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Using archaeological data 
for the understanding 
of Late‑Holocene Sea of Galilee’s 
level fluctuations
Matthieu Giaime1,2* & Michal Artzy2

In the Jordan Valley, reconstructed changes of the Sea of Galilee level have shown sharp fluctuations 
of the water elevation during the Holocene. In this paper, we provide new data originating from the 
excavations of Kursi Beach archaeological site located on the eastern shore of the Sea of Galilee 
and compare them with other data gathered from the archaeological site of Magdala, located on 
its western shore. Our data yield to constrain Sea of Galilee level changes between the Iron Age II 
(10th–9th centuries BCE) and the Crusader period (11th–12th centuries CE), a period of high interest 
for the archaeological community. We demonstrate that water level was around ‑212 to ‑210 m mean 
sea level (msl) for the Iron Age II period. Lake level rose to ‑208/‑209 m msl during the Late Hellenistic/
Early Roman period. Water level remained low (<‑213/‑214 m msl) from the Byzantine to the Crusader 
period (from 5th to 12th centuries CE). Our data provide new knowledge for the understanding of 
variations in the Sea of Galilee level in antiquity. We highlight that water level fluctuations must have 
been key factors taken into account in the habitation pattern.

The Jordan Valley was a cradle of human occupation and saw the early development of complex  societies1, 2. 
Along the valley, freshwater lakes and marshes attracted local inhabitants to their shorelines and they, in turn, 
closely interacted with their natural  environment3, 4. These anthropogenic legacies, modified over the millennia 
constitute the cultural heritage of the region. The strong interest in the Sea of Galilee (Lake Kinneret) ancient 
coastal settlements is influenced by the New Testament’s accounts of the miracles performed by Jesus. Thus, the 
study of the archaeological data originating from the excavation of the lake shores settlements offers an oppor-
tunity for tracing human reactions to past changes in lake level. Examples of major excavation come from; the 
Paleolithic settlement of  Ohalo5, Bet  Yerach6, El-Araj—the likely ancient Bethsaida-Julias of the early years of the 
1st Millennium  BCE7—as well as the Late Hellenistic-Early Roman harbor site of  Magdala8–10. Another harbor 
site excavated is Kursi Beach (Fig. 1). In the early 1970s, archaeological surveys and excavations revealed harbor 
 structures11. In 2015–2018, renewed excavations were undertaken and new data was  published12, 13. Nevertheless, 
questions remain considering possible regional characteristics in harbor construction (at the scale of the lake) 
and the interconnection between the coastal sites.

The Sea of Galilee, in northern modern Israel (Fig. 1), is situated in a morphological depression along the 
Dead Sea Fault. It is the lowest freshwater lake on Earth (Lake surface at -210 m msl (mean sea level) in aver-
age). The area is characterized by a typical Mediterranean climate, with dry and hot summers and mild, wet 
winters. The lake is mainly fed by the Jordan River, entering it in the North, secondary wadis mainly active 
during winter and fresh and salt-water springs. The location of the lake along the Dead Sea Transform Fault 
renders it particularly sensitive to seismic  hazards14–19 and major destructive earthquakes occurred in the area 
over  time20, 21. This seismic activity is a major trigger of the stability of the slopes of the lake and the origin of 
numerous  landslide22, 23. The area is also characterized by significant hydrological changes. While level changes 
of the Dead Sea have been intensively  investigated24–33, there is a paucity of data relating to Sea of Galilee level 
fluctuations and their underlying causes—geologic, climatic or anthropogenic—during the Late-Holocene34–36.

Combination of both archeological and geological data have shown to be particularly useful in reconstruct-
ing changes in level of large inland lakes or seas such as Lake Turkana in  Kenya37–39, the Aral  Sea40, the Dead 
Sea e.g.26,30,31. For the Sea of Galilee, a lake level reconstruction has been proposed for the past 40,000  years36. 
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The authors demonstrated that the Sea of Galilee level stabilized for long periods of time around -212 m msl. 
While most of the data covers pre-Holocene period, a maximum low-stand (<-212 m msl) has been evidenced 
in Early-Holocene (ca. 8000 years  BP36,37). Major high-stand up to -200 m msl is also documented ca. 5000 years 
ago (Tel Bet  Yerach36,35. A lake level of ca. -208/-211 m msl was also proposed according to the elevation of the 
early first century CE stadium of  Tiberias35–37. However, the structure interpreted as the base of the stadium has 
recently been reassigned to be part of the Roman  harbor41. Due to the presence of a tectonic fault passing through 
Tiberias’s archaeological site, one can question the use of the data as indicators of the lake’s level changes. Over 
the past century, human impact is the main cause of lake level  fluctuations42 (Fig. 2).

