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Abstract. The southern Levant extends between the hyperarid Sahara—Arabia Desert belt in the south and the
temperate Mediterranean climate zone in the north, making the regional hydroclimate extremely sensitive to
even small perturbations of global climate. The region further served as a major pathway for the “out-of-Africa”
dispersal of fauna, flora, and hominins throughout the Quaternary, as well as for human cultural development
from the Paleolithic to the Neolithic. Spanning the length of the Levant is the Dead Sea Transform (DST) that
transfers the opening at the Red Sea in the south to the collision at the Taurus Mountains in the north. Pull-apart
basins along the DST host the hypersaline Dead Sea and freshwater Lake Kinneret, whose sedimentary records
document the regional hydroclimate and seismic history.
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Lake Kinneret (a.k.a. the Sea of Galilee) is the largest freshwater lake in the Levant, whose precursors have
deposited a thick sequence of lacustrine sediments since the late Miocene. Seismic profiles across the tectonically
subsiding basin in the middle of the modern lake, as well as existing short sediment cores, indicate that the
sedimentary sequences are generally bounded by two N-S-striking longitudinal faults and generally maintain
stratigraphic order. The sedimentary column is dominated by primary authigenic calcite, whose chemical and
isotopic composition documents regional hydrology and lacustrine conditions from at least the Pliocene.

Accordingly, the sedimentary record of Lake Kinneret holds the potential to serve as one of the longest and
most highly resolved lacustrine records since the Pliocene, yielding sub-centennial records of hydroclimate,
paleoseismicity, geomagnetism, and paleobotanics in a region of fundamental importance for the global under-
standing of climate change, tectonics, and human evolution.

The Lake KINneret Drilling (KIND) project aims to establish an exceptionally long Pliocene—Quaternary
chronostratigraphic reference record that will contribute to a meridional synthesis of continental and marine core
records along the East African Rift-Dead Sea Transform (EARDST) corridor. Owing to its location, the KIND
record will yield transformative contributions to climate modeling and to our understanding of climate change in
the eastern Mediterranean, a recognized global warming “hotspot”. Moreover, it will document seismic activity
along the DST over long timescales, providing a basis for policymakers to prepare for this potential major hazard
to infrastructure and human life.

Taken together, the KIND project will provide unique and much-needed records from a tectonically active
region that is projected to become increasingly arid over the coming century and that is already burdened by
severe geopolitical strife. These records are critical for identifying and quantifying regional climate change

patterns, assessing seismic risks, and evaluating the ecological impacts of these processes.

1 Introduction

1.1 Overview

Lake Kinneret is located along the Dead Sea Transform
(DST) in the Levant (Fig. 1). It is 21 km long and 12km
wide at its widest point, with present-day lake levels fluctu-
ating between ~ 209 and 214 m below mean sea level, ren-
dering it the largest freshwater lake in Israel and among the
lowest-lying freshwater lakes on Earth, with water depths ca.
37-42m at its deepest point (Tibor et al., 2014). Its main
freshwater source, the Jordan River, is fed mostly by springs
recharged by westerly Mediterranean winter rains (Armon et
al., 2019; Goldreich, 2003). Thus, the limnological character-
istics of Lake Kinneret follow closely Mediterranean climate
patterns.

Several short cores and outcrops surrounding the lake re-
covered an integrated record of the last ~ 30 kyr of lake his-
tory (Fig. 2; Hazan et al., 2005; Langgut et al., 2016; Lev et
al., 2019; Schiebel and Litt, 2018; Vossel et al., 2018). In ad-
dition, the lithology and chronostratigraphy of the Kinnarot
Basin sedimentary sequence, located immediately south of
the modern lake (Fig. 2a), are represented by the Zemah-1
borehole, drilled on-land (Marcus and Slager, 1985). Com-
bined with seismic reflection data (Ben-Gai, 2009; Hurwitz
et al., 2002; Reznikov et al., 2004), available evidence in-
dicates that the sedimentary record of Lake Kinneret can
yield the longest and most detailed hydroclimate archive of
the eastern Mediterranean—Levant, stretching as far back as
~ 10Ma or more. The KIND workshop focused on the po-
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tential to retrieve a highly detailed Pliocene—Quaternary sed-
imentary record from Lake Kinneret by drilling the depocen-
ter of the modern lake (Figs. 1, 2). This record will be used
to reconstruct a detailed history of eastern Mediterranean
(EM) and Levant hydroclimate and its global teleconnections
and will establish one of the longest paleoseismic records
on Earth, spanning the Pliocene—Quaternary. Lake Kinneret’s
hydroclimate record will augment the detailed southern Dead
Sea lacustrine record from the ICDP Dead Sea Deep Drilling
Project (DSDDP) that covers the last ~ 220 kyr (Goldstein et
al., 2020; Torfstein et al., 2015). Further enhancing the im-
portance of the proposed project is the fact that this region is
a tectonic “hot zone” due to the activity along the DST and
has served as a primary locus for the main waves of hominin,
fauna, and flora migration out of Africa, as well as major cul-
tural developments.

