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Abstract: The geographical evolution of Haifa Bay and Zevulun Plain, Israel, from the late Pleistocene to

the Holocene, is based on detailed analysis of drilled cores. At the beginning of the Holocene the Bay area

was still under terrestrial conditions. Only about 9500 to 9000 cal. yr BP, when sea level rose to about 35�
30 m below present sea level (b.s.l.), did Nile-derived sand start to bypass the Carmel headland and Haifa

Bay come into existence as a morphological feature. Between 8000 and 7150 cal. yr BP, when sea level was

14�10 m b.s.l., the invading sea crossed the present-day coastline. At about 6800 to 6600 cal. yr BP sea level

rose to about 5 m b.s.l. and flooded the Zevulun Plain up to 2 km inland, and the River Qishon estuary up

to 4 km inland. It is still unknown exactly when the sea reached its maximum penetration inland but later,

about 4000 years ago, the coastline in the research area was still east of the present-day coast, up to 3 km in

the Zevulun Plain and 4.8 km in the River Qishon estuary. When the coastline started to retreat westward,

the reclamation was followed by intensive deposition of shallow marine sand and aeolian dunes, while to

the east, different wetland conditions developed. The archaeological data indicate that during the Early

Bronze Age I and Early Bronze Age II, dated to between 5600 and 4700 cal. yr BP, and even later, during

the Middle Bronze Age II period, about 4600 to 3500 cal. yr BP, the coastline was still east of the present-

day coast, but it never actually reached the bases of most of the tells, as has been suggested, except for Tel

Akko and Tel Abu Hawam.

Key words: Israel, Haifa Bay, Holocene, palaeogeography, palaeocoastline, sea levels, human settlement

tells.

Introduction

Haifa Bay, on the northern coast of Israel, is the most

significant morphological structure along the southeastern

Mediterranean coast. The bay is the northeastern end of the

Nile littoral cell (Inman and Jenkins, 1984), and constitutes the

final depositional basin of the Nile-derived quartz sand, which

is transported from the Nile Delta along the northern Sinai

coast and the coast of Israel (Emery and Neev, 1960; Gold-

smith and Golik, 1980; Carmel et al., 1985; Perlin and Kit,

1999). The bay area is divided into the land side, the Zevulun

Plain, and the marine side, Haifa Bay. It is bounded by Mount

Carmel in the south, by the Lower Galilee hills to the east and

by the Akko promontory to the north (Figure 1).

Morphologically, the sea floor of the bay can be divided into

three main subareas. In the central and northern parts of the*Author for correspondence (e-mail: zviely@netvision.net.il)
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Figure 1 Location map of the study area with the locations of the cross-sections, the archaeological sites, the main rivers and streams, the
main fault lines and the numbers indicating the location of the drillings used in the current research
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bay, 10�25 m water depth, there is a row of four submerged

parallel calcareous sandstone (locally termed kurkar) ridges

(Bakler, 1975; Hall, 1976). In the southern and eastern parts of

the bay a strip of Nile-derived quartz sand exists between the

kurkar ridges and the coastline (Nir, 1980). West of the kurkar

ridge area, down to about 30 m water depth, the flat surface is

covered with sandy-silt sediments. The Zevulun Plain is a flat

area tilted slightly westward. For about 3 km inland from the

present-day coastline, it is mostly covered by sand dunes and,

in the eastern and southern parts, by alluvial clay soils. The

Zevulun Plain is traversed by the Rivers Na’aman and Hilazon

to the north and the River Qishon to the south (Figure 1).

Haifa Bay and the Zevulun Plain are a geological graben,

bordered to the north and south by the Ahihud and Carmel

(Yagur) faults, respectively (Kafri and Ecker, 1964).

Previous studies of Haifa Bay, mainly based on marine

geophysical studies, obtained subsurface data (Hall, 1976; Ben-

Avraham et al., 1998), while the stratigraphy and lithology of

the Zevulun Plain are known from drillings (Slatkine and

Rohrlich, 1963; Kafri and Ecker, 1964). Some previous

researchers challenged the reconstruction of the late Pleisto-

cene and mainly Holocene geological history, but they were

restricted to relatively limited areas such as Akko (Inbar and

Sivan, 1984) or the River Qishon estuary (Galantee et al., 1990;

Shemer, 1995).

The current research seeks to present the Holocene chron-

ostratigraphy of the Haifa Bay area as a whole, to reconstruct

the coastline migration and the evolution of the landscape, and

to verify the impact of these environmental changes on early

human settlements.

