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Abstract--Spring waters, with a high salt content (390 g/l) and a strong pungent odor, were collected from 
the flanks of the Mt Scdom diapir near the Dead Sea and analyzed for low molecular weight (LMW) 
mono- and di-carboxylic acids, lipid class compounds and dissolved organic carbon. Concentrations of 
LMW carboxylic acids were found to be very high ( C ~ 9  monoacids: 305 mgC/l, C2-C9 diacids: 
27 mgC/l). The dominant species is acetic acid (220 mgC/l) followed by propanoic (49 mgC/1), succinic 
(18 mgC/l) and methylpropanoic acid (11 mgC/l). These organic acids comprised major portions of 
dissolved organic carbon (DOC: 480 mgC/l) of the hypersaline brine: monoacids contribute 64% of IX)C 
and diacids 5.4%. Volatile organic acids such as acetic, propanoic, butyric and valeric acids were found 
to be the source for the pungent smell of the spring water. These organic acids were most likely produced 
in a deeply buried block of the Upper Cretaceous bituminous chalks in the Dead Sea Rift Valley by 
thermal alteration of the organic matter and were transported upward to the surface together with connate 
brines along the margins of the diapir. The monoacid/diacid proportions in the brine water and the 
predominance of oxalate in the precipitates from the brines suggested a selective removal of dicarboxylic 
acids by forming organic salt precipitates such as calcium oxalate during upward transport of the brines 
to the surface. 

Key words--organic acids, hypersaline water, brines, monocarboxylic acids, dicarboxylic acids, dissolved 
organic carbon, fatty acids 

INTRODUCTION 

Low molecular weight carboxylic acids, such as 
acetate, are ubiquitous chemical species present in 
surflcial natural waters such as rain, fog, lake and 
sea waters (e.g. Keene et al., 1983; Kawamura and 
Kaplan, 1984; Thurman, 1985; Winiwarter et al., 
1988) as well as in sediment pore waters (e.g. 
Barcelona, 1980; Sansone and Martens, 1981). The 
acids in recent low temperature aquatic environments 
are produced by microbial activity whereas those in 
meteoric waters are produced in the atmosphere by 
photochemically-induced oxidation of hydrocarbons 
and other organic species as well as anthropogenic 
emissions. These acids are subjected to microbial 
degradation in the surface waters (Herlihy et al., 
1987; Kawamura and Kaplan, 1990), and thus, their 
concentrations are usually less than 300 #M. 

On the other hand, organic acids are abundant 
(up to 80,000#M) in formation waters from oil 
fields (Carothers and Kharaka, 1978; Hanor and 
Workman, 1986; Lundegard and Land, 1986; Fisher, 
1987; MacGowan and Surdam, 1988; and references 
cited therein). They are produced in deep sedimentary 
basins by thermal alteration of  kerogen and other 
organic geopolymers (Carothers and Kharaka, 1978; 
Surdam et al., 1984; Kawamura et al., 1986a; 
Eglinton et al., 1987). Generation of short chain 
organic acid anions has also been reported in hydro- 

thermally altered sediments from the Guaymas Basin, 
Gulf of California (Martens, 1990). 

However, high concentrations of organic acids 
have not been reported in spring waters. A strong 
pungent odor has been known to be associated with 
seepage waters from Ein Ashlag ("Potash Spring") 
and Ein Siddim, located on the eastern flanks of Mt 
Sedom near the Dead Sea. This peculiar property of 
the springs was known for a long time as evidenced 
by the old name given to it: the Stinky Springs 
("Ma'ayan Ha'reach"). We suspected that the pun- 
gent odor of the spring waters should be due to 
organic acids. 

We conducted an organic geochemical study of the 
hypersaline water collected from Ein Ashlag. Here, 
we present the analytical results for low molecular 
weight mono- and di-carboxylic acids and dissolved 
organic carbon, and discuss their origins. Lipid class 
compounds were also analyzed in the sample. 

