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Abetract
High pH waters, up to 12.5 are encountered in the Magarin area,
the extent of the aquifers containing the waters as well as their origin are
discussed. Their presence is attributed to the dissolution of partlandite

and other low temperature minerals resulted from retrograde metamorphism.

The high hydroxide, sulfate and calcium concentrations as well as

some trace metals sre related te the effects ef the spentanesus cembustien

of the organic matter in the Bituminous Marl Formatian.

The gorundwater in both Amman and Bituminous Marl Fermatiens flew
towards the Yarmouk River. The confined water in both formations ferm sn ef-
fluent to the Yermouk River although the permeabilities are low; 3.6 x 10-3
cm/sec for Amman Formation and 5.0 x 10-5cm/sec for the Bituminous Marl Formation.
The weter issuing from both aquifers mixes wiih the main baseflow of the

river originating from the basalt aquifer and with high pH waters from the

vadose Zone.

The thermal water discharged in the erea ie formed during ascendence

by mixing of deep hot water and waters from the Amman and Bituminous Marl

Formations @s well as the high pH water frem the vadese zens. This expleins the

di fferences in temperature and composition of the discharged water.
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INTRODUCTION

This study wes carried out in the surroundings of the Magarin Dam
Site. It lies in the Yarmouk River Valley at the Syrain = Jordanian
border, 16 km, nerth or Irbid City and about 25 km to the:! gast of the
Jordan Valley (Fig 1). The topography of the area is rigid and ranges in
elevation from 30 to 400 meters sbove sea level. The valleys in the area are

V=ghaped indicating their recent history.

i . 3 " "
On the Yarmouk River with a baseflow of 3.5 m /sec and a flood f'low which
2 3 ; A
may reach more than 200 m /sec 8 dam with a capacity of more than 400 MCM is

suggested.

[he unurbanized catchment area of the Yarmouk River extends in both
Jordan and Syria . The rock units covering the surrounding area of the

proposed dam are the maln factors affecting the water chemistry.

Previously no detailed hydrochemical or surface water stufies were carried
out in this area. Only few ground water samples fram certain aquifers were
analysed by Natural Reseerchs Authority (NHA) during pumping tests of same
wells. Few samples from adits, boreholes and springs were analysed by Harza
Engineering Company during the period 1977 and 1979. Chalky Limestane Formation

springs in the upper reaches of Wadi Shallale are sampled sccasienelly and

snalysed by the NRA.
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Ground water studies were carried out by Harza Overseas Engineering
Company in the lest few years. Boreholes were drilled by Backer and Harza
Engineering Company in 1955. Another group of boreholes were drilled by
Engrgeproject in 1966. Most of -the boreholes and all the adits as well as
deteiled geological mapping for the reservoir area were completed by Harza
Engineering Company in 1980.The petrography and chemistry of some rock units
in the srea were studied by Amira,1980; Nassir, 1980 and Khaury and Nassir,

1q82.

The presence of high pH - water initiated this work. The lack of

information about the hydrochemical properties of surface and ground waters

encouraged the authors to carry out this study which should give a detalled
account 8bout the relationship between the geochemistry of the rock units

and the hydrechemistry ef surface snd greund waters. The high pH in seme waters
and its effect en sther waters is slse studied . The results ceuld

directly lead us to some thoughts and estimates about the expected umter

quality in the reservoir of the proposed Magarin Dam. The ground water resources

of the Yarmouk River are aslo quantitatively discussed and evliuated.
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Geological Setting

Geology:

The bituminous limestone of the Magarin ares is a part ef the Upper
Maestrichtian - Lower Paleocene Chalk-Marl Unit deposited in an
elongated sedimentary basin striking N to NW (Fig.1). Fig.2 shows 8

generalized stretigraephic column in the area. Rocks caen be divided into

three major gQroups;Cretacecus - Tertiary, basalty and Quaternary rocks.

Cretaceous-Tertiary Rocks:

a: Amman Formation (B8-2).
The lower part (52 m thick) is known as the cherty partion. It
consists of bituminous marls with Llack chert and limestone bands.
The upper portion (6.5 - 10 m thick) consists of massive, hard,

fractured, fine grained, highly fossiliferous bituminous marl with sandy

limestone.

b: Bituminous Marl Formation:
The Amman Formation is conformably overlain by the Bituminous
Marl Formation. The total thickness mapped in the further surroundings

of the Magarin area is about 200 meters (Wiesemann & Abdullatif , 1963,

Bender, 1968). The rocks are considered as a part of the Chalk-Marl
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Unit of Danian- Maestrichtian age (Bender, 1968). The Bituminous Marl
Formation consiste of ergillaceous, fine grained limestone with comman
microfossils.

Rocks of the Bituminous Marl Formation are slightly to moderetly
fractured. The fractures are heeled with calcite. In some places the

Joints are filled with pyrite.

C: Altersd and Breccisted Recks:

On the laft flank ef the Yarmouk River, an unussl breccisted and
altered reck unit can be sraced from Wadi Sidjin esstwards te the damsite
and then te sbeut 1900 meters tewards Wadi Shallalas ts the ssuth emst. This
unit is highly hetersgensus in fabric, texture and reck type. A metmmerphic
zene is feund in this reck unit (Kheury & Nassir,1982). High and lew

temperature minerals such as usllastenite, spurrite, ansrthite ettringite,

plrtllﬂiitl sasessses BCt. were recerded ( Khsury 1984 ).

D: Chalky Limestone Formation:

This formation can be divided into three units;

I. Lower Chalky Unit (190 m thick). The lower portion is about 15 meters
in thickness and forms a cliff of massive homogeneous limestone known
as the main cliff (Harza, 1979). It is overlain by soft sediments of
argillaceous limestone with variable amounts of organic matter.

II. Cherty Unit ( 30 - 40 m thick). It overliee the lower chalky unit and

consiets of chalky limestone with many thin chert bands.
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III. Upper Chalky Uint ( 170 m thick) . It is similar to the Lower Chalk Unit

in jte petrographic composition but it is softer and more chalky.

Basalts:

Basalts are found to cap the area on the right side of the Yarmouk
River and parts of the left side. These basalts are related to final (sixth)

flow of pleistocene age (Bender, 1968).

Recent Deposits:

Recent deposits in the studied area consists of unconsolidated wadi fill

and residual soils.

Structures:

The Magarin demsite area is affected by small scale tectonics. Rocks

are elmost horizontal or gently dipping. Maejor faults are caompletely absent.

I. Folds:
#

The Bituminous Marl Formation was brought to a higher elevation
maore than any other place in the Yarmouk Valley, by a northeast- southuwest
trending anticline. This anticline is plunging to the northeast ( Wieseman

and Abdullwetif 1963). On the southeastern flank, the rocks dip ‘18-20U

to the southeast . The extent of this limb is about 2 km, after that the
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layers flatten out. The northuwestern 1imb rocks dip to the northwest with

angles less than 10°.

II.Faults:

P e I

Faults are not very common in the Magarin area. They are mostly traced
in adits with throws of some 5 meters. The fault with the highest displacement

(4O m ) in the ares trends N 650 W te the north of Wedi Shallala (Harza 1979).
L]

III. Joints:

e —— e

Tow sets of Joints are prevailing in the area of Magarin,with NW-SE
and N-5 trends. Polygonal and vertical jointing is also prevalling in the

basalts.

Field and Laboratory Work

ra

Field Work:

A total amount of 110 ssmples of surface and groundwater sources
were collected for chemical analysis. The location of sampling sites are
shown in Fig (3). The samples located outside the mapped area are given
with their coordinates in Table (1). The pH was checked in the field using
0.1 range pH= paper.Temperature, 8nd glectric conductivity were also measured
in the field during sampling. Discharge of the Yarmouk River as well as

precipitation over the area were measured at station AD-5, by the Surface

|
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Water Diviaiun/l\lﬂn. Water level measurements in the boreholes were carried

out by the Jordan Valley Ruthnrltyl Dams Directorates in the perlod between

1978 to 1981,

Laboratory Work:

The analysis of the water samples were carried out in the laboratories
af the Department of Geology and Mineralogy at the University of Jordan.
Alkalinity was determined by titration with hydrochloric acid standard
solution using phenlophthalein, methyl orange and a mixed indicater ef methyl
red and bromocresol green.

Calcium and magnesium were determined by titration with standard solution

of EDTA Ne- sslt (Titriplex,III ) using murexide as indicator for calcium

and eriochrome black T for the total magnesium and calcium (Brown et al,1974).
Chloride was determined by titration with mercury nitrate Hg (NGB) standard
solution using diphenylcarbazone as indicator.

Sodium and potassium were analysed by using Eppendorf flame photometer after
diluting the samples to reach the optimal range of accuracy. Spectrophotometry

was used to determine nitrate and suphate, using Perkin Elmer 555 spectrophotometer,

at wave lengths of 206 nm and 492 nm respectively., Trace metals were analysed

by atomic ahsorption spectrophotometer, Jarrel-Ash model 850 after concentration

of samples by evaporation to ane fith of the original volume.
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HYDROLOGY

Rainfall: -

——————————

From the ieohytal map of Jorden (Climetlic Atlas aof Jordan,1971). The
average annual precipitation over the studied area was calculated to be
around 450 mm. Precipitation meesurments at station AD-5 in the period between
1974 and 19680 showed @ minimum precipitation of 191 mm in 1978/1979 and

a maximum of 665 mm in 1979/1980.