During the last glacial maximum (LGM) about 18 000 years

ago, the global sea level was about 120 m below the present

level (b.s.l.) (Fairbanks, 1989; Bard et al., 1990). As a result, the

coastline in the study area was located more than 20 km west of

the present-day coast. Since then, and up to the beginning of

the Holocene, sea level rose rapidly to about 40 m below the

present level (Fairbanks, 1989; Bard et al., 1990, 1996;

Lambeck and Bard, 2000; Lambeck et al., 2002, 2004). Sea

level continued to rise rapidly until the mid Holocene, but by

about 6000 years ago the rate of change had slowed consider-

ably (Lambeck and Purcell, 2005). About 4000 years ago sea

level was still 1�0 m lower than at present (Morhange et al.,

2001; Lambeck et al., 2004; Marriner et al., 2005). Archaeo-

logical and geological research along the Carmel coast

supports this conclusion, indicating that during the last 4000

years sea-level changes were less than 1 m (Sneh and Klein,

1984; Galili et al., 1988, 1993, 2005; Nir, 1997; Galili and

Sharvit, 1998; Sivan et al., 2001, 2004b; Galili, 2004).

The Zevulun Plain attracted human settlers as early as the

Neolithic and Chalcolithic periods (Marcus, 2002) following by

the Early Bronze Age I (EBI) about 5600�5100 cal. yr BP, as

witnessed in Tel Akko, where temporary EBI habitation was

found at the basal level (Dothan, 1993), and in Tel Afeq during

the Early Bronze Age II (EBII), about 5100�4700 cal. yr BP.

However, the main sedentary settlement in the Zevulun Plain

started during the Middle Bronze Age II (MBII) about 4600�
3500 cal. yr BP, aswitnessed in Tel Akko and Tel Zavat (Figure 1).

Later, during the Late Bronze Age (LB) about 3500�3200 cal.

yr BP, Tel Akko (Artzy, 2006a), Tel Zavat, Tel el-Idham

(Ventura and Siegelmann, 2004) and Tel Abu Hawam (Artzy,

2006b) were settled (Figure 1). Knowledge of the environ-

mental conditions during these periods can shed light on the

nature of human settlement in the Zevulun Plain since the mid

Holocene.

Methods

Stratigraphy and lithology
More than 1000 drillings have been carried out in the

Zevulun Plain and Haifa Bay during the period 1934�2004.

About 200 of them were carried out during the current

research, and about 100 of these were analysed in detail. In

addition, more than 100 selected drilling logs from previous

research were re-examined. The lithological units were re-

identified, and the definitions and terms used by previous

scholars were coordinated. The lithological units were identi-

fied based on colour, granulometry, mineralogy and the

faunal assemblages noted in the drilling logs. The re-

examination of the cores enabled the use of 224 logs as a

whole for establishing high-resolution Holocene stratigraphy

of the Haifa Bay area (Figure 2). The data were superimposed

on bathymetric charts, and were partly confirmed by scuba

diving and coastal observations. The mid Holocene to late

Holocene unconsolidated units, mainly sand, transported by

the rising sea, were ‘removed’ to establish the palaeobathy-

metry at different periods.

Dating
In the current research, four samples (labelled RTT in Table 1),

three from the grey clay and one from the brown clay, were 14C-

dated at the Radiocarbon Dating Laboratory of the Weizmann

Institute by the AMS technique. The sediment material was

analysed by Fourier Transform Infrared Spectroscopy (FTIS)

before and during the pre-treatment procedure for radiocarbon

dating. This analysis shows that the samples were composed

mainly of carbonate, clay, and quartz. The percentage of

material left after pre-treatment (residual%), mainly clay, is

given in Table 1. The protocol used (acid-base-acid) was

employed to separate carbonate and humic fractions. Both

fractions can be a source of carbon with a different origin from

carbon present in the clay. Three of the four clay samples had a

very low C%. Only sample RTT 4902 had a significantly high C

content (2.3%). The Holocene 14C dates were calibrated using

the OxCal v.3.10 program (Bronk Ramsey, 1994) and Reimer

et al. (2004). A fifth radiocarbon sample (W-1494, Table 1)

from an early investigation is also included in this work. The

sample is a marine shell, and its calibrated age was obtained

using the marine curve in OxCal v.3.10 based on Hughen et al.

(2004). The reservoir age correction is included in the marine

calibration.

Results

The late Pleistocene and Holocene chronostratigraphic units of

the current study were based on drillings, geophysical marine

data and dating results. The stratigraphic units were divided

into Holocene and pre-Holocene units. The Holocene units

were subdivided into terrestrial, shallow marine, coastal and

aeolian phases.

Pre-Holocene units
Most of the pre-Holocene lithological units in the research

study area are not exposed, except for a few kurkar outcrops.