GEOLOGICAL SETTING 

Ein Ashlag is a hypcrsaline seepage issuing from 
the northeast corner of the Mt Sedom salt diapir 
(Fig. l). This spring is one of the surface expressions 
of an hypersaline brine body which is associated with 
this diapir. The brines occur either as seepages (Ein 
Ashlag and Ein Siddim) or are found in shallow 
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Fig. 1. Location map for occurrence of hypersaline brines and asphalts in the Mt Sedom area. 

depths (Sedom 1 bore hole). The seepages are very 
small with a variable discharge rate of less than 
1 m3/day and frequently much less (Zak, 1967). 

The Mt Sedom salt diapir is a salt body with the 
structure of a vertical salt wall (Fig. 2), originating 
from the Pliocene Sedom member of the Dead Sea 
group (Zak, 1967). The salt, of Pliocene age, is of 
marine origin and was deposited during the initial 
stages of the subsidence of the Dead Sea graben, 
when the Mediterranean penetrated the Dead Sea 
basin. The salt was later covered with 3500 m deep 
(Plio-Pleistocene to Recent) sediments which filled 
the graben (Fig. 2). According to Zak (1967) and 
Neev and Hall (1979), the Sedom salt unit is the 
source for a salt dome family which occurs in 
the subsurface of the Dead Sea basin. Mount Sedom 
is the one case where the salt penetrated the surface 
sediments to reach a height of 150-200 m above 
the land surface (Zak, 1967). The salt movement 
probably began in the Pleistocene and continues 
today. 

The surface seepages deposit large amounts of salts 
near their outlet. The deposits are colored deep red 
and are composed of iron oxides, gypsum, halite, 
carnallite and celestite (Zak, 1967). The brines associ- 
ated with Mt Sedom are variable in composition but 
all are characterized by very high salinities (ca 

390 TDS/1) exceeding that of the Dead Sea (340 g 
TDS/1). 

SAMPLE AND ANALYSIS 

Collection of the seepage water 

A hypersaline water sample was collected from the 
seepage of Ein Ashlag. The brine seepage, containing 
391 g TDS/I, is essentially Mg-Ca-CI rich water and 
Na is relatively depleted (see Table 1). The water also 
contained high concentrations of K (! 5.2 g/l) and Br 
(3.6g/!) and was rich in dissolved iron (120mg/l) 
and manganese (40 mg/I). On standing, the solution 
formed a precipitate. The sample was filtered on 
Whatmann GF/C filter, and both the solution and 
precipitates were separately stored in cleaned glass 
bottles at 4°C in the dark prior to analysis. The 
amount of precipitate was roughly 2% of the solution 
by weight. 

Analyses of organic acids 

An aliquot of the saline water (2 ml) was acidified 
with 6 M HCI (1 ml) and the monocarboxylic acids 
were extracted with methylene chloride/ethyl ether 
(1:2) mixture (3 ml x 3). The acids were back-ex- 
tracted with 0.005 M KOH solution (6 ml x 3, the 
pH of the first extracts was 3.5 whereas that of 
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Fig. 2. Schematic geological cross-section through the southern part of the Dead Sea basin (modified from 
Nissenbaum and Goldberg, 1980). Arrows refer to drill holes; (0)  asphalts. 

the third extracts was 10.6). The aqueous extracts 
were combined and the pH was adjusted to 10 with 
0.5 M KOH solution. The aqueous extracts were 
concentrated to c a  2 ml under vacuum by using 

Table 1. Chemical composition of Ein Ashlag spring water and Dead 
Sea water 

Dead Sea 
Components Ein Ashlag (average) 

Inorganic (g/I) 
CI 260 226 
Br 3.6 5.4 
SO4 0.02 0.5 
HCO 3 0.25 0.25 
PO4 0.000043 0.000040 
Na 17.0 36.6 
K 15.2 7.8 
Ca 47.2 17.2 
Mg 47.0 46.3 
Fe 2+ 0.12 ND 
Mn 0.04 0.008 
Sr 1.3 0.34 
NH 3 0.336 0.011 
D e c  (mg/I) 480 2-3 
pH 5 5.3-6.1 
Temperature (°C) 29 23 
TDS (g/l) 391 340 

Source of data, Ein Ashlag: this work; Dead Sea: this work, Nishri 
and Stiller (1984), and Nissenbaum et al. (1990). 

