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ABSTRACT

Reznikov, M., Ben-Avraham, Z., Garfunkel, Z., Gvirtzman, H., and Rotstein, Y.
2004. Structural and stratigraphic framework of Lake Kinneret. Isr. J. Earth
Sci. 53: 131–149.

This study focuses on some major aspects of the structure and evolution of Lake
Kinneret. The complicated, and still not completely understood, structure and com-
plex tectonic history of the region are the main questions addressed in this work. We
also consider the existence of transverse faults at the termination of the basin, the
continuity of slip through time, and the occurrence of salt bodies under the lake.

The study is based mainly on the results of a reprocessed and reinterpreted
multichannel reflection seismic survey of Lake Kinneret. The processing resulted in
enhanced images that demonstrated more details and improved the interpretability of
the data. Mapped seismic reflectors reflect the complex structure and evolution of the
basin.

Modification and refinement of the schematic structure model of the lake is
proposed. Boundary faults with a large vertical throw delimit the basin in the east and
southwest, while transverse fault zones divide the basin into several segments. A deep
sub-basin is located in the southern part of the lake and delimited by a southern
transverse fault and a zone of distortion in the central part of the lake. It seems that
activity along these faults began around 2.0–1.7 Ma and is connected to possible
changes in the geometry of the transform. A complex zone of deformations delimits
the northern sub-basin to the west. The western marginal fault may be at least a part of
these deformations. Tectonic activity along this fault appears to have migrated north-
ward over time.

INTRODUCTION

Lake Kinneret is a freshwater lake located within a
topographic depression in northern Israel (Fig. 1). It
has been assumed in numerous publications (e.g.,
Garfunkel and Ben-Avraham, 2001, and references

therein; Hurwitz et al., 2002, and references therein)
that its evolution is connected to the evolution of the
Dead Sea Transform and should be compared with the
evolution of the other basins along the fault. The com-
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plex regional tectonic situation in the area (e.g.,
Garfunkel and Ben-Avraham, 2001) complicates the
structure of the basin and influences its tectonic
evolution.

The structures under and around the lake have been
the subject of a number of investigations in recent
years (e.g., Ben-Avraham et al., 1980, 1981, 1986,
1996; Marcus and Slager, 1985; Rotstein and Bartov,
1989; Rotstein et al., 1992; Garfunkel and Ben-
Avraham, 2001, and references therein; Hurwitz et al.,
2002). The main problems debated were the geometry

of the basin, boundary fault configuration, evolution of
the basin, etc.

Based on these studies, two models of the lake
subsurface have been assumed (Model A, Ben-
Avraham et al., 1996 and Model B, Hurwitz et al.,
2002). What these two models have in common is that
(i) a deep symmetrical pull-apart graben underlies the
Lake; (ii) steep N–S longitudinal strike-slip faults
bound the graben; and (iii) a half-graben structure
occurs in the northeastern part of the basin. These two
models differ in spatial arrangement of the deep

Fig. 1. Location map of seis-
mic lines. Zemah deep bore-
hole and water boreholes
are denoted. Also shown are
topography on land and
bathymetry on the lake
(contour interval is 50 m on
land and 12.5 m in the lake).
Regional framework is
shown in the inset (modified
after Hurwitz et al., 2002).
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graben and the proposed origin of a half-graben struc-
ture in the northeastern part of the basin. Model A is
based mainly on a gravity study and predicts that a
deep pull-apart graben occupies only the southern part
of the lake. By contrast, Model B is based mainly on
seismic data interpretation and predicts that a deep
pull-apart graben occupies most of the lake. Model A
assumed that the northern sub-basin was formed as a
result of the counterclockwise rotation of the Korazim
block north of the Kinneret and by eastern Galilee
branching faults that terminate eastward in the lake.
Model B proposed that the evolution of this structure
coincided with a phase of rapid subsidence coeval with
major reorganization of the plate boundary in the re-
gion approximately 1 Ma ago. Model B predicts that
shallow pre-rift units underlie the northwestern part of
the lake.

Compressional structures are detected to the south
and north of the lake (Rotstein et al.,1992; Rotstein
and Bartov, 1989).

