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ABSTRACT
The Dead Sea brine, essennally of carnallitic, Ca-chloridic compesition, s pro-
duced mainly from evaporated restdual seawater brine, through modifying process.
es which include; a) Caz= Mg ¢xchange berween the brine and calcite and aragonite
in the infiltrated porons rock {diagenesis): b} dissolution and incongruent alteration
of carnallite to sylvite at deprh {metamorphism), and ¢} mixing with cyelic,
seawater-type salinc waters. under dy multiple progressive-regressive evaporation

cycles, with occastonal desiceation.

INTRODUCTION

The Dead Sez is a body of brine, characterized by ifs
Ca-chioridic and carnallitic composition, It is located within
the Dead Sea Rift, where an evaporating marine gulf, fol-
lowed by lakes, deposited up to 10 km of Pho-Pleistocene
to Recent evaporites and clastics, known as the Dead Sea
Group (Zak, 1967; 1974}

The origin of the salts and evolution of the brines of the
Dead Sea basin have been discussed by various inves-
tigators (Bantor, 1961; Lerman, 1967; Loewengart, 1962;
Mazor, 1968; Neev and Emery, 1967 Nissenbaum, 1969,
Starinsky, 1974: Zak, 1960, 1967, 1974).

Loewengart (1962) suggested an airhorne sea salts origin
for the Dead Sea salts. Locwengart also proposed the still-
accepted basic mechanism for chunging the marine-type,
sulfatic-chloridic solution into & Ca-chlonidic type of brine,
through Ca=Mg exchange between the solution and the
carbonate host rock (Loewengart, 1962; also cited in
Braitsch, 1962; Loewengart and Zak, 1972: Starinsky,
1974). Zak {1960, 1967, 1974) accepred the basic approach
of Loewengart, but showed thar besides airhorne sea saits,
seawater had entcred the ancestral Dead Sea basin through a
Plio-Pleistocene gulf. Zak also concluded that brines of the
various periods znd stages exist in the subsurface, under the
Dead Sea and within the surrounding older formations.

The various studies of the geochemical evolution of the
Dead Sea raise questions such as its carnallitic chagacteris-
ties, potassium depletion and bromine enrichment. In the
following, a mode] of evolution is presented and an attempt
is made 10 answer these questions on the basis of the inter-
relationships between geochemical and field evidence.

FIELD RELATIONSHIPS OF
THE EVAPORITES AND BRINES

Evaperites of the Dead Sea Group are composed mainly
of halite, some gypsum, anhydrite and dolomite, of marine
arigitt. The upper part of the scetion contains aragunite and
subsidiary, pardy recycled, gypsum and_ halite of inland
basin origin. Beds and pockets of carnallite and sylvite,
formed during desiccation, alse occur. The presence of
Ca-chloride minerals, possibly tachhydrite, formed by dia-
genesis, can be inferred from the chemical composition.

Brines and saline waters of the Dead Sea basin may be
classified into three main groups, according to their genetic
and chemical characteristics (Fig, 1) the Yesha'-Zohar
‘diagenetic’ brine, the Siddin- Ashiag ‘metamorphic ' brine,
and the Jordan-seawater type ‘cyclic’ saline waters.

Diagenetic brine. The Yesha'-Zohar ‘diagenetic’ brine,
with up to several hundred g/l sait content, is Ca-chleridic
{(Ca** > HCO; + SOF7). It s found in the subsurface
around the Dead Sea.

This brine is thought w have originated in the residual
chioridic-sulfatic, Plio-Pleistocene marine brines, which in-
filtrated the subsurface of the rift and its vicinity. There #t
was modified into Ca-chloridic brine through Ca—Mg ex-
change with Ca-carbonates of the enclosing rock. Calcium,
whick is replaced by magnesium and taken into soletion,
precipitates with available sulfate, and the excess remains in
solution {Loewengart, 1962, and in Braitsch, 1962 Loe-
wengart and Zak, 1972; Starinsky, 1974).

Metamorphic brine. The Siddim-Ashlag ‘metamor-
phic’ brines, with over 300 g1 salts, mainly Mg- Ca-K-~
Na-chlorides, are generally at halite, sylvite and also car-
nallite sawration, though with a relativaly low Br/Cl ratio,
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Figur 1. linecke ternary diagrams ar halite saturation, for the systems: teft Nall — KCi -

MgCl, -

Mu, SO, - H,O (at 23°CY; right (Nall1) - KC1 - MgCl, ~ Call, — H: Q& 937 (),

(migeral stability fields after Braitsch, 1962). Solid triangle: Dead Ses brine {MNecv and Emery.
1947); QOpen triangle: Yesha'-Zohar “diagewetic’ brne Zak, 19607 Square: Siddim-Ashlag
‘metarnorphic brine {Zak, 1960); Open circle: Jordan River (Bentor, 1961); Solid circle: Seawater
(aftar Braftsch, 1962); SW,~at halite saturation point; SW, at carnallite saturation point; Broken
armow:; Disgenesis pathways: left diagram-mg® and 80 loss {through Caz= Mg exchange and
Ca-sulfaie precipitation). rghe dizgram: Mg?' loss apainst Ca®” gain: and double amow:
Metamorphism pathways: dissolution and incongruent alteration of curmallite w sylvite by Ca-

chlondic brines.

These brines are assumed to evolve through dissolution
and partly incongruent aiteration of carmallite (and possibly
other minerals) by Ca-chioridic brines, at depth.