Surface Water Discharge:-

Discharge messurements were carried out at stetion AD-5 on the western

boundary of the studied area. The amount of the water discharged as baseflow

at station AD-5 during the period 1966-1980 showed ® maximum ef 220 x 106m3 in

1968/1979 and a minimum of 153 x 10 6m in 1978/1979. The average huseflow 18

b
calculated to be about 181 x 10 m . yearly with a standard deviation of
17.8 x 10 8 m3 year. The baseflow in each year was calculated as the difference
between maximum and minimum amounts of stored yroundwater . ( Usinyg Mailletejeq,
1905) . The meximum stored amounts of groundwater in the year 1968 to 1980
6 3 b 3 :
range between 364 x 10 m”/ year (1979/1980) and 262 x 10 m~ (1978/1979) with

6 3
an average of 319 x 10 m3/ year and standard devietion of 3L.7 x 106 m /yeare.

The minimal yearly stored amounts of ground water in the same period (1968-1980)

"
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6
ranged between 198 x 10 rn3 “(1979/1980) and 76 x 106m3 (1977/1978) with an

aueraqé of 137 x 105 m3 year and standard deviation of 34.6 x 106 mjfyear.

The souece of groundwater conslete of one aqulfer or more without any
sudden serious decrease in the amount of groundwater yielded by any one of
the major aquifers. The main source of the Yarmouk River water is the basalt
aquifer. Minor amounts of groundwater are supplied by the artesian Amman Formation
and by the Bituminous Marl Formation as inferred from the chemical composition

of the water and the piezometric map of Amman Formation (Abdul- Jaber 1982).

EVAPORATION: =

The average annual temperature is 21.5 c®  ( Climatic
Atals of Jordan, 1971). The average temperature during the rainy menths{ from

the begining of November to the end of April) is 1.5 c°.

Eveporation was calculated using Wundt and Turk equations and found to be 408 mm.
The evaporation precipitation ratbo is 4B8/450 which means that 90.5% of the
precipitated water is lost by evapoteanspiration. Infiltration was calculaeted

to be 17 mm yearly ( Abdul - Jaber, 1982).

GROUNDWATER :

The four water bearing rock formations present is the studied area are

discussed below:
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1= Amman ForTatiun

-

This formation is highly fractured with relatively high secondary
porosity and permeability. The permeability ranges Ffrom 10-5 cm/sec to

more than 3.7 x 10> cm/aec (Harza, 1979 ).

2- Bituminous Marl Formation:

This formation is of very low permeability: It is considered as a
good aquiclude. In the area of Magarin dam site, the formation is partly
fractured and form a semi-aquifer with measurable permeability. Water

.prassure tests in this formation gave a permeability of 5.0 x 10-5 cm/sec
at the Syrian side and a permeabillity of 1.0 x 1U-5 cm/sec at the Jordanian
side (Harza, 1979 ) Within the upper part of the Bituminous Marl Formation,
en the left side of the river, high pH waters are found as perched water.

They seep down the slopes towards the Yarmouk River.

3- Chalk Marl Formation:

This formation lies within the unsaturated zone. It was not possible
during the period of this study to determine its permeability. Although
the rock type indicates very low permeability , springs are

issuing from this formation in the surrounding area ms Ain Quelbe, Ain El1-Trasb

and the springs of Wadi Shallala.
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L- Basalt Flows:

The basalts form guod aquifers. Most of the Yarmouk River baseflow

and springs are derived from this aqulfer.

GROUNDWATER MOVEMENT :

Waters from Amman Formation, Bituminous Marl Formation and from the
Vadase Zone discharge towards the Yarmouk River. The water of the confined
Amman Formation seeps upwards through fractures and joints in the Bituminous
Marl Formation to the Yarmouk River. Based on measurements of the plezometric
level data in the boreholes penetrating the Amman Furmation in March 1980,
groundwater contour lines ere drawn.Figure 4 shows that the groundwater flow
is directed towards the Yarmouk River. On the northern dide, the water moves
towards the south with a gradient range. between 0.022 and 0.02Y9. On the
southern side, the water moves northwerds with a gradient of 0.075. Aleny
the river bed, the flow in this fosomation coincides with that of the river,
mainly from east to west with a gradient range between 0.034 and 0.039. The

high pH water in the Vadose Zone at the southern side of the Yarmouk River

seeps down along slopes and fractures towards the river.

HYDROCHEMISTRY:

In the Magarin area, the different waters vary in their physical and

chemical properties. The pH value of the water ranges from 6.5 ( Sarehsles
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BV-2) to 12.5 (Adit A-6). The electric conductivity which generally reflects
the total dissolved solids (TDS) in water shows a range between 450 mhos
(Boreholes FS5-35) and more than 8000 mhos (Adit A-6). The TDS in borehole
FS=35 {l 265 ppm, in edit A-6 is 1200 ppm and in boreholes $-3 is 2160 ppm.
The TDS of S=3 has the highest velue measured in the Bres , its electric
conductivity is 2600 mhos. Most of the waters in the area show low nitrate
content and a week to strang HES odor. The temperature of the water ranges

between 23.5 ¢ (boreholes FS-36 ) and 34.5 c” in the thermal springs hetwaen

20-4 ( at the Syrian side of the Yarmouk River).

YARMOUK RIVER WATER:

The Yarmouk River water is meinly discharged from the basalts at Zeizoun

and Mezerib spring in Syriaé ( Harza, 1978 end 1979). During times of base

flow the chemical composltion of the wster 1d nearly slable with a TDS ranying
from 420 to 490 ppm. The TDS decreases to about 260 ppm during floods (samples
collected on 10.71. 80 and 29.1.81 Table 2).

In trilinear representation (Languth, 1966), all the analysed samples plet
at the center of the diagram, cuncentrated in the area of alkaline earth
water with increased portion of alkalies and prevailing chlaride (Fig.5) .

The TDS of the Yarmouk River water is low. All trace metals are found

in very small concentrations. They range from below the detection limit up to
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500 ppb ( January, 1981 ). The results af the heavy metal analyses are

given in Tablae 3.

2= High pH Seepages:

Thie water percolates threugh the vadese zene sn the left slepes ef the Yarmsuk
River. It is characterized by its high pH values (12.5) which maekes it & unigue
type of water. High pH waters of different origins were recorded in Greece
( Papastamatak, 1977), USA ( Barnes et al, 1972), Oman ( Barnes at el 1978).
High pH value waters are found in adits; A-6 and AFS5-2, travertine zone seepage

at the south of Wadi es Sidjin.

The TDS of this water is relatively high and rangee from 1128 ppm (Adit
R=6, June 1981) to 2068 ppm (Boreholes FS5=1). From the chemical point of view,

this water is considered rich in its calcium hydroxide and calcium sulphate.

Hydroxide, sulphate and celcium contents range from 176 ppm (Adit A-6)
to 682 ppm (Boreholes FS-1)’frum 223 ppm (Adit - A-6) to 451 ppm (wadi Sidjin
seppages) and from 418 ppm (Adit A-6) to 924 ppm (Boreholes FS-1) respectively.

In most samples magnesium wes not detected although some samples show very

low concentrations (Table &4).
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In a irilinear representation ( Languth, 1966) this water plats
in the area of alkaline earth water with preveiling hydroxide, where the
hydroxide group substituts the bicarbonate group in this type of water
(fig 6). Two samples were callected {n 1977 from adit A-1 and adit A-&4 and
analysed in the Natural Resources Authority Laboratories (Harza 1978).
These two samples correlate directly with the authors results. When the high
pH water comes 1in contract with the atmosphere, it absorbs the atmospheric
carbon dioxide , and celcium cerbonate precipitates. Travertine, stalactites,
stalagmites and carbonate cement result in the cementation of gravels.

They are the results of calcium carbonate precipitatlon.

The high pH water seeps down slopes towards the Yarmouk River. Along
joints and fractures, 1t mixes with water of the 81 tuminous Marl Formation
and most probably with the artesian water of Amman Formation. These mixing
processes are accompanled with complicated reactions and result in glviny
the mi;ed types of waters. This mixing is considered later in the discusien
The high pH water is also characterized by its high Cr, Cd, Ni, Pb, Mo, and
Co, contents (Table 5). In Wadi es Sidjin seepage, the Cr concentration

\s 600 ppb, Cd, reaches up to 10 ppb, Ni 75 ppb, Pb 95 ppb, Mo BO ppb and

Co 50 ppb.
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3. Springs.

In the Magarin area chemical and cold water springs are prsent.
3.1: Thermal Springs.

'}hree springs with a temperature of 32 to 35 c® are present an the
Syrtan side of the Yarmouk River. They range in their TDS from 4LB0 ppn to
746 ppm and give distinctive H25 odor (Table 6 ). The pH of these springs is
quite normal; around 6.8.