A number of problems still remain unresolved by
these studies. The presence of the thick evaporitic

sequence 3 km south of the lake (the buried salt body
of Zemah-1 well, Marcus and Slager [1985]), as well
as salt fluxes resulting from springs and salt seepage
from the sediments beneath the lake (Hurwitz et al.,
1999, and references therein; Flexer et al., 2000) pose
the question of the occurrence of salt bodies under the
lake. An example of other outstanding questions is the
apparent lack of connecting transverse faults at the
termination of the basin and the continuity of slip
through time.

This work presents the latest results of reprocessed
and reinterpreted multichannel seismic data from the
Lake Kinneret area, previously discussed by Hurwitz
et al. (2002). Processing and interpretation were car-
ried out at the GII Processing Center using the FOCUS
and GeoDepth Power (Paradigm Geophysical) system.
Unlike previous processing, the present phase pre-
served the relative seismic amplitudes in the sections.
This resulted in an improved definition of the seismic
reflectors by using not only structural information, but
also the reflection character (amplitude). Figure 2
shows the results of the new reprocessing compared

Fig. 2. Results of new reprocessing compared to old processed data. The new sections show the same structural events, but also
include amplitude information.
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with the old processed sections. Both vintages show
the same structural events, but the new section also
includes amplitude information, which was proven to
be useful in the analysis.

The results of the study should help to reconstruct a
detailed subsurface model of the lake and clarify some
of the unanswered questions.

STRATIGRAPHIC FRAMEWORK OF
THE LAKE

The Zemah-1 well (T.D. 4249 m), shallow water wells
(see Fig. 1 for locations), and nearby outcrops supply
direct evidence for the subsurface composition of the
Kinneret basin. The seismic sections facilitate identifi-
cation of reflections and their insertion into the strati-
graphic framework.

Regional stratigraphy

The sedimentary sequences in the area are discussed in
relation to a number of regional reflecting horizons
that represent important unconformity and/or facies
changes.

(a) The top of the hard Cretaceous carbonates of the
Judea Group is recognized as the major regional
unconformity. K-4 and K-2 water wells show
Sakhnin dolomite at well top (Michelson, 1982;
see Fig. 1 for well locations). Water well K-5
penetrates Bina and Sakhnin dolomite at a depth
of 55 m; K-7 well shows Santonian chalk and
limestones at well bottom (106.5 m) (Michelson
and Flexer, 1985). The water wells on the north-
western coast (e.g., well D-1021/1 (Mero and
Saltzman, 1967) indicate that the Top Judea
Group (Turonian) is 280 m below the lake level
and was marked by reflector KIN1 (Hurwitz et al.,
2002) in the northwestern marginal zone where it
forms the base of the fill.

(b) Further prominent unconformities in the area are
expected to be of Eocene–Early Pliocene age. The
D-1021/1 well on the northwestern coast shows
that limestone and chalk of Eocene origin lie at a
depth of 60 m below the lake level. The outcrops
of the overlying continental section of Ein Gev,
Fiq, Susita, and Hordos formations (the Early and
Middle Miocene red mudstones, sandstones,
limestone beds, and conglomerates) and basalt
flows intercalated within it, are found on the west-
ern and eastern sides of the lake (about 750 m and
300 m thick, respectively) and in the south (Neev,

1978; Horowitz, 1979; Sneh, 1996). The pen-
etrated section in Zemah-1 well includes a thick
(about 2000 m) Hordos Formation and also a se-
quence of alternating evaporates, marls, lime-
stones, salt flows, and intrusive gabbros. The tec-
tonic phase responsible for the angular and
erosive unconformity between the Hordos Forma-
tion and the overlying Late Miocene Um-Sabune
conglomerates and marls interbedded with basalt
flows (or its time equivalents) occurred between
8.8 and 8.4 Ma (Shulman, 1962; Shaliv and
Steinitz, 1988; Shaliv, 1991; Sneh, 1996). Thick
strata (about 1000 m) of the Um-Sabune lime-
stones, marls, conglomerates, and salt are evident
in the Zemah-1 well. As noted by Marcus and
Slager (1985), the end of the Um-Sabune
“period” is characterized by an erosion phase
causing leveling of the topography. The Bira and
Gesher formations (limestones, conglomerates,
sandstones, gypsum, and marls) represent the
transgression during the Early Pliocene and are
found south of the lake (Shulman, 1962; Shulman
and Rosenthal, 1968; Shaliv, 1991; Shaliv et al.,
1991), in the Golan Heights (Michelson, 1979),
and in the Hula Valley (Heimann, 1990). Ap-
proximately 700 m of marls and limestones alter-
nating with thin basalt flows and tuffs (the Fejjas
Tuff) were found in Zemah-1 well (Marcus and
Slager, 1985).