Dolomite, Cenomanian in age, is found along the eastern

Mount Carmel flanks. The kurkar at the base of the young

stratigraphic sequence of Haifa Bay is divided into two types:

an older Kurdani kurkar, Plio-Pleistocene in age (Kafri and

Ecker, 1964), and a younger late Pleistocene kurkar. The

Kurdani kurkar is reddish-brown, hard, massive and homo-

geneous rock, usually with small hollows filled with reddish
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loam. The late Pleistocene kurkar comprises alternating sand,

aggregates and hard yellow to brownish plates, up to 5 cm

thick, mainly of quartz and calcite, with small amounts of

feldspar minerals. The kurkar is rich in fossils: molluscs,

echinoidea spines, foraminifera and calcareous algae (Slatkine

and Rohrlich, 1963). Unlike the late Pleistocene kurkar, which

consists of submerged longitudinal kurkar ridges, most of the

Kurdani kurkar is in the subsurface, with only few exposures in

the eastern parts of the Zevulun Plain: Tel Akko (Kafri and

Ecker, 1964; Sivan et al., 1999), Tel Afeq, Tel Dauk (Kafri and

Ecker, 1964), Tel Gedora (Shalom Yankelevitch, personal

communication, 2005) and probably Tel el-Idham (Ventura

and Siegelmann, 2004). The spatial stratigraphic relation

between the kurkar types in the Haifa Bay area is not fully

understood, but they were first distinguished in the current

research, based on sedimentary characteristics. Radiometric

dates obtained so far were for the kurkar from the foot of the

Carmel (Figure 1, drill 183). The kurkar found at 20�25 m

below the present sea level was dated by infrared stimulated

luminescence (IRSL) to 49 0009/6000 years before present (yr

BP), and 58 0009/4000 yr BP, respectively (Amos Salamon,

personal communication, 2005), and is therefore attributed to

the late Pleistocene. Nine core drillings from the submerged

kurkar ridges in the central and northern parts of the Bay

previously studied by Bakler (1975) were re-examined in the

current research (see Figure 1A�J) Based on the lithological

characteristics and the fauna, this kurkar was attributed to the

late Pleistocene kurkar.

The late Pleistocene to early Holocene units
The sedimentary units unconformably overlying the kurkar

indicate three different sedimentary cycles (Figure 2): Terres-

trial, coastal and shallow marine, and aeolian.

Terrestrial conditions

. Brown clay (Figure 2). Silt to sandy brown clay, homo-

geneous, with almost no fauna, unconformably overlies the

kurkar (Figures 2�4). The unit is up to 10 m thick and is

found mainly in two areas: in a strip about 10 km long and

2 km wide stretching from the central part of the Zevulun

Plain to Akko (since the sea side was not drilled here, there

are no data concerning the western dispersal of this unit),

and in patches alternating with grey clay in the River

Qishon estuary. The upper part of the brown clay was 14C

dated (Drill no. 73, see Figure 1) at depths of 5.0�5.45 m

b.s.l., giving an age of 9430�9250 cal. yr BP (RTT 4900, see

Table 1).

. Grey clay. A grey to dark grey clay overlies the brown clay

or the kurkar units. The grey clay is homogeneous, some-

times containing scattered sand lenses or small calcareous

gravels. The unit is up to 5 m thick (Figure 2). The grey clay

mainly occurs in the southwestern research area, mostly in

the River Qishon estuary. Three dates were obtained for the

base of the grey clay by AMS 14C. One in Haifa Port (Drill

H2, see Figure 1) at a depth of 20.0�20.25 m b.s.l. (RTT

4562) gave an age of 10 720�10 580 cal. yr BP (calibrated

for 9/1s). The other two samples: Drilling 168 from a depth

of 13.7�14.2 m b.s.l. (RTT 4902) gave a date of 10 120�9680

cal. yr BP, and Drilling 172 from a depth of 13.1�13.6 m

b.s.l. (RTT 4901) gave a date of 12 000�11 400 cal. yr BP

(Figure 2 and Table 1). The three dates obtained so far

indicate the first appearance of the grey clay unit at the end

of the late Pleistocene to early Holocene.

The mid Holocene units
The main lithological units of the coastal and shallow marine

phase consist of dark clay with marine fauna, coastal and

Figure 2 The generalized Holocene stratigraphic sequence of Haifa Bay area unconformably overlying the kurkar. The Holocene sequence
consists of three sedimentary cycles: terrestrial, marine and aeolian. The marine sediments are mainly shallow marine and coastal Nile-
derived quartz sand

852 The Holocene 16 (2006)

 at Purdue University on June 4, 2015hol.sagepub.comDownloaded from 

http://hol.sagepub.com/


shallow marine sand and dark clays, which had been embedded

simultaneously east of the marine units. Most of the coastal

and marine units are now found below present sea level, with

their bases ranging between about 20 and 15 m b.s.l. in the west

to about 5 m b.s.l. to the east, and their tops up to present sea-

level, with one exception (Figure 4b).

