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Introduction. The continental Neogene is well developed in Israel, comprising 
fluviatile, lacustrine and lagoonal sediments deposited in successive drainage systems, 
which were controlled by the changing sea levels and the various phases of tectonic 
activity along the Jordan—Dead Sea rift system (G arfunkel and H orow itz, 1966; 
H orowitz, 1979). The dating of these formations was quite problematic since hardly 
any fossils were ever recovered from the predominantly clastic rocks and views 
differed as to the stratigraphic and palaeogeographic frameworks.

Several deep boreholes have been drilled in the last years through the rift valley 
fill in search for oil, penetrating almost continuously the Neogene formations which 
had been accumulated in great thicknesses in the Jordan —Dead Sea region. These 
boreholes have been drilled in the deeper parts of the basins thus the sections penetrat
ed were rather continuous, consisting of finer grained sediments and much less oxidiz
ed when compared with outcrops. Consequently, palynomorphs in significant numbers 
could be extracted from the continental deposits. This resulted in obtaining a detailed 
palynostratigraphic framework (H orowitz and H orowitz, in press).

The marine Neogene formations are quite well developed in the western part of 
israel and the off-shore (G virtzman, 1970) and their foraminiferal assemblages are 
well-known (D erin and R eiss, 1973; and many others).

The present study is an attempt to correlate the two sets of stratigraphic data, 
the palynozonation of the continental sequences and the planktonic foraminifera 
zonation of the marine sediments, so that the Neogene palaeogeography of Israel 
could be reconstructed.

Bravo No. 1 borehole, drilled off-shore Israel was chosen as a preliminary target. 
It proved to contain both palynomorphs and planktonic foraminifera, thus enabling 
the correlation. It should be noted, however, that this is only the beginning of the 
study and the presented results (Fig. 1) only refer to a single borehole in which the 
two sets of data have been compared.

The palynostratigraphy and planktonic foraminifera have been studied in more 
than 10 boreholes each so these seem to be quite well established (D erin and R eiss, 
1973; H orow itz, 1984).

Results. The results of both pollen and foraminifera analyses of Bravo No. 1 
borehole are shown in Fig. 1. Only the most diagnostic foraminifera are listed, 
together with the suggested environments of deposition at the drilling location, off 
the coast of Ashqelon in the southern coastal plain of Israel.

The pollen diagram is divided into three columns: the left one shows relations of 
various tree groups —the Mediterranean Quercetalia, conifers, which require a rather 
dry climate, Picea orientalis which although a conifer seems to prefer humid climates, 
and Betulaceae—Juglandaceae of subtropical affinity; calculations are made on the 
basis of total AP in the sample, taken as 100%.
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The middle column displays the regional vegetation by its environment. The 
pollen spectra have been divided into two groups: those of a regional affinity, represent 
by plants growing in desert, steppe or arboreal domains; and those of a local affinity, 
such as hydrophil and halophil plants which characterize the salinity of water bodies 
close to the place of deposition. It should be noted that correlations between borehole 
sequences are only based on the composition of the regional pollen spectra, while the 
local elements differ from one locality to the other. Thus the regional elements are 
calculated on their total number taken as 100%, regardless of the number of local 
elements.

The column to the right shows the local, coastal environment in terms of salinity 
or freshwater affinity and is only based on the total number of pollen derived from 
the hydrophil and halophil plants, taken as 100%.

Stratigraphy. The lowermost Neogene palynozone is Ma, which comprises pollen 
spectra rich in non-arboreal components, of which the most abundant are those 
derived from Compositae, indicating desert conditions. The arboreal pollen comprise 
Betulaceae, Juglandaceae and conifers, always in subordinate quantities of the regional 
vegetation spectra. Steppe elements, mainly Artemisia and Ephedra have values quite 
similar to the arboreal pollen. The spectra indicate a warm, dry subtropical environ
ment. Typical foraminifera of the Ma palynozone in Bravo No. 1 are, from bottom 
to top, G. opima, G. ciperoensis, G. kugleri, G. primordius and G. ita dissimilis, in
dicating that the sequence was deposited in P21 through N6 stages, in a deep neritic 
environment. N5 —6 are extremely reduced.