(c) The eruption of the Cover Basalt was probably the
most significant volcanic event in the Pliocene,
according to its volume and distribution
(Heimann, 1990). In Notera-3 well (Hula Valley)
the Cover Basalt was found at a depth of approxi-
mately 2200 m, and is exposed in the Korazim
Block (Heimann, 1990). The Early to Middle
Pliocene Cover Basalt (about 700 m thick) was
found in Zemah-1 well (Marcus and Slager,
1985). The top of the Cover Basalt (TCB) flow
forms a prominent seismic reflector, which was
observed at 485 m below lake level in the Zemah-
1 well (Marcus et al., 1984). The graph in Fig. 3
represents the results of mapping this reflector as
a function of distance from the well in a NNW
direction. As noted from this graph, the horizon
deepens steeply to the NNW from Zemah-1 well
(Fig. 3). In the southernmost part of the lake,
about 3 km NNW of the well, its depth can be
estimated based on the extrapolation of the ob-
served two-way traveltime (TWT). The expected
TWT would be approximately 1500–1600 ms.
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Water wells D-464 and D-181 show the Cover
Basalt at well bottoms (approximately 20 m below
the lake level) north of the lake (Fleisher, pers.
comm.).

(d) In the Middle and Upper Pliocene (3.0–1.7 Ma),
additional volcanic phases took place (the Golan
margins basalts, Dalton Basalts in the upper
eastern Galilee, Ruman Basalts in the Korazim
Block and in the Hula Valley, see Heimann,
1990). The Pleistocene strata are composed of
lake and fluvial sediments (the Erk el Ahmar and
Ubeidiya formations of Lower Pleistocene and
Lisan Formation of Upper Pleistocene) and
basalts (the Golan margins basalts of Lower Pleis-
tocene and the Yarmouk and the Yarda basalts of
the Upper Pleistocene).

To avoid potential confusion from previous se-
quence–stratigraphic designations from this area (e.g.,

Rotstein et al., 1992; Hurwitz et al., 2002), we have
chosen previously unused symbols (C, EMP, TCB,
and PQ) that express our hypothesis regarding the age
of the unconformities (Top Cretaceous, Late Eocene–
Miocene–Early Pliocene, Top Cover Basalt, and
Middle–Upper Pliocene–Quaternary, respectively).

Seismostratigraphy

As noted above, the top of the Cretaceous carbonates
of the Judea Group was mapped in the northwestern
part of the lake, offshore Ginossar Valley, and was
followed eastward for a few kilometers (KIN1 marker
in Hurwitz et al., 2002). Its estimated depth in the
west approximately agrees with the depth to the top
Mesozoic section in wells such as 1021/B. Its depth at
the western end of line GI-3591 (see Fig. 1 for loc-
ation) is estimated based on the extension of the hori-
zon from findings at water wells K-4 and K-7 (Fig. 1),
and corresponds to the unconformity between the

Fig. 3. Two-way traveltime (TWT) of TCB (top of the Cover Basalt Complex) reflector as a function of the distance from
Zemah-1 well in a NNW direction. The horizon deepens steeply to the NNW from the well. Its TWT in the southern vicinity of
the lake, about 3 km NNW from the well, is estimated based on the extrapolation of the observed TWT in this direction.
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Senonian–Turonian Judea Group and the overlying
rocks of the Senonian to Eocene groups by Rotstein
and Bartov (1989). The reflector was marked by C and
is faulted by a series of faults (see, for example, Figs. 4
and 5).

