The reconstruction of paleoenvironments at the *Ubeidiya site was based mainly on detailed
sedimentary, malacological and vertebrate analyses (Haas, 1966; Picard & Baida, 1966;
Bar-Yosef & Tchernov, 1972; Tchernov, 1973, 1980, 1986). The microfossil assemblages add
some insights to the paleoenvironments, which are summarized in Table 1.

Diatom assemblages are used as indicators of salinity, pH and water depth (Patrick &
Reimer, 1966; Singer & Ehrlich, 1978; Ehrlich & Ortal, 1979; Fontes and others, 1985;
Krammer & Lange-Bertalot, 1986, 1988, 1991a, 1991b; Gasse and others, 1987; Anderson &
Renberg, 1992; Pienitz and others, 1992; Van Campo & Gasse, 1993 and Ehrlich in press). The
diatom assemblages in the ’Ubeidiya sections represent two distinct paleoenvironments in the
lake:

1) Fresh to oligosaline waters (salinity < 5 %o) and shallow depth.
2) Mesosaline waters (salinity 5 %0-30 %o) and shallow depth.

Freshwater to oligosaline environments

The association of diatom assemblage 1 accompanied by freshwater gastropods, ostracods,
fish teeth and sometimes also with oogonia of the Charophyta group (Soulié-Mirsche, 1993)
indicates a freshwater to oligosaline lake (salinity < 5 %o0). Two intervals of fresh to oligosaline
salinities were recognized. The oldest low-salinity phase occurs at the deposition of layers 6-8
(section III). The younger low-salinity phase occurs during the deposition of layer 20 (section
III) and layer 12 (section Ia). The predominance of periphytic forms denotes shallow water (Van
Campo & Gasse, 1993).

Layer 12 (section Ia) is correlative to layer 20 (section III), agreeing with Bar-Yosef &
Tchernov, 1972. The younger low-salinity phase contains freshwater assemblage 1 and is
relatively poor in diatoms compared to the older low-salinity phase. The smaller species diversity
of layer 20 could be due to growth conditions, or an effect of differential frustule preservation

(enhanced dissolution or breakage).
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Mesosaline environments

Diatom assemblage 2 accompanied by fish teeth, euryhaline ostracods and a monospecific
population of foraminifers indicate a mesosaline environment (salinity 5 %o0-30 %o). These
associations are found within finely laminated sediments in two separate intervals. The first
mesosaline phase was found at the base of the sequence in layer 5 (section III), the second
mesosaline phase was recognized in the upper part of the lower limnic cycle (Li), in layer 19
(section III). Only a few large periphytic species are found in these layers, preserved as ferric
oxide molds. Apparently bottom water conditions caused dissolution of all diatom material,
leaving only the ferric fill of larger specimens.

Specimens of Ammonia beccarii occur only within the laminated layers (5 of section III and
33 of section Ia) of two distinct episodes (Figs. 2, 4). In both cases mesosaline conditions
probably prevailed at the beginning of the limnic Li and Lu cycles.

The foraminifer Ammonia beccarii s.1. and the ostracod Cyprideis torosa are known from
a wide range of salinities in the marine environment and also from inland aquatic environments.
Living Ammonia beccarii tepida and Cyprideis torosa were found recently within an inland
hypersaline pond in Israel (Almogi-Labin and others, 1992) and previously in other inland lakes
(references in Almogi-Labin and others, 1992; Anaddn, 1992). Although living Ammonia has
been recorded within salinities from less than 1 %o to more than 90 %0 (Walton & Sloan, 1990),
the optimal salinity range for reproduction of Ammonia beccarii is limited to the 13 %0-40 %o
range (Bradshaw, 1957, 1961) with a preference of Ammonia forma tepida to brackish waters
(Walton & Sloan 1990). The abundance of normal-size specimens (290 um) of Ammonia tepida
(compare to Bradshaw, 1961; Almogi-Labin and others, 1992) in layer 33 (section Ia), probably
represent a mesosaline environment. The small numbers and the dwarfed specimens of Ammonia
beccarii tepida and A. beccarii cf. parkinsoniana within layer 5 (section III), may suggest
bottom water conditions, near the lowest salinities of their ecological tolerance.

During the long interval between layers 9-18 (section III), within the lower limnic cycle, no
diatoms were recorded. At the same interval, almost all these layers contain reworked
foraminifers. The occurrence of reworked foraminifers may point to periods of strong fluviatile
activity eroding foraminifers from Paleogene strata. Hence, the absence of diatoms can be

related to increased water turbidity and deterioration in diatom growth conditions (Ehrlich &
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No€l,1988). Alternatively,

bottom conditions may have been adverse to frustule preservation.