Cyclic saline waters. The Jordan-seawater type, ‘cyclic’
saline waters, mastdy of ranolf and phreatic origin, are sul-
fatic-bicarbonatic (Ca®™ < HCOy + S0¢) and chloridic,
of modified seawater composition,

The Dead Sea water, with a salt content of about 300 g1,
is at carbonate, sulfate and close to halite saturation. Carnal-
lite is the next mineral to precipilate, when the water is
evaporated to half its volume.

In its chemical composition, the Dead Sea brine resem-
bles the Yesha'-Zohar brine, with which it has a common
origin. Bach is modified by differentiating processes, and
slow hydrostatic and density-induced infiioration and re-
flushing cause the mixing of the two masses. In the hydro-
chemical sense, the 150 km® brine body of the Dead Sea
may thus be regarded as an outcrop of the surrounding, big-
ger, Yesha'-Zohar brine mass.

A MODEL OF MIXING AND
INTERACTION PROCESSES

The dynamic relationships of the brines described, are
iliustrated on a conthguous set of two Jinecke ternary dia-
grams (Fig. 1).of the system (NaClH-KCl- MgCl-CaCl
~H; O, for the Ca-chloride brines, and of the system NaCl
KC-MgClL-Nap SO, ~H:, O, for the sulfatic-chloridic
fordan-type wuaters and seawaler at various evaporation
stages.

Both observed and theoretical paths of evolution may
thus be projected in relation to the stability fields of the
minerals known (and assumed) to be present. The tachhy-
drite-carnallite paragenesis, which is temperature-depen-
dent, becomes apparent.

The Dead Sea brine falls weil within the camnallite stabil-
ity field, though at present diluted and modified through
regressive evaporation, by the input of Jordan-type waters
¢(sulfatic, higher No/Cl ratio), Siddim brines (sylvite stage
and close to carnallite stage) and Yesha® brines (carmallie
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field, more Ca-chioridic). Chemical and sedimentoiogical
characteristics indicate a mujor subrecent progressive-
regressive evaporation cycle in the Dead Sea, which has
Jately regressed from a camallite stage.

The multiple cychic nature of such progressive-regressive
gvaporation events is indicated by the very high Br/Cl ratio
in the Dead Sea and by the presence of camallite and sylvite
deposits in the basin, as weil s by sedimentological evi-
dence of desiccation.

The evoludon of the Ca-chioridic-camallitic Yesha'-
Zohar-Dead Sea group of brines from concentrated seawa-
ter, through modifying processes that include diagenetic ex-
change, incongruent alteration, evaporation, dilution and
mixing, i demonstrated by comparing their compositions
when at carnallite saturation {Fig. 1).

This geochentical evolution becomes even more mean-
ingful when comparing it with the Ca-chloride evaporites of
the proto-Atlantic Brazit and Congo-Gabon basins (Ward-
law, 1972) and with the recent brine pools of the Red Sea
(Brewer and Spencer, 1969).

IMSCUSSION
D. Carvatho.

Question. te your exposition you didn't mentics femperature
effects. So, I would Like to ask you if there is a regular distribution
of temperatures along the Dead Sea or are there anomalous zones
that could be correlsted with the *‘metamorphic figld™ of your
diagrarn?

Answer. There is usually a temperature gradient within the
Dead Sea, changing seasonally. However, the density gradient
and stratification dve to salinity seem to be sufficiently contrasted
to be able 1o support an irregular, even inverted, thermal gradient
which often develops, more often within the transition water layer
tfor more detail see Neev and Emery, 19671,

The *‘metamorphic™ brines mentioned (Fig. 1) refer to brines
believed to form through incongruent dissolution of carnallite de-
pusits at depth, and precipitation of sylvite. No geothermal
anomahies are distinguished in connection with these brines.

Posilive geothermal anomalies up to 6G - 70°C are displayed in
the Nead Sea Rift, especially by sutfatic, seawater type saline wa-
lers; some (up {0 30-40°C) are displayed by the “’diagenetic’’
brine type, in seepages at the foor of the fanlt escarpment border-
ing the Rift. Altogether the geothennal asomalies, found in the
Dead Sea Rift, are weak and of rare occurrence.

I.A. Kunasz.

Questions. 1) Yoo suggest two origins for Dead Sea brine.
What about geothermal contriation? 2) You propose Cu -+ S0,
reaction in the mix zone. Is there evidence of CaSO; secondary
cement in the mix zone?

Answers. 1) No evidence is known favoring a guantitative
geothermal contribution (sec answer fo 1. Carvalho), 2) Where
the Dead Sea type of water, which contains a very smalf concenirs-
tion of sulfate, enters into the diagenesis zone, the gain of Ca®™*
(replaced by Mg?~, in the carbonate rock) could cause only a neg-
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ligible Ca-sulfate precipitation, at tost. Even at a continuous,
long-term process, the precipitaring Ca-sulfate would not amoant
to more than an indistinguishable quantity.

1D, Murtinez:

Question. Please describe the nature of the caprock at the
CLot's Wife™ locaton.

Aunswer, The caprock is composed of the insoluble residue
within the rock salt beds as well as of interbedded insoluble units,
meters thick. [t consists of anhydrite and gypsum, dolomite, clay,
sift and quartz sand. The sulfates are mostly slongated in a hori-
zontal criemtation, paralie] to the strike of the underlying rocksalt
heds.
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