In the northwestern part of the lake the proposed
age of the reflectors marked by EMP1 and EMP2 is
Eocene–Early Pliocene (see, for example, the northern
end of lines 97-K-19 and 97-K-04, Figs. 4 and 5). This
estimation is based on wells and outcrops. The hori-
zons deepen eastward and are affected by faults (line
97-K-04, Fig. 5). Correlation across these faults is
uncertain.

The TCB is the strongest event on the section. At
the southern end of lines 97-K-01 and 97-K-19 (Figs. 4
and 6) it is estimated using the extension of the reflec-
tor northward from the Zemah-1 well area (see Fig. 3).
The horizon deepens to the north and is affected by a
fault that downthrows the interior of the basin (STF
(southern transverse fault) in Figs. 4 and 6). Mapping
the TCB event remains problematic north of this fault,
where reflectors of variable amplitude and sometimes
poor continuity mark an area (Fig. 6).

Using the prominent character of the TCB seismic
reflector, it can be extended to the area south of the 97-
K-01 and 97-K-05 intersection (Figs. 6 and 7). Its

Fig. 4. Migrated seismic line 97-K-19 and its interpretation (bottom). WMF is a western marginal fault. STF and CTZ are
southern and central transverse fault zones bordering the deep southern basin. EGF—East Galilee fault system extends from
the Galilee into the basin. C—top of the Cretaceous; EMP—Late Eocene–Miocene–Early Pliocene; TCB—top of the Cover
Basalt Complex; PQ—Middle–Upper Pliocene–Quaternary unconformities.
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depth (500 ms TWT or about 500 m depth, using
average velocity of 2–2.2 km/s of post-Cover Basalt
strata within the lake) in the northeastern part of the
lake is consistent with the results of magnetic anomaly
field modeling of Eppelbaum and Ben-Avraham
(2000). This modeling also suggests that the top of the
Cover Basalts is located at a depth of about 500 m in
the northeastern part of the lake. On line 97-K-03, the
TCB reflector can be mapped as a strong easterly
dipping reflector to the east of the 97-K-03 and 97-K-13
intersection (Fig. 8). The maximum depth of the TCB
horizon is about 700 ms towards the east of the profile.
Structures observed on lines 97-K-04 and 97-K-05 are

similar to that of line 97-K-03 (Figs. 5 and 7). On line
97-K-05 the maximum depth of reflector TCB is at
about 1500 TWT ms towards the east of the profile.

The Cover Basalt was not mapped in the northwest-
ern part of the lake, in agreement with the observations
from the 1020/6 water well (only a few tens of meters
of Pleistocene basalt were found in that well).

Prominent seismic reflectors PQ1 and PQ2 post-
date the top of the Cover Basalt layer and could be
traced only in the southern part of the lake. It seems
that the PQ2 marker is missing at the Zemah-1 well
due to erosion over the elevated Zemah structure, but
the PQ1 reflector can be mapped in the vicinity of

Fig. 5. Migrated seismic line 97-K-04 and its interpretation (bottom). EMF—eastern marginal fault; MSF—median step fault,
which separates the western part of the basin from the deep eastern part; WMF—proposed continuation of the west marginal
fault, which delimits the basin in the west. The annotation of reflectors is similar to Fig. 3. Zone of seismic reflection
disappearance and apparent drag of sedimentary fill toward this zone is observed. We interpret this zone as a possible intrusion
of material into the overlying sediments.
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Zemah-1 well (top of the post-Cover Basalts marls,
Marcus et al., 1984). The age of these markers is
assumed to be Middle–Upper Pliocene.

The basalts and lake and fluvial sediments of
Quaternary age (PQ5–PQ3) are good quality reflectors.
Reflector PQ5 is remarkably consistent throughout the
area. The deeper marker, PQ4, is of good quality
throughout the area, except in the deformation zones.

FAULT DISTRIBUTION

Eastern Galilee fault system

Seismic lines show that the western flank of the basin
is broken by a number of faults at the level of horizon
C and later, with downthrow towards the axis of the

basin and the southwest (see, for example, Figs. 4, 5,
and 8; faults designated EGF).

