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The Inland Late Bronze – Iron Age 
Anchorage of Dor: Ancient Reality 
or Fantasy?

Gilad Shtienberg and Katrina Cantu

Abstract  Around the Levantine coast, ancient anchorages facilitated urban center 
establishment by enabling travel that connected between sites and civilizations, 
leading to expanding trade network possibilities. Various scholars previously 
hypothesized that this growing maritime economic prosperity was permitted along 
the Israeli coast in Yaffo, Dor, Tel Naami, Tel Akko, and Tel Achziv due to a natural 
process in the marine-terrestrial interface subsequent development of lagoonal sys-
tems. Once formed, these natural, brackish, protected aquatic systems were postu-
lated to have been utilized by the coastal inhabitants as inland harbors constructed 
adjacent to the settlement. Here the complex long-term relationships between sea-
level rise, sedimentation variation, and resulting coastal morphogenesis are exam-
ined in the area of tel-Dor. This investigation relies on a high-resolution spatial and 
temporal paleoenvironmental record combining dated terrestrial and shallow marine 
sediment cores with sedimentological and faunal analysis as well as seismic profiles 
collected from the shallow marine south bay of Dor. The current stratigraphic 
framework indicates that the coast of Dor has undergone morphological changes 
over the Holocene. These consist of a brackish wetland environment (ca. 
9000–7000 years ago) that then changed to a high energy beach (ca. 7000–4000 years 
ago) to finally settle as a backshore influenced by anthropogenic activity of the 
coastal inhabitants (4000 years ago–present). The time constraint stratigraphy, the 
surface elevation of each lithological unit, and association to sea level variation over 
the last 9000 years rule the existence of a lagoon out. As a result, it is unlikely that 
the area facilitated an inland anchorage, making previous hypotheses on this matter 
unplausible. The holistic approach utilized in Dor provides a unique opportunity for 
studying ancient coastal processes, which are essential for properly understanding 
the interplay between the varying environment and coastal settlers.
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1 � Introduction

The ancient coast of Israel (Fig. 1a) has a long history of maritime connectivity, 
with several ancient port cities such as Jaffa, tel Dor, tel Nami, tel Abu-Hawam, tel 
Akko, and tel Achziv located along the central to north coast of Israel (Fig.  1; 
Giaime et al., 2018; Zviely et al., 2006). The environmental setting of these cities is 
often of great interest to historians and archaeologists as the modern coastline may 
not be ideal or even compatible with the needs of a port – mainly, that the harbor 
must be deep enough to accommodate ships, be safely accessible from the sea, and 
be protected against wave action (Burke et al., 2017; Marriner & Morhange, 2007; 
Marriner et  al., 2012). One such city, Akko, on the north end of Haifa Bay in 
Northern Israel, was a regionally significant port beginning in the Middle Bronze 
age. Historical texts and archaeological evidence attested to the presence of a port, 
but the ancient settlement on the tel is located several hundred meters landward 
from the modern shoreline. Sediment coring revealed that the tel had once been 
located adjacent to a lagoon, which over time filled with fluvial and later Nile sand 
deposits (Giaime et al., 2021; Morhange et al., 2016). Similarly, the anchorage at 
Jaffa, near Tel Aviv, has long been considered problematic and even dangerous for 
ships to sail and dock in, and the city’s function as a port was somewhat puzzling. 

Fig. 1  Locality maps. (a) The direction of longshore transport along the eastern Mediterranean 
shown by black arrows. Dashed blue line represents the Nile; dashed red lines represent approxi-
mate international borders. Outlined rectangle shows location of inset (b), which illustrates the 
area of investigate in North-central coast of Israel and (c) the coast of Dor annotating its geomor-
phological properties
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Fig. 2  Maps representing coring and sampling locations of the south bay of Dor and its pocket 
beach (see Fig. 1 for inset locations). (a) Aerial photographs with drilling locations and seismic 
profiles discussed in the current paper and seismic section location presented in Fig. 3 (b) surface 
lithologies, archeological remains of the MB Anchorage, and location of cross-section presented 
in Fig. 4

Investigation of historical maps, topography, and sediment cores suggests that the 
anchorage was, prior to the Classical period, located in an inland body of water to 
the east of the tel which has since filled in with sediment (Burke et al., 2017). With 
these examples in mind, we turn to the ancient port city of tel Dor, on the Carmel 
Coast of Northern Israel (Fig. 2).