ND not detected. 

a rotary evaporator and then passed through a 
cation exchange resin column (K + form) to derive 
R C O O - K  +. The potassium carboxylates were dried 
and allowed to react with ~, p-dihromoacetophenone 
in the presence of dicyclohexyl-18-crown-6 (catalyst) 
to derivatize p-bromophenacyl esters (Kawamura 
and Kaplan, 1984). The esters were determined 
by a Carlo-Erba 4160 capillary gas chromatograph 
equipped with a fused silica DB-5 column 
(30 m x 0.32 mm) and an FID detector. The esters 
were also analyzed by a Finnigan 4500 mass spec- 
trometer interfaced to the Carlo-Erba GC with the 
same column. 

Another aliquot of the water sample (2 ml) was 
analyzed for dicarboxylic acids. After drying the 
sample by rotary evaporation and a nitrogen stream, 
diacids in the sample were allowed to react with 
14% BF~ in n-butanol to produce dibutyl esters 
(Kawamura and Kaplan, 1987). The esters were 
determined by a capillary ~ and GC-MS installed 
with a DB-5 column. 

The precipitates from the brine solution f88 mg 
on dry weight basis) were dried under nitrogen 
stream and allowed to react with 0.5 ml 14% BF 3 
in n-butanol to derive dibutyl esters. The esters 
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were determined by a Hewle t t -Packard  5890 capil- 
lary G C  (column: UP-2; 2 5 m  x 0 .30mm)  and a 
F i n n i g a n - M A T  INCOS-50 G C - M S .  

Analyses o f  hydrocarbons and fat ty  acids 

For  the lipid class compounds ,  100 ml of  the brine 
was extracted with methylene chloride (50 ml x 3) 
at pH = I. The combined  extracts were concentra ted 
to ca 20 ml by rotary evapora t ion  and  the acidic 
componen ts  were then isolated with 0.5 M K O H  
solution. After  acidification of  the solution, the acidic 
componen ts  were back-extracted with methylene 
chloride and allowed to react with borontr i f luor ide in 
methanol .  The esterified acidic fract ion was analyzed 
by a Hewle t t -Packard  5 8 9 0 G C  equipped with a 
UP-2 fused silica capillary column and a Finnigan-  
M A T  INCOS-50 G C - M S .  Neutra l  componen ts  re- 
maining in the methylene chloride extracts were also 
determined by the above instruments.  

The precipitate sample (1.87 g on wet basis) was 
also analyzed for hydrocarbons  and  fatty acids after 
acidification with 6 M HCI by a similar method.  The 
neutral  and  acidic fract ions were also analyzed by the 
G C  and  G C - M S .  

Dissolved organic carbon 

Dissolved organic ca rbon  (DOC) in the brine was 
determined by a Shimadzu TOC-500 ca rbon  analyzer 
after diluting the sample (20 times) with a KMnO4- 
treated distilled water. 

The analyses, except for diacids in the precipitates, 
were duplicated or triplicated. Reproducibi l i ty was 
within ca 10%. Labora to ry  b lanks  were run together  

with the sample. The blank levels were less than  5% 
of  the sample and  did not  affect the results. Recover- 
ies of  the organic acids in the procedures used are 
better  than 70% (Kawamura  and Kaplan ,  1984; 
Kawamura  et al., 1985). 

R E S U L T S  A N D  D I S C U S S I O N  

Distributions o f  L M  W mono- and di-carboxylic acids 

CI-C 7 volatile organic acids were a b u n d a n t  in 
the hypersaline seepage water  (see Table 2). A m o n g  
the monocarboxyl ic  acids detected, acetic acid is the 
major  species (560 mg/l)  followed by propanoic  acid 
(100 rag/l) and  methylpropanoic  acid (21 rag/l). Con-  
centra t ions  of  higher acids are generally lower. Inter- 
estingly, b ranched  chain (iso and/or  anteiso) acids are 
more  a b u n d a n t  than  corresponding s traight-chain 
acids. Total  concent ra t ion  of  the monoac ids  was 
found to be 730 mg/l. This value is extremely high 
compared  to the concentra t ions  of  the organic acids 
in rain, river, lake and sea waters (generally up to 
0.1 mg/h Thurman ,  1985). To our  knowledge, it is the 
first time that  such a high concent ra t ion  of  organic 
acids was detected in unpol luted surface natural  
waters. 