As discussed by Hurwitz et al. (2002) and refer-
ences therein, this is a seismically active, NW–SE-
trending secondary fault system extending from the
Galilee into the basin (see Fig. 13). It was proposed
(Hurwitz et al., 2002) that 3–6% of the total lateral slip
has been shifted from the transform since the Pliocene
to these normal faults.

Longitudinal faults

The structure of the deep graben beneath the Kinneret
is dominated by N–S-trending longitudinal marginal
faults (Hurwitz et al., 2002). Marginal faults were
traced on most of the seismic lines at the southeastern

Fig. 6. Migrated seismic line 97-K-01 and its interpretation (bottom). The annotation of reflections and faults is similar to
Figs. 3 and 4.
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and southwestern parts of the lake. It was supposed
(Hurwitz et al., 2002) that the eastern marginal fault is
probably a continuation of the marginal fault (EMF)
interpreted onshore in the south, where it appears as a
wide zone of deformation (Rotstein et al., 1992). The
east–west sections (Figs. 5, 7, and 9) show the wedg-
ing of the reflectors toward this marginal fault.

The southwestern marginal fault is, most likely,
also an extension of the marginal fault that was marked
south of the lake on the seismic profiles, where the
fault comes into view as a termination of the coherent
reflections (Rotstein et al., 1992). Offshore the west-
ern marginal fault (WMF) was recognized by the
bending of the reflectors toward a zone of deformation
(Fig. 10). A continuation of this marginal fault was
problematic approximately north of line 97-K-06.
Nevertheless, on lines 97-K-04 and 97-K-05 (Figs. 5
and 7), zones of deformation delimit the basin in the

west and offset tilted blocks. We propose that the
WMF may be at least a part of these deformations.

To the north of the lake, the boundary fault zone was
identified as a zone of intense deformation (Rotstein and
Bartov, 1992). They assume that the fault may be co-
incident with one of the linear topographic terraces on
the Golan Heights. If this is indeed the case, the linear
gorge of the Jordan River is perhaps a surface trace of
the eastern marginal fault (designated JF, see Fig. 13).
The apparent offshore extension of the Jordan fault
was previously noted (Hurwitz et al., 2002). Here a
zone of deformation is identified in the vicinity of the
97-K-03 and 97-K-17 intersection (see Fig. 8).

A longitudinal median step fault (MSF) separating
the shallow western part of the basin from the deep
eastern part is observed in the central part of the
lake north of line 97-K-05 in the east–west sections
(Figs. 5, 7, 8, and 13).

Fig. 7. Migrated seismic line 97-K-05 and its interpretation (bottom). The annotation of other faults and reflections is similar to
Fig. 4.
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DISCUSSION

Transverse faults

As noted above, the apparent lack of connecting trans-
verse faults at the termination of the basin was one of
the outstanding questions that initiated this work.

Southern transverse fault (STF)
The existence of a fault that cuts the southern part

of the lake along coordinates 238–239 was previously
suggested (see Ben-Avraham et al., 1990a, and refer-
ences therein). Results of this study reinforce this as-
sumption. Indeed, seismic profiles 97-K-01, 97-K-19,
and 97-K-15 show the lateral change in the reflection
strength and character of reflectors at the southern

margin of the lake and north of the fault (see Figs. 4, 6,
and 11). On all lines the reflector quality is worse on
the downthrown side.

Age of activity along the fault and displacement
estimation

Estimations of the subsidence rate from the Hula
Basin are consistent with the estimations of subsidence
in the vicinity of Zemah-1 well. Indeed, the section
penetrated in Zemah-1 well includes a thick sequence
of approximately 3000 m of pre-Cover Basalt and
about 700 m of Early to Middle Pliocene Cover Basalt.
This results in a rate of sedimentation of about 0.75–
1 mm/year. This estimation is similar to the rates of
0.5–1 mm/year from the Hula Basin (Heimann and
Steinitz, 1989).