The overlying, palynozone Mb is much richer in arboreal pollen than the preceed- 
ing one, basically of the same types. However Betulaceae and Juglandaceae are more 
common than conifers. The steppe elements maintain their previous values but a 
considerable drop is apparent in the pollen produced by desert plants. These pollen 
spectra indicate a warm, rather wet subtropical environment for Mb times. Fora
minifera recovered for the Mb sequence in Bravo 1 are Globigerinoides trilobus, 
G. sicanus, P. glomerosa and Gt. peripheroronda indicating N7 through N9 for its 
lower part, and Gt. mayeri for the top of the palynozone indicating N14 zone. N10 
through N13 zones seem to be altogether missing in this borehole, which is most 
probably a regional phenomenon. N7 was deposited in a neritic environment at 
Bravo No. 1, N8 probably in the bathyal and N14 in the deep neritic zone. However 
it is not entirely clear at which environment N9 was deposited and what is the nature 
of the overlying missing section.

Palynozone Me is again characterized by very low arboreal pollen percentages, 
dropping to nil in many samples from the Jordan Valley. At the base conifers show 
an increase, while towards the top Picea orientalis makes its first appearance. Within 
the regional vegetation the desert elements prevail, while within the local flora the 
halophils show a considerable peak. The region was probably a warm, dry desert 
with very little trees and steppe plants, dominated by the desert vegetation. The 
picture at the coastal plain of Israel is somewhat less harsh than in the hinterland, 
where no tree pollen are recorded for much of the palynozone Me. The main forami
nifera in Bravo No. 1 include Gt. menardii, Gt. continuosa, and Gt. acostaensis, in
dicating N15 through N17 zones and the environment indicates an oscillating regres
sion from outer neritic at N15 times to a hypersaline sabkha at N16, depositing 
evaporites which somewhat predate the Messinian crisis becoming marine again at 
the base of N17. The Messinian evaporites per se are almost totally missing in the 
Israeli coastal plain, being eroded or not deposited at all.
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The overlying, palynozone Pa is again typified by a considerable increase of the 
arboreal pollen. This time the increase is mainly caused by the spreading of Picea 
orientalis, together with an increase of the Quercetalia. Betulaceae and Juglandaceae 
slowly decrease, together with the conifers typical for the underlying Miocene deposits. 
Steppe elements show some increase and the desert plants pollen are much less 
abundant. Within the local vegetation the hydrophil plants again take the upper 
hand. These all seem to indicate that during Pa times the environment was of cool, 
wet temperate character. The foraminifera typical for this interval at Bravo 1 are Gt. 
margaritae, Gt. puncticulata and Gt. crassaformis, in Early —Middle Pliocene N18 
through N20 zones. The environment of deposition is neritic at the base, outer neritic 
at the middle and shallowing towards the top of the palynozone.

During palynozone Pb the arboreal pollen show some decrease, while an increase 
is apparent at the pollen produced by the steppe vegetation. Within the arboreal 
pollen a peak is seen in the conifers. The environment seems to have been not much 
different than during the preceeding Pa times, only somewhat drier, of a cool, dry 
temperate climate. The foraminifera are dominated by the late Pliocene Gt. inflata, 
indicating N21 zone, deposited in the outer neritic zone.

The Neogene sediments in Bravo No. 1 borehole, as in other boreholes in Israel, 
are overlain by a suite of Quaternary formations typified palynologically by the 
abundance of pollen derived from trees of the Mediterranean Quercetalia with an 
abundance of Picea orientalis at the base and the occurrence of Hyalinea balthica at 
the bottom of N22 zone.

Conclusion. Palynozone Ma is characterized by pollen spectra indicating a dry, 
subtropical environment, in Late Oligocene—Earliest Miocene age.

Palynozone Mb, typified by pollen spectra indicating a wet subtropical environ
ment is in early through Middle Miocene age.

Palynozone Me, in which the desert plants pollen prevail, indicating a rather 
extreme desert conditions, is in a Late Miocene age.

Palynozone Pa, dominated by arboreal pollen flora signifying a cool, wet tem
perate climate is in an Early—Middle Pliocene age.

Palynozone Pb, of essentially similar character to the underlying Pa, only some
what drier, is in a Late Pliocene age.

The Neogene sequence is overlain in most parts of Israel by a suite of Quaternary 
sediments.

The Miocene sequence at Bravo No. 1 is not continuous, a hiatus is apparent 
where zones N10 through N13 are missing, probably due to a regional regression.
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