1.2 Background

The TPCC AR6 (Lee et al., 2023) forecasts that climate
change and global warming will cause major adverse im-
pacts on modern societies, including agriculture production;
the spread of infectious diseases; harm from wildfire; hu-
man displacement; and damage to economic sectors, as well
as to ecosystem structure and species range. The Mediter-
ranean Basin is considered to be a hotspot of hydroclimate
change (Cos et al., 2022; Giorgi and Lionello, 2008). Cli-
mate models consistently project that the region will become
gradually drier and warmer during the 21st century, forced
by the increasing concentrations of atmospheric greenhouse
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Figure 1. (A) Tectonic settings of the eastern Mediterranean and Levant. (B) Landscape of the southern Levant. Note the dominance of
orographic contrasts between plateau, valley, mountain range, and coastal plain (designed by Christian Ohlwein; figure modified after Litt et
al., 2021). (C) Regional seismicity between 16 June 2000 and 23 December 2024 (https://eq.gsi.gov.il, last access: 8 April 2026), plotted by
magnitude, with the number of earthquakes at each magnitude unit shown in the legend. The seismic stations of the Geological Survey of
Israel are shown by the green and red triangles for strong motion accelerometer and broadbands (respectively). Major faults are represented
by the black lines. (D) Lake bathymetry (Tibor et al., 2014), with the marine 2D seismic lines (after Hurwitz et al., 2002).

gases (Delworth et al., 2022; Garfinkel et al., 2020; Seager
et al., 2019). Indeed, climate models and tree-ring records
have already revealed an overall drying trend since the 19th
century (Cook et al., 2016; Kelley et al., 2012, 2015). With
the superposition of regional geopolitical strife and a grow-
ing scarcity of water, understanding of the climatic dynam-
ics of the Levant and surrounding regions is critically im-
portant, with implications for many millions of people to-
day and in the upcoming century. Understanding how global
warming will impact future climate patterns in this region

https://doi.org/10.5194/sd-35-255-2026

can be partly achieved through analysis of observations (e.g.,
instrumental records such as precipitation patterns) and the
use of climate modeling. This can be augmented by under-
standing hydrological and ecological sensitivity to changing
climate as depicted in paleorecords, which provide us with
the potential to investigate the rich complexity of responses
to past greenhouse forcing and its variability. Large-scale pa-
leoclimate record compilations show that orbital-timescale
climate variability in eastern Africa and western Asia has co-
incided with atmospheric CO; swings (Cohen et al., 2022a,

Sci. Dril., 35, 255273, 2026
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Figure 2. (A) Lake Kinneret and regional faults (modified after Hurwitz et al., 2002). Also shown are the locations of the proposed deep
Kinneret-1 drilling site and the on-shore Zemah-1 borehole (4.2 km deep) (red circles); shallow cores (white triangles) include OH-II (last
glacial period), the KilO core at the lake center (Holocene), and LK11 (last 12 kyr). Fault name abbreviations: PF — Poria fault; HF — Haon
fault; WMF — western marginal fault; EMF — eastern marginal fault; KNF — Kfar-Nahum fault; AF — Almagor fault; SAF — Sheikh—Ali
fault. The dashed red line (X—X’) shows the location of the 2D seismic line in panel (B). (B) Seismic reflection profile (Ben-Gai, 2009;
Ben-Gai and Reznikov, 1997) along the line X—X’ between the location of the Zemah-1 borehole in the south and the Kursi Basin in the
north, where we propose drilling the Kinneret-1 borehole. Shallow drilling in proximity to the proposed drill site (near the lake center) was
already performed in 2010 (core Kil0) and recently in 2022 (by the team of Thomas Litt and Moti Stein), both providing preliminary results
that form a basis for the proposed project (Langgut et al., 2015; Schiebel and Litt, 2018; Vossel et al., 2018). The colored lines (KIN-2 to
KIN-7) mark seismic reflection lines that are extended and correlated to the on-shore area near the Zemah-1 borehole, where the lithology
and chronology are known (see text and references). The KIN-3 red line is correlated with the top of the Cover Basalt unit that is Ar—Ar
plateau dated (in Zemah-1 and elsewhere) to ~ 4.5 Ma. The KIN-5 yellow line is correlated to the mid—Pleistocene lacustrine sequence in
Zemah-1. We mark the suggested site of the Kinneret-1 borehole, which is planned to reach the KIN-3 red marker at a depth of ~ 1200 m.
This would retrieve a full Pliocene—Quaternary lacustrine section. Further extending the drilling towards the KIN-2 marker would allow
recovery of a full record from the Miocene to present. (C) Two P-wave velocity cross-sections that intersect at the proposed location of the
Kinneret-1 borehole. These are based on a new 3D velocity model (Aizenshtat Soffer et al., 2026).
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b; Otto-Bliesner et al., 2013). Nevertheless, we still lack a
comprehensive understanding of how climate and ecosystem
responses play out along the large-scale latitudinal differ-
ences within this region or how coupled insolation and global
greenhouse gas forcing drive responses across a variety of
terrains and hydrographic regimes.

The climatic and environmental history of the Levant and
the EM has long been an area of interest for paleoclimatolo-
gists (e.g., Bar-Matthews, 2014; Enzel et al., 2008; Gasse et
al., 2015; Grant et al., 2017; Rohling et al., 2013; Rossignol-
Strick, 1985; Stein, 2014b) (Fig. 3). Over the last ~ half cen-
tury much of our understanding of this history has come from
studies of regional terrestrial archives, such as speleothems
from Israel (Bar-Matthews et al., 2003; Vaks et al., 2006)
and Arabia (Fleitmann et al., 2003), Lake Kinneret (Hartung
et al., 2025; Hazan et al., 2005; Lev et al., 2019; Schiebel
and Litt, 2018; Stein, 2014a; Vossel et al., 2018), the Dead
Sea (e.g., Enzel et al., 2008; Stein, 2014b; Torfstein et al.,
2015), and Lake Van (Litt et al., 2014; Litt and Anselmetti,
2014; Stockhecke et al., 2016) lacustrine records. Many of
these terrestrial archives capture only the late Pleistocene—
Holocene or are limited in their temporal resolution and con-
tinuity but are complemented by studies of marine cores from
the Red Sea (Almogi-Labin et al., 1996; Roberts et al., 2011;
Stein et al., 2007), the Gulf of Aden (deMenocal, 2004; Tier-
ney et al., 2017), and the EM (Emeis et al., 1996; Grant et
al., 2017; Rossignol-Strick, 1985).