Spring No.2 with a temperature of 32 c? and a TDS of 485 ppn end spring
No. 9 with a temperature of 32°C and TDS of 573 plotsin the sree of slkaline
earth water with increased portion of alkaline and prevailing bicarbonate.
Spring No. & with temperature of 34.5°C and T0S af 747 ppm plots in the eres

of alkaline earth water with icreased portion of alkalies and prevailing

chloride (Fig 7 , Table & e

3.2 Cold Springs.

a: Springs of the Chalky Limestone Formation: Three samples from Ain Quelbe,
two samples from Ain Shalaq and two samples from Ain Umjrain have been analysed
in the period between 1972 and 1978 by the Natural Ressurces Autherity. During the
period of this study one sample from each spring, Ain Quelbe, Ain et Trab,

Ain Ba'boul and Ain Sombal where collected and analysed (Table 6). The later

two springs ere located in the lower reaches of Wadi Shallala. Water of these
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springs has & normal pH of 6.8 and an E.C. value Of about 420 mhoe in
Ain Ba'boul J.

Ain et Trab and Ain Quelbe sre characterized by their low TDS ranging
from 258 ppm to 281 ppm. Table 6 shows complete chemical analysis of these
two springs water. Ain Quelbe water plots in the aree of alkaline earth weter
with prevailing bicarbonate, and Ain et Trab water plots alse in the
area of alkaline earth water with increesed portion ef alkalies and prevailing

bicarbonate (Fig 8 ).

Other springs of the Chalky Limestone Formation are located in Wadi
Shallala , they issue from the same rock unit as Ain Quelbe and ARin et Trab
springs. Their I®S ranges from 345 ppm, in Ain Shalaq to 606 ppm in Ain Ba'boul.

The TDS of the leatter is higher than the above mentioned springs.

Ain Ba'boul and Ain Sombol samples plot in the area of alkeline earth
water with prevailing bicarbonate. Spring No. 7 water is slightly shifted to
the area of alkaline earth water with bicarbonate and chloride. The laat
three samples could be chemically correlated with those of Ain (Quelbey Ain Shalaq
samplesluith TDS of 387 ppm plot in the area of alkaline earth yater with incressed
portion of alkalies and preveiling bicarbonate. Ain Umjrain samples which show"

higher TDS (4LOO to 439 ppm) plot in the area of alkaline earth water with

increased portion of alkalies and prevailing chloride (Fig 8 ).
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b: Besalt springs: Two samples from springs issuing from the basalt
sequence on the Syrian side of the Yarmouk River wese collected and analysed.
Both waters discharge with a temperature of ZD.SDE and show different chemical
composition., Aln Ghazala has a TDS of 248 ppm and 8 pH value of 6.5. It plots
in the areas of elkaline earth water with increased portion of alkelies and
prevailing bicerbonate. On the other side, Ain Quseir with a TDS of 590 ppm
and @ pH value of 8.5 plots in the area of alkallne earth water with increased

portion of alkalies and prevailing chloride (Fig 7).

C: Ain el Mardashia: This spring is loceted about 1 km to the northeast
of Magearin Station. It issues from Wadi fill gravels covered with cultivated
soil., Its TDS content is 780 ppm and chemically plots in the area of alkaline

earth water with increased portion of alkalies and prevailing chloride (Fig 7).

d: Spring Number 3: It issues from wadi fill gravels few tens of meters
to the west of the bridge at Magarin(Fig 3. J. Its chemistry is simllar to that
of the Yarmouk River water with a TDS ranging from 327 ppm to 479 ppm (Table5. ).

It plots 1q the alkaline earth water area with increesed portion of elkalies

and prevailing chloride orit is shifted slightly inte the adjacent area sf prevailing

bicarbonate showing nearly negligible difference. (Fig 7).
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the thermal end cold springs of this area show low concentrations of

heavy metals; usually belsw 30 ppb with the exceptian af iren which reachsze sbesut

396 ppb  (Taeble 7 ).

L. Ammgn Formation:

-

Fifteen boreholes penetrating this formation were sampled in the period
between August 1980 and June 1981. UWater of this faormatiun has a pH value
of 6.5 to 7.4, only borehole FS-34 shows a pH of 12.0. This is due to mixing

with high pH water which seeps through joints and fractures.

Water of Amman Farmation has a temperature range betuween 24.5 C*( Borehsle
FS =32 yand 3080.(Burehnla FS =35).The mean temperature of the collected

samoles is 26.75C°.

The Amman Formation weter ranges in its T0S from 250 ppm (Barehole FS5-35

in September,1980) ts 680 ppm( Well-uwS in Sept,1980,Table 8). The nitrate centent

of the weter is very low. The water 1s accompanied by strong H25 adar

(Barehole FS5=37).

On the trilinear representation of Languth, water of Amman Formation
shows 8 wide range in its composition. ggmg samples plet mainly in the ares af
alkaline water with prevailing chloride while gthers plet in

the area of alkaline earth water with increased portion of alkalies and prevailing

bicarbonate . Only twe samples plet in the area ef prevailing chleride (fig 9).
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Heavy metals are generally fsund in trace ceancentratien. With the

exceptisn ef iren and zinc whibh shew higher cencentrastisns. The maximum
cencantratisn of Fa is 1050 ppb ( Well - NRA-8), Zn 1600 ppb, (FS-26), Ni 83 ppb
(F§=36) and Pb 53 ppb and 557 ppb in berehele FS-34 and well NRA respectively

(Table 9 ).

5. Water of the Bituminsus Marl Fermatien:

Water percelating in this fermatien centsins in mest the ceses a TDS belew
600 ppm. With the excepting bereheles FS-47, 5-26, S-3, and F5-70 which shsw TDE
values ef %1 ppm, 101 ppm, 1079, 2165 ppm, and 709 ppm respectively ( Teble 10).
Watar of this fermatisn shews @ leaw nitrate centent and is accempanied with
HZE sder. The pH values ef the water percelating thraugh the Bitumineus Marl

Fermatien is nermal snd rangs betwsen 6.5 ( Berehsle BV-2) and 8.5 (Bershele 5-41).

Bershele 5-8 shews ® high pH value ef 12.5 due te mixing with the high
pH water. The Bitumineus Marl Fermatien water has a temperature range between
24 C* (Berehsle FS-70 ) and 29.5 C* ( Bershale HV -7). The mean temperature
ef the cellected semples is 27.5 E.. This fermatien plets in diffearent ares an
the trilinear digrem. The highest number ef samples lpet in the sres ef aslkaline

sarth with incressed pertisn sf slkalies and prevailing bicarbenate. Few samples

plet in bath ef alkaline water with prevailing chleride and slkaline sarth water
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glth ineressasd pertisn ef alkalies and prevailing chleride. One sample plets in the arme

of alkaline earth water with prevailing chloride (Fig 10).

Table 11. shows the trace metal analyses of the Bituminous Marl

Formation water. The metals Cu, Cr, Ni, Co, and Mo ere found in trace

concentrationp and reach up te 50 ppb. Some samples show higher concentration

gf one or more trace metal, form example borehole FS5-47 has 74 ppb Mn, 70 ppb

Ni and 62 ppb Mg4lead(pn) shows the widest range of concentrations which range

bdtween zars in bershele BV=2, 5-29 and HV-8 is 10N1 ppb in berehsle FS5-5.Tha highest
cenceatratisn in mestald cencantratien is diepleyed by both iran snd zine; where

iron reaches a concentration of 1.8 ppm (Borehole FS-71) and Z2iNC is as high as 18

ppm (Borehole FS=5).

DISCUSSION:

The results sf the chemicsl snalysis are pletted sn legaritmic
campasitiaen diagrams. The guslity ef the weter is then determined by calcu

calculating the hardness, the sedium percentage and the sedium adserptien

ratie (5AR).
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YarmouKk River Water:

The besseflow of the Yarmouk River seems to originate from & major
aquifer feeding the river with a8 fixed hydrochemistry. This woter shows mostly
parallel 1inea on the concentration composition diesgram (Fig 11) indicating
the same source of water during all seasons of the year. The composition of

|
flood u;ter deviates from that of the base flow and & general decrease in
concentration of Mg and Sﬂb is measured. The compositioh of the Yarmouk River
bese flow water as well as during flood flow times shows that Na> Mg) Ea) K
and HCD?CI)SD“. Only &8 sample collected in March 1981 during a flood showed

that Ca »p Mg and that a decrease in 50, concentration took place.

L

The quality characteristics of the Yarmouk River water are summarized
in Table 2 - According to Sawyer amd McCarty classification (1967), the water
of the river is moderetely hard. The major ion concentration of this water
lies below the limits recommended by the WHO(1371) for drinking water.

In respect to the classification for irrigetion and peceme ef its high
sodium percentent which reaches(59%) this water is classified 8s permissible
(Table 10). According to Richard's classification (195L4) this water lies in the

area of low sodium hazard (51) and medium salinity hazard ([32).