Shallow marine and coastal conditions

. Dark grey clay with marine fauna. A soft dark grey to black

clay, sometimes containing lenses of grey sand and silt,

small gravels and organic remains, was deposited over

the grey clay. The clay contains small shell fragments

of molluscs, among which Loripes lacteus, Bittium sp.,

Cardium sp., Donax semistriatus, Pirenella conica and

foraminifera were identified taxonomically. The unit is

restricted to a narrow strip in the eastern part of the

Zevulun Plain (Figure 3), and is up to 5 m thick.

. Coastal and shallow marine sands. The unit is divided into

three sub-lithological units.

. Lower coastal sand. Fine grey quartz sand, mixed with dark

coarse sand rich with shells, shards, broken corals and

echinoidea spines, and kurkar pebbles up to 6 cm, some-

times covered by marine patina. The macro-fauna includes:

Hydrobia sp. (including Hydrobia acuta), Bittium sp.,

Rissoa sp., Corbula gibba, Cerithium cfr., Vulgatum, Caecum

trachea, Tricolia pullus, Pirenella conica, Cerastoderma

edula, Donax sp. The unit, which is restricted to the central

and northern part of the research area, extends up to 2.8 km

east of the present coastline (Figure 4), and is absent in the

Qishon estuary (Figure 3). The base of the lower coastal

sand ranges from about 15 m b.s.l. in the west to about 7 m

b.s.l. in the east. It overlies the brown clay and is up to 2 m

thick.

. Central shallow marine sand. Well-sorted fine grain quartz

sand, grey to dark grey with pyrite and feldspar, which

includes a few well-preserved foraminifers and calcareous

algae with very few molluscs. The unit is 5�10 m thick. The

central shallow marine sand comprises most of the sand

mass in the south (Figures 3 and 4a), and is rare in the

central plain, where it was found only as bars 1 to 3 km east

of the present coastline (Figure 4b). In the north (Figure 4c),

the unit is absent except in the River Na’aman area. The

unit overlies the brown and the grey clays or the lower

coastal sand. An articulated Glycymeris violacescens had

been previously found embedded at the base of the unit,

and gave a radiocarbon age of 4950�3950 yr BP (Shemer,

1995).

. Upper coastal marine sand. To the north, the upper coastal

sand unit (Figure 2) becomes thicker and dominant

and comprises most of the shallow marine and coastal

sand mass. This unit, containing medium to coarse sand

and yellow to light grey, consists of quartz and calcite with

feldspar and pyrite, molluscs and marine shell shards,

corals, echinoidea spines and microfauna. The macrofauna

includes Donax semistriatus, Donax sp., Donax trunculus,

Loripes lacteus, Bittium sp., Pirenella conica, Angulus

planstus, Mactra corallina, Acanthocardia tuberculata, Gly-

cymeris violacescens, Glycymeris pilosus and Venus sp.

Wetland conditions
The stratigraphic sequence in the eastern part of the Zevulun

Plain contains distinct patches of terrestrial dark clay units

indicating freshwater wetlands differing in age and location.T
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. Dark organic clay. To the east, soft dark grey to black clay

with relatively high percentages of organic clay, in cases

with few freshwater molluscs, was deposited in different

places with different stratigraphic relations. The unit is up

to 5 m thick and overlies the grey or brown clay. The unit

exists in three areas: the main wetland west of Tel Afeq

4 km northward along the River Na’aman (Figure 4b), the

second marsh stretching from Drills 127 and 124 southward

to Drills 134 and 144 (Figure 1), and the third marsh along

the Gedora stream around Drill 150 (Figure 1).

. Peat. A unit of brown dark to black thin laminae, which

contains a high percentage of charcoal and vegetation

remains, overlies the dark organic clay. The unit is less

than 2 m thick with no faunal remains. The peat has been

found only in few drillings (Drillings 32, 35, 36, 38, 43, 60,

64, 77, 83 and 92, see Figure 1) which define the fringes of

the River Na’aman marsh.

. Dark clay with brackish to hyper-saline fauna. In the

southern part of the Zevulun Plain, mainly in the River

Qishon estuary, the dark clay unit contains Cerastoderma

edula and Pirenella conica, which live in brackish to hyper-

saline lagoons, estuaries or coastal marshes. The soft clay is

dark grey to brown grey, and is highly organic. The unit is

up to 10 m thick and overlies the central shallow marine

sand or the late Pleistocene to early Holocene clays in places

where the sea had not flooded. South of Drill 150 (Figure 1)

the top of this unit was previously radiometrically dated to

7450�4850 cal. yr BP (Neev et al., 1987).