Dicarboxylic acids with ca rbon  numbers  of  C2-C9, 
except for malonic  acid (Ca), were also found in the 
seepage water (Table 2). Succinic acid is the dominan t  
species and  oxalic acid was the second most  a b u n d a n t  
diacid. Their  total  concent ra t ion  (69 mg/l) is much  
lower than that  of monocarboxyl ic  acids (730 mg/l). 
However,  the diacid concent ra t ion  was still 

Table 2. Concentrations of low molecular weight mono- and di-carboxylic acids in the odorous 
hypersaline water sample collected from Ein Ashlag, Israel 

Concentrations 

Components Carbon No. (mg/I) (mgC/l) (raM) 

Monocarboxylic acids 
Formic C~ 7 5 2 0 (I. 16 
Acetic C 2 560 220 9.3 
Propanoic C3 100 49 1.3 
Methylpropanoic brC~ 21 I L 0.24 
Butanoie C a 16 8,9 0.18 
2-Methyl- + 3-methylbutanoic brC5 15 8.8 0.15 
Pentanoic C~ 2.7 1.6 0.026 
3-Methyl- + 4-methylpentanoic brC~ 2.4 h 5 0.021 
Hexanoic C 6 0,37 0.23 0.0032 
Benzoic C 7 3.0 2. l 0.025 
Subtotal 728 305 11.4 

Dicarboxylic acid~ 
Oxalic C: t 5 4.0 0, i 7 
Malonic C 3 ND 
Maleic unsatC4 ND 
Succinic C4 44 I 8 0.37 
Fumaric unsatC4 ND ..... 
Methylsuccinic brC 5 1.6 0.73 0.012 
Glutaric C~ 5.7 2.6 0.043 
2,3-Dimethylsuccinic brC 6 0.73 0.36 0.0050 
Adipic C 6 0.26 0.13 0.0018 
Pimeric C 7 0.20 0. I 1 0.001 I 
Suberic C 8 0.65 0.36 0.0037 
Azelaic C~ 0.19 0. l I 0.0010 
Phthalic C s 0.29 0.17 0.0017 
Subtotal 68.6 26.6 0.609 

Total 797 332 12.0 

br = branched-cha in;  unsat  = unsaturated;  N D  = no t  detected.  
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much higher than the amounts reported in rain- 
waters (C2--C~0: ca 0.1-3 mg/1, Norton et al., 1983; 
Kawamura et al., 1985) and sea water (C2, ca 
0.001-0.02 mg/l, Steinberg and Bada, 1984). 

Dissolved organic carbon and organic acids 

The dissolved total carbon (DTC) content and 
dissolved organic carbon (DOC) content of the Ein 
Ashlag water were found to be 529 and 480 mgC/l, 
respectively. The DOC value is very high compared 
with other natural surface waters (e.g. rainwater: 
l-6mgC/l,  river water: 2-25mgC/I, sea water: 
0.3-3 mgC/1; Thurman, 1985). 

Interestingly, this study showed that the major 
reservoir of the DOC in the hypersaline water are in 
the form of carboxylic acid anions: the mono- 
carboxylic and dicarboxylic acids comprise 64 and 
5% of DOC, respectively (Table 3). 

Origin o f  the carboxylic acids 

The concentration level of the volatile organic 
acids in the hypersaline water sample is within the 
concentration range (100-5000 mg/1) reported for oil- 
formation waters (e.g. Carothers and Kharaka, 1978; 
Hanor and Workman, 1986; Fisher, 1987). Although 
concentration of volatile acids scattered in the oil- 
field waters over a wide range of temperature, higher 
concentrations have been reported around at 
80-100°C (Fisher, 1987; Shock, 1988, 1989). Simu- 
lated maturation of kerogen and humic acids also 
produced relatively large amounts of volatile organic 
acids (Surdam et al., 1984; Kawamura et al., 1986a; 
Eglinton et al., 1987; Barth et al., 1990). Predomi- 
nance of branched acids over normal acids, observed 
in the Ein Ashlag brine, has often been reported in oil 
field brines (Carothers and Kharaka, 1978; Hanor 
and Workman, 1986) and also reported from hydrous 
pyrolysis of Green River kerogen in the presence of 
montmorillonite (Kawamura et al., 1986a). Thus, the 
organic acids detected in the seepage brines probably 
originated in a deep sedimentary basin by diagenesis 
and were later transported upward to the surface. 