Kursi Beach archaeological site (Site 12, Horbat Kursi,  Harbour43) is one of the numerous coastal sites identi-
fied on the shore of the  lake11, 16. It is located in the Kursi Beach Nature Reserve, on the fringes of the western 
Golan Heights along the eastern shore of the Sea of Galilee (Fig. 1). Archaeological investigations have allowed 
the excavation of coastal structures suggesting fluctuations in past lake  levels12, 13 (Fig. 1). A breakwater (Figs.1 
and 3) and a fishpond (Figs. 1 and 4), as well as key loci uncovered during the excavations are used to provide 
relative lake level index points (details of the different loci are given in Supplementary Text). Using data origi-
nating from the Kursi Beach excavations and data gathered from archaeological structures on the Lake’s shore, 
our aim is to improve the resolution of the Late-Holocene lake level  history31–37. Our data allow fill in a gap in 
antiquity, a period of high interest for the archaeological community by providing original and precise lake level 
index point (Fig. 5).  

Figure 1.  Geographical context. (a) Simplified tectonic map of the eastern Mediterranean, showing the plate 
boundaries and the main  faults14. DSTF, Dead Sea Transform; CFS, Carmel Fault System; YF, Yammouneh Fault. 
(b) Geological map of the Sea of  Galilee15. The black squares indicate the main built harbors on the shore of the 
 lake16. (c) Kursi Beach general plan of the excavation. Original measurements and drawing by M. Edelcopp and 
B. Arubas.
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Results and discussion
Lake shores can be affected by quick and recurrent (seasonal) fluctuations of water level due to climatic (e.g. 
variations in distribution and intensity of precipitations), geological (e.g. tectonic activity, slope movements) or 
anthropogenic factors acting at local or regional scale. The combination of historical, archaeological and geo-
morphological indicators is particularly well adapted to study these changes in the case of the Sea of Galilee. Our 
new data from Kursi Beach allow to highlight lake level elevation from the Iron Age II to the Mediaeval period.

Intermediate lake levels in the Iron Age II period (10th‑9th centuries BCE). Elevation of the 
breakwater has been used to reconstruct lake level position in the Iron Age II period (Figs. 3 and 5). To under-
stand the construction of the breakwater and to know its depth, a trench, perpendicular to it, was open up to 
a depth of 3.5 m (top of the trench at -210.60 m msl; Fig. 3). It was oriented in a general southeast-northwest 
direction in accordance with the angle formed by the inner face of the breakwater (Fig. 1c). The inner face of 
the breakwater, which was exposed in the trench, reveals that it was built of large basalt stones. On its outer face, 
facing the lake, the stones were arranged diagonally toward the West. On the inner face (average height of 2.5 m), 
the stones were carefully placed vertically (Fig. 3). The new excavation found that the breakwater was built to a 
maximum elevation of -210 m msl. It was assumed that the breakwater should have been at least 1 m higher dur-
ing the period of its usage. However, even at -209 m msl, the elevation of the breakwater did not allow its optimal 

Figure 2.  Mean monthly water levels of the Sea of Galilee between 1926 and 2020 (Data: Water Authority). 
Before the construction of the Degania dam (1933), the level of the sea fluctuated around -210 m msl. The 
magnitude of the fluctuations increased when the hydroelectric station was in operation. The use of the Sea of 
Galilee as freshwater reservoir further accentuated the fluctuations. The arrows represent the main interventions 
that have affected the natural variability of the lake level and the date of the excavation of the structure. The 
minimum water level has been recorded in November 2001 (red star; -214.87 m msl) and the maximum water 
level in February 1969 (blue star; -208.39 m msl).