Global climate has undergone significant changes since
the onset of the Pliocene, with an overall shift from the rela-
tively warm Pliocene, itself interrupted by brief early glacial
excursions such as the M2 event at ~3.3Ma (De La Vega
et al., 2020), to the colder Pleistocene (Filippelli and Flo-
res, 2009; Haywood et al., 2009; Lisiecki and Raymo, 2007;
Westerhold et al., 2020). Temperatures during the Pliocene
were ~2-3°C higher than the pre-industrial levels (Hay-
wood et al., 2009), peaking at up to 4 °C higher temperatures
during the so-called mid-Pliocene Warm Period (mPWP;
Fig. 4) (Haywood et al., 2016), with atmospheric carbon
dioxide values ranging, during the Pliocene, between 350-
550 ppm (Guillermic et al., 2022; De La Vega et al., 2020;
Stap et al., 2016), and global sea level was likely 12-20m
higher than the present (Miller et al., 2020). Accordingly, the
Pliocene — and, in particular, the mPWP — may represent po-
tential analogues for current and near-future anthropogenic
global warming scenarios (Burke et al., 2018; Haywood et
al., 2020). Later, during the transition towards the Pleis-
tocene, Northern Hemisphere Glaciation (NHG) developed
(Ravelo et al., 2004; Westerhold et al., 2020) (Fig. 4), and
Earth’s climate entered a new stage dominated by the quasi-
periodic expansion and contraction of the major NH polar
ice sheets, driven by variations in the Earth’s axial inclination
and orbital geometry (Milankovitch, 1941). However, the fre-
quency, amplitude, and shape of these glacial—interglacial cy-
cles were not uniform, and the ~ 41 kyr periodicity that dom-
inated the Early Pleistocene turned into the ~ 100 kyr higher-
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amplitude and strongly saw-toothed cycles (Fig. 4) during
the Mid-Pleistocene Transition (MPT) between ca. 1.2 Ma
and 600 ka (Head and Gibbard, 2015). In addition to orbital-
scale variability, North Atlantic and polar records revealed
the extreme and pervasive nature of millennial-scale climate
variability over the last 800 kyr (Barker et al., 2011; Jouzel
et al., 2007; McManus et al., 1999), with mounting evidence
showing that such events extended into the early Pleistocene
(Naafs et al., 2013; Raymo et al., 1989).

1.2.1 Neogene—Quaternary waterbodies in the Kinneret
Basin

The early-Neogene landscape of the southern Levant was
characterized by low relief and large drainage systems that
drained into the EM. With the development of the Dead Sea
Transform (DST) during the Miocene and formation of the
tectonic and topographic depressions along the Jordan Val-
ley (the Kinneret and Dead Sea Basins; Fig. 2) the drainage
systems changed their direction towards the new topographic
depressions. The Zemah-1 borehole (Fig. 5) recovered a
~ 4.2 km thick section that serves as a preliminary reference
for the proposed drilling. It consists of lacustrine sediments,
volcanics, and salts (halite) that accumulated in the Kin-
neret Basin over the last ~ 10 Myr (Marcus and Slager, 1985;
Segev, 2017; Stein, 2014a). The lower and middle parts of
Zemah-1 comprise the Tortonian Bira Fm. and the Messinian
Gesher Fm. that were deposited from Lake Bira and from
the Gesher swamps, respectively (Rozenbaum et al., 2019,
2022; Stein, 2014a). The upper part of the Zemah-1 section
comprises lacustrine sequences that were deposited during
the Pliocene—Quaternary (after the Zanclean Transgression
at ~ 5.3 Ma).

Over the last ~ 3 Myr, terminal and hypersaline lakes filled
the tectonic depression of the Dead Sea Basin (DSB) along
the southern segment of the DST (e.g., lakes Amora, Samra,
Lisan, Dead Sea; Stein, 2014b; Torfstein et al., 2009; Zak,
1967). The sediments that accumulated in these lakes reflect
the environmental-hydrological conditions of a large water-
shed, extending between the Sahara—Arabia deserts in the
south and the Mediterranean climate zone in the north (sepa-
rated roughly by a dashed blue line in Fig. 3). The DSB lakes
received water and sediments from the entire watershed, in-
cluding the southern, currently hyperarid deserts. In contrast,
Lake Kinneret is an open lacustrine system, which is sup-
plied mainly by the Jordan River and its northern tributaries,
whose hydrology is completely controlled by and reflects
the Mediterranean climate zone. This unique configuration
of a “chained lake system” — a cascade of tectonically linked
freshwater and hypersaline lakes, connected to one another
yet each nourished by distinct sources — opens the possibil-
ity to study the regional hydroclimate history along a unique
north-to-south transect and allows exploration of the effects
of the global “climate engines” on the regional hydrological
systems in the two climate zones.