LMW diacids have been reported as dominant 
species in oil field waters (up to 2640 ppm: Kharaka 
et al., 1986; MacGowan and Surdam, 1988) and 
in thermal alteration products (pyrolysates) of kero- 
gen and humic compounds (Surdam et al., 1984; 
Kawamura and Kaplan, 1987; Eglinton et al., 1987). 
MacGowan and Surdam (1988) reported maximum 

Table 3. Concentrations of total dissolved carbon (TDC), dissolved 
organic carbon (DOC) and carboxylic acid carbon in the Ein Ashlag 

hypersaline water sample 
Concentrations 

Carbon forms (mgC/I) 
TDC 526 
DOC 480 
Monoacid-form carbon (I) 305 (63.5%)* 
Diaeid-form carbon (2) 26 (5.4%) 
(I) + (2) 331 (68.9%) 
*% of DOC. 
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Table 4. Distributions of dicarboxyli¢ acids in the precipitates from 
the Ein Ashlag hypersalin¢ water 

Concentrations 
Carbon 

Dia¢ids No. ~g/g) (~gC/g) 
Oxalic C 2 423 113 
Malonic C 3 ND --  
Methylmalonic C 4 2.4 0.98 
Maleic C4 ND --  
Saccinic C 4 203 82.6 
Mcthylsuceinic C 5 2.5 1.1 
Fumaric C4 ND -- 
Glutaric C s 23.3 10.6 
3-Mcthylglutaric C 6 3.2 1.6 
Adipic C 6 2.6 1.3 
Pimcric C7 ND --  
Subcric C 8 15.9 8.77 
Azclaic C 9 2.9 1.7 
Sebacic Ci0 5.8 3.4 
Phthalic C B 7.6 4.4 
Total 692 229 
ND ~ Not detected. 

levels of diacid concentrations in oil field waters at the 
80-100°C thermal window. Hence, the difunctional 
carboxylic acids detected in the seepage water were 
likely produced in deep sediments by diagenesis of 
organic matter in the similar manner as the mono- 
carboxylic acids and were also transported to the 
surface by the ascending brine. 

Although oxalic acid has been reported as the 
dominant diacid species in simulation experiments of 
kerogen diagenesis (Surdam et al., 1984; Kawamura 
and Kaplan, 1987), this smallest diacid was not 
the dominant species in the filtered seepage water 
(Table 2). By contrast, oxalic acid was found as a 
dominant species in the filtered precipitate sample, 
followed by succinic and glutaric acids (Table 4). 
These comparisons suggest that oxalic acid is re- 
moved from the solution by forming organic salts 
such as Ca-oxalate. In fact, the concentrations of Ca 
(1.2 M) and oxalic acid (0.17 mM) in the brine water 
(Tables 1 and 2) are much higher than those expected 
from the solubility product (Ksp) of calcium oxalate 
monohydrate (1.96 x 10 -8 at 25°C; Weast, 1983). 
Hence, oxalic acid was probably removed from the 
solution when the brines reached the surface and 
cooled sufficiently to precipitate organic salts. This 
supports that oxalic acid was abundant when diacids 
were produced in the deep sediments. 

Genesis o f  the brines and upward-transport o f  organic 
acids 

The genesis of the brines is unclear and they bear 
no relationship to other saline waters known from the 
Dead Sea Rift (Starinsky, 1974). Although the brine 
composition may basically represent evaporation 
residue of a brine body, the waters were probably 
modified by secondary reactions. The low sulfate 
content and relative depletion of Na (see Table 1), 
however, do not indicate major dissolution of halite 
and anhydrite, which are the main known evaporitic 
minerals of Mt Sedom. A possible source for the 
water may be connate brines which were later 
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modified by diagenetic reactions in an environment 
rich in organic matter. During transport along the 
diapir in a later stage, the brine might have been 
further modified by interaction with carnallite and 
other evaporitic minerals associated with the Mt 
Sedom diapir. 