Figure 3.  The breakwater. (a) Photo of the trench in the inner face of the breakwater and (b) drawing 
of the sedimentary units with estimated ancient lake level elevation. The three environmental units have 
been differentiated by their sedimentary texture and color (details of the sedimentary units are given in 
Supplementary text).
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utilization during the Late Hellenistic/Early Roman period when the level of the lake was around -208/-209 m 
msl (Fig. 5). Since the eastern shore of the lake is affected by >1.5 m high  waves45, the structure must have been 
much higher than that of the lake level. Our data demonstrate that the dating of the breakwater to the Hellenistic 
period or later as suggested by  Raban11 is problematic. This dating only relies on similarities with other Mediter-
ranean harbor-works dated from the same period. While we still lack data regarding the chronology of the infill-
ing of the basin, the absolute absence of remains dated from the Hellenistic period found during the 2015–2018 
excavations point toward an absence of coastal activities in the area indicating a pre-Hellenistic infilling of the 
inner  harbor12, 13. In contrast, we can reasonably assume that the breakwater was in use during the Iron Age II 
period or earlier, concurrent with the settlement of Tel Kursi dated to the 10th–9th centuries BCE by ceramic 
finding and radiocarbon (Table 1; Figure S1). According to our calculation, water level was between -209.90 and 
-212 m msl during the Iron Age II period, allowing the inner harbor basin to function. This relative high lake 
level also corresponds to a period of low, but rising Dead Sea  level30, 32, 34.

High lake levels in the Late Hellenistic/Early Roman period. At Kursi, shallow lakeshore type sedi-
ments dated to the Late Hellenistic/Early Roman period found at -214.98 m msl (below the fishpond founda-
tions; Figs. 4 and 5; Figs. S2 and S3) demonstrate that the level of the lake was higher at that period. At Magdala 
(on the western shore of the lake), data originating from the excavation of the harbor basin further indicate that 
the level of the lake was between -210.30 m msl (bottom of the basin) and -208.30 m msl (elevation of the moor-

Figure 4.  The fishpond/wishing well (Area C). (a) Structure viewed from the North with the lake in the back 
(Photo: Michal Artzy) and (b) Lake-level index points obtained from the study of the fishpond. The red stars 
represent the location of the samples dated by radiocarbon. The index points are compared and contrasted with 
data originating from other sites in Fig. 5.
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ing stone) for that  period44. This high level corresponds to a period of increased precipitation in the southern 
Levant in the interval 130–40 BCE and coincide with high level of the Dead Sea around -394 m msl in the 1st 
century  CE31–33. A landing surface excavated at Magdala, suggests that the water level dropped to ca. -210 m 
msl during the second half of the 3rd century  CE44. Excavations at Galei Kinneret (ancient Tiberias), south of 
Magdala, have exposed buildings dated from the Roman  period35, likely part of the Roman  harbor41. Linking 
lake level with the elevation of the structures, it was proposed that the harbor was built in the 1st century and 

Figure 5.  Sea of Galilee water level index points and lake level envelope. The red vertical bar indicates the 
position of the water (A1–A5 present the data from the breakwater/harbor basin at Kursi (A1 = base of the 
breackwater ; A2 = base of the harbor unit; A3 = top of the harbor unit; A4 = top of the breakwater at the time 
of excavation; A5 = estimated elevation of the breackwater in the Iron Age II); B1-B3 present the data from 
the harbor at  Magdala44  (B1 = bottom of the harbor basin; B2 = Late-Hellenistic mooring stone; B3 = Early 
Roman mooring stone; B4 = Late Roman landing zone); C1-C6 present the data from the fishpond at Kursi 
(C1 = locus 28011; C2 = cork; C3 = circulation surface; C4 and C6 = structure elevation ; C5 = infilling dated 
from the crusader period). The indicators show high lake level during the Iron Age II and the Late Hellenistic/
Early Roman period (between -208 and -210 m msl) and low lake levels during the Byzantine, Early Islamic and 
Crusader periods (<-213 m msl). Reconstructed high precipitation at Kfar Giladi (>600 mm/year) from Morin 
et al.33  and high Dead Sea levels (>-402 m msl, corresponding to the sill elevation) from Kushnir and  Stein32. 
Red stars represent specific high-water level of the Dead Sea reported from ancient authors or maps by Binder 
et al.31

Table 1.  AMS-14C data expressed in calibrated years BP and BCE/CE at the 95% confidence level (2σ). We 
used Calib 8.246,47 and the IntCal20  curve48. Sample RT 4447 from Galili et al.45.