Late-Holocene units

Aeolian conditions
The upper unit in the research area is aeolian sand alternating

with cemented dunes (Figures 2�4). The sand consists of well

sorted bright (mostly yellow) fine quartz, and small abraded

micro-fauna and shell shards. The unit is up to 10 m thick. In

many places the lower part which is around the present-day

water-table, is cemented and appears in different facies:

calcareous coarse sand, sand with up to 2 cm diameter rounded

stiff aggregates, sand with finger type calcareous aggregates

and thin laminae up to 1 cm thick. Four IRSL ages (Heimann

et al., 2001) from depths of 1.4�2.1 m below the surface (and

which therefore did not reach the base of the dune unit), range

from 37009/200 yr BP to 25009/200 yr BP (Figure 2)

Discussion

Since the LGM up to about 4000 years ago the coast of Israel

moved eastward because of the global sea-level rise. Unlike

most of the coast, in the low and flat Zevulun Plain the sea

flooded landward to a distance of about 3�5 km east from the

present coastline during the mid Holocene. Later the bay was

filled by marine and terrestrial sediments, and the coastline

retreated westward to its present-day location.

The Holocene palaeogeography of Haifa Bay
The Holocene lithological units of Haifa Bay area usually

unconformably overlie the brown and grey clays, their tops are

dated to 9430�9250 cal. yr BP (Table 1). The late Pleistocene

kurkar and the brown clay, which have been interpreted as

palaeosol or alluvium (Sivan and Porat, 2004; Kadosh et al.,

2004; Sivan et al., 2004a; Cohen-Seffer et al., 2005), indicate

terrestrial conditions during the late Pleistocene and to early

Holocene periods. Unlike the brown clay that had been

deposited over most of Zevulun Plain (Figure 4a�c), the grey

clay had been deposited mainly in the River Qishon estuary

(Figure 3), indicating wetlands scattered in patches in the lower

areas of the estuary. In the study area, the base of the grey clay

age ranges between 12 000 and 9680 cal. yr BP (Table 1), which

means that wetland environments prevailed in the River

Qishon estuary at the beginning of the Holocene, similar to

the Dor region of the Carmel coast (Sneh and Klein, 1984;

Kadosh et al., 2004; Sivan et al., 2004a; Cohen-Seffer et al.,

2005).

The sea level rose rapidly to about 50 m b.s.l. between

11 000 and 10 500 cal. yr BP (Fairbanks, 1989; Bard et al.,

1990, 1996; Antonioli and Oliverio, 1996; Lambeck and Bard,

2000; Lambeck et al., 2002, 2004) and the coastline shifted

eastward to about 14 km west to the present-day coastline in

Haifa Bay. During this period the lower part of the rocky

Carmel headland (also named Carmel Nose by Neev et al.,

1976), which is now covered by the sea, was still exposed and

Figure 3 Cross-section 1. The southernmost section through the River Qishon estuary (for location see Figure 1). The base elevation of the
marine sand at the sea side is at 21.5 m b.s.l., while at the land side the base reaches less than 5 m b.s.l. The marine sediments are found east
of the present coastline, up to 3 km at Zevulun Plain and up to 4.8 km in the River Qishon estuary.
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projected 5 km northwest. This massive obstacle prevented

the longshore currents carrying the Nile-derived sand from

flowing northward, and they did not enter Haifa Bay, so that

Carmel headland was the end of the Nile littoral cell (Zviely,

2006).

Only at about 9500 to 9000 cal. yr BP when sea level rose to

about 35�30 m b.s.l. (Fairbanks, 1989; Bard et al., 1990, 1996;

Lambeck and Bard, 2000, Lambeck et al., 2002, 2004), and the

coastline was at about 5.5 km off the present-day coastline

(Figure 5a), sand started to bypass Carmel headland, entering

eastward into the bay. For the first time since the LGM, Haifa

Bay came into existence as a morphological feature. During

this time, to the east of the palaeocoastline, the brown and grey

clays, now found in the subsurface of most of Zevulun Plain,

accumulated under terrestrial conditions and the kurkar ridges

were still exposed on dry land.

Later, between 9000 and 8600 cal. yr BP, sea level rose to

about 25 m b.s.l., and the coastline shifted eastward to about

4.5 km west of its present position (Figure 5b). The southern

part of the bay became sandy, while the central and the

northern parts, along the western flanks of the Patria kurkar

ridge, were rocky, with bays and offshore kurkar islets. During

this time increasing amounts of quartz sand penetrated the

southern part of the bay, but because this area was still more

open to western storms, the sand hardly accumulated, and

most of it was transported northward (Zviely, 2006).

At 8800 to 8200 cal. yr BP sea level reached about 20 m b.s.l.,

with the coastline about 3 km off the present coast (Figure 5c).