A thick sequence (approximately 1490 ms or about
1600 m using an average velocity of 2.0–2.2 km/s) of
generally parallel, well-bedded basinward-inclined re-
flectors overlies the Cover Basalt layer at the
upthrown block south of the STF (strata between re-
flectors PQ2–TCB, see Fig. 6). The overlying 300 ms
consists of reflectors of variable amplitude and poor
continuity. With the proposed rate of sedimentation,
the time it takes for deposition of these well-bedded
strata is approximately 1.6–2.13 Ma. We suggest that
1490 ms of well-bedded Middle Pliocene marginal-
marine sediments and 300 ms of mixed, or non-marine
Upper Pliocene/Early Pleistocene sediments postdate
the Cover Basalt layer and show the absence of sedi-
ment thickness variations basinward. Thus, the sedi-
ments have not experienced syn-deposition faulting
and the STF was not active prior to the Middle Pleis-
tocene. The surface trace of this fault on lines 97-K-01,
97-K-15, and 97-K-19 coincides with the scarp at el-
evations of 223–231 m below mean sea level. This
suggests that this part of the fault has been active in
recent times. On line 97-K-16 the assumed STF is
overlain by undeformed post-PQ3 strata (see Fig. 12).

The gravity anomaly map interpretation over the
lake indicates (Ben-Avraham et al., 1996) that the basin
fill thickens from ca. 5 km under Zemah-1 well to ca. 7
km under the center of the lake. Note that the sediment
compaction was not taken into consideration in this
modeling. This could lead to underestimating the
thicknesses. Nevertheless, based on this gravity inter-
pretation and proposed rate of sedimentation, at least
3–4 km of post-Cover Basalt strata could be expected
within the lake.

The estimated TWT of the reflector PQ2 in its
deepest part within the lake is between 1.4 and 2.4 s

Fig. 8. Migrated seismic line 97-K-03 and its interpretation
(bottom). The annotation of reflections and faults is similar
to Fig. 4.
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(using an average velocity of 2–2.2 km/s of post-Cover
Basalt strata and the difference in thickness between
the whole post-Cover Basalt strata (3–4 km) and the
strata between reflectors PQ2–TCB (about 1.6 km)).
An intermediate TWT of 1.9 s in the deepest part in the
basin and interpreted TWT time of reflector PQ2 at the
upthrown block south of the fault (about
0.3 s, Fig. 6) are used to estimate a displacement on the
fault. The obtained value of the displacement is about
620 ms TWT to give about 600–700 m displacement
on the STF (Fig. 6).

Central transverse zone (CTZ)
The possibility that the basin is divided into two

sub-basins was previously hypothesized by Ben-
Avraham et al. (1996). They speculated from the gravity
data analysis that the deepest sub-basin occupies the

Kinarot Valley and extends northward up to the widest
part of the lake, whereas the northern sub-basin occu-
pies the widest part of the lake. There are other obser-
vations in favor of the existence of two sub-basins
under the lake:

1. The Cover Basalt was mapped in the northern part
of the lake, which is supported by proposed
estimations of the depth of the TCB from magnetic
anomaly field modeling (Eppelbaum and Ben-
Avraham, 2000). The maximum depth of the TCB
horizon is about 1000 ms towards the 97-K-01
and 97-K-05 intersection (Figs. 6 and 7). How-
ever, the interpreted TWT of the TCB at the
upthrown block south of the STF fault is 1800 ms
and within the lake is probably about 2300–
2500 ms in the vicinity of the gravity low. This

Fig. 9. Migrated seismic line 97-K-06 and its interpretation (bottom). The annotation of reflections and faults is similar to
Fig. 6.
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most likely suggests that a fault or a series of
faults (CTZ) separates the northern part of the
lake from the central and southern parts.

2. The N–S-trending line 97-K-01 (Fig. 6) shows a
broad zone of deformation in the central part of
the profile, across which correlation of seismic
reflections is fairly reliable for horizons PQ4 and
post-PQ4 but cannot be made for deeper reflec-
tions. Changes in reflectivity and seismic charac-
ter portray reflectors outside this zone. Folds,
sags, and faults with small vertical offset can be
identified in the shallow part of the section above
this zone. Owing to the specific orientation of
seismic lines relative to this complex-faulted
structure, its width and character are varied.
Nonetheless, on seismic lines 97-K-06, 97-K-15,
and 97-K-19 (Figs. 4, 9, and 11) one can again
depict a zone accompanied with mismatched beds
and difficulty in correlation across this zone for
the reflections deeper than horizon PQ4.