Sci. Dril., 35, 255-273, 2026
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Figure 3. Key paleoclimate archives and archeological sites. (A) Main lakes across and in proximity to the East African Rift-Dead Sea
Transform (EARDST), including ICDP drill sites. (B) Regional location map and climate archives. The Levant is located at the intersection
of the Sahara—Arabia Desert belt and the Mediterranean climate zones. The present-day northern boundary of summer precipitation related
to the African and Indian Ocean monsoon rain systems is marked by a thick-dashed white line. The main systems contributing precipitation
to the southern Levant are marked by blue arrows (Mediterranean cyclones, Red Sea Troughs (RSTs), and tropical plumes). (C) Southern
Levant climate archives and relevant archeological sites. A dashed blue line marks the approximate locus of the 400 mm yr_1 isohyet, beyond
which a steep climate gradient leads to an extreme desert environment. Currently, most of the precipitation in the northern Levant comes from
the Mediterranean during the winter. The Negev Desert and Arava Valley receive minor amounts of localized rain, primarily associated with
active RST systems and tropical plumes (Ziv et al., 2006). During the last interglacial, the areas that currently receive rains from EM sources
were significantly drier. Locations of prominent geological archives in the region: (1) Eastern Sahara freshwater deposits (Smith et al., 2007,
Szabo et al., 1995), (2) western Desert—Egypt travertines (Crombie et al., 1997), (3) Core KL23 in the northern Red Sea (Hartman et al.,
2020; Palchan et al., 2013), (4) Yemen Cave (Fleitmann et al., 2011), (5) Oman Cave (Fleitmann et al., 2003), (6) Nafud Desert (Rosenberg
et al., 2013), (7) South Jordan (Petit-Maire et al., 2010), (8) Azraq Oasis—Jordan (Cordova et al., 2013), (9) Lake Yammouneh (Gasse et
al., 2011), (10) Jeita Cave (Cheng et al., 2015), (11) ODP Site 967 (Grant et al., 2017), (12) Core LC21 (Grant et al., 2012), (13) Lake Van
(Litt et al., 2014; Stockhecke et al., 2016), (14) Sofular Cave (Fleitmann et al., 2009), (15) Gulf of Agaba corals (Lazar and Stein, 2011;
Yehudai et al., 2017), (16) Ketora Cracks (Vaks et al., 2007), (17) Ma’ale-ha-Meyshar (Vaks et al., 2007), (18) Even-Sid (Vaks et al., 2007),
(19) Ashalim Cave (Vaks et al., 2007), (20) Arava Valley travertines (Livnat and Kronfeld, 1985; Waldmann et al., 2010), (21) Arubotaim
Cave Amora Formation (Torfstein et al., 2009; Zak, 1967), (22) Tzavoa Cave (Vaks et al., 2006), (23) Dead Sea (see text for references),
(24) Soreq Cave (Bar-Matthews et al., 2003), (25) Har Nof Cave (Frumkin et al., 2022), (26) Ma’ale Efrayim Cave (Vaks et al., 2003), (27)
Zalmon Cave (Keinan et al., 2019), (28) Peqi’in Cave (Vaks et al., 2003), (29) Mt. Hermon (Ayalon et al., 2013). Prominent archeological
sites near Lake Kinneret are marked by empty diamonds and include (30) *Ubeidiya, (31) Ohalo-Il, (32) Qafzeh Cave, (33) Nahal Amud
Cave, (34) Eynan, and (35) Gesher Benot Ya’aqov.

1.2.2 Tectonic setting and structural framework of Lake The recent seismicity regime of the Kinneret area is char-
Kinneret Basin acterized by moderate to high activity (Fig. 1C), reflect-

. - ing the ongoing crustal deformation along the plate bound-
The Kinneret Basin is a pull-apart structure located along the ary (Barnea Cohen et al., 2022; Ben-Avraham et al., 1996;

DST, a ~ 1.0 00km long .left-lateral strike—slip pl.ate bound- ten Brink et al., 2023; Gasperini et al., 2020; Hurwitz et
ar}'/ separating the Arabian plate from the Sinai sub-plate al., 2002). However, historical records indicate the occur-
(Fig. 1A) (Garfunkel, 1981; Quennell, 1958; Weber et al, rence of destructive earthquakes such as those of 749, 1033,

2009} Z(alukband Freun;i, .1981). I}Es ev((l)h(lit.lorl1 has been ;:har— and 1202 CE (Ambraseys, 2009). Paleo- and archeo-seismic
acterllze ) Y alglgnlzu atllzve n((;rt wlar 1 9715P acemerﬁ (1) 9 52;31) ) studies show that these earthquakes originated along the DST
proximately m (Freund et al., > Quennell, ), (Ellenblum et al., 2015; Wechsler et al., 2014). Locally, the

. . ~ —1 .
representlng an average Sh.p rate ,Of > mm yr sice the Kinneret Basin exhibits frequent low-magnitude microseis-
Miocene, which is compatible with modern geodetic mea- .. .

micity (M < 3.0) and occasional moderate swarms, often
surements (Sadeh et al., 2012).

Sci. Dril., 35, 255-273, 2026 https://doi.org/10.5194/sd-35-255-2026



A. Torfstein et al.: Workshop report: Lake KINneret Drilling (KIND) 261

Paleolith |
el _ lower |
S Pleistocene Pliocene | Miocene —
Sl Mid Pleistocene Mid Pliocene Messinian
Transition (MPT) Warm Perio Event
— > A
31
1 |
- 3.5 1 ‘
° J
& 11 {5 g
7 &
= ) <
Ve \0
T\ MR 4 %
45 Z e WC‘G
RN ¢
5 ] ODPYG; ]
Take Var
BERRERLINNI
ave
?,,S,?,Qg}& GBY "Ubeidiya | . Zemah_l —
.Sé)req T 'N T J i ! i T T T T T T T T T T T T ' ! ' ! ’ ‘ ' ‘ ' ! ' ! ' ' ' '
™0 S;egle;:)thems 2 3 4 5 6 7
Age (Ma)

Figure 4. Miocene to present oceanic oxygen isotope stratigraphy (benthic 8180 data from Zachos et al., 2001) and time span of regional
archives discussed in this report. The Dead Sea records, the Dead Sea Deep Drilling Project (DSDDP) and the Arubotaim Cave outcrop
(pink rectangles; Goldstein et al., 2020; Neugebauer et al., 2014; Torfstein et al., 2009, 2015), together with nearby cave deposits (yellow;
Bar-Matthews, 2014; Bar-Matthews et al., 2003), provide excellent coverage of the late-Quaternary hydroclimate of the Levant. The Zemah-
1 borehole south of Lake Kinneret provides rough coverage from ~ 10 to <4 Ma (Marcus and Slager, 1985). The proposed Kinneret-1
borehole will yield a high-resolution record of hydroclimate, magneto-stratigraphy, and paleo-seismicity, extending back to at least until the
early Pliocene and possibly the Miocene. This new archive will record changes during the Mid Pliocene Warm Period and the Northern
Hemisphere Glaciation in the Levant, will reveal the regional climate dynamics during the MPT, and will allow the use of these insights
to interpret Paleolithic to Neolithic records (e.g., *Ubeidiya and Gesher Benot Ya’aqov (GBY) marked by orange rectangles). Additional
archives such as ODP967 in the EM and Lake Van (purple), together with lake records in East Africa (not shown here), provide wide regional
context for the interpretation of the Kinneret-1 record.

concentrated along the western and eastern boundary faults
(Wetzler et al., 2019).

