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The Dead Sea (DS) coastal areas have been dramatically affected by sinkhole formation since around 1990. Such
sinkholes along both Israeli and Jordanian shores are linked to karst cavities that form through slow salt
dissolution. A quantitative estimate of such in-situ salt karstificationwould be an important indicator of sinkhole
hazard. One of the indications of salt karstification is its increased hydraulic conductivity, caused by the develop-
ment of dissolution cavities forming conducting channels within the salt layer. We measured the hydraulic
conductivity (K) versus shear-wave velocity (Vs) of DS salt in situ for estimating the actual salt karstification in
areas of sinkhole development. These parameters were measured with the Magnetic Resonance Sounding
(MRS) and Multichannel Analysis of Surface Waves (MASW) methods, respectively. Understanding of the field
relationships was augmented by similar inter-relations obtained in the laboratory on samples of DS salt. In-situ
salt velocities Vs vary from 750 m/s to over 1650 m/s, while hydraulic conductivity (K) in the same zones varies
between about 10−4 m/s to slightly over 10−8 m/s. Both field and laboratory K and Vs values fit the exponential
function ln(K)=−0.0045 ∗ Vs− 5.416with a determination coefficient (R2) of 0.88. A classification based on Vs
and Kwas generated for salt conditions and the corresponding degrees of sinkhole hazard, which was verified in
theMineral Beach sinkhole development area. Themapping of sinkhole sites shows that they formwithin highly
conductive zoneswith K≥ 5.5 ∗ 10−5. It is suggested that thismethodology, with somemodification, can be used
for evaluating the conductive properties of karstified rock and associated sinkhole hazards.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

The Dead Sea (DS) coastal areas of Israel and Jordan have been
dramatically affected by sinkhole formation since around 1990 (Fig. 1).
This development continues today, with an obvious potential for further
collapse beneath roads, dwellings and in the potash works. Most
researchers accept that such sinkholes near the shorelines are caused
by salt dissolution (karstification) by under-saturated groundwater
(Frumkin and Raz, 2001; Abelson et al. 2006; Yechieli et al., 2006;
Legchenko et al. 2008a). Our hypothesis proposes that sinkholes
form along a dissolution front over the edge of a buried salt layer
(western edge in Israel and eastern edge in Jordan). This hypothesis is
based on seismic refraction surveys carried out mainly along the
western DS shore (Ezersky, 2006; Ezersky et al., 2010) and in Ghor
Al-Haditha (El-Isa et al., 1995; Abueladas and Al-Zoubi, 2004).

Following the dissolution front salt edge concept, we have suggested
a general model of the salt layer deposited around the DS. This model

(Fig. 2) suggests that there is a 10–30 m-thick buried salt belt around
much of the DS shore, controlling the sinkhole hazard (Legchenko
et al., 2008b; Ezersky and Frumkin, 2013). All known cases of collapses
and accidents including the alarming catastrophe at pond 18 in Jordan
(Closson, 2005) have occurred within this salt belt. The model presented
in Fig. 2 enables us to conclude that: (1) the dissolution front follows an
ancient shoreline which existed at the stage of salt unit deposition
(10.2–10.8 ka) – modern sinkholes are formed along this dissolution
front; and (2) the buried salt layer extends from the modern Dead Sea
shoreline landward, towards the dissolution front, permitting its investi-
gation from the surface.

The working hypothesis is that circulating groundwater dissolves
salt, causing a gradual increase of salt porosity and permeability. This
increase, connectedwith the evolution of pore space during salt dissolu-
tion,was suggested byBernabé et al. (2003). Shalev et al. (2006) applied
this mechanism to DS salt dissolution, demonstrating that porosity and
permeability are important factors in both salt dissolution and sinkhole
development.

In our previousworks, a geophysical methodology was proposed for
sinkhole-hazard evaluation based on (1) salt-edge delineation by seis-
mic refraction, and (2) the spatial distribution of bulk resistivities (ρx)
and shear-wave velocities in salt (Vs). The mapping of ρx is based on

Geomorphology 221 (2014) 150–163

⁎ Corresponding author. Tel.: +972 8 9785865; fax: +972 8 920 8811.
E-mail addresses:mikhail@gii.co.il (M. Ezersky), anatoli.legtchenko@ird.fr

(A. Legchenko).
1 Tel.: +33 4 56 52 09 88; fax: +33 4 56 52 09 87

http://dx.doi.org/10.1016/j.geomorph.2014.06.014
0169-555X/© 2014 Elsevier B.V. All rights reserved.

Contents lists available at ScienceDirect

Geomorphology

j ourna l homepage: www.e lsev ie r .com/ locate /geomorph

http://crossmark.crossref.org/dialog/?doi=10.1016/j.geomorph.2014.06.014&domain=pdf
http://dx.doi.org/10.1016/j.geomorph.2014.06.014
mailto:mikhail@gii.co.il
mailto:anatoli.legtchenko@ird.fr
http://dx.doi.org/10.1016/j.geomorph.2014.06.014
http://www.sciencedirect.com/science/journal/0169555X


Fig. 1. Sinkhole sites alongDead Sea shore: 1 Palms, 2 Samar Spring, 3Mineral Beach, 4 Ein Gedi andNahal Arugot, 5 Yesha, 6 Zeruya, 7 NahalHever North, 8 NahalHever South, 9 Asa'el, 10
Nahal Ze'elim, 11Masada, 12Rahaf, 13Mor, 14 EinBoqeq, 15Newe Zohar, 16 Lisan Peninsula, 17Ghor Al-Haditha. Sites under investigation are shown. Boreholes for salt-sample collection
are located in sites 3 and 14. Sites of additional sample collection are shown by stars.

Fig. 2.Hypothetic salt distribution around the Dead Sea at the elevation of−415 to−445mwhere the salt layer was formed in the latest Pleistocene (Ezersky et al., 2013b, permission of
Springer, Ezersky and Frumkin, 2013, permission of Elsevier).

151M. Ezersky, A. Legchenko / Geomorphology 221 (2014) 150–163

image of Fig.�2


Download English Version:

https://daneshyari.com/en/article/4684385

Download Persian Version:

https://daneshyari.com/article/4684385

Daneshyari.com

https://daneshyari.com/en/article/4684385
https://daneshyari.com/article/4684385
https://daneshyari.com