High pH Water:

Thie type of water is present in the vadose zone of the metamorphosed

rocks at the upper part of the Bituminsus Marl Fermatisn. The high
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T0S of this water is a reflection of high Ca, SO, and OH concentration coming

4

from the dissalutien ef line pertlandite Ca (EIH)2 and gypsum c-suk.zﬂzu
( Khpury snd Nassir 1382).
This water type shows variation in cempesitien witheut any -
systematic variastien and ceuld be.attributed te differences
in the thickness of the perculated metemorphic rocks, contact time of the water
and rock, degree of metamorphism,exposure of the water to the atmasphere,
the local presence of the retrograde perculated metamerphic minerals such as

partlandite and the mixing with sther types of uwater. The varistien in
c-mﬁ-uitiln can be censidered ss different degrees of dilutisn ef high TDS watar.
The high pH water in the studied area follows the relation Ca > Na) H> Mg
and DH)SDI\} Cl with the exception of two samples; the first sample collected
in May 1981 from adit A-6 (fig 12 a ) where Mg is a little higher than K; the
second sample collected from travertine zone seepage (fig 12b) with Cl
concentration higher than SDh. The concemtration composition diagrame(fig 12c).
of this water type shows parallel or coinciding lines. This indicates that these
waters belong to one oringinal water type with definite composition which is then

diluted by different portions of the matersiec water. Calcium snd hydrexide iens

are the two major constituents of this water type. They correlate well with

the TDS. Wadi es Sidjin seepage samples show Ca and OH correlation coefficients

with the TDS of 0.97 and 0.99 reepectively.
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The high pH water is charscterized by ite high TDS, Ca, OH, SO , Cr

L'
and Ma. Ni and Cd are slightly higher than sther elements. The high trace
metal cantent is sttributed te the dissslutien ef lsw temperature minersle
which incerperate seme base metals in structure ( Khaury and Nassseir,K 1982).
The Bituminsus Marl Fermatien recks cencentrate alss base metals which are
sssecinted with the srganic matter ( Amireh, 1979). The sslubility ef these
metals ceuld be increased ss s result sf the spsntanesus cembustien ef the

srganic matter. Line spurrite, wellastemite, anerthite ....exc are smeng the

newly fermed minerals.

Retregrade matamerphism is still active in the arem ( Kheury, 1984)

and the sctien ef the circuleting waster in high and lsw tempersture minersls

is tmking place . The effect ef the high pH water en the high temperature

minerals ceujd result in extracting such elements. Chlremium rich lesw temperature
minerals such ss velkenskite, ettringite, green gypsum ... etc were recered
( Kheury lnifﬂllllr, 1982, Kheury et al, 1984). Water quality criteria far
this water is represented in Table 13. Cempletehesvy metal analysis is shawn
in Teable 5 . Accarding te Sawyer snd McCerty classificatien, this type af water
is very hard, and is net suitsble fer demestic snd drinking purpeses dut te
its Allvy metal, Ca snd OH centents which exceed the WHO limits.

Althlggh this type eof water is with low s3dium percentage, its use fer
irrigatien is deubtful due te its high TDS (WILCOX 1955). Accerding te richard

( 1954), this water is classified as lsw sedium hezerd water (51) but with

high salinity hemzard , C3 type.
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Spring.

a: Thermal Springs.
The temperatures eof springs na.?, and _b., 1832, 32 and 34.5 c® and
their TDS is 4BO, 573 and 747 ppm respeotively . The TDS nf these

waters is a function of both Na and Cl content. Both of them correlate
1

with the TDS, with a correlation coefficient of 0.98 and N.99 respectively.
Compering these results with the chemical composition nf the thermal

well of "Shuna" whigh was drilled by the Jordan Valley Authority in the
northern Jordan Velley- shows that the water of this well has 8 lower

TDS then expected. It has & TDS of 5371 ppm while the temperature of the
water is 56°C. Sodium and chloride in the water of "Shuna" well correlate
with their concentration in the thermal springs. The low TDS of Shuna well
water compered with that of the thermel springs indicate that the water

of the thermal springs is a mixture of three components; low TDS high
temperature deep water with higher TDS cold meteoric weter and lower

TDS cold meteoric water.

The chemical composition of the thermal sprifgsuwater showsthe
relationship Ca>Mg%) Na) K and HCO,) C1> S0, . This relationship is also
valid for the thermal water of Shuna well (fig. 13)-

The concentration composition disgram shows mainly parllel lines

except for spring No. 2 where Ca and SDQ are higher than expected.
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The concentration composition diagram of the Shuna thermal well shows
just the same trend but without parallality in the lines.
The source of this water is assumed to be a8 deep weter body with lower
salinity and higher temperature than that of spring No.&k. The water aof

1
£l Hemma seems to be much closer in its composition to the original water.

It has both higher tempereture and TDS as well as higher Na wnd Ll. The
original water is then diluted in different ratios with recent metearic
waters resulting in lower temperature and some times lower TDS of the mixed
water emerging from the springs.

The water of the thermal springs has a chemical composition which lies
within the limitg of the WHO for drinking water (Teble 6). This makes the

|
water after areatlon to get rid of the H25 gas suitable for drinkiny and
domestic purposes. Technical problems may avise due to the high haridness of
this water type which is considered as very hard according to Sawyer and
McCarty (1967) classification. Accurding to Wilcox (1955) Lhis water Lype

is classified as permissible. Accerding te Richards (1954) it is classified

a8 lsw sedium hezard weter (51) and high salinity hazard water (S3).

b: Normal Cold Water Springs.

b.1: Chalky Limestens Feematien.

The cancentration composition diagram of these springs enable their
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division into groups:

F. Springs of the lower reaches of Wadi Shallala : This group includes three
springs emerging from the lower Chalky Unit of the Chalk Marl formation.
The weter hes the relationship Ca)» Mg) Nap K, and HCEIJ) EEII‘) Cl. Only
in the Ain Sombal water CQ} Sﬂh' The concentration caompnsition digram shows

almost parallal lines indicating the same aquifer and origin (Fig.4).

II.Springs of the upper reaches of Wadi Shallala : This group includes Ain
Shalaq, Ain Umjrein, Ain Quelbe and Ain et Trab. These springs emerge from
the -upper Chalky Unit of the Chatk Marl Formation. The water of these springs
shows the relationship of Ca > Ne > Mg > K, and HCO, > Cl 7 S0, (Fig.15).

It is cencluded that the water af Ain et Trab has the sames

erigin ef Ain Shelag and Ain Umjrain waters. The higher ssdium and chlesride

contents in Ain Shelaq and Ain Umjrain is perhaps due to mixing with uaste
waters of an inhabited area. This is evidenced by the relatively high ND3

concentration in Ain Shelag and Ain Umjrain waters which preach LE and 56 ppm

respectively.
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The weter of ths lswer reaches sf Wadi Shallala Spring ( greup I)
can be cerrelsted with the water af Ain Quelbe. The difference in TDS can
be sxplained by the duratisn uf centact between the water and the resck,
te resch sguilibrium. Higher cencentrstisns sf Ca and Mg in the water sf 1

lewer Wadi Shsllalas Springs and Ain Quelbe ceuld be alss explained sccerdingly.

The wuater of the Chalky Limestene Fermatien springs is hard te very
hlri. The majer and trace censtituents are within the limits of the WHO
standards fer drinking water ( Table 7) and is suitable fer drinking and
demestic purpeses. The infilteratien af cesspssl waste weter ts the squifer
ceuld effect the water quality. This is evidenced by tus samples cellected

frem Ain Shelag and Ain Umjrain where N03 cencentratisn exceeded 45 ppm.

Accerding te Wilcex (1955), this uwater can be clessified as gesd te
permissible fer irrigestien purpeses. Accerding te Richards classificatien
(1954) the water shsws lew sedium hazarsds (51) and lsw te medium salinity

hezard ( C1 - C2 ).

b.2: Basalt Springs.
Ain Ghazalas shsws the same chemical cempasitisn as the Yarmeuk River

with the relstisnship sf Na Mg Ca K, and HEO3 Cl SU“ snd with parasllel

lines sn the cencentratisn cempesitisn siagram ( Fig. 16 ). This indicates that

the Yarmeuk River water is mainly serived frem the basalt aguifer.
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Only the uater of Ain el Quesir with a TDS ef 590 ppm a relatisnship
af d- Na Mg K, HCO3 cl1 SDQ and uwith N03 centent ef 85 ppm differs
frem beth Yarmeuk River end Ain Ghazala waters. This is sttributed te
the cencentratisn af the basalt water with demestic waste water of the
villeges lecated in the catchment area sf the spring. The high Na, Cl and
NIJ3 clnftnta supsrt. All cencentratisn ef the chemical senstituents are
liUlr tﬁln the WHO limits fer drinking uwster. Only Ain el Quesir has a

higher NL‘I3 cantent (53 ppm) than the WHO recemmendatisns.

Agcerding tes the clsseificatien ef Sewyer and McCarty (1967) water
of the basalt sguifer is mesderalety hard te hard. Accerding te Wilcex
classificatien (1955) far irrigatien the basalt water in classified as geed

ts permissible. When using the Richards classificatiasn (1954) this water

is with lew sedium hazard ( S1) and lew ts medium salinity hazerd ( C1 - C2).
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Amman Fprmation Waters:

Water samples collected From Amnan Formation show that the water

perculating in this formation is heterogenous in its chemical characterstics.