The connate water may have been associated with 
two such rock formations known from the Dead Sea 
basin, One is the B'not Lot member of the Sedom 
formation of Pleistocene age which overlies the 
Sedom salt (Zak, 1967). The other is the Upper 
Cretaceous Senonian "oil shales" (in reality a bitumi- 
nous chalk sequence), which were deposited in a 
hypersaline environment, according to Spiro and 
Aizenshtat (1977). Those oil shales are now con- 
sidered to be the source rocks for the asphalt which 
is known from the Mt Sedom area (Nissenbaum and 
Goldberg, 1980; Tannenbaum and Aizenshtat, 1985; 
Spiro et al., 1983; Rullkotter et al., 1985). Although 
the B'not Lot member was not geochemically studied, 
we do not consider it as a source of the organic 
matter. This unit was never buried to any significant 
depth. This, coupled with the present low thermal 
gradient in the Rift Valley, precludes any substantial 
diagenetic alteration of the organic matter. 

These considerations lead us to the hypothesis that 
the organic acids detected in the Ein Ashlag brines 
are produced by diagenetic reactions which occurred 
in the Upper Cretaceous oil shales in a downthrown 
block near Mt Sedom (Fig. 2). We propose that the 
generation of the carboxylic acids is associated with 
the generation of asphalt, which is considered an 
immature diagenetic product of organic matter in the 
oil shales, due to the following reasons: 

(1) The asphalt in the Mt Sedom area is in spatial 
association with this particular type of brine (Fig. 1). 

(2) LMW monacids in oil field brines show higher 
concentrations at 80-100°C and decrease above it 
(Fisher, 1987; Shock, 1988). Thus the high abundance 
of the acids in the seepage water is likely due to their 
formation at temperatures below the major phase of 
oil generation. 

(3) Simulated maturation of kerogen and humic 
compounds showed a production of relatively large 
amounts of LMW mono- and di-carboxylic acids as 
well as asphalts before the extensive production of 
hydrocarbons (Kawamura et al., 1986a; Tannen- 
baum et al., 1986; Kawamura and Kaplan, 1987; 
Huizinga et al., 1987a,b; Eglinton et al., 1987; Barth 
et al., 1990). 

(4) The hypersaline brines in the Sedom 1 drilling 
were associated with wet gases (C2+ = 20%; Zak, 
1967) typical of oil associated gases. 

(5) Although LMW acids are produced by bio- 
logical activity during the degradation of organic 
matter in recent sediments (Barcelona, 1980; Sansone 
and Martens, 1981, 1982; Shaw et al., 1984), they are 
also rapidly metabolized by microorganisms, so that 
their steady-state concentration (e.g. ca O. 1-2 mM in 

marine sediment pore water: Barcelona, 1980) is 
orders of magnitude lower than of Ein Ashlag. We 
thus do not consider the acids to be produced biologi- 
cally. 

(6) Biodegradation of asphalt in deep sedimentary 
layers might produce organic acids. However, Rul- 
lkotter et al. (1985) and Nissenbaum and Goldberg 
(1980) showed the full complement of hydrocarbons 
in those samples which are easily degraded by 
bacteria. This indicates that biologically mediated 
production of organic acids is not important in the 
deep sediments. 

The mechanism proposed here is therefore the 
simultaneous formation of asphalts and carboxylic 
acids during a diagenesis of immature to slightly 
mature oil shales which were buried to a large depth 
in the Rift Valley sometime in the last few million 
years. The halokinetic effects associated with the rise 
of Mt Sedom diapir may have opened up channels, 
either along the flanks of the diapir or perhaps even 
through cracks and more permeable layers in the 
salt body itself. Through these channels the asphalt 
(which under slightly elevated temperature behaves as 
a liquid) and the water moved upwards to the surface. 
The hydrophilic compounds, which were transported 
with the water and thus isolated from asphalts, 
formed the Ein Ashlag and Sedom 1 seepage brines. 
Movement of the small carboxylic acids may be 
involved with transportation of metals (Drummond 
and Palmer, 1986). 