Sample Lab number Material Elevation (m mean sea level) Age 14C 2 sigma cal. BP min–max 2 sigma cal. BCE/CE min–max

L.44206 ULA-9104 Charcoal 2760 ± 15 2780–2920 970–830 BCE

L.44208(2) ULA-9103 Charcoal 2740 ± 15 2780–2860 920–830 BC

L.28011 ULA-9105 Plant remains -214.98 1900 ± 15 1740–1870 80–210 CE

L.28105 ULA-9102 Wood W -213.53/-213.63
E -213.36/-213.46 1015 ± 15 920–960 990–1030 CE

L.28107 ULA-9134 Grape seed W -213.73/-213.84
E -213.56/-213.67 1595 ± 15 1410–1530 420–540 CE

L.28202 ULA-9127 Plant remains -213.95/-213.98 920 ± 15 750–910 1040–1200 CE

L.28203 ULA-9106 Plant remains -213.95/-213.99 960 ± 15 800–920 1030–1150 CE

Cork L.28205 ULA-9129 Wood -213.97/-214.08 1590 ± 15 1410–1520 430–540 CE

RT 4447 Remains of carbonized wood and 
grain seeds 1480 ± 40 1300–1470 480–650 CE
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used until the 3rd century CE when a drop in the water level led to the abandonment—and displacement—of 
the harbor area. However, due to the presence of tectonic faults passing through the  site35, the structures cannot 
be used to provide direct lake level index point.

Low lake levels from the Byzantine to the Crusader period. The fishpond was first identified during 
a survey in the autumn 2000 following a drop in lake level to -213.80 m  msl45. After a rise in lake’s water level, the 
structure remained underwater until 2016, when the level of the water reached the elevation of -213.70 m msl 
allowing for its excavation (Fig. 2). The top of the structure is at an elevation of -213.24 m msl (Fig. 4, Figures S2 
and S3), although it was likely higher since many loose stones belonging to it were found in the area. The struc-
ture is round, ca. 5 m diameter (Figs. 4 and S2). The width of the wall is ca. 90 cm. A third of the structure was 
excavated and it was found out that the foundation stones—un-hewn basalt stones—were placed in such a way 
that each layer protrudes ca. 2 cm (Fig. S2). It was built without bonding material. The foundation stones were 
placed against a wet surface composed of dark organic mud. Above the foundation walls, were two layers of small 
and medium stones held together by plaster made of small stones, organic material and lime (Fig. S2). In the 
lower level, three openings were noted: North, West and East. These openings are conical and the thin opening 
is facing inwards. In the western opening’, which is slightly lower than the others, a ‘cork’ like log, in the shape of 
the opening, was found (Figure S4). The construction method of the 5th–6th centuries CE fishpond discovered 
at Kursi shows that it was constructed when the water level was lower or similar to that of late summer/early 
autumn 2016 (-213.70 m msl). As the fishpond was likely partially filled with the water originating from a local 
spring, the level could have even been lower. The circulation surface discovered in the square excavated outside 
the structure (-213.56/-213.84 m msl) is contemporaneous to that of the structure and the wooden cork found 
at -214.08 m msl. Thus, the lower elevation of the floor—at -213.84 m msl—can be considered as the maximum 
mean elevation of the lake at the time of the construction. At the same period (5th–early 6th century CE), the 
Dead Sea knew a pluri-metric drop of its level before an important rise at the end of the 6th century  CE31,32,25. 
At Kursi, our research demonstrates an important drop in lake level between the Roman and the Byzantine 
period as attested by the fishpond elevation. At Magdala, this drop is confirmed by the likely presence of coastal 
structures dated to the Late Byzantine/Early Islamic period at three meters lower than that of the Roman harbor 
 structures44,27. The sharp, but relatively limited in time, increase attested in the level of the Dead Sea around 
550 ± 50 CE is not visible in our record for the Sea of Galilee. Indeed, large number of coins, mainly dated to the 
Early Islamic period, were found inside the structure. This attests to the fact that the water of the lake was likely 
still lower than -213.70 m msl allowing pilgrims visiting the nearby monastery to use the fishpond as a wishing 
well. On the western shore of the lake, archaeological structures (at Galei Kinneret, the ancient Tiberias) bur-
ied under lake sediments indicate a rise in lake level during the late-8th century CE. This rising level has been 
attributed to tectonic activities and the consequence of the 789 CE earthquake affecting the western shore of the 
 lake35. Data from Kursi indicate that the lake may have remained at a low elevation until the Crusader period in 
agreement with a low-stand of the Dead Sea between the 8th and the 11th centuries  CE26,32,25. Shallow lakeshore 
type sediments found inside the structures—covering the levels containing Early Islamic coins—are dated to the 
11th–12th centuries CE (Fig. 5; Supplementary text). This rising level puts an end to the utilization of the wish-
ing well. Thus, no coins dated after the Early Islamic period have been found in the upper layers of the structure 
infill. However, the coexistence of aquatic and air-breathing mollusks further indicate that the structure may not 
have remained permanently underwater.