The different boreholes show different hydrochemical compositian
but the same borehole over the study period shows similar results and

nearly fixed chemistry.

This inhomogeneity in the hydrochemical composition is a result of
mixing of the Amnan Formation water with the water sespina fram the metamsrphesed
inne. This results in heterogenous mixturesof the Amman Formation water and
other watere each with diffeneht compnsition. This fact results in giving
each borehole its own system of mixing and therefore its own hydrochemistry.
Except between Sﬂh and TDS, no correletion was detected between the different
lons and TDS expressing the heterogeneity of the water. The correlation

coefficient between TDS and SDL was calculated to be 0.97.

Becauss ef mixing the cencentratisn cempssitisn disgrames shsw, very

canfusing patterns.

According to the major ion concentration all the wsters of Amman .
Formation contain' chemical constituents within the limits of drinking water

recommended by the WHO ( 1971). These waters are medium hard to very hard

( Table 1% ). Seme trace metals reach cencentratisn are higher than WHO

P
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standards. The highest cencentratisn fer Pb and Zn with values 575 ppb and
15 ppm in NRA - A and FS = 21 respectively ( Table 9). Accerding berehsles

FS - 34, F§- 17, FS- 21 and well NRA -A - lLadi es Sidjin are nat recammended

feor drinking purpeses.

For irrigation purposes this water ranges in its classification
according to Wilcox (1955) fram good to doubtful. Waters of Lhe fullowlng
borehdles and wells are doubtful in their use for irrigation: FS-32, FS-63,
NRA = A, FS=34, and HU-11, According to Richards classification (1954) the
Amman Formation water is classified as of low sodium hazard (51) and low
to medium salinity hazard (C1 - C2) except the water of borehole FS-34

which classifies as of high salinity hazard.

|
Bi timinous Marl Formation Water

Water samples collected From boreholes penetrating thecdituminous
Marl fFormation show heterogenous chemical composition. TE changes Treom
one borehole to another @8 in the case »f the Ammen Fermatien Water.
This is mainly related te the effect of dissulutien ef minerals in the
metamerphased zene with their hetersgensus nature. Water passing threugh the

metamorphosed raocks mixes in different ratios with the water of Bituminous

Marl Foramtion to preduce hetersgeneity. The water of this fermetisn
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0
reaches 27 "C. The higher temperature could also be attributed

to exothermal reactions such as oxidation of the sulfides and organic
matter. The source of the H,S is attributed tg the reduction of 50, to

2

sulfides mymin,

The water collected from the same borehole over the year shows a similar
chemical composition (Fig.17), while that af different berehsles shers a

heterogenous chemistry.

Variations in water chemistry encountered within this formation
Icuuld be attributed te the presence af srgenic matter, sulphides and te

pregrade and retregrade metamsrphic minerals.

The pH of the water of the Bituminous Marl Formation is normal with the
exceptien of berehsle S -8 which reaches 12.5 and ceuld be & result ef

mixing with high pH water.

The concentration of the major ions in the Bituminous Marl Formation
waters is mainly within the limits recommended by the WHO for drinking water

with the exception of borehole 5-26 where 59 ppm NO, exceeds the WHO limit

3
of 45 pp. Although the HZS concentration is low it has a strong odor which
makes the water objectionable. The trace metal concentration differs from

one sample to another |, Cu, Mn, Cs, Cr, Ni, Cd, and*Ms shsw lsw csncentratisns

lewer than recemmended upper limit ef the WHD fer drinking water. Zn (5.0 ppm)

and Pb (50 ppb) values mre higher than the WHD =f standards.
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Accerding te Sawyer and McCarty ( 1967), the Bitumineus Marl

Farmatisn water is mederately hard te very hard. The absve discussien

shaws that this type of water is net sluays suitalbe fer drinking and demestic.

According to Wilcox classification (1955) for irrigation water the
Hituminous Marl formation water ranges from good (HVU=2) to permissible

(HU=5A) to doubtful (FS-71) (Table 15). Accerding te Richards classificatien

(1954) rer irrigatien water, it is classified as of sedium hazard (51), but

with medium te high salinity haezerd ( C1 - C2 ).

SUMMARY and CONCLUSIONS

The major surface water body; the Yarmouk River water, is mainly
deriyed from the basalt aquifer in Syria. This is evidenced by the fixed

L

hydrochemistry of the baseflow hydreograph analysia,

Water from thermal springs, Amman Formation and Bituminous Marl
Formation has a deep source which is mixed in different ratios with meteoric

water and with meteoric water passing through the metamorphosed rocks.

The mixing ratios differ from ome sampling site to another due to the

magni tude of permeability of the Bituminous Marl Farmation . Spring waters
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perculating through the Chelk Marl Formation are meteoric

This study enabled us te draw the fslleuwing cenclusiens:-

3.

Lo

The baseflow water of the Yarmouk River is mainly the water discharged

from the basalt springsat Zeizon and Mezarib in Syria mixed with
minor amounts of water discharged from the Amman and Hituminous Marl

Formaetion.

The stored ground water in the catchment area ranges from 76 MCM to

364 MCM at dry end wet seasons respectively.

Tha Bituminous Marl Formation forms a semisquiclude conflining the water

of the Amman Formation which rises to the surface if trepped

by bareheles,. No infiltration tekes place from the Yarmouk River to

the underlying formation gn the water msves upuwards thrsugh

the sesisquicludes and joins the Yarmouk River due to the artesian

nature of the aguifer in the Yermouk River reaches ,

The ground water gredients sre- U.U22 to U.029 on the northern side

of the Yarmouk River and 0.035 on the sauthern side of the river.

The permeability of the Amman Formation ranges from 3.6 x 10-3

to 3.7 x 10-5 cm/ sec and the permeability of the Bituminous Marl

Formation ranges 1.0 x 10-5 to 5.0 x 10-5 cm/ sec.

The hydrochemistry of the Yarmouk area is highly affacted by the

metamorphism which resulted from tne spontaneous cembustisn af the

B tuminous Limestane racks in the erea.
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7. Watears of Amman Formation and Bituminous Marl Formation are derived
from @ deep spurce of water with TDS and temperature higher than

the recorded values at the sampling sites.

8. The deep water is mixed in different ratiss with high pH metesric

thresugh jeints and fracture.

9. The high pH- water ‘s the metesric uweter passing thrsugh the
metamorphosed rocks rich in portlandite, gypsum and other soluble

retrograde metamorphic minerals.

10. The fixed chemistry of each borehole water and the different chemistry
of the different boreholes water are due ts the magnitude of
permeability of the Bituminous Marl Formation which governs the amount

of meteoric and high pH-water portions mixing with artesian water.

11. wWater of the Chelk Marl Formation springs is metenric water passing

through the Chalk Marl Formation rocke.

12. Trace metals in the groundwater are derived frem the

bituminous rocks contalning griginally high cencentratisns.

13. The high Cr in the hiyh pH water is the result of sponLancous

Cembustien sf the bituminsus recks where Cr is liberated frem the

organic matter and fixed again in retrograde metamerphic minerals.
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15.

16.

kb 2%

18.
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Yarmouk River water and the water of most springs are suitable for
domestic and irrigation purposes.

Waters of Amman and Bituminsus Marl Fermatiens range

from suitable to unsuitable for domestic purpeses.

High pH waters af high Ca, OH, Sﬂh, @and trace metals cencentratisn

are net suitable far beth demestic and irrigatien purpeses.

Pollution is starting to take place and affect the surface aquifers

and immediate measures shsuld limit the discharge af uaste

water into the sguifers, these aquifers wiuld be soonly made

unsuli table to be used as fresh water sowTCES.

The present conditions indicate that the callected uater

in the proposed Magarin Dam ‘weuld be suitable fer the different

purposes including domestic uses.
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Table (1): Location of sampling sites not

plotted on the map.

Sampling Site N E
Spring No.b 237,799.2 ' 232,676.9
Ain El' Merdashia 236,451.49 233,397.96
Spring No.7
Ain Ba'bul 234 ,380,0 233,402,2
Ain Sombal 235,118.8 233,229.0
Ain et Trab 229,900 226,900
Ain el Queeir Sprinys Iesue from the

basalts in the Syrian slde.
NRA-Saham Exp.2364,000 234,000 222,000
Travertine zone seepegs 236,981.7 232,.739.96
Ain Quelbe 231.600 231.000
Ain Shelag 221,000 236,400
Ain Um jrain 221.200 240. 100




Table(2): Chemical Com

sgsitian of the Yarmouk River water. (mg/1) .