In his 1987 article, “The Harbor of the Sea Peoples at Dor”, Avner Raban posited 
that during the Late Bronze Age to Iron age Dor’s South Harbor was connected to 
the sea by a long, North-South oriented lagoon stretching approximately one mile 
south of the tel (proposed location of the Dor’s lagoon is presented in Fig.  2b). 
According to Raban, this body of water also wrapped around the east side of the tel, 
creating a “haven” for ships after entering the lagoon and sailing north toward the 
settlement. This hypothesis was based on Raban’s understanding of the coastal sedi-
mentary profile of Dor as well as the assumption that sea level was approximately a 
half-meter lower than today’s, too low to allow access to the harbor from the 
Mediterranean due to an aeolianite ridge blocking its western side. While this ridge 
has an opening wide enough for boats to pass through today, Raban suggested that 
it would have been much less eroded in the thirteenth century BCE, thereby closing 
off the west side of the harbor. A recent geophysical investigation of the area found 
evidence of an ancient channel connecting Tantura Lagoon to Dor’s South Harbor 
through what is now a tombolo (Figs.  1c and 2), seemingly supporting Raban’s 
hypothesis (Lazar et al., 2021).

The Inland Late Bronze – Iron Age Anchorage of Dor: Ancient Reality or Fantasy?
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Was the lagoonal harbor proposed by Raban a reality? If not, what did the land-
scape surrounding ancient Dor look like? To answer these questions, we present 
several lines of stratigraphic evidence from seismic profiles conducted in the shal-
low south bay of Dor along with seven sediment cores collected in the vicinity of 
the South Harbor (Fig. 2) and examine the Carmel coast relative sea level curve that 
has been largely constructed after the publication of Raban’s, 1987 paper with cor-
relative chronostratigraphic data of Dor.

2 � Regional Setting

In general terms, the morphology of the narrow, 3 km wide Carmel coast – from east 
to west  – consists of alluvial plain, embayments and sand beaches separated by 
aeolianite ridges which trend parallel-subparallel to the current coastline (Fig. 1c; 
Gvirtzman et al., 1983 among others). The late Pleistocene to Holocene unconsoli-
dated sedimentary sequences of the Carmel coast accumulated in a terrestrial–
coastal environment composing of alternating aeolianites and red-brown sandy-loam 
paleosols. In the lowlands between the ridges, the paleosols are covered by a dark 
silty clay unit, rich in organic material (Shtienberg et al., 2017). As sea level rose 
during the late Pleistocene-Holocene transition (15,000–12,000 years ago; Rohling 
et al., 2014), the shoreline migrated eastwards, flooding the shallow shelf around 
9000 years ago (depth shallower than −20 m; Sivan et al., 2004a). Archaeological 
observations from the coast (Sivan et al., 2001; Galili et al., 2019) confirm that sea 
level continued to rise during the early stages of the Holocene until ca. 6000 to 
7000 years ago, when transgression slowed considerably. As sea level and the coast-
line neared their present elevation and location ca. 6000 to 4000 years ago (Sivan 
et  al., 2001) the volume of windblown sand which accumulated along the coast 
increased (Roskin et al., 2015; Shtienberg et al., 2016, 2017). Although sea level 
was believed to have been relatively stable from ca. 3000 years ago to present, some 
archaeological coastal structures and their base elevation and location compared to 
the present shoreline point toward lower levels of up to 2.5 meters compared to 
present (Anzidei et al., 2011; Galili et al., 1993; Yasur-Landau et al., 2021). Based 
on these anthropogenic constraints sea level finally reached its current elevation, 
fluctuating in magnitudes lower than ±0.5 ca. 2000 years ago (Toker et al., 2012).

The ancient city of Dor is located in the Carmel coast (Fig. 1) 21 km south of 
present-day Haifa, and 50 km north of Tel Aviv and presents an ideal location for 
studying long term dynamics between natural – human interactions since the prehis-
tory. The sedimentological, geomorphological, and historical characteristics of this 
location include a shallow lagoon (Tantura lagoon) and three low-energy embay-
ments located adjacent to the site (Fig. 1c). From north to south, these are the North 
Bay, the Love Bay, and the south bay with the latter located immediately south of 
the tel Dor. The Tantura lagoon and the three bays have an extensive and detailed 
evidence of human remains (Arkin Shalev et al., 2019a; Arkin Shalev et al., 2019b; 
Yasur-Landau et al., 2021 and reference therein) and sedimentary deposits (Kadosh 
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et al., 2004; Shtienberg et al., 2020, 2021; Sivan et al., 2004b) covering most of the 
Holocene period. In the past, the bays served as anchorages which can be directly 
linked to Dor as a successful port with long-term continuous occupation and 
includes structures on land (Raban, 1995; Marriner et  al., 2014) and underwater 
(Gilboa & Sharon, 2008).

