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ABSTRACT

The geological and hydrogeological features, which are responsible for the relatively
unusual existence of a hydrogen sulphide rich lake in the broad Ranya Plain is the main
endeavor of this study. The lake is located 131 Km northwest of Sulaimaniyah city on the
northwestern periphery of Dokan reservoir. To investigate the basin configuration and the
subsurface setting of the lake and its surrounding area, two GPR profiles were laidout using
a band width (Centre Frequency) 100-MHz unshielded antenna. For penetrating more depths;
as well as mapping structural and stratigraphic situations of the subsurface that couldn't be
achieved by GPR survey, one dimensional resistivity sounding was carried out.

Hydrochemical analysis of the water samples collected from the major lake and the
surrounding smaller ones revealed that the water is of CaSO4 type, with domination of Ca and
SO4 over Na and Cl. Values of 8'*0 and 8°H in water samples of Ganau lake, when plotted
along the global meteoric water line shows that the two collected water samples from both the
major and minor lakes have similar isotopic composition indicating that both of them are
receiving water from the same flow zones, with diffuse recharge type. The tritium value
indicates that the spring water is modern.

From combining together the acquired field results (geological, hydrogeological, and
geophysical investigations); the occurrence of the lake and draining of the sulphuric spring in
such a condition is attributed to a probable graben like faults on the crest of Ranya anticline,
which facilitate both discharging of the deep artesian water from the underlying bituminous
Jurassic rocks; or even from the deeper Triassic rocks. The continuous dissolution and the
accompanying collapsing have contributed in formation of this lake and the sinkhole spring.
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INTRODUCTION

Studying the Goggle Earth image of the broad Ranya Plain area, which is 131 Km
northwest of Sulaimaniyah city, in Iraqi Kurdistan Region; a small natural lake; 700 m
northwest of the Dokan Lake periphery could be seen between latitude 36° 12 42" and
longitude 44° 56 35 (Fig.1). The occurrence of this lake at this location and its rich hydrogen
sulphide nature is somehow exceptional (Al-Manmi, 2008). To investigate the subsurface
configuration of this lake and the main factors, which are responsible for its nature and
occurrence, a detailed geological and hydrogeological study, supported and integrated with
GPR (Ground Penetration Radar) and geo-electrical exploration were performed. The lake,
which is a circular depression with a surface diameter of 350 m is supplied continuously
through an ascending spring with a small channel outlet; discharging 100 1/sec. Three other
smaller lakes; few meters south of the large one exist in the area, the second one discharges to
the largest lake while the others have no discharge outlet (Fig.1).

Tectonically, the study area is located in the Zagros Fold — Thrust Belt, directly to the
southwest of the main Zagros Suture Zone. Structurally, the area is located at the boundary
between High Folded and Imbricate Zones (Buday, 1980, Buday and Jassim, 1987 and Jassim
and Goff, 2006). The area consists mainly of high amplitude anticlines and synclines, which
have the same trend (northwest — southeast). Many of the anticlines are asymmetrical with the
southwestern limbs being steeper than the northeastern ones. The area around the Ganau Lake
is covered by alluvial sediments (clay, sand and gravels), which are underlain by the Jurassic
formations, in the floor of Ranya valley. These formations (of limestones and dolomites)
include Sargelu, Barsarine and Naokelekan formations (Al-Manmi, 2008). In the valley, the
Cretaceous formations are exposed along the valley sides, such as Sarmord (marl) and
Qamchuga (dolomitic limestone) formations (Figs.2 and 3).

Hydrologically, the district is situated in the Dokan sub-basin, which is a sub-basin of the
Lower Zab River Basin (Jawad, 2008). Hydrogeologically, there are four aquifer systems in
the studied area, they belong to different ages that are: Jurassic, Early — Late Cretaceous, Late
Cretaceous limestone and Quaternary systems (Al-Manmi, 2008). Groundwater flow occurs
from the Ranya Plain, Makook, Handreen and Pelewan anticlines; from northwest towards the
Dokan Lake.
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Fig.1: Location map of the study area
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The main aquifer in Ranya area is the Quaternary sediments, which are tapped by
numerous wells to supply surrounding communities. Groundwater is locally used for domestic
and irrigation purposes, whereas surface water is used mainly for irrigation. Ganau smaller
lakes are more enriched in H,S and TDS than the larger one (Al-Manmi, 2008). The water of
this flowing lake is never exploited for any purpose; due to its high content of dissolved solids
and H,S gas. Absence of instantaneous response of the lake discharge to the rainfall events,
and relatively stable temperature of the lake water throughout the year indicate deep source of
the spring water (Fig.4). It is not clear from where exactly this spring is flowing out, but the
bituminous nature and the relatively high organic content of Jurassic rocks, or probably the
sulphate rocks of the Triassic rocks might contribute in providing the high content of
sulphate, chloride, and gas (H,S) in the water. The lake being located on the crest of the major
Ranya anticline with a probable fault zone, which is responsible for pouring out the spring
flow; associated with dissolution processes and subsequent collapsing, all these factors have
contributed in the development of the present morphology of the lake.
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Fig.4: Ganau Lake hydrograph for the year 2002 (FAO, 2003)

MATERIALS AND METHODS
* Hydrochemical and Environmental Isotopes Measurements

Samples for hydrochemical and environmental isotopes analysis have been