Cample No.
Date
Source

B

gH

Ca++

++
Mg

+
Ny

+
H

Total Cat
meq/1

-

C03

HCO

Total AM;

meqg/l

T.D.S

Y.R
3.8.80
River
24.5°C
6.5
30.06
32.83
83.83
3.96

7.95

26,01
207.47
0.03
88.67
14.55

71.43

451.07

Y.R
12.3.81

River

£.8
30.60
33.38
L9.L

L.82

d.00

158.65

279.78§

Y.R Y.R Y.R
22.4.81]9.12.80]25.5.81
River River River
__ |'s.5 9.0
28.06 26.05 | 38.08
26.75 | 19.46 | 24.36
75.87 |39.08 |[83.55
2435 1,96 4.19
6.96 L.65 7.64
12.00 0.00 2L.01
176.96] 152.55| 176.96
0.00 0.00 0.0
75.25 | 57.33 | 86.1
1%.52 | 13.13 | 16.58
70.27 | 39.87 | 88.77

f 5.07 |_8.25
393,550 273.53 45+.06




Table 3: Trece Metal Composition Yermouk River Weter.

Locetion Date- pH TaD.5 Cu Mn Cr Ni Zn Pb Fe Co Cd Mo
p.pb.m P.p.D p.p.b p.p.b p.p.b pP.p.b p.p.b p.p.b p.p.b p.p.b pP.p.b
Y.R. 3.8.80 6.5 Lb21.11 7.23 4,93  11.35 11,32 0.0.5 19.63 D0.184 5.17 N.D. N.D.
" 9.12.80 6.5 273 11.6 13.6 29.1 18.3 - 20 21.1 497 12.4 N.D 14.7
o 12.3.81 6.8 275 7.6 2.0 1.8 15.3 20 N.D 147 10.8 N.D 15.5
" 22.4.81 . 333 6.6 5.0 17.4 50 20.1 151 %,0 1.6 12.7
" 25.5.81 9.0 L54 2.8° 6.6 2.0 6.8 10 12.5 297 17.% 1.8 15.1

Y.R.: Yarmouk River

N.D.: Not detectec

: Not determined




Teble 4: Chemicsl Composition of the High pH waterin adits.

Sampie-ho.
Date
Source

T

pH

++

Ce

++
Mg

+

Ne

+
K

Total Cet.
meg/1

Totel An.
meqg/l

T.0S.

1.81

Seepege

12.5
«30.96
zero
£7:37
25.27

27.8°

3.05
274.85

28.16

1289.62

} -
12.3.81

Seepage

12.5
LubL,B9
ZETD
67.82
12.90

25.48

235.84
71.29
L4.20
223,324

2L.43

1175.97

22.4.81
Seepage
12.5
438.88
Zero
66.67
14,47

25.53

3e.01

J.00
278,73
72.27
3.23
312.00

26.41

1126.06

£5.5.81

Seepage

12.5
L26.85
851
70.69
18.91

25.56

2ok
38E6.38

27:17

1285.02

F3.6.81
Eeepage
12.5

L 18. 84
Zero
E£5.29
18.77

24,22

278.96
95.05

ZBTO |
232.95

2L.53

1127

seepegedseepage
'5.8:80 | 1.81
Seepesgel Eeepagel
29.0 L
12.5 [|12.5
£15.63 pu5.29
Zero ZETQ
9,08 k5.93
1.11  |15.69
L2.94  P9.€61
108.0- [20.01
h.00  P.0o
523.5° [365.72
51,76 [90.23
3.86  |10.65
038,23 [260.30
k2.0 [30.6b
1866.34 | 1363. 84/

seepage

12.3.81

Seepege

66.02

0.00
243,24
€7.13
13.75
293.54

25.25

1225.08

seepage

Eeepeage

22.L.81 23.6.81

Seepsge]
12.5
454.91
ZETO
39.08
13.65

2L .75

36.01

0.03
284 .41
63.71
6.6b
324.39

2L .85

1140.89

Seepsge

zero
L7.LE
2L.53

L2.40

744
321.4L3

L1.L46

1847.64’

seepege -

14,2.77

Seepege

12.5
611.22
7.30
5977
20.33

34,22

15.61

0.00
395.31
108.51
0.30
L51.48

36.22

1669.53




Cont. Table (&4). T.Z*.

Sample No.
Dete
Source

T

pH

+

Ce
+4
Mg

+
Na

H+

Total Cet.
meqg/1

=

HGD3

OH

Cl

N03

SDk

Totel An.
- meg/1

T.0S.

F5-1

5.8.80

T.2

16.8.80

BEEDBQE‘BEBDBQE

2L.5

12.5

923.84

Zero

45.98

20.33

LB.62

36.01

0.00

682.10

101.04

2.25

223.34

L8.6k

2068.17

12.5
735.47
6.08
124.15
75.85

Lt,04

162.05
0.00
435.46
253.63
32.94
204.61

L2.64

AFS-2
5.8.80
ssepage

24.5

12.5

679.36

3.65

50.58

20.72

36.63

60.02

0.00

L74.58

s 23

B. 1€

204 .61

36.38

2030

* Travetine zone

1575.93

A-1

5.9.27

seepage

12.5
710.10
Zero
59.77
21.90

38.59

L2.33
0.00
523.06
S5.74
7.75
356.38

L2.41

1774 .70

A=k

6.9.77
seepage

12.5
310.62
7.30
68.97
14G.47

19.47

18.31
0.00
175.88
92.81

.86

(A8 ]

286.26

19.77

p577.56
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Table 5: Trace Metas]l Compoeition of High pH Weters.

Locetion Date pH 7.D.5 Cu Mn . Cr Ni In [ ¢! Fe Co Cd - Mo
P.p.m p.p.b "~ p.p.b p.p.b p.psb- - p.p.b p.p.b p.p.m p.p.b p.p.b  p.p.b p p.b p.p.b
Adit A-6 10.1.81 12.5 — 11.97 8.90 L15.82 39.88 0.03 L£5.09 0.085 24.37 5.04 L2.69
» 10.1.81 12.5 1289.62 5.51 7.83 LE7.81 27.61 D0.08 4L7.32 0.184 38.20 6.54 32.30
¥ 12.3.81 12.5 1175.97 5.58 4.33 625.12 22.21 0.03 31.02 0.056 37.94 5.96 32.39
L 22.4.81 12.5 1226.06 6.18 7.38 L37,35 25.62 0.05 55.97 0.120 33.51 5.85 28.42
" 25.5.81 12.5 1285.02 B.62 6.21 L19.4E 22.07 D0.02 38.56 0,133 38.96 6.93 28,47
L 23.6.81 12.5 1127.87 6.79 2.76 400.70 18.79 0.02 41.97 D.125 4L7.52 6.35 27.6%
W.S5.Seepmge 5.8.80 12.5 1866.94 17.54 6.386 523.3¢ 67.41 D.10 95+79 0.081 39.65 9.7¢ 9.6
" 10.1.81 12.5 1363.86 7.99 LEE. 3B 31,472 n.11 55.40 0.133 41,82 7.46 Lg, "
4 12.381 12.5 1225.08 .37 539 3uB,7¢ 2L .BG 3.05 42,13 0.133 36.39 5.97 39,02
" 22.4.81 12.5 110,82 6.7 81k 383.9: 2925 0.0°7 L3.85 0.090 31,74 E.5L £26.5C
" 23.6.81 12.5 1847, LE 7.52 10.01 £35.7% 29,47 0.05 73.72 0.125 §2.21 10.0€ 26.8L
Tr. 2one 16.880 12.5 2030.24 33.13 1%.02 L22.7 66.00 C.12 £7.96 0.112 38.9L B.5L 38,07
M 5.8.80 12.5 286B.34 16.71 19.42 161.0¢E 75:53 0.10 £1.15 C.161 50.22 9.%1 83.7"
" 25.8.80 12.5 1575.93 w,.Ls 1€.18 ZES.LE 53.65 .19 69.19 D.0SE 36.B1 9.7€ LE.2t

N.D: Net detected.
" determined.




Table 6: Chemical Composition of the Springs UWater.

Spring Spring Spring Ein el Ein Ain-Lh. Spring Ain=- Ain- Ain Ain Ain
5'T°1'_~°' No.bL No.9 No.2 Qusier Ghazale Jrain No.7 Ba'doul Sombal Quelbs et Treb Shalag
Dete 4L.8.80 L.8.80 L.B.80 24.9.80 24.9.80 21.7.79 6.9.80 6.9.80 6.9.80 10.11.80 9.9.80 -4 e S
Source Spring Spring Spring Spring Spring Spring Spring Spring Spring Spring Spring Spring
l 34.5 22.0 32.0 20.5 20.5 i 22.50 23.00 23.00 __ 24.0 L
pH 6.9 6.8 6.8 8.5 6.8 . 6.80 6.80 6.80 6.8 o
E; 88.18 72.1 90.18 78.16 20,06 52.10 104.21 128.26 190.22 68. 14 68. 14 60.92
g 52.29 b;.SS 30.40 25.54 15.61 10.46 23.10 41,34 20.67 7.30 7.30 11.68
N; 91.96 66.90 41.38 85.06 L6.91 57.48 22.99 41.38 22.07 15.17 22.99 39.08
K & &5 784 5.87 3.91 5. 7, 1,56 2.7 2.35 3,13 2.35 0.78 1.56
Total Cat. 12.82 10.19 8.95 9.80 b.t3 6.00 8.17 11.66 8.24 4,72 5.02 5.74
meq/1
ca, 0.00 0.00 0.00 0.00 0.00  2.40 0.00 0.00 0.00 0.00  0.00 10.20
Hﬁﬁ3 427.14 L88.16 366.12 213.57 152.55 17.67 378,32 390.53 372.22 207.47 225.77 138.06€
oH 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.u0 0.00 0.00 0.00. 0.00
cl 177.33 96.91 66.95 133.61 46.33 81.56 39.18" 79.39 61.86 22.68 22.68 54.25
NU; 1.07 0.64 D.60 136.19 18.71 39.69 6.69 .40 11.46 24.50 22.30 32.34
50;- 117.46 L2.75 68.25 40.80 16.20 31.70 62.69 111.91 28.82 14.40 6.45 19.21
Totel An, 14.42 11.43 9.25 9.75 4.59 . 8.80 11.07 8.64 4.38 4.38 5.78
meq/l |
T.D.5 746.55 573.02 484 .69 589.86 247.76 350.86 4L50.76 606.40 Liuh, 34 258.68 263.53 326.7C




Table 7: Trace Metsl Composition of the Springs Water.