Northern transverse fault
As discussed by Hurwitz et al. (2002), the existence

of a transverse fault that delimits the basin in the north
may be inferred indirectly from the geophysical data.
They proposed that this fault (Kfar Nahum fault) is
located along the northwestern shores of the lake in an
east-northeast direction. High frequency and high
magnitude positive magnetic anomalies border the
northwestern shores of the lake in an approximately
east-northeast direction (Eppelbaum and Ben-Avraham,
2000) and could be an expression of this proposed fault.
These magnetic anomalies were interpreted as Pleis-
tocene basaltic intrusions that occurred at different
depths (Eppelbaum and Ben-Avraham, 2000).

Possible intrusion?

We noted earlier that lines 97-K-04 and 97-K-05
(Figs. 5 and 7) delineate zones of deformation that
delimit the basin in the west. We propose that the
western marginal fault (WMF) may be associated with
a part of these deformations.

Comparison between these two zones shows a dif-
ferent geometry of reflectors inside the zones. Line 97-
K-05 (Fig. 7) shows short segments of coherent reflec-
tions within the deformed zone and either very little or
a complete lack of sediment drag towards the zone. We
suggest that this zone may be a junction of a number of
faults. In contrast, seismic line 97-K-04 (Fig. 5),
shows a 900 m zone of seismic reflections disappear-
ing within the zone. An apparent drag of sedimentary
fill toward this zone is observed (see Fig. 5). More-

over, an arched and faulted reflector is evident directly
above this zone of disappearing seismic reflections.
Thus, we interpret this zone as a possible intrusion.
Further examination of the available geophysical in-
formation can help in determining what kind of intru-
sion this is.

Proposed structural framework of Lake Kinneret

Two structural models of the lake subsurface were
previously proposed (Model A, Ben-Avraham et al.,
1996 and Model B, Hurwitz et al., 2002). Common
features and differences between these models and the
newly proposed model are summarized in Table 1.
Figure 13 represents the proposed schematic structure
of the lake.

The present work support the existence of a deep
southern sub-basin (at least 5–6 km post-rift sedi-
ments, mainly fluvial and lacustrine as well as volca-

Fig. 10. Migrated seismic line K-07 and its interpretation
(bottom). The annotation of reflections and faults is similar
to Fig. 4.
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nic and intrusive evaporates), suggested in Model A.
We propose that this basin is delimited by a southern
transverse fault and a zone of distortion in the central
part of the lake. It seems that activity along these faults
started around 2.0–1.7 Ma and is connected to possible
changes in the geometry of the transform. This south-
ern sub-basin is bounded by longitudinal faults (EMF
and WMF) with a large vertical throw. These faults are
part of the transform activity in the region.

Our results confirm that shallow pre-rift units un-
derlie the northwestern part of the lake and that a half-
graben structure is located in the northeastern part of
the basin. A boundary fault (EMF) with a large vertical
throw delimits the northern sub-basin in the east,
whereas a zone of complex deformations delimits the
northern sub-basin in the west. We suggest that the
northern continuation of the WMF may be at least a
part of these deformations. It was speculated by
Hurwitz et al. (2002) that it is possible to project the

western marginal fault northward to intersect the
Almagor fault (designated AF, see Fig. 13). If this
hypothesis is correct, it means that tectonic activity
along this fault could have migrated northward with
time. Indeed, offshore the fault delimiting the basin in
the west is overlain by undeformed post-PQ4 strata
(WMF in Figs. 5 and 7). Onshore to the north at the
Korazim Plateau, the Almagor fault was traced as a
very young fault (Belitzky, 1987; Heimann, 1990).