Occupation at tel Dor (Fig. 2) began in the Middle Bronze Age II (3900–3500 years 
ago) and the settlement continued to grow and develop throughout the Roman 
(2000–1700  years ago), Byzantine (1700–1400  years ago), and Crusader 
(1100–750 years ago) periods (e.g., Stern, 1994; Raban, 1995; Gilboa & Sharon, 
2008; Nitschke et al., 2011). On the seashore an immense record of maritime con-
structions was previously identified. These include massive coastal fortifications 
dated to the Iron 1b period (3100 years ago; Gilboa & Sharon, 2008; Sharon & 
Gilboa, 2013) and an artificial mole, currently covered by a biogenic rock, serving 
as the main harbor installation of the city (Arkin et al., 2019a; Raban, 1995). In the 
ninth century BCE maritime activity continued in Dor and by the seventh century 
BCE it became a maritime center under the Assyrian empire with a sea-gate and 
fortifications (Arkin et al., 2019a). During the Hellenistic period (2300–2100 years 
ago) it seems that Dor continued to be a sturdy coastal city, fortified with defense 
structures (Nitschke et al., 2011) guarding the entrance to the bay. These structures 
were identified in underwater excavations and coastal geophysical surveys at the 
southern edge of the south bay of Dor (Lazar et al., 2021). The rich settlement his-
tory of Dor and its long-lasting existence as a coastal port site make it an ideal case 
for examining the possible usage of the natural coastal characteristics of Dor for 
establishing a Bronze Age inland harbor.

3 � The Holocene Coastal Stratigraphy of Dor

In order to test Rabans’ hypothesis (Raban, 1987) regarding the possible existence 
of an inland harbor (Figs. 1c and 2), a multidisciplinary approach was applied incor-
porating interpreted shallow marine geophysical profiles (Figs. 2 and 3), sedimen-
tological, bio-stratigraphical, and chronological results previously published in 
Kadosh et al. (2004); and Shtienberg et al. (2020, 2021) (Figs. 4 and 5). The correla-
tion between the previously dated sequences of Dor, identification of their deposi-
tional environment and association with the Carmel coast relative sea level curve 
(Galili et al., 2019; Sivan et al., 2001, 2004a; Yasur-Landau et al., 2021) enabled us 
to determine whether an inland lagoon existed in the area from the Late Bronze to 
Iron age during occupation of the tel.

Based on this integration (Fig. 5), the coastal zone sequence of the area consisted 
of two main units (F4; F5) that comprise of loam and quartz sand: at the base of the 
sequence, a 9200–7000 years ago (pre-pottery Neolithic LB-C to Pottery Neolithic) 
dark grey – dark brown homogenous silty loam sediment containing shallow shelf 
and fresh-brackish ostracods, gastropod shells, foraminifera, and sea urchin spine 
remains. The surface elevations of this unit range from −2.2 to −3.2 relative to 
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Fig. 3  Results from the geophysical survey (modified after Shtienberg et al., 2021): (a) Shore-
perpendicular seismic section from the south bay of Dor; (b) the interpretation of the seismic sec-
tion (c) transformation from acoustic units to lithologies was achieved based on boreholes 
AK994C1, K69 as well as surface lithologies identified on the shallow seabed of the south bay. The 
locations of the seismic section and boreholes are displayed in Fig. 2b

mean sea level (msl) with thickness of ~1 m. Relying on the sedimentological prop-
erties of the unit and its skeletal assemblage, unit F4 was interpreted as a brackish 
wetland deposit.

Covering the brackish wetland, a 2 to 6-meter-thick quartz rich sand unit was 
identified throughout the study area. This unit, which was chronologically con-
straint from 7000 years ago to present, has been broken down into three sub-units, 
and is described here from bottom to top:

Sub-unit F5a (Fig.  2) comprises of surface elevations ranging from −3.5 to 
−0.5 m relative to msl, and thicknesses of up to 2.5 m. The deposit consists of sub-
rounded, course to medium grained, light brown to yellow sand. Glycymeris shells, 
unidentifiable gastropod and bivalve shells and abraded shallow shelf foraminifera 
were evident all through the sub-unit with abundance and size increasing upward. 
The chronostratigraphic correlation of the core data (Fig. 4b) constrains the beach 
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Fig. 4  Fence diagram presenting the chronostratigraphy of the South Bay coastal zone. The chro-
nostratigraphic correlation based on the cores D4, D12, D6, D11, D8, AK994C1, K69 previously 
published in Shtienberg et al. (2020, 2021) of the (a) terrestrial – shallow offshore; (b) shoreline. 
The annotated ages are listed in ka (thousand years ago). Follow the cross-section in space in (c)

sand deposit, typically found in an area with high depositional energies, from 7000 
to 4500 years ago (Chalcolithic – Middle Bronze age).