How people dealt with lake level changes? Many coastal structures have been noted along the shores 
of the Sea of Galilee, yet not all have been clearly dated. It is assumed that a large number were constructed 
during the Hellenistic/Roman/Byzantine  periods49, 50. These structures are built of local undressed boulders, 
reflecting the water elevation at the time of  construction50. They are generally modest and required minimal 
human and economic investment. The discovery of the structures at different elevations—most of them between 
-208 and -214 m msl—may imply that they could be easily abandoned or modified to accommodate lake level 
 variations51.

At Kursi, coastal structures dated from different archaeological periods found at different elevations on the 
shore of the lake confirm that the ancient inhabitants built the structures to accommodate the changing level of 
the lake. Our data demonstrates that lake level was likely between -210 and -212 m msl during the 11th–12th 
centuries BCE. A low lake level (<-213.80 m msl) has been identified from the Byzantine (5th–6th centuries 
CE) to the Crusader period (11th–12th centuries CE). The dating of the breakwater of Kursi to the Iron Age 
II, or even earlier, makes it the oldest artificial coastal structure dated in the Sea of Galilee. It is not surprising 
as the Bronze and Iron Age saw the flourishing of important settlements (e.g. Bet Yerah, Tel Hadar and Beth-
saida). This structure is the largest discovered along the shore of the lake. The breakwater of Kursi is remarkable 
because of its dimensions and because it is of good structural quality in comparison with light coastal structures 
identified along the  shore11, 51. It measures more than 140 m in length and has a high of 2.5 m in its southern 
extremity. Test pits opened in its northern part suggest that its height could have reached 4.5 m. According to 
our estimations, the maximum water column of the southern shore of the inner harbor was ca. 2 m allowing 
the consideration of seasonal, and maybe pluri-annual, fluctuations in lake level. However, the depth of the 
water may have been greater further north, toward the center of the basin. We do not know when the usage of 
the anchorage of Kursi ended. Regarding the lack of data to date the infilling of the harbor basin, its abandon-
ment could have been linked to change in the level of the lake or to the infilling of the basin as for many other 
harbors in the  Mediterranean53,52. Changes in geopolitical vicissitudes effecting trade networks should also be 
considered. At Magdala, geoarchaeological investigation of the harbor area have shown that the reorganization 
of the harbor infrastructures has likely been undertaken to accommodate coastal progradation and small-scale 
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changes in lake level during the Hellenistic and Roman  periods44. The apparent stability of the lake level from 
the Late Hellenistic to the Early Roman period and the associated coastal progradation lead to the construction 
of two successive quays parallel to each  other9, 44. The likely low elevation of the lake from the Byzantine to the 
Crusader period indicated by the fishpond/wishing well elevation further questions the pluri-annual variations 
in the elevation of the lake. This apparent stability of the water level contrasts with fluctuations of the Dead Sea 
level during that period, specifically regarding the high level recorded in the 6th century  CE25,30 31.

Conclusion
Water stress poses serious threats to human lives and livelihoods. The current situation regarding access to 
freshwater resources is poised to worsen unless countries act. Today, as in ancient times, population growth, 
socioeconomic development and urbanization are increasing water demand, while climate change can make 
precipitations and water availability more variable. Reconstructing past water availability and uses through 
the reconstruction of water quantity in continental reservoirs is challenging. Our research poses the basis for 
future investigations regarding lake level changes of the Sea of Galilee. We highlight that lake level fluctuations 
must have been key factors taken into consideration by local populations. The important number of sites on the 
shore of the Sea of Galilee and the ongoing discovery and excavation of sites would provide new data. This is, for 
example, the case of the multi period (Roman, Byzantine and Crusader) site of El-Araj/Bethsaida, buried below 
several meters of sediments in the delta of the Jordan river, in the northern side of the  lake7. In relatively flat areas 
as for the northern Jordan delta, even small fluctuations in lake level may have led to important displacement of 
the shoreline and of the harbor activities.