The Kinneret Basin morphology is governed by the in-
teraction of the main N-S-trending transform faults and a
series of E-W- to NW-SE-trending normal faults (Figs. 1,
2) that accommodate the internal subsidence of the basin
(Ben-Avraham et al., 1996). The main depocenter, the Kursi
Basin (Fig. 2A), is characterized by asymmetric subsidence,
with the deepest sedimentary fill reaching several kilometers
in thickness. This subsidence is driven by a transtensional
tectonic regime promoted by a step-over between the East
Longitudinal Fault and the Jordan Gorge Fault (ten Brink et
al., 2023). The fast long-term subsidence makes it a unique
archive of environmental characteristics manifested in the
sediments and their deformation features, e.g., seismites.

The internal structure of the rhomb-shaped graben that
forms the Kinneret Basin is obtained from a compilation
of independent geological and geophysical studies (Aizen-
shtat Soffer et al., 2026), indicating a > 5km deep fault-
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bounded sub-basin filled with sediments (Fig. 2) and basalt
flows. Seismic reflection data highlight the subsided struc-
ture, where the 3D seismic tomography model (Fig. 2C)
shows a regional segmentation of the subsided sedimentary
structure into three sub-basins. The central sub-basin is asso-
ciated with the Kursi Basin, indicating relatively low seismic
velocities which reflect the Plio—Pleistocene subsidence of
the basin.

1.2.3 Human evolution and hominin occupation in the
Kinneret Basin

Climate change has been proposed as a primary driver of hu-
man evolution, habitat divergence, dietary innovations, and
long-distance dispersals (Behrensmeyer, 2006; Blome et al.,
2012; deMenocal, 1995; Gasse, 2000; Stewart and Stringer,
2012; Timmermann et al., 2024). However, only limited ev-
idence is available to assess hominin adaptations to envi-
ronmental changes during key evolutionary stages such as
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Figure 5. Columnar section of the on-shore Zemah-1 drillhole with 40Ar / I Ar ages and 875r / 865y values (modified after Marcus and
Slager, 1985, and Raab et al., 1997). Ages are Ar—Ar plateau ages on basalt flows (Heimann and Stein, unpublished data). See the location
of Zemah-1 in Fig. 2. The cuttings provide background information (e.g., lithology and chronology) for the proposed Kinneret-1 drilling.
Note that, while the Zemah-1 borehole provides important constraints on the chronostratigraphy of the Kinneret-1 site based on subsurface
correlations (Fig. 2B), the geological context and lithology at both sites are different. The primary target at the Kinneret-1 site is the section
above the Cover Basalt (Pliocene to present), which is dominated by carbonates and marls.

the Early Pleistocene, when hominins first dispersed out of
Africa. This gap hinders our ability to address questions that
are currently under ongoing research debate, such as the fol-
lowing: (1) Is climate variability/climate instability the prime
motivator (or inhibitor) behind hominin dispersals? (2) What
were the climate conditions in the currently hyper-arid re-
gions separating East Africa and the Levantine corridor dur-
ing the Pleistocene? (3) What was the Early-Pleistocene veg-
etation cover in the northern sections of the DST (extent of
forests vs. grasslands)? (4) What was the degree of hominin
adaptability to ecological variations? Because the Levantine
Corridor was a primordial route for northward hominin mi-
gration, its environmental history is key to understanding the
interplay between early hominin evolution and adaptation
patterns in relation to climate change. The KIND project is
uniquely positioned to fill these research gaps as it will offer
a unique continuous high-resolution environmental record
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found in an immediate context with early hominin artifacts
(e.g., Lower Paleolithic).

The Kinneret Basin serves as a key segment of the Lev-
antine Corridor since it provides a rare combination of
fresh water, diverse flora, and abundant fauna facilitating
long-term habitation and intermittent migrations of vari-
ous Homo species (Bar-Yosef and Belfer-Cohen, 2001). The
Kinnarot Basin, located immediately south of the modern
lake (Fig. 2a), hosts one of the earliest records of Early-
Pleistocene tool-making outside of Africa, the *Ubeidiya
site (Bar-Yosef and Tchernov, 1972; Matmon et al., 2026)
(Fig. 3). The exposed sedimentary section at *Ubeidiya in-
cludes cyclic intercalations of lacustrine sediments with flu-
vial and alluvial units, recording repeating episodes of the
lake’s transgressions and regressions (Picard and Baida,
1966). The terrestrial layers of *Ubeidiya yielded rich lithic
assemblages of the Early-Acheulian type (Bar-Yosef et al.,
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1993), an abundance of faunal remains (Martinez-Navarro
et al., 2012), and very limited plant remains (Lorch, 1966).
The few hominin remains that were exposed indicate that
the site preserves traces of one of the earliest migrations
of hominins out of Africa (Barash et al., 2022). The pale-
oenvironmental reconstructions based on zooarcheological
findings have produced conflicting results regarding the de-
gree of savanna vs. forest landscape composition, hinder-
ing our ability to fully consider environmental contributions
to Early-Pleistocene hominin dispersals (Tchernov, 1988).
While Tchernov (1988) suggested that the site is dated to ap-
proximately 1.6—1.2 Ma, a recent study proposes, based on
combined cosmogenic nuclide dating, paleomagnetic analy-
ses, and U-Pb ages, an even older age of ca. > 1.9 Ma (Mat-
mon et al., 2026).