Location Date pH T.D.D Cu Mn Cr Ni Zn Pb Fe Co Cd Mo
PePem pP-p.b p-p.b p-p.b p.p.b PePem pP.p.b p.p.b  p.p.b p.p.b P.p.t
Spring No.b 6.5 746.55 5.32 17.81 7.22 15.65 0.01 18.60 0.063 B8.60 2.34 N.D .
No.9 6.8 573.02 5.53 6.30 3.64 12.99 0.02 21.70 D.123 13.28 1.64 N.D.
No.2 6.8 L84 .65 L.68 20.27 344 13.65 0.02 N.D 0.076 5.91 2.44 N.D.
Quseir 8.5 589.86 13.65 25.02 3.09 15.55 0.09 23.81 0.371 N.D 1.51 N.D.
Ghazalah 6.8 247,74 2.58 4,83 7.20 8.11 0.02 15.87 0.7182 N.D. 1.00 8.38
No.7 6.8 4L50.76 Bkt 3.78 6.18 29.65 0.03 15.16 0D.086 9,9 1.79 N.D.
Be'boul 6.8 606.40 8.07 25.08 19.27 7.41 0.02 27.67 0.196 N.D. 1.79 20.6°
Sombal 6.8 LuL, 34 6.66 L.85 4.00 31.17 0.04 17.03 0.023 N.D. 2.93 8.2t
et Trab 6.8 502.86 6.93 5.12 2.7 12.17 0.02 12.27 0.052 5.4 0.87 N.D.
Quelbe 6.8 25B8.68 8.89 9.01 L.31 15.61 1.5% 55.91 D.122 12.46 2.17 N.D.

N.D. Not detected.




Teule (8): Chemicsl Composition of Amman Formetion Weters.

i
B

Borehole Well

Se-ple No. F5-36 ré-sz FS-35 NRA-W. 5 HU=11 F5-4 FS-34 — FS=37  F5-17 FS-26  FE-63  FS-62 F5-32 FS-18
Date 9.12.80  4.B.80 9.9.80 7.5.80 10.9.80 10.8.80 9.9.80  1.81 4L.B.80 8.9.80 9.9.80 9.9.80 2.10.80 9.9.8C
Source G.U. G. . G. W. G. . G. . G. W. G. U. G.W. * G.U. G. . G. . G. L. G. U. G. U.
.
e 26.5 30.0 26.0 25.0 29.0 26.5 L 26.5 27.0 25.0 26.0 24.5 28.0

pH 6.80 6.50 951 6.8 7.0 6.8 12.0 6.8 6.8 7.5 120 7.1 8.2 s
ta 96.19 76.15 3.65 106.21 14 .03 50.18  206.41 90. 18 104 .21 68.14  LL,D9  42.08 22.04  49.09
g 27.97 40,13 3.65 32,83 9.73 30.40  3.65 35.26  37.70 6.88 3.65 5,73 10.94  25.04
Na 63.91 75.87 64.37 71.29 105.29 4k1.38  108.05 52.88  72.85 101.16  78.17  71.27 64.B87 61.84
& 1.65 10.95 6.65 12.90 742 5.87 333.52 2.74 4,69 7.04 %.B6  6.65 8.29 7.43
Total Cet. g, g7 10.68 4.87 12.83 6.31 8.93 23.83 9.77 11.57 B.12 6.28 6.17 5.03 7.28
meq/1

-; 0.00 0.00 36.01 0.00 12.00 0.00 0.00 421.00 463.75 42.71  0.00 24,07 24.01  12.00
HEE3 402.73 256.28 67.12 292.50 42.71 366.14  0.00 4k21.00 463.75 42.71  0.00 79.33 54.92 36,61
OH 0.00 0.00 0.00 0.00 0.00 0.00 4L5.93 0.00 0.00 | 0.00 8.51 0.00 0.00 0.00
cl 79.39 139.29 BD.42 143,31 165.03 64.95  53.73 77.33  BB.E0 113.41  113.471  79.39 53,80 68.05
NC; 1.00 0.75 2.18 2.46 2.60 0.60 12.97 1.00 0.89 3.52 3,80 2.23 5.8 3,31
50, 42.48 138.09  6.45 152. 74 12.00  68.25  760.37  45.53  65.87 144.57 8L.60  69.00  5B.20 6.24
Totel An. g 74 10.18 4.70 12.06 6.13 5.10 23.47 10.05 11,42 797 6.27 5.78 L.E9 6.90
mepo/]

L.k 512.31 580.17 256.4L5 685.20 352.Lb LBL.ES 1625.60 515.4k8 603.71 485.28  387.10 347.08 281.45 238.77




Locetizn

Tevle(9): Trace Metal toncentretion of Amren Formetion Metere

Cate pH T.D.5 tu Mo Cr N In Pb Fe Co Co Mo
P S o PP pob PpD ppb ppm pab ppm ppb ppb ppb
e Jen. 87 6.8 512.31 3.88 19,74  N.D. 16.57 tA - 16.10 0.682 13.29 1.76  7.36
F5-35 Sept.B0 7:1 265.45 18.67 11.65 6.87 17.%1 3.19 53.18 D.361 N.D. 1.77 19.86
ARA-L.S Sept.BO 6.8 £685.20 9.07 22.75 6.51 21.51 1.1 54.67 0.316 13.45 1.86 14.07
HV-11 Sept.B0 7.0 352.L6 11.33 19.05 17.1% 10.82 L.82 37.70 0.633 N.D. 3.43 11.43
F§-37 Jen.B81 6.8 515.L8 3.47 1%.73 4.6L 13.17 7.49 15.10 0.L4L3 12.39 1.93 11.04
FS5-52 Aug.80 6.5 580.17 5.01 26.356 5.09 14.82 0.02 22.04 0.121 8.86 N.D. N.D.
FS-3L 12.0 1625.60 13.60 11.65 8.31 48.51 5.87 527.73 0.265 3L.18 22.98 40.55
FS-4 Aug.80 6.8 L58.60 6.17 15.62 5.16 19631 1.72 N.D. 0.199 13.29 2.44 36.00
FS-17 6.8 603.70 .60 3L,.25 5.85 17.31 L.31 .47 0.529 5.91 2.73 N.D.
NRG-8 11.5 9.75 30.61  71.27 28.09 0.05 37.17  1.054  13.45 2.42 14.90
- 7.5 4L89.29 16.27 87.95 7.95 22.684 6.06 162.91 0.612 N.D. 0.97 11.59
F§-25 9.5 20.27 9.75 9.7€ 25.17 1.00 53.04 0.261 N.D. 1.94 18.21
FS-12 6.8 10.40 7.04 7.53 18.61 L.04 L4.83 0.617 10.62 2.26 14.07
F&-¢ 12.0 387.10 16.53 41,45 2,12 19.33 7.05 1281.25 0.420 11,15 1,77 23.1%7
FS-iz 7.01 347.08 13.60 5.96 1.45 16.78 1.8] 43.98 0.232 N.D. N.D. 10.76
FS-21 7.5 432.71 16.00 14,36 3.25 15.68 15.28 227.05 2.63t N.D. 3.22 N.D.
F§-1: 7 1 238.81 21.07 17.92 4.8 29.07 .15 150.34 0.527 N.D. 3.L46 8.28
F§-22 B 41.72 23.61 Tl 30.42 10.51 169.64 0.338 26.01 2.42 L8.00
F§-22 ; 281,45 21.48 6.97  L.67 24 .00 2.55 125.79 0.163 N.D. N.D. 10.67
NRA=S, ‘ 25.34 32.24  6.68 21.85 15,82 557.60 1.02t 4.9  5.33 N.D.