Proposed evolution of the basin in the Pliocene–
Quaternary

As discussed by Hurwitz et al. (2002), the present
structures under the Kinneret area suggest some re-
arrangement of the main faults during their develop-
ment. S–N schematic cross sections of the basin and
the adjacent areas in Fig. 14 show our model for the
evolution of the basin during Pliocene–Quaternary
times.

Fig. 11. Migrated seismic line 97-K-15 and its interpretation (bottom). The annotation of faults and reflections is similar to
Figs. 3 and 4.
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1. Eruption of the Cover Basalt in the Pliocene (4 Ma)
A basin occupied the Kinarot–Bet Shean area from

the Wadi Malih area in the south to the Korazin Pla-
teau in the north prior to the extrusion. Its origin is
connected to the evolution of the Dead Sea Fault in the
Miocene (Garfunkel and Ben-Avraham, 2001). It is
proposed that the eruption of the Early to Middle
Pliocene Cover Basalt was connected to the change of
plate-motion direction and the resulting extension
(Heimann, 1990).

2. Approximately 2 Ma
The north–northeast-trending segment of the Dead

Sea Fault began to be active in the Zemah area (Rotstein
et al., 1992). Changes in the geometry of the fault

produced tilted blocks, horsts, and grabens within the
basin. The Zemah anticline and deep southern sub-
basin, separated by the STF and the CTZ, were formed.

3. 1 Ma—Present time
Compression ended in the Zemah area (Rotstein et

al., 1992), the southern sub-basin continued to subside,
but only the western segment of the STF was still
active since the STF appears to be overlain by un-
deformed post-PQ3 strata (Fig. 12). The CTZ and the
WMF became inactive at the same time since un-
deformed post-PQ4 strata overlie zones of deforma-
tion (Figs. 5 and 7). Onshore to the north, a number of
deformation events occurred (e.g., Heimann and Ron,
1993; Marco et al., 2000; Hurwitz et al., 2002). Block

Fig. 12. Migrated seismic line 97-K-16 and its interpretation (bottom). The annotation of reflections and faults is similar to
Fig. 11.
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rotation within the Korazim Plateau and major subsid-
ence in the Hula basin indicate that tectonic activity
appears to have migrated northward over time.

CONCLUSION

The structure of the basin reflects the complex tectonic
history of the area. Boundary faults with a large verti-
cal throw delimit the basin in the east and southwest.
Transverse fault zones divide the basin into several
segments. A deep sub-basin (ca. 7 km fill) is located in
the southern part of the basin and is delimited by a

southern transverse fault with an assumed displacement
of about 600–700 m, and by a zone of distortion in the
central part of the lake. It appears that activity along
these faults started around 2.0–1.7 Ma and is connected
to possible changes in the geometry of the transform.

A complex deformation zone delimits the northern
sub-basin in the west. We propose that the northern
continuation of the western marginal fault may be at
least a part of this deformation zone. Tectonic activity
along this fault appears to have migrated northward
over time.

The top of the Cretaceous carbonates of the Judea

Fig. 13. Tectonic map showing the internal structure of the lake (modified after Hurwitz et al., 2002). The southern STF and
central CTZ transverse fault zones divide the basin into several segments. The southern sub-basin is bounded by eastern (EMF)
and western (WMF) marginal faults of large vertical throw. The EMF delimits the northern sub-basin in the east while a
complex zone of deformations delimits the northern sub-basin in the west. We propose that the northern continuation of the
WMF may be at least a part of these deformations. The zone of proposed intrusion is marked by a polygon. JF is the Jordan
fault; AF is the Almagor fault.
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Group and the Eocene–Early Pliocene reflectors were
mapped in the northwestern part of the lake. The re-
flectors were faulted by a series of NW–SE-trending
faults extending from the Galilee into the basin.
The top of the Cover Basalt reflector was mapped in
the southern and the northeastern parts of the lake. The
extent of this horizon is not clear in the central part of
the basin. Middle–Upper Pliocene reflectors could be
traced only in the southern part of the lake. The basalts,

Fig. 14. Proposed evolution of
the basin in the Pliocene–
Quaternary. See explanation
in the text.

fluvial, and lake sediments of Quaternary age are re-
markably consistent throughout the area.
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