Further north, along the Jordan River, the site of Gesher
Benot Ya’aqov (GBY), which was occupied between ~ 800—
700 ka, provides critical insights into Middle-Acheulian cul-
ture. GBY is renowned for the exceptional preservation
of botanical remains, including several thousands of seeds,
which offer a rare glimpse into the plant-based diet of early
hominins. Among the wood remains, a human-made wooden
tool was identified, one of the oldest in the world (Goren-
Inbar et al., 2004). The pollen assemblage allowed for the
reconstruction of glacial and interglacial periods during the
site’s existence. Furthermore, the bifacial tools at GBY, often
fashioned from basalt, indicate sophisticated cognitive abili-
ties and a systematic approach to tool production (Fig. 3).

During the Middle Paleolithic (~250-50ka), the region
saw the co-existence or alternating occupation of Nean-
derthals and Anatomically Modern Humans (AMHs) (Joris
et al., 2011). The Mousterian industry, characterized by the
Levallois technique, is prevalent in several cave and open-air
sites surrounding the basins (Shea, 2003). The proximity of
Qafzeh Cave (AMH remains, ca. 100 ka; Vandermeersch and
Bar-Yosef, 2017) and Nahal Amud Cave (Neanderthal re-
mains, ~ 70-50 ka; Hovers et al., 1995) to Lake Kinneret en-
sured that these hominins utilized the DST resources. North
of Lake Kinneret, the open-air site Nahal Mahanayeem Out-
let, dated to ~ 65-60 ka, was occupied by AMHs and is also
characterized by exceptional preservation of organic mate-
rial (Kalbe et al., 2015), similarly to other archeological sites
located along the northern sections of the DST.

The Pleistocene record in the Kinneret Basin (the Epipa-
leolithic period) encompasses the Ohalo II site (Nadel et al.,
2012). This ~23kyr old submerged fisher camp, which is
located on the southwestern shore of Lake Kinneret, pro-
vides valuable data on the transition from mobile foraging
to sedentary life due to its excellent preservation. The site
contains the earliest known brush huts, several in situ buri-
als and hearths, and over 150 000 charred seeds, demonstrat-
ing that hunter—gatherers in the Kinneret Basin were harvest-
ing and processing wild cereals long before the “Neolithic
Revolution” (Nadel et al., 2012). At the nearby Jordan River
Dureijat site (~20-10ka) a pollen-based model yielded in-

https://doi.org/10.5194/sd-35-255-2026

formation on the last glacial-interglacial transition, includ-
ing changes in seasonality, temperature, and precipitation
(Langgut et al., 2021). The Natufian (15-11.5ka) site Ey-
nan (Mallaha, to the north of Lake Kinneret) displays one
of the world’s earliest records of dog domestication (Fig. 3;
Belfer-Cohen, 1991).

Human settlement patterns were evidently related to re-
gional hydroclimatic shifts, though the nature of this connec-
tion remains uncertain. Indeed, the above descriptions of the
evolution and spread of hominins and humans in this area
lack a clear understanding of the concurrent environmental
and climatic conditions that dominated this area prior to and
throughout the Quaternary. Closing this knowledge gap is
critical for a full understanding of prehistoric behavior and
capabilities and of whether their spread was modulated by or
independent of climate fluctuations (e.g., glacial-interglacial
cycles).

1.3 Proposed KIND project drilling site

The proposed Kinneret-1 drilling site is located in the de-
pocenter of the modern Lake Kinneret at a water depth of
38 m in the northern sub-basin of Lake Kinneret, the Kursi
Basin (Fig. 2; Ben-Avraham et al., 1996, 1990; Rosenthal
et al., 2019). The Kursi Basin is formed by an asymmetric
half-graben delimited by the eastern longitudinal fault and,
to the west, by large deformations (Reznikov et al., 2004).
It is filled by a ~5km thick sequence of lacustrine sedi-
ments and basaltic flows, including the “Cover Basalt” unit,
whose top was dated to ~ 4.5 Ma (Rozenbaum et al., 2016;
Shaliv, 1991). The Cover Basalt spreads over the Galilee and
Golan Heights and was recovered by the Zemah-1 borehole
(Fig. 5; Marcus and Slager, 1985). Above the Cover Basalt,
the seismic data in the proximity of the lake center indicate
an overall undisturbed sedimentary sequence. In the KIND
project we aim to reach the top of the Cover Basalt, which
will yield a continuous record over the last ~ 4.5 Myr. If pos-
sible, we will recover deeper sequences, potentially reaching
as far back as ~9-10Ma. The basin stratigraphic architec-
ture (Fig. 2) is a major advantage of the site, enabling numer-
ous suitable drilling scenarios including a transect of shal-
lower off-shore and on-shore boreholes. The drilling strategy
can be optimized to fit project funding while reaching prior-
ity objectives.

Regarding justification for the site selection, the site has
the potential for a very high-resolution (up to 1 mkyr~! for
the younger section) continuous record of Mediterranean cli-
mate spanning the last ~4.5Myr (expanding the 220kyr
from the DSDDP site by an order of magnitude). The time
interval targeted encompasses important transitions of cli-
mate, from a world dominated by warm temperatures with
limited temperature amplitude changes at the beginning of
the Pliocene (after the Messinian Salinity Crisis) to a warm
41 kyr old world with higher temperatures and temperature
fluctuations following the intensification of NHG at 2.7 Ma
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and then through the MPT (~ 1.2-0.6 Ma) to the much colder
100 kyr old world with large-amplitude temperature changes
since ~ 0.9 Ma (Clark et al., 2024; Fig. 4). The area is cru-
cial for the study of hominin migration and represents the
cradle of agriculture development. The drilling would allow
us to decipher the global and regional records and to link
the site to global forcing mechanisms (e.g., northern- vs.
southern-latitude influence, Indian monsoon and migration
of rain belts) and to provide constraints for climate model
simulations and estimates of climate sensitivity. It would pro-
vide a framework for assessing climate variability impacts on
water resources and how these shaped hominin/human activ-
ity in the region. In other words, the site will allow us to
illuminate the interactions and feedbacks between climate,
human, and ecological evolution; tectonics; volcanism; and
geomagnetism. The site lies along a continuous chain of lake
records, many of which have been drilled as part of previous
ICDP projects. These extend from Lake Malawi in the south
through Lakes Chala, Turkana, Chew Bahir, the Dead Sea,
Lake Kinneret, and Lake Van in the north (Fig. 3), provid-
ing a longitudinal hydroclimate transect, as well as a latitu-
dinal transect from the Levant and Tiirkiye to Lake Ohrid in
the west. Correlations and integration with the many docu-
mented outcrops at local and regional scales are also feasible
and necessary to achieve the goals of this project.