B




Cent. Teble 10

Semple No.
Dete
Bource

T

PR

+
a

Mg

+
Na

&

Total Cst.
meq/1

s

X

o
xi

H03

4
Totel An.

S0

meqg/l

T.D.S

2L.9.80

25.0

6.9
122.24
31.62
108.28
5.81

10.56

0.00
231.88
0.00
103.10
3.38
219.50

11,34

$d95.87

BV - &
25.9.80

26.0

8.5
18.04L
8.51
38.62
10.56

3.55

30.01
36.61
0.00
57.74
3.38
6.24

3.87

191.40

§ -1
10.95.80

28.0

7.0
4%.03
13.38
71.27
9.78

5.15

12.00
36.61
0.00
89.70
2,53
60.60

&.83

291,40

F§ - 70
8.9.80
Barehole
24.0
6.8
20.06
25.54
91.96
25.02

8.

2L.07
109.84
0.00
107.04
2.88

121.20

8.02

465.97

F§ - &7
7.10.80
Borehole
27.0

6.8
370.76
26.75
6h.37
22.29

26.07

0.00
£51.55
0.00
8L .39
6.20

610.46

22.59

14,10.98

€s-9
10.9.80
Borehele
27.0
6.8
92.18
29.18
45.98
12.12

9.31

0.00
353.92
0.00
50.52
3.52

92.40

9.21

502.86

8 -8
10.9.80
Barehole
26.0
12.5
262.52
L.86
63.91
. b7

16.65

90.03
0.00
18.71
101.06
3.72

L5L.36

16.47

10 13.64

8-26
10.9.80
Borehole
28.0

7.0
140.28
36.05
202.08
7.43

18.98

0.00
201.37
0.00
213.42
59.00

319.88

17.83

1078.83

§-3
10.9.80
Barehole
28.0

6.8
£16.83
71.74
188.75
5.87

35.05

0.00
451,55
0.00
362.91
9.36

883.75

36.18

2164.90
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Teble: 11 Trace Metsl Composition of the Bituminous Marl Formatien.

Lecstien Dete pH T7.0.8 Cu #Mn Cr Ni Zn Pb Fe Ce Cd MO

. P.p.m Pep.m p.p.b p.p.b p.p.b p.p.b p.p.m p.p.b p.p.m " p.p.b p.p.b P-p.b
HV-5A Aug,80 6.5 5.70 6.81 £1.37 8.25 17.98 0.0& 20.67 0.360 5.91 2.89 25.38
AV-2 lug;.an 6.8 505 b.47 36.64 4,13 22.64 0.09 17.57 0.4k6 88.12 2.27 28.85
8v-2 Aug.,80 6.5 LY 8.51 1%.80 5.85 3.33 0.04 17.57 0.249 7.39 2.19 27.69
HV-10 Aug.,B80 6.5 621.3 9.36 %.52 3.1 16.32 0.04 1€.53 0.120 N.D. 1.02 17.21
HV-8 Sept. 80 6.8 545 7.7 48.81 7.19 24,68 11.76 86.86 0.505 N.D. 1.59 13.71
AV=1 May, 81 7.4 381 2.75 28.64 19.52 15.37 3.16 31.34 0.857 11.868 1.3 N.D.
HV-2 Aug.,80 6.8 383 10.00 13.15 7.22 20.64 3.59 21.70 D0.325 N.D. 3.90 N.D.
5-29 Aug.,80 6.8 520 5.32 11.5%51 2.75 13.65 1.41 _ %.03 0.088 B8.86 1.6 N.D.
HV=7 ' 6.8 394 5.53 30.1% 2.06 11.99 0.2 N.D. 0,393 19.94 1.71 13.85
FS=47 6.8 k8.27 4.9 17.71 69.67 19.05 B4L.19 0.227 31.15 5.09 62.07
FS=-70 6.8 k66 11.47 70.43 3.25 122.77 0.33 33.89 0.477 86.37 N.D. N.D.
F5-26 Y 489 - 16.27 87.95 7.95 22.61 “6.06 162.91 0.613 N.D. 0.97 11.59
§-20 8.0 16.09 %.09 15.18 26.63 6.44 159.63 0.673 12.7% 2.42 16.55
-8 12.5. 1009.9 19.57  13.865 12.69 37,52 L.21 102.1% 0.623 23,78 &.35 135
8-26 7.0 4078.83 5.5 28.6k 7.54 61,52 B.80 117.06 0.931 26.75 3.26 54.1
FS8-71 7.2 &10.13 26.27 36.68 5.49 20.96 15.32 136.86 1.876 N.D. 1.50 N.D.




gent. . Table 11.

Lecatien Date pH 7.0.8 Cu M Cr L} In b Fe Ce Cd Y]
pP-p.B . P.P.E p.p.b  P.p.b_ Pep.d p.p.b  Pp.p.® p.p.b PP p-p.d P.p.b p.p.b
s-12 2.0 291.57 2.9 %.22 %.6 2.7 39.68 0.5 W8.D. 1.00 %n.0.
-1 8.5 283.09 5.9 16.49 2.7 %0.97 6.87 ¥1..19 0.623 W.D. n.D. u.D.
8-70 6.9 709.87 9.01 46.66 6.17 23.66 3.69 s8.61 0.250 W.D. 1.51 24.3
AV-5 8.2 21.37 13.08 7.90 9.9 .91 754.8% 0.512 W.D. 1.51 N.D.
BV-k 8.5 224,97 24.98 2.70 8.62 3.1 %.B0 1119.04 0.790 N.D. 1.22 6.0
8v-5 €.8 20.99 61.02 13.65 &0.56 12.38 560.53 0.781 13.29 h.51 8.38
F§=5 8.5 45.80 21.50 6.83 27.38 17.96 4001.03 0.781 N.D. 2.52 81.11




Table 12 Weter quality ef Yarmeuk River water.

Date TDS % Nm Hardnass BAR
ppa ppm as
CaCe3
3.8.80 453.07 59,2k 85.07 2.52
9.12.80 273.53 37.63 114.91 1.41
22.4.81 393.55 48.28 174.83 2.46
25.5.81 454.06 49.08" 195.08 2.60




Teble 13 Quality of high RH Water

Sample Ne. Date TOS Hardness L8 % Na SAR
PPN 01813 PPm

W.5. Seepage 5.8.80 1866.96  2138.79 5.22 0.33
. 1.81 1363.86  1363.84 6.89 0.54
. ! 12.3.81 1225.08  1147.48 10.02  0.62

. 22.4.81 1140. 89 1147. 24 8.20 = 0.51
. 23.6.81 1847.98  1988.98 6.37 0.47

Adit A-6 1.81 1289.62 1227.33 ) 12.87 0.8
. 12.3.81 11175.97  1127.19 12.87  0.89
" | 22.4.81 1226.06  1097.20 1%.22  0.33

. 25.5.81 1285.02  1102.02 13.93  1.41
. 23.6.81 1127.87  1047.10 13.71  0.88
Bershels FB-1 5.8.80 2068.94  20L49.21 5.18 0.42
Travertube Zene/1 6.8.80 2030.24  1863.60 48.51  1.25
Adit AFB-2 5.8.80 1575.93  1713.37 7.45 0.53
Adit A-1 5.9.77 177%.70  1775.25 B8.34 0.62

Adit A=k 6.9.77 0977.58 806.48 17.31 0.92
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Teble (&) Quality of Amman Fprmation Water

Sample Ne. Date TDS Hardness % Nm 85AR
as CaCe, (ppm)

F8=36 9.12.80 512.31 355.15 28,43 1.k8
NRA-W.8 7.9.80 685.20 k69.95 14,00 1.43
FG=b b.B.80 - L58.60 320,04 28.33 1.29
FE=52 bk.B8.80 580,17 354.91 33,52 1.35
HVY=-11 10.9.80 352.46 T4.97 76.23 5.30
FB=34 9.9.80 1625.80 530.99 55.52 2.00
F§=17 &.8.80 603.71 15,10 28.26 1.55
F8-36 8.9.80 489.29 195.28 57.00 2.90
F8-63 9.9.80 3a87.10 125.19 60.19 3.00
F§-62 9.9.80 347.08 145.09 53.00 2.60
FB6-18 9.9.80 238.77 217.89 39.56 1.80
F§=32 2.10.80 281.45 99,95 60,24 2.80
F§=37 1.80 515.48 370.02 2L .26 1.20
FB=74 26,9.80 469.22 84k.91 5734 2.96




Table (15): Quality of Bitumineus Marl Fermation Waters.

Sample Nes. Date TDS Hardness % Na SAR

(1 Cll':n3

PPm
HV -BA 3.8.80 569.91 360.0 27.96 1. bl
HY =2 3.8.80 382.69 305.05 21.09 0.86
AV -1 25.5.81 379.89 264 .89 22.68 0.9
HV -8 26,9.80 544.50 375. 1 24,45 1.20
HV =10 3.8.80 421,32 295.09 21.57 0.93
HV =7 4L.8.80 398.95 275.06 25.17 1.03
ES -9 10.9.80 502.86 350.09 24,81 1.20
AV =2 13.8.80 504.66 315. 1% 33.68 1.69
BY =2 3.8.80 LeB 355.21 21.1 0.9
§ =3 10.9.80 2164.90 1336.21 23.85 2.3

-8 . 10.9.80 1017.66 176.23 18.92 1.10
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Fig.(11) Concentration-composition diagram for the water
of Yarmouk River.
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