Overlying the beach sand deposit sub-unit F5b was identified with surface eleva-
tions of 0 to 0.3 m relative to msl, and a thickness of 0.4 m to 1 m (Figs. 4 and 5). 
The sub-unit is characterized by a light gray to light yellow medium-coarse grain 
sand abundant with Glycymeris shells, aeolianite fragments, chert and limestone 
pebbles. F5b also contains cultural material such as pottery sherds, pieces of iron, 
and charcoal fragments. OSL results from the base and upper portions of this 
anthropogenic rich deposit produced an age constraint of 2.8 to 1100 years ago, 
associating it with the Bronze Age–Crusader settlement at Tel-Dor.

F5c is the uppermost facies identified in the south bay of Dor with surface eleva-
tions of 1 to 1.5 m above msl and a thickness of 0.5 to 1 m (Fig. 5). This deposit is 
light gray to light brown with medium – fine grain sand littered with modern anthro-
pogenic remains in its upper 0.3 m. Relying on the accompanying contemporary 
features and its base limiting age constraint of 1100 years sub-unit F5c is interpreted 
as an aeolian deposit which started to accumulate once the tel was deserted and 
continued until the modern settlement of Israel.

The Inland Late Bronze – Iron Age Anchorage of Dor: Ancient Reality or Fantasy?
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Fig. 5  The time constraint lithostratigraphy of Dor (a, b); with sedimentological characteristics 
(c, d); approximate age constraints (e); associated depositional environments (f); correlative 
Carmel coast archeological period. The annotated ages are listed in ka (thousand years ago) (g) and 
associated relative sea level based on Galili et al. (2019), Sivan et al. (2001, 2004b) and Yasur-
Landau et al. (2021) (h). This generalization is based on the results presented in Figs. 3 and 4

4 � The Coastal Evolution of Dor and Associated 
Shoreline Location

The temporal constraint of the sequence enables us to reconstruct the coastal evolu-
tion of Dor and link these geomorphic changes with the Holocene sea level rise to 
the cultural periods of the site (Fig. 5). Coastal wetlands of brackish salinity (Sivan 
et  al., 2011, 2004b; Shtienberg et  al., 2021) developed in the depressions of the 
south bay of Dor reflecting the wet climate conditions (Bar-Matthews et al., 2003; 
Grant et  al., 2016) of the African Humid Period (ca. 15,000–8000  years ago; 
Natufian to Pottery Neolithic period). Relying on the youngest age constraint of the 
wetland surface (ca. 7200 years ago; Fig. 5) and initial deposition of the overlying 
coastal sand at 7100 years ago; the south bay bathymetry of the wetland surface 
(presented in Shtienberg et al., 2021) which was around 3 to 1 meter lower then 
present, relative msl (Galili et  al., 2019; Sivan et  al., 2004b) and the submerged 
rectangular building associated with a Pottery Neolithic settlement (Shtienberg 
et al., 2020) we postulate that during this time the entire south bay of Dor was a ter-
restrial environment. The ages from the surface of the wetland and overlying coastal 
sand confine the termination of wetland deposition to ca. 7000 years ago. This sug-
gests that the environmental transition from a wetland to a coastal site is linked to 
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the advancing shoreline which deposited and buried the wetland surface under 
increasing volumes of coastal sand (Shtienberg et al., 2017).

