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ABSTRACT

Hurwitz, S., Matmon, A., Hagai, R., Heimann, A. 1999. Deformation along the
margins of the Dead Sea Transform: The Yehudiyya Block, Golan Heights. Isr. J.
Earth Sci. 48: 257-264.

The Yehudiyya Block (YB) is located in the western part of the Golan Heights, along
the eastern margins of the Dead Sea Transform. The block, covered by basalt, is part
of the unfaulted plateaun of the Golan Heights and dips to the southwest towards the
Beteiha Valley and the shores of the Sea of Galilee. A set of NNW-trending normal
faults traverses the YB and dissects the basalt. K~Ar dating and paleomagnetic
analysis were applied to examine the history of faulting in the YB. Thirty-three basalt
flows from five locations were sampled for paleomagnetic analysis, and eight samples
were sampled for K—Ar age dating. The age of the basalt ranges between 2.19 + 0.06
and 0,41 +0.24 Ma. The mean measured declination and inclination in the YB are 0.6°
+5.2° and 46.4° £+ 4.6°, respectively. This indicates that deformation was not accom-
panied by block rotation. It is suggested that tilting of the entire YB and faulting
within the block occurred in response to a major subsidence event in the adjacent
Kinnarot Basin that commenced approximately 1 m.y. ago. Faulting has caused a

maximum extension of 0.6% to 1.3% in a NNE-SSW direction.

INTRODUCTION

The Dead Sea Transform (DST) extends over 1,000 km
between the Red Sea spreading zone and the Alpine
convergent zone in southern Turkey (Fig. 1a). It sepa-
rates the Sinai sub-plate to the west from the Arabian
plate to the east. Left lateral displacement of 105 km
has occurred along the southern part of the DST since
its formation in the Middle Miocene (Freund et al.,
1970; Garfunkel, 1981).

In the central strand of the DST, deformation along
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its western margins (Sinai sub-plate) is complex and
accommodated by slip oblique to the trend of the
transform (Freund, 1970). In contrast, oblique faulting
is less abundant along the eastern margins (Arabian
plate). The Golan Heights on the eastern margins of
the transform are mostly unfaulted. An exception is the
Yehudiyya Block (YB; also named Meshushim
Block), located in the western part of the Golan
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Fig. 1. (a) Map showing the general tectonic setting of the Dead Sea Transform (DST). (b) Location map (on Israel grid)
showing the main faults in the Yehudiyya Block (YB) and adjacent areas (after Michelson, 1979; Mor, 1986; Belitzky, 1987;
Heimann, 1990). Sampling sites for dating and paleomagnetism: A—Yehudiyya road (2120/2573), B—Wadi Meshushim
(2101/2638), C—Wadi Sheikh Mussa (2137/2653), D—Wadi Asaliya (2129/2635), and E—Qazbia Junction (2172/2652).
Numbers are K—-Ar averaged ages of the basalt sequence at each sampling location. Open hexagons—sampling locations and
K-Ar ages from Mor (1986): BH—Meshushim Pool, J—Jerba, UBH—Upper Bet Hameches. Open triangle—sampling
location and K—-Ar dating from Heimann (1990): Had-Nes (HN). A-A’ is the location of the cross section in Fig. 2. BV—
Beteiha Valley.




Heights, to the east of the DST (Fig. 1b). The basaltic
cover of this domain is traversed by a set of normal
faults striking to the NNW (Michelson, 1979; Mor,
1986; Heimann, 1990). The strike of theses faults is
different from the strike of the faults which traverse
the adjacent Korazim Plateau (Belitzky, 1987,
Heimann and Ron, 1993) on the western side of the
Jordan fault (Fig. 1b).

In this study, we incorporate K—Ar dating to exam-
ine the temporal framework of faulting and paleomag-
netic analysis to determine the style of deformation in
the YB. The results emphasize the different modes of
deformation along the margins of the DST.

STUDY AREA

The YB, located on the western margins of the Golan
Heights, is approximately 150 km? in size. It is covered
by Upper Pliocene to Pleistocene basalt (Mor, 1986;
Weinstein et al., 1994; Heimann et al., 1996). The
block is confined by the Jordan Fault (a segment of the
DST) in the west, the SW-NE-trending Sheikh-Ali
Fault in the east and NE (Michelson, 1979; Rotstein
and Bartov, 1989; Sneh et al., 1998), and by the Sea of
Galilee in the SW (Fig. 1). There is no tectonic separa-
tion between the YB and the volcanic plateau of the
Golan Heights in the NE. The YB dips to the south-
west from an elevation of approximately 300 m above
msl (near the town of Qazrin) to 200 m below ms] at
the Sea of Galilee, a distance of approximately 13 km.