Drilling within an active tectonic setting will improve our
understanding of the evolution of the plate boundary and
the rate of seismicity. The deployment of permanent bore-
hole sensors will establish a unique observatory along an ac-
tive plate boundary, which is relevant to assessing geohaz-
ards. The high-resolution paleomagnetism could shed light
on the dynamics of the geomagnetic field during excursions
and reversals at a centennial to sub-centennial resolution,
thereby resolving longstanding fundamental ambiguities in
the global paleomagnetic record (Channell et al., 2020; Mah-
goub et al., 2023; Valet and Fournier, 2016). This is the basis
for understanding the temporal dynamics of the transitions
in the geomagnetic field and can serve as a high-resolution
method for global chronostratigraphic resolution and corre-
lation, as well as the impacts of changes in the magnetic field
on life on Earth and the global climate.

2 Workshop structure

Funding was awarded by ICDP in 2024, and the work-
shop was convened in July 2025 in Potsdam, Germany. The
workshop hosted 61 participants from 12 countries (China,
Germany, Iceland, Israel, Italy, Japan, Spain, Switzerland,
Tiirkiye, the United Kingdom, the United Arab Emirates, and
the United States) and 33 different universities and research
institutes, as well as representatives from the ICDP Opera-
tional Support Group (OSG).
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The workshop tasks were to define scientific priorities and
analyses, logistics, drilling targets, downhole logging mea-
surements, and education and outreach plans for a scien-
tific drilling project in Lake Kinneret. The first half of the
workshop consisted of presentations that focused on the sci-
entific background and history of Lake Kinneret: geology,
limnology, hydrology, tectonics, paleoclimate, paleoecology,
and regional history of hominins. Subsequently, the partic-
ipants discussed the scientific questions, hypotheses, objec-
tives, and approaches relevant to the KIND project, as well as
the analyses and methods required. These discussions took
place in breakout groups and were then further refined in a
full-forum discussion. The synthesis of these discussions is
summarized in Sect. 3 below.

3 Why is the KIND project so timely and important?

3.1 Overarching motivation

The KIND project aims to construct a globally unique ref-
erence record of the climatic, environmental, seismic, and
geomagnetic history of the Levant over the last ~4-5 Myr.
This reference record will be highly resolved (tracing sub-
centennial changes in the calcite-dominated lacustrine inter-
vals that dominate most of the sedimentary column), contin-
uous, and supported by a wealth of previous knowledge from
the same region. The KIND record is expected to provide
transformative insights regarding (1) the spatio-temporal dy-
namics of regional hydroclimate that primarily reflect the
Mediterranean climate regime and its relation to global cli-
mate patterns during the Pliocene—Quaternary and (2) seis-
mic activity along the DST, as well as (3) a high-resolution
paleomagnetic record that will allow us to explore in detail
the global behavior of the geomagnetic field across reversals
and excursions.

The KIND project builds on existing regional records,
which will enhance the new findings. These include the
ICDP Dead Sea project that retrieved 220 kyr of a hydrocli-
mate and paleoseismic record and the Zemah-1 borehole that
reaches ~ 10 Myr and provides important lithological infor-
mation and chronostratigraphic constraints for the proposed
borehole, together with ODP Site 967 in the EM that cov-
ers the last 3 Myr (Grant et al., 2017). The stratigraphy and
general chronology of the proposed drilling site are tenta-
tively interpreted from seismic reflection transects between
the Zemah-1 borehole and the Kursi Basin and a recent earth-
quake tomography of the Kursi Basin (Figs. 2, 5). The pro-
posed KIND project will significantly extend existing proxy
records across the EM and the Levant.

Achieving the above-mentioned goals will allow us to cre-
ate a globally unique record of Pliocene—Quaternary ter-
restrial climate in a highly important region, the Levant,
coupled with a comprehensive paleoseismic and paleomag-
netic record. Combined, the proposed KIND project (cov-
ering ~4-5Ma) and the ICDP-Dead Sea record (covering
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220ka) will provide detailed Plio-Quaternary continental,
mid-latitude hydroclimate, paleomagnetic, and paleoseismic
records from both sides of the Mediterranean—desert climate
boundary. The products of the KIND project will lead to a
substantial number of high-impact publications across pa-
leoclimatology, seismology, geomagnetism, archeology, and
more and will provide a suite of extremely relevant societal
benefits, including critical knowledge for regional water re-
source management, seismic hazard assessment, and climate
adaptation planning.

3.2 Working hypotheses

We hypothesize that the Levant and eastern Mediterranean
were relatively drier during the warm Pliocene and became
gradually wetter during the Quaternary. We further hypothe-
size that this “wetting” is controlled by two large-scale pro-
cesses that occurred throughout the Pliocene—Quaternary:

i the Northern Hemisphere Glaciation, which initiated as
early as 3.6 Ma and intensified at 2.7 Ma (McClymont
et al., 2023), is postulated, based on the sensitive re-
gional climate response to global trends during the
Quaternary, to have caused a gradual change in the
EM-Levant hydroclimate, as is indeed reflected by the
Plio-Pleistocene aridification of the Sahara (deMenocal,
2004; Trauth et al., 2009, 2021; Zhang et al., 2014);

ii. the long-term regional landscape evolution associated
with the development of the Dead Sea Transform (DST)
resulted in the development of the central mountain
ridge (e.g., Judea and Samaria Hills and the Galilee
Mountains), which imposed a strong local orographic
effect.