The present study contributes to a better understanding of Sea of Galilee’s water level changes from the 1st 
Millennium BCE to the early-2nd Millennium CE, a period of high interest for the archaeological community. 
Our data from the Kursi Beach excavation demonstrates that lake level was likely between -210 and -212 m msl 
during the 10th-9th centuries BCE. A low lake level (<-213.80 m msl) has been identified from the Byzantine 
(5th–6th centuries CE) to the Crusader period (11th–12th centuries CE). Data from Magdala demonstrate a 
high-stand of lake level around -208.30 m msl during the Late Hellenistic/Early Roman  period44. The association 
of archaeological and bioarcheological indicators is particularly useful to infer lake level position at a certain 
period and its changes through time.

Multiplication of geoarchaeological studies and precise dating of the coastal structures will produce more 
lake level indicators and will increase the spatial and temporal resolution of the record. Thus, the availability 
of a more detailed curve of lake level would provide data to be compared and contrasted with local or regional 
climatic reconstructions to decipher the impact of climate and the possible human influence on the changes in 
lake levels. Archaeological excavation of well dated coastal structures would further improve our understanding 
of population adaptation to seasonal and pluriannual changes in water level. In the current state of our under-
standing, direct human intervention in water availability in lake reservoirs in the Jordan Valley has not been 
evidenced in ancient and early mediaeval times. The integration of seasonal and pluri-annual variations in the 
lake level within coastal urbanization strategies is at the crux of discussions concerning the adaptation of the 
populations to the changes.

Material and methods
Archaeological excavations and dating of the structures. Archaeological excavations at Kursi 
Beach have been undertaken by M. Artzy and H. Cohen between 2015 and 2018 under the auspices of the Hatter 
Laboratory, RIMS, University of Haifa. In this study, we focus on areas A and C in the excavation (Fig. 1), where 
coastal structures have been identified. Elevation of the structures has been measured with a Differential Global 
Positioning System (DGPS). The dating of the structures is based on the archaeological evidences (coins, ceram-
ics, and construction techniques). In addition, eight Accelerator Mass Spectrometry (AMS) radiocarbon dating 
have been performed. The preparation of the samples, which includes chemical pre-treatment, fractionation of 
their carbon components followed by oxidation and reduction to graphite was completed at the Radiochronol-
ogy Laboratory of the Centre d’Études Nordiques (University of Laval, Canada). AMS measurements were per-
formed at the Keck Carbon Cycle AMS Facility (University of California-Irvine, USA; Table 1). Samples submit-
ted were charcoals, grape seeds, plant remains or wood. Dates were calibrated using Calib 8.247,46 and IntCal20 
 curve48. The dating of Galili et al.45, indicates that the structure was built under the Byzantine Rule (313–636). 
Calibration of the radiocarbon date (1480 ± 40 BP) obtained from remains of carbonized wood and grain seeds 
extracted from the mortar gives an age of 480–650 cal. years CE.

Sedimentological and faunal analysis. Sediments collected in the structures have been analyzed to 
establish their texture and their faunal content. The general sediment texture includes gravel (>2 mm), sand 
(63–2 mm) and silty-clay fractions (<63 μm). It was determined by the wet sieving of 100–150 g of dry sedi-
ments. Mollusks have been identified in the gravel fraction. Species were determined using existing  literature54. 
Ostracods were extracted from the fraction >125 μm and identified to species when  possible56,55. The general 
description of the loci is provided in Supplementary text.

Reconstruction of lake level elevation. We use archaeological structures to provide indicators of rela-
tive lake level. The index points are based on the elevation of the structure according to present global mean sea 
level and the estimation of the lake level needed for their usage. Although it is challenging to define the exact 
elevation of the lake level at specific periods, we provide general envelope of lake level elevation or propose a 
relative elevation of the lake level (higher or lower) according to the structure and the sediment collected during 
their excavation (grain size and faunal content).
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