The movement of LMW acids with brine is similar 
to that described by Workman and Hanor (1985) for 
the Iberia field in Louisiana, where deep brines with 
LMW acid content exceeding 150 mg/1 ascend along 
a flank of the salt dome. The vertical distance traveled 
in Louisiana was about 2 km. 

Long chain fatty acids were detected in the seepage 
water sample only as minor species: however, n-alka- 
nes were not detected. By contrast, both fatty acids 
(C6-C30) and n-alkanes (C19~C31) were detected in the 
precipitate from the seepage water. These compounds 
were probably transported from the deep sediments 
in which LMW carboxylic acids were produced, and 
were partly co-precipitated with salts during the 
upward transport and storage of the seepage water. 
The distributions of fatty acids (>  C20, even carbon 
numbered predominance) and n-alkanes (C20-C3j, 
odd carbon numbered predominance: CPI=2 .5 )  
suggested that the production of LMW acids oc- 
curred under relatively mild conditions prior to an 
extensive oil generation (Kawamura et al., 1986b). 

Fractionation o f  organic compounds during transport 
q f  brines 

The analysis of the seepage water showed that the 
concentration of long-chain fatty acids (C1:, C14, Ci6 
and Cts) is 5.91Lg/1, which is ca 100,000 times 
lower than LMW monocarboxylic acids (730 mg/l), 
whereas hydrocarbons were below the detection limit 
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by GC. This is in contrast to the results of hydrous 
pyrolysis experiments of Green River kerogen (e.g. at 
300°C for l0 h in the presence of  illite), where the 
amounts of  the products were similar: LMW m o n o -  
c a r b o x y l i c  acids (3.1 mg/g-kerogen, major: acetic, 
propionic and formic) (Kawamura et al., 1986a), 
long-chain fatty acids (l .2mg/g-kerogen, major: 
palmitic, stearic) (Kawamura et al., 1986b) and n-hy- 
drocarbons (0.3 mg/g-kerogen, major: Cjs) (Huizinga 
et al., 1987a). 

The discrepancy in the distribution of long-chain 
hydrocarbons and fatty acids, and sbort-chain car- 
boxylic acids between the brine water sample and 
hydrous pyrolysis products suggests that hydro- 
phobic compounds such as hydrocarbons and long- 
chain fatty acids probably behave in a way different 
from hydrophilic LMW carboxylic acids during the 
transport of brines. Because they are less water 
soluble, the hydrocarbons and fatty acids may have 
been salted out of solution or absorbed on mineral 
matrices and thus fractionated from the LMW acids. 

Fractionation is also suggested to occur in the 
diacid distribution during brine transport because 
oxalic acid is depleted in the seepage sample in 
contrast to the precipitate sample. Preferential re- 
moval of  oxalic acid from the brines is probably due 
to a formation of water-insoluble metal-complexes 
such as calcium oxalate, which is promoted by inter- 
actions between organic acid anions and minerals 
(Crossey et al., 1984, 1986). Complexation and pre- 
cipitation of  oxalate occur in the outlet of  the seepage 
as well as in the deeper layers during upward trans- 
port of brines. 

CONCLUSIONS 

(1) High concentrations of low molecular weight 
mono- and di-carboxylic acids (330 mgC/I) were de- 
tected in a pungent odorous brine seepage from Ein 
Ashlag near the Dead Sea. These organic acids are 
the major reservoir of dissolved organic carbon 
(480 mgC/l) in the hypersaline brine. 

(2) Those organic acids were most likely produced, 
together with asphalts, by diagenesis of deeply buried 
bituminous chalk in a downthrown block in the Dead 
Sea Rift Valley and were later transported to the 
surface. 

(3) The upward transport of organic acid anions 
was probably promoted by fluid flow associated with 
the halokinesis of the Mt Sedom diapir. 

(4) Organic salts (i.e. calcium oxalate) are 
suggested to precipitate out from the brine solution 
during upward transport to the surface and at the 
outlet of  the spring. 

(5) Under certain tectonic conditions it is possible 
for oil associated brines to reach the surface or 
shallow depths. If so, study of the organic matter in 
surface or ncar-surface brines may provide infor- 
mation on the possible existence of  buried hydro- 
carbons. 
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