Currently, there is scarce evidence to challenge the above
hypotheses due to the lack of appropriate climate archives,
which inhibits a more detailed evaluation of the impacts of
both processes on pre-Quaternary Levant climate. The sec-
ond process is related to the long-term evolution of the East
African Rift-Dead Sea Transform (EARDST) and the shap-
ing of the surrounding landscape and large drainage systems
(e.g., the Nile River). The EARDST accommodated the early
development and migration of hominins out of Africa. Sev-
eral of the most important prehistoric archeological sites are
located near the proposed drilling site (Fig. 3).

iii. Lake Kinneret deposits are susceptible to earthquake
shaking, thereby enabling the recovery of seismite
records (Lu et al., 2020) that document the seismic—
tectonic evolution of the DST without significantly dis-
rupting the overall continuity of the sedimentary se-
quence.

3.3 Scientific goals

The primary goal of the KIND project is to establish a
Pliocene—Quaternary chronostratigraphic reference record of
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the EM—Levant at a sub-centennial resolution, which will in-
clude a hydroclimate record, a paleoseismicity record, and
a geomagnetic record. Each of these will be motivated by a
series of specific scientific questions and will be based on
proxy reconstructions; combined, the results will shed light
on human prehistory and history:

i Hydroclimate. Proxy-based reconstructions will use
pollen and biomarkers, mineralogy, elemental abun-
dances and stable and radiogenic isotopic compositions
of both sediments and porewaters, and hydroclimate
models. The results will be used to pursue the follow-
ing specific objectives:

a. compare Pliocene—Quaternary hydroclimate pat-
terns between northern and southern Israel (reflect-
ing Mediterranean versus desert climate zones, re-
spectively);

b. determine the timing of major Pliocene—Quaternary
climate changes in the Levant region and evaluate
lags and leads relative to global records;

c. compare the KIND hydroclimate record to climate
model simulations of the Pliocene (PlioMIP2 and
the upcoming PlioMIP3, which includes the early
Pliocene);

d. calibrate transient climate models using the KIND
hydroclimate record and extend transient climate
models to the Pliocene;

e. building on hydroclimate records and modeling, es-
tablish a quantitative predictive model of regional
hydroclimate for the 21st century.

ii. Paleoseismicity. A record of seismicity across the DST
will be established from the Pliocene.

iii. Geomagnetic record. We will generate a continuous,
precisely dated geomagnetic record of reversals and ex-
cursions since the Pliocene at sub-centennial temporal
resolution.

iv Prehistory and human evolution. The cores will provide
new insights into human prehistory, more specifically

a. the connection between prehistoric migration pat-
terns and regional hydroclimate;

b. the connection between historic cultural develop-
ments and regional hydroclimate, as well as pos-
sible connections to the impacts of earthquakes on
cultural development.

v. Significant public outreach and Diversity, Equity, and
Inclusion (DEI) activities. Efforts will include the devel-
opment of educational outreach opportunities, including
public talks, science exhibitions, and the production of
short documentaries that explain our findings and their
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implications for the future climate. In addition, the sci-
entific results of the project will be used to develop tech-
nical short-course training to develop high-school-level
paleoclimate teaching modules for underprivileged stu-
dents.

3.4 Meridional continental paleoclimate transect

The upper sequence of the proposed Kinneret-1 record over-
laps chronologically with the ~ 600 kyr sequence recovered
by the ICDP Lake Van drilling project (Litt and Anselmetti,
2014). Lake Van is situated at the crossroads of the atmo-
spheric southwestern jet stream and the northern branch of
the subtropical high-pressure belt. Its sedimentary record is
therefore a key archive for reconstructing Quaternary hydro-
climate evolution in the Levant (Litt et al., 2014; Litt and
Anselmetti, 2014; Stockhecke et al., 2016). The comparison
between Lake Van and Lake Kinneret over the last 600 kyr,
combined with the Dead Sea record of the last 220 kyr, would
provide an integrated picture of hydroclimate variations over
three climate zones and their mutual impacts. These include
(Fig. 3) (1) the southern extension of the northeastern Euro-
pean and Asian dry continental climate zone; (2) the Mediter-
ranean zone dominated by deep-pressure cyclones; and (3)
the northern extension of the desert climate zone, which
has been affected by tropical storms and, occasionally, mon-
soonal systems. Moreover, the Lake Van-Lake Kinneret—
Dead Sea transect comprises the northern segment of the
EARDST that extends from East Africa to eastern Tiirkiye.
Several lakes that are located along the EARDST have been
drilled during the last few decades with ICDP funding (Co-
hen et al., 2016, 2022a, b). Thus, Lake Kinneret comprises an
essential link within the different segments of the EARDST
transect, one with the potential to yield a highly resolved
record extending across the Pliocene—Quaternary times. The
data retrieved from the proposed Kinneret-1 drilling would
extend the scope of EARDST integration to the Early Pleis-
tocene and even Pliocene times. Moreover, it will be a key
component in the understanding of human culture develop-
ment and the migration of prehistoric hominins out of Africa
along this corridor.

4 Conclusions

There was a consensus among the participants that the KIND
project is unique in its importance for answering primary
new scientific questions relating to paleoclimate, paleoecol-
ogy, paleoseismicity and tectonics, paleomagnetism, hydrol-
ogy, and archeology, as well as being a strong component of
outreach and education.

The workshop allowed us to refine and expand the objec-
tives of the project and to define the knowledge gaps and
overall strategy for the next steps of the project. Importantly,
the workshop brought together, in many cases, for the first
time, scientists from different backgrounds and disciplines,
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not only yielding important knowledge transfer but also cre-
ating a strong multidisciplinary and international group that
is working together under the auspices of the KIND project.

Data availability. No data sets were used in this article.
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