A 2 m-thick bioclastic sand facies (F5a; Fig. 5) found in the current study area 
was dated between 7000 and 4500 years ago (Chalcolithic Period to Middle Bronze 
age). Based on its location, elevation range of 1.5 to −0.5 relative to msl, bathymet-
ric data, relative sea level elevation of −5 to −2.5 (compared to present sea level) 
and the high percentage of the worn marine fauna, it seems that during this period 
the shoreline was still a few hundred to tens of meters west of its current location 
(Fig. 6a). Overlying the coastal sand facies (F5a), sub-unit 5b consists of poorly 
sorted, medium-coarse grain sand that was found to be rich with marine gastropod 
and bivalve fragments as well as archaeological remains. These sedimentological 
characteristics, the two late Holocene ages (2800 and 1100 years ago), and correla-
tion with the relative sea-level curve of the Israeli coast, indicate that sub-unit F5b 
was deposited in a coastal environment when sea level was nearing its present eleva-
tion (Yasur-Landau et al., 2021) while the archeological remains (sherds, iron frag-
ments) are the result of extensive human habitation from at least since Middle 
Bronze Age II and into the Roman period (Stern, 1994; Raban, 1995; Shahack-
Gross et al., 2005; Sharon et al., 2005; Gilboa & Sharon, 2008). Unit F5 is topped 
by facies F5c which is a ∼ 0.5 m thick deposit, comprised of a medium- to fine-
grained sand distributed with abraded shell material. Given that the seasonal beach 
profile changes of the Carmel coast can fluctuate between 1–1.5  m (Shtienberg 
et al., 2014) and the presence of glass and other recent artifacts, this facies is inter-
preted as modern pocket-beach sands. In the next section we use this chronostrati-
graphical data to evaluate the possible existence of an inland anchorage during the 
Late Bronze – Iron Age as well as test possible sailing routs for reaching the south 
bay anchorage of Dor.

5 � Evaluation of the Possible Late Bronze – Iron Age 
Anchorage of Dor and Summary

In order for an inland anchorage to have existed during the Late Bronze – Iron Age 
(3500–2600  years before present), the elevation of the area around Dor’s South 
Harbor would need to be deep enough to allow ships to enter. Comparing the dated 
sediment units from the cores collected around the harbor and the temporal correla-
tion with the local sea level curve shows that not only were the evaluated locations 
not deep enough for ships to pass, but they were already above msl and likely tens 
to hundreds of meters from shore during the Chalcolithic and up to the middle 
Bronze Age, from circa 6500 to 4500 years before present (see Fig. 6). The charac-
teristics of the sediment support this interpretation, as the coarse sand and poorly 
preserved marine fauna are consistent with a beach environment. As sea level con-
tinued to rise through the Late Bronze to Iron Ages before largely stabilizing  
during the Roman Period, the sediments continue to reflect a beach depositional 
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Fig. 6  Time constraint surface maps of Dor’s shallow marine-terrestrial coastal side for the fol-
lowing periods: Chalcolithic period (7700–5600 years ago); Bronze Age (5500–3200 years ago); 
Iron age (3200–2600 years ago); Roman (2000–1600 years ago). The green dots illustrate core 
location with their surface elevation relative to modern mean sea level for each time constraint map 
while the thick grey contour line annotated the proposed shoreline location

environment, with the addition of anthropogenic materials. This stratigraphy is con-
sistent across the examined cores which surround south bay of Dor demonstrating 
that there was no channel across the tombolo on the south side of the bay as Lazar 
et al. (2021) proposed, nor did a harbor extend inland to the eastern side of the tel 
(see Figs. 2b and 4). If Dor’s harbor was not connected to the Mediterranean via a 
channel through the tombolo, then boats must have entered the western entrance to 
south bay. The bathymetric and sub-bottom survey results discussed in Shtienberg 
et al. (2021) show a 5-m deep west-east trending channel (relevant to msl) cutting 
across the aeolianite platform found in at the entrance of the south bay of Dor 
(Fig. 6). Subtracting two meters in consideration of the lower sea level during the 
middle to late Bronze Age (Galili et al., 2019; Sivan et al., 2004b; Yasur-Landau 
et al., 2021) still yields a depth of approximately 3 meters, likely deep enough for 
many ancient ships that possessed shallow keels (Polzer, 2011; Wachsmann, 2009).

Raban (1987) suggested that the submerged aeolianite ridge blocking much of 
the entrance to the south bay of Dor was higher during the Bronze Age, because it 
has been eroded in the intervening time. However, it seems that the aeolianites 
found around the entrance of the bay were only subjected to wave erosion for a 
period of 1000 years, during this time when the shoreline was situated right against 
the entrance of the bay. This is based on sea level rise (Fig. 5), the resulting shore-
line transgression (Fig. 6) during most of the Chalcolithic (7000–6000 years before 
present), and erosional rate constraints of calcareous sandstones evaluated at 
0.02–0.91 mm/year (Flemming, 2011). Taking these factors into account, it seems 
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that the submerged aeolianite platform could have been eroded up to a magnitude of 
1 meter, which still allows the channel to be suitable for sailing during the Late 
Bronze – Iron Age.

The evidence presented in this analysis shows that Raban’s vision of an inland 
harbor was not possible during the Late Bronze and Iron Ages, and that the south 
bay of Dor was surrounded on three sides by a beach environment rather than a 
lagoon. This further demonstrates that the western entrance to south bay of Dor was 
the only way for ships to access the port.
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