CONCLUSIONS

On the basis of diatom distribution we suggest placing the boundary between the lower
limnic cycle and the lower fluviatile cycle at the top of layer 20 (section III) and layer 12
(section Ia), one layer higher compared to Picard & Baida (1966) and Bar-Yosef & Tchernov
(1972). The modification is based on the interpretation that these layers still represent fresh to

oligosaline lake conditions, i.e. an extension of the lower limnic cycle.

SECTION
CYCLE I Ia PALEOECOLOGY
Lu 33 Mesosaline
30-32
Fi "~
e 20 12 Fresh to oligosaline
d 19 Mesosaline
Li c | 9-18 Possible high turbidity
and turbulence
b 6-8 Fresh to oligosaline
a 5 Mesosaline shallow
Base of the exposed ’Ubeidiya Formation
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Table 1. Correlation between the two studied sections, and paleoecology as determined by the

diatoms and foraminifers.

Five distinct phases were recognized in the lower limnic cycle (Li) representing mainly
salinity fluctuations (Table 1):
Mesosaline conditions at the base of the section (a) followed by freshwater to oligosaline
conditions (b). High turbidity and turbulent conditions probably prevailed in the intermediate
phase (c). Mesosaline conditions (d) returned, followed by freshwater to oligosaline conditions
©).

Almost no microfossils were found in the lower fluviatile cycle (layers 23, 30-32 section
Ia).

The upper limnic cycle starts with mesosaline conditions (layer 33 section Ia).
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PLATE 1. Diatoms and a Charophyte, of typical fresh to oligosaline conditions in section III
(SEM photomicrographs).

a) Ellerbeckia arenaria (Moore) Crawford, 1988. Layer 8, sample No. 56267-F. Scale bar =
10 pm.

b) Cyclotella meneghiniana Kiitzing, 1844. Layer 8, sample No. 56267-F. Scale bar = 5 um.

¢) Cocconeis placentula var. lineata (Ehrenberg) Van Heurck, 1880-1885. Layer 7, sample
No. 56266-F. Scale bar = 5 um.

d) Gomphonema clavatum Ehrenberg, 1832. Layer 7, sample No. 56266-F. Scale bar = 5 um.

e) Fragilaria construens var. venter (Ehrenberg) Grunow, 1881. Layer 6, sample No. 56265-F.
Scale bar = 1 um.

f) Fragilaria brevistriata Grunow, 1885. Layer 6, sample No. 56265-F. Scale bar = 1 um.

g-h) Nitzschia amphibia Grunow, 1862. Layer 7, sample No. 56266-F. g) Scale bar = 5 um.
h) Enlargement of a portion of the same valve. Scale bar = 1 um.

i) Nitzschia denticula Grunow, 1880. Layer 6, sample No. 56265-F. Scale bar = 10 um.

j) Campylodiscus clypeus Ehrenberg, 1840. Layer 8, sample No. 56267-F. Scale bar = 10 um.
Resembles the specimen in Krammer & Lange-Bertalot, 1988 T-175(3).

k) Campylodiscus levanderi Hustedt in Jarnefelt, 1925. Layer 8, sample No. 56267-F. Scale
bar = 10 um. Similar to the specimen in Krammer & Lange-Bertalot, 1988 T-181(6).

1) A Charophyte oogonium. Layer 8, sample No. 56267-F. Scale bar = 100 um.
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PLATE 2. Diatoms typical of mesosaline environments in section III.
(SEM photomicrographs).

Scale bar = 10 um (except g, where it represents 100 um).

a-c) Campylodiscus sp. a-b) Two specimens of layer 5, sample No. 56263-F. c) Layer III-19,
sample No. 56280-F.

d-f) Surirella cf. capronii Brébisson in Kitton, 1869. Layer 5. d) Sample No. 56264-F. e-f)
Sample No. 56263-F. |

g-i) Surirella cf. robusta Ehrenberg, 1841. g) Layer 19, sample No. 56280-F. h-i) Layer 5,
sample No. 56263-F.

PLATE 3. Ammonia beccarii s.1. of the mesosaline conditions.

(SEM photomicrographs).

a-b) Ammonia beccarii (Linné, 1758) cf. parkinsoniana. Layer 5 section III, sample No.
56264-F. a) Spiral view, scale bar = 100 um. b) Umbilical view, scale bar = 10 um.
Note the extremely small size of this form.

©) Ammonia beccarii (Linné) tepida Cushman, 1926. Layer 5 section III, sample No.
556264-F. Spiral view, scale bar = 10 um.

d-i) Ammonia beccarii (Linné) tepida Cushman, 1926. Various specimens of layer 33 section
Ia. d) spiral view, scale bar = 50 um, sample No. 56286-F. €) Umbilical view, scale
bar = 100 um, sample No. 56285-F. f) Lateral view, scale bar = 100 um, sample No.
56286-F. g) Spiral view, scale bar = 50 um, sample No. 56286-F. h) Umbilical view,
scale bar = 100 um, sample No. 56285-F. i) Lateral view, scale bar = 100 um, sample
No. 56285-F.
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