Figure 4 (a) Cross-section 2 (for location see Figure 1). The sea side data are based mainly on marine geophysics surveys, while the land side
are based on data obtained from drillings; the marine penetration inland is about 2.5 km east of the present-day coast, and the palaeocoast at
its maximum penetration was still about 1.5 km west of Tel Zavat. (b) Cross-section 3 (for location see Figure 1). Maximum landward
penetration of the sea was about 3 km east of the present-day coast, still west of Tel Afeq. (c) Cross-section 4 (for location see Figure 1).
Maximum sea penetration landward did not exceed 2.5 km, and was still west of Tel Dauk
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The flooding sea surrounded Talbot and Patria kurkar ridges,

now covered by the sea, leaving only the highest crests as islets.

The sea invaded eastward up to the western margins of

Foxhound kurkar ridge. Because of the changing morphological

conditions in the southern part of the bay, the Nile-derived sand

that bypassed Carmel headlandwas deposited in larger amounts.

Between 8500 and 7900 cal. yr BP sea level rose to about

15 m b.s.l. (Bard et al., 1990, 1996; Lambeck and Bard, 2000;

Lambeck et al., 2002, 2004). Archaeological and geomorpholo-

gical finds from the Carmel coast, Israel, support the global and

regional sea levels mentioned above (Galili et al., 1988, 1993,

2005; Galili and Nir, 1993; Sivan et al., 2001; Galili, 2004). Talbot

and Vernon ridges were almost submerged with only a few rocky

exposures above the water. Foxhound ridge became a long wide

rocky island, and the trough between Foxhound and Na’aman

ridges became a long coastal lagoon with the main connection to

(a) (b)

(c) (d)

Figure 5
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(e) (f)

(g) (h)

Figure 5 The locations of the palaeocoastlines and the positions of the sandy coastlines of Haifa Bay area during the Holocene period: in
(a)�(c) the contours indicate the topography from the palaeocoastline landward up to the present-day coastline. (a) About 9500 to 9000 cal.
yr BP the sea level rose to about 35�30 m b.s.l. and, for the first time since the LGM, Nile-derived sand passed round the Carmel headland
and entered the bay; the area assumed the morphological feature of a bay for the first time since the LGM. (b) 9000�8600 cal. yr BP: sea
level rose to about 25 m b.s.l., the southern part of the bay was sandy, while the central and northern parts were rocky with offshore islets. (c)
8800�8200 cal. yr BP: sea level reached about 20 m b.s.l., and sand accumulated in the southern part of the bay. (d) 8500�7900 cal. yr BP:
sea level rose to about 15 m b.s.l., and the coastline was still west of the present coast, with islands and rocky coast in the central and
northern parts of the bay. (e) 7700�7150 cal. yr BP: sea level rose to about 10 m b.s.l. and the sea penetrated for the first time east of the
present coastline, first in the south and then in the north. (f) 6800�6600 cal. yr BP: sea level rose to about 5 m b.s.l., and the sea continued to
invade inland over the whole Zevulun Plain. (g) 4000�3000 cal. yr BP: maximum sea invasion landward; the exact date is still unknown. (h)
Present-day: from maximum sea penetration landward, the coastline started to retreat westward to its present-day position because of the
reclamation of the bay
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the sea at the south. The southern part of Haifa Bay was sandy

(Figure 5d). The invading sea deposited the biogenic coarse-

grained sand in the centre of the bay (Figure 4a�c). The elevation

of the base of the marine sand along the present-day coastline at

about 15 m b.s.l., combined with data obtained from sea-level

curves, indicate that the flooding sea reached the present-day

coastline at Haifa Bay only at about 8500�7900 cal. yr BP.

The coarse grain size, the abundance of broken macro-fauna and

the kurkar aggregates, which are typical of the lower coastal sand

unit, imply a shallow sea with high-energy characteristics in

the surf zone. The morphological conditions for deposition of

the quartz sand in the southern part of the bay continuously

improved (Figure 5d). It seems that during this time, no more

Nile-derived sand was transported northward of Haifa Bay, and

the Nile littoral cell ended at the kurkar ridges, now covered by

the sea (Zviely, 2006).

Sea level continued to rise, and between 8000 and 7150 cal.

yr BP, flooded areas in the Zevulun Plain east of the present

coastline for the first time. This invasion occurred in two steps:

first, sea level was 14�12 m b.s.l. about 8000�7700 cal. yr BP,

and then the sea level continued to rise to 10 m b.s.l. at about

7700�7150 cal. yr BP. Local archaeological finds from the

Carmel coast support these sea levels (Galili and Weinstein-

Evron, 1985; Galili, 1988; Galili et al., 1993, 2005; Galili,

2004). The southern part of the Zevulun Plain was flooded,

first up to 1 km east of the present coastline, while in the

northern part the coast still stretched along the eastern flank of

the Na’aman kurkar ridge. The first marine invasion is

recorded in the Zevulun Plain by dark grey clay with marine

fauna, which is restricted only to the eastern part of the River

Qishon estuary, and contains brackish to hypersaline fauna

(Figure 2). The unit contains Pirenella conica, indicating low

salinity to brackish water, Donax semistraitus, which lives in

marine conditions; and Cerastoderma edule sp. (synonymous

are Cardium sp.) and Bittium sp., which can tolerate a wide

range of salinities from low and brackish through the intertidal

zone up to hyper-saline water. The following sea flood carried

the overlying marine sand units inland in the River Qishon

estuary, creating sand bars. These sand bars blocked and

detached some estuary branches from the sea and originated

marshes that became more salty as they were increasingly

protected from the sea by the overlying sand accumulation.

The bases of the easternmost salty marshes are now at depths

of about 10 m b.s.l. Later, the sea continued to rise, reaching up

to 2 km southeastward in the southern part of the bay, and this

time crossed the present-day coast also in the northern plain up

to 1.5 km eastward. Only around Akko was the area of Akko

ledge still exposed above the sea (Figure 5e).

At around 6800�6600 cal. yr BP sea level rose to about 5 m

b.s.l. The sea continued to invade inland all over the Zevulun

Plain up to 2 km, and in the River Qishon estuary up to 4 km

inland. Only along Haifa coast and around Akko was the coast

almost at its present location. For the first time all the kurkar

ridges were submerged (Figure 5f). The rivers were blocked by

large quantities of marine and coastal sand and, as a result,

freshwater marshes developed on land, leaving dark organic

clay, sometimes with freshwater molluscs and peat, on top in

the sedimentary sequence (Figure 2). Sea-level rise slowed

down about 6000 years ago, but sea level was still 0�1 m b.s.l.

4000 years ago. The sea continued to rise because of the small

ocean volume increase until 3000 years ago (Lambeck et al.,

2002; Lambeck and Purcell, 2005). These conclusions are

supported by archaeological observations along the Israeli

coast, mainly underwater and coastal remains, and agree with

the numerical models, which imply that the local sea level was

at least lower than 3 m b.s.l. at about 6000 cal. yr BP, and

remained below its present level until about 4000 years ago

(Sivan et al., 2001; Galili, 2004; Galili et al., 2005). It is still

unknown exactly when the sea reached its maximum incursion

inland in the Haifa Bay area (Figure 5g), but it seems that

between 4000 and 3000 years ago the sea invaded the whole

Zevulun Plain up to 3 km, and the River Qishon estuary up to

4.8 km inland. The only age obtained so far for the marine

sand is from an articulated Glycymeris found in the central

shallow marine sand dated to 4950�3950 cal. yr BP (Shemer,

1995). Dating such units by one bivalve is not sufficiently

reliable and, therefore, the chronostratigraphy relies mainly on

the stratigraphy and its relation to the sea-level curves. About

2000 years ago (Early Roman period) sea level was already at

its present level (Galili et al., 1988, 2005; Galili and Nir, 1993;

Nir, 1997; Galili, 2004; Sivan et al., 2004b). The oldest

luminescence age yielded in the study area for the aeolian

dune sand overlying the marine and coastal sand is 37009/200

yr BP. Since the dates were not obtained from the base of the

sand, it seems that they started to accumulate earlier, as

previously reported: at 51009/500 yr BP (IRSL dating) in Dor,

Carmel coast (Kadosh et al., 2004); from about 5600 cal. yr BP

at the central Israeli coast (Gvirtzman et al., 1998) at about

60009/500 yr (Engelmann et al., 2001; Frechen et al., 2001)

or earlier (Porat et al., 2004). The coastline started to shift

westward because of sediment accumulation both by marine

and coastal sediments from the west, and fluvial and wetlands

sediments from the east. The reclamation was followed by

intensive deposition of aeolian dunes. The clay, organic or

brackish, was deposited in the eastern part of the studied area

at different elevations, always related to the sand units that

blocked the drainage during different periods. The wetlands

phenomenon is essential for better understanding the environ-

mental conditions during the late Holocene.

The relative tectonic vertical displacement rate along the

Carmel fault has been estimated at about 9/0.2 mm/yr

(Salamon et al., 2001). Geomorphological features trending

east�west, were interpreted as tectonic faults on the sea

bottom southwest of Akko (Sivan and Galili, 1999) north of

the Carmel headland coast (Galili and Eytam, 1988) and off

the central coast of Haifa Bay. Studies of coastal and

submerged archaeological features, (mainly rock-cut installa-

tions and submerged prehistoric settlements) on the Carmel

and western Galilee coasts, (Galili and Sharvit, 1998; Sivan

and Galili, 1999), indicate that these regions were relatively

stable (9/0.5 m) during the last 8000 years (for the Carmel

coast) and during the last 2000 (for the western Galilee coasts).

The same rates had been estimated for maximum relative

vertical movement at the Carmel coast, Israel, during the

Holocene (Sivan et al., 2001). Such rates are actually neg-

ligible in the frame of the current research, and therefore, it

seems that the connection between the present-day elevation of

the marine units and local sea-level data is reliable enough for

9/1 m accuracy.

Human occupation
The above wide-scale Holocene chronostratigraphy derived

from the present study indicates that the first sedentary

settlements in the study area faced totally different environ-

mental conditions from those prevailing today. The archae-

ological data suggest that the first urban settlements were

established as early as EBI in Akko and EBII in Tel Afeq, and

during the two periods, between 5600 and 4700 cal. yr BP, in

Qiryat Ata (Figure 1). During this time the coastline was still

east of the present-day coast, but at a considerable distance

west of the tells. According to the results obtained in the

current research, the sea never reached the bases of most of
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the tells, as previously suggested by Flemming et al. (1978).

Only Tel Akko was surrounded from the south and southwest

by the sea before and at the very beginning of the occupation

phase, as previously presented by Inbar and Sivan (1984). The

MBII period is witnessed in the Zevulun Plain in Tel Akko and

Tel Zavat (Figure 1), with the sea at its maximum penetration

inland, but with the coastline still west of the tells. During the

MBII the tells were probably surrounded by brown terrestrial

clays and wetlands. It has been suggested that Middle Bronze

Age harbours along the Israeli coast were located up the river

channels and enabled inland navigation and access for sea-

going vessels to settlements at a considerable distance inland

(Flemming et al., 1978; Raban, 1985, 1998a, b). In the Zevulun

Plain specifically, it was suggested that Rivers Na’aman and

Qishon were navigable and enabled access to Tel Akko, Tel

Afeq, Tel Abu Hawam, Tel Nahal, Tel Far and Tel Regev.

It was also suggested that Tel Zavat, Tel el-Idham, Tel Gedora

and Tel Zibda, were marine-adapted settlements and located

near the coastline (Flemming et al., 1978). So far, no

archaeological evidence has been found in the Zevulun Plain

for inland Bronze Age harbours. In short, the location of the

palaeocoastlines established in the current research and the low

gradients of the Zevulun Plain, combined with high rates of

sedimentation, show no evidence so far to support the

hypothesis of the Bronze Age tells being harbour sites, except

for Tel Akko and Tel Abu Hawam.

Later, during the LB, about 3600�3200 cal. yr BP, the shift

of the coastline westward and the reclamation were followed

by intensive deposition of aeolian dunes. For the last 3000

years there are no archaeological finds in the Zevulun Plain

indicating the migration steps of the coastline westward

towards its present-day location, except in Tel Akko and

Tel Abu Hawam areas. Furthermore, there is no high-

resolution dating for the Late Holocene sequence in the

research area, but the large amounts of quartz sand that had

accumulated during this period indicate that Haifa Bay has

served as the end depositional basin for the Nile littoral cell

during the last 3000 years.

Conclusions

The coastal changes that followed the Holocene sea-level rise

in Haifa Bay area that have been identified for the first time in

the current research, differ from those deduced for the western

Galilee coast to the north and the Carmel coast to the south.

The most significant difference is the stratigraphic sequence of

Haifa Bay, which contains marine-derived sedimentary units,

mainly marine Nilotic quartz sand, indicating extensive marine

incursion inland during the Mid-Holocene. Only later, the

coastline gradually shifted back to its present position, with

aeolian sand now covering the marine sand.

At the beginning of the Holocene, at about 9500�9000 cal.

yr BP, sand started to enter the bay and, for the first time

since the LGM, Haifa Bay assumed its present morphological

character. The coastline was still 5.5 km west of the present

coastline, and the kurkar ridges were still on land. The sea

invaded eastward and surrounded the kurkar ridges one after

the other, and then inundated them all. Sand continued to

accumulate in the southern part of the bay. Only at about

8000�7150 cal. yr BP did the flooding sea cross the present-

day coastline, first in the south and later in the north. At

around 6800�6600 cal. yr BP the sea invaded the Zevulun

Plain up to 2 km and the River Qishon estuary up to 4 km

southeast of the present coastline. It is still unknown exactly

when the sea reached its maximum penetration inland, but it

seems that at around 4000 years ago sea level was still 1�0 m

lower than today, and the coastline in the research area was

up to 3 km east of the present-day coast in most of the

Zevulun Plain, and 4.8 km in the River Qishon estuary. While

the coastline migrated westward, aeolian dunes accumulated

on top of the marine sand. To the east of the dunes, different

wetland conditions developed, mainly along the rivers and

streams.

During the first sedentary settlement in the Zevulun Plain,

dated to the EB Age, the coastline was still east of the present

one, but west of the tells. Even later, during the second urban

settlement phase of the MBII, the coast was still east of the

present-day line, but the sea never reached the tells, except for

Akko and perhaps Tel Abu Hawam. These occupations were

therefore not marine-adapted as previously suggested.
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