The YB is traversed by a parallel set of NNW-
trending normal faults (Michelson, 1979; Mor, 1986;
Heimann, 1990) (Fig. 1b). These faults, spaced by
1,200~1,500 m, are 3 to 5 km in length and are nearly
perpendicular to the Sheikh-Ali Fault (Fig. 1b). These
faults bound a series of tilted blocks and small horsts
and grabens with a clear topographic expression
(Fig. 2). Normal displacement generally does not ex-
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ceed 40 m on each individual fault (Michelson, 1979;
Mor, 1986; Heimann, 1990).

Faulting within the YB was accompanied by nor-
mal faulting along the Sheikh-Ali Fault (Mor, 1986;
Heimann, 1990). Vertical displacement along this
fault commenced prior to the faulting within the YB in
the Lower Pleistocene. This is indicated by the occur-
rence of Pleistocene basalt north of the Sheikh-Ali
Fault, but the absence of coeval basalt south of the
fault (Heimann, 1990; Sneh et al., 1998). The Jordan
Fault, separating the YB from the Korazim Plateau
(Fig. 1), is currently active, as indicated by historical
and instrumental recorded earthquakes (van Eck and
Hofstetter, 1990; Ben-Menahem, 1991; Ellenblum et
al., 1998).

The Beteiha (Bet Zeida) Valley in the southwestern
part of the YB is located between the en echelon
Jordan and Haon faults (Fig. 1). The valley hosts a
sequence of alluvial deposits discharged by some of
the major rivers flowing from the Golan Heights into
the Sea of Galilee. The absence of a pronounced
Bouguer gravity anomaly in the Beteiha Valley (Ben-
Avraham et al., 1996) suggests that the basin is not deep.

The Korazim Plateau (Fig. 1), on the western side
of the DST, was deformed extensively during the
Pleistocene, as indicated by morphological escarp-
ments (Belitzky, 1987) and by 11.4° = 4.0° counter-
clockwise block rotation along the faults that cross the
plateau (Heimann and Ron, 1993).

METHODS
K-Ar dating

Eight samples from four different locations were
sampled for K—Ar age dating (sites A to D in Fig. Ib).
The samples were collected from the base and top of
the sequences. In one case, where a magnetic reversal

A Qpor - Pleistocene Ortal Basalt A
West PBc - Pliocene Cover Basalt East
6007 Korazim Mgi - Miocene intermediate Basait Yehudiyya
400 Plateas W.Zavitan Ul il
sood | River W. Meshushim | w. Yeh”d'yya‘l

Fig. 2. Cross section of the Yehudiyya Block depicting the general dip of the block and the major faults (modified after Mor,

1986).
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Fig. 3. Demagnetization sequence of four typical samples: a, b, ¢, d from sites A, B, C, and D, respectively (see Table 1). Within
each figure, orthogonal demagnetization diagrams of declination and true inclination are plotted on the left-hand side and
normalized intensity plots are on the right-hand side. For the declination plot the vertical axis corresponds to geographic N-S
and the horizontal axis to geographic E-W. Axis lengths are given in SI units. For the true inclination plots, the vertical axis is
the up—down direction and the horizontal axis is parallel to a plane containing the true inclination. Normalized intensity plot
shows the demagnetization level versus the normalized intensity (J/J ).



was found within a sequence (Site C), an additional
sample was collected from within the sequence. A
short description of the experimental procedures is
given below. More detailed descriptions are to be
found in Heimann (1990), Heimann et al. (1992), and
Heimann and Ron (1993). Samples, of ~1 kg were
crushed and sieved (70-90 mesh; 212-170 um);
washed with water, alcohol, and acetone; and leached
with 0.5 N HCI for 1 h. Final cleaning of the samples
was carried out by magnetic separation. Potassium
was measured by atomic absorption and “Ar by iso-
tope dilution. Argon was analyzed on a VG MM 1200B
mass spectrometer at the Geological Survey of Israel
Geochronological Laboratory. The constants used are
according to TUGS (Steiger and Jager, 1977).

Paleomagnetism

Thirty-three basalt flows from five locations (sites A
to E in Fig. 1b) on different tectonic blocks within the
YB were sampled for paleomagnetic analysis.
Samples were collected as oriented, field-drilled, one-
inch cores. Sites were selected so that they cover the
time span represented by the basalt flows in the YB
and geographically cover the domain. Typically, six
cores from each basalt flow were collected. All

N

Equal Area

ExpecteL@ -

Paleomagnetic field directions of Yehudiyya Block

_|_ Mean:Inc = 46.6°
Dec = 0.6°

S. Hurwitz et al. Deformation of the Yehudiyya Block 261

sampled basalt flows are horizontal to sub-horizontal.
Cores were sliced into 2.5-cm-long cylinders for rou-
tine paleomagnetic measurement. Natural remanant
magnetization (NRM) of all samples was made using a
three-axis 2G 750™ superconducting magnetometer
with integrated alternating field (AF) coils. The lowest
remanant signal that can be measured by the cryogenic
magnetometer is 10° A/m, and the maximum alternat-
ing field (AF) produced by the coil is 200 mT. The
samples were stepwise demagnetized in an AF up to a
maximum of 160 mT by increments of 10 or 20 mT
(Fig. 3). This procedure removed about 90% of the
magnetization. All samples except from one site show
a stable single vector with high to moderate coercivity
typical of a signal of pseudo-single titanomag-netite.
A soft present-field overprint was present in a few
cases. In order to assess the magnetic behavior and
stability of the samples, orthogonal vector plots and
normalized intensity(J/J ) curves were plotted (Fig. 3).
The samples showed initial NRM intensity (J ) of 10!
A/m. The magnetization component directions were
derived using a three-dimensional least-squares
method (Kirschvink, 1980). The direction of magneti-
zation for all samples is presented on a stereonet plot
(Fig. 4).

Fig. 4. Upper hemisphere equal-area pro-
jection of site mean paleomagnetic vec-
tors. Solid squares are positive inclina-
tion and open squares are negative incli-
nation. Each square represents the aver-
age of a single site. The small circle is the
95% confidence area about the mean. The
open diamond in the lower part of the
small circle is the expected Pliocene—
Pleistocene magnetic field of the Arabian
plate (from Besse and Courtillot, 1991).
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Table 1. Paleomagnetic and K—Ar dating results

Site Location DEC INC k Oy, n Polarity Age (Ma)*
ASO1 A 167.7 —43.3 183.7 4.6 5 R 2.31 £0.08(3)
AS02 A 176.3 -36.7 86.8 6.1 6 R

AS03 A 192.3 -52.9 54.9 7.7 6 R

AS04 A 182.5 -50.8 704 6.8 6 R

ASO05 A 176.4 -51.6 23.0 6.8 5 R 2.09 £ 0.08(3)
AS06 B 199.3 -544 178.8 4.3 6 R 1.60+0.17(2)
AS07 B 212.8 -48.0 53.8 8.5 5 R

AS08 B 198.9 -27.6 343 9.8 6 R

AS09 B 188.1 -174 478.1 37 3 R

AS10 B 212.6 -41.0 70.8 74 5 R

AS11 B 194.5 -38.6 31.2 11.2 5 R

AS12 B 136.6 -62.6 2.7 11.8 4 R

AS13 B 244.1 -34.0 26.3 115.8 3 ok 1.59+£0.07(2)
AS14 C 179.5 -6.9 224 14.8 4 R 1.18 £0.12(3)
ASI15 C 4.0 29.1 70.9 7.4 5 N 0.54 £0.42(2)
AS16 C 13.5 59.2 148.0 5.8 4 N

AS17 C 16.3 522 152.3 5.1 5 N

AS18 C 8.2 54.0 752 6.6 6 N

AS19 C 20.0 42.0 81.5 6.3 6 N

AS20 C 354.8 59.2 457 8.5 6 N 0.41 £0.24(2)
AS21 D 192.0 28.2 31.2 11.2 6 ok

AS22 D 185.1 -64.3 57.7 10.6 3 R

AS23 D 166.2 -63.7 144.0 4.8 6 R

AS24 D 168.4 -51.3 36.7 10.3 5 R

AS25 D 154.7 -36.5 199.0 44 5 R

AS26 D 151.6 -39.9 77.5 6.5 6 R

AS27 D 140.6 -35.7 24.6 11.5 6 R

AS28 D 151.5 =314 21.9 12.2 6 R

AS29 D 164.2 -24.9 17.5 13.7 6 R 2.19£0.06(2)
K71 E 2.9 522 258.3 3.6 6 N

K72 E 2.0 53.4 167.2 4.4 6 N

K73 E 3593 54.1 273.3 35 6 N

KZ4 E 4.9 50.2 557.6 24 6 N 4.69 £ 0.30(3)
Mean of sites 0.6 46.4 18.6 5.8 31

The different locationlocations of sampling are presented in Fig. 1. A—Yehudiyya road, B—Wadi Meshushim, C—Wadi
Sheikh Mussa, D—Wadi Asaliya, E—Qazbia Junction.  is a precision parameter; ¢, is radius of 95% confidence in degrees.
The number in the parenthesis near the age is the number of K-Ar measurements of the same sample. Within each location, the
sites are in order from the base to the top. *Detailed analytical data of the K—Ar method can be obtained from A.H. **Sites

excluded from the analysis.

RESULTS

The K-Ar ages of the selected samples are presented
in Table 1 and Fig. 1. The dated samples from the YB
represent the time range between 2.19 + 0.06 and
0.41 £0.24 Ma, in accordance with previous measure-
ments (Mor, 1986; Heimann, 1990; Fig. 1). The age of
the basalt from the Qazbia Junction (Location E in
Table 1) is 4.69 + 0.30 (Heimann, unpublished data)
and is classified as Cover Basalt (Heimann et al.,
1996). Where both the base of the sampling location
and its top were sampled, the age of the base was

always older, as expected (Table 1).

The results of the paleomagnetic analysis are pre-
sented in Table | and Fig. 4. Most samples show a
characteristic stable vector, mostly single component.
All samples from sites AS13 and AS21 exhibited un-
stable behavior, and therefore were excluded from
further analysis. Mean paleomagnetic directions for
each site and the mean direction for the entire YB
domain were calculated using the Fisher (1953) statis-
tical method.

The mean direction of the 31 sites in the YB is Dec =
0.6° £ 5.2° and Inc = 46.4° £ 4.6°. According to
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statistical criteria (Demarest, 1983), this indicates that
there was no significant rotation when comparing to
the expected Plio-Pleistocene magnetic field direction
of this region, Dec = 0°; Inc = 52.4°, as calculated from
Besse and Courtillot (1991). The averaging of secular
variations of the geomagnetic field is evidenced by the
Fisherian distribution, the & value (precision param-
eter), and the relatively low o, the dual polarity popu-
lation, and the time span represented by the samples
(Table 1). In 21 out of the 31 measured sites, the
paleomagnetic polarity was reverse. The transition
from reverse to normal (flo .S14 and AS15) repre-
sents a noncontinuous record and not a real field tran-
sition, as evident from the age of the two flows (Table

).

DISCUSSION AND CONCLUSIONS

Previous geological mapping indicates that the set of
NNW-trending striking normal faults in the YB dis-
place basalts covering the YB (Michelson, 1979; Mor,
1986; Heimann, 1990). K-Ar dating implies that the
age range of these basalts is between 2.31 + 0.08 and
0.41 £ 0.24 Ma. The youngest dated basalt was
sampled in Wadi Sheikh Mussa (location C in Fig. 1b),
adjacent to an exposed fault, and therefore it is con-
cluded that at least part of the faulting in the YB has
occurred post 400 Ka. Previous paleomagnetic studies
along the margins of the DST in northern Israel indi-
cate variable amounts of block rotation in different
tectonic domains during the Pliocene to Pleistocene
(Ron, 1984; Ron et al., 1990; Heimann and Ron,
1993). Paleomagnetic analysis results from this study
indicate that in the YB faulting was not accompanied
by significant block rotation. Different modes of de-
formation exist in the Korazim Plateau and the YB.
While tectonic blocks within the Korazim Plateau
were rotated 11.4° counterclockwise since 0.8-0.9

Haon Fault, AF—Almagor Fault, JF—
Jordan Fault, BV—Beteiha Valley,
KP—Korazim Plateau, GH—Golan
Heights.

Ma, blocks in the YB were not rotated in the last 2 Ma.
This suggests that the local stress field along the mar-
gins of the DST is complex. Thus, deformation along
the margins of the transform in the region is domi-
nated by local stress fields rather than by the expected
regional stress field of the DST (6,~330°) (Eyal and
Reches and Eyal, 1983; Eyal, 1996).

The maximum amount of extension across the 13 km
of the YB in a NNE-SSW direction can be calculated
assuming that there are 7 normal faults in the YB, that
the vertical displacement on each of the faults is 40 m
(Michelson, 1979; Mor, 1986; Heimmann, 1990), and
that the dip of all faults is 60°. Taking these assump-
tions into account, the amount of lateral displacement
on each fault is 23 m and the total extension is 1.3%.

It is suggested here that normal faulting within the
YB, accompanied by development of tectonic blocks
that step downwards to the southwest and the tilting of
the entire block, probably occurred in response to a
major subsidence event in the Kinnarot Basin (Ben-
Gai and Reznikov, 1997; Fig. 5). This event com-
menced approximately 1 m.y. ago (Heimann, 1990)
and formed a deep depression offshore at Kursi, on the
eastern margins of the Sea of Galilee (Ben-Gai and
Reznikov, 1997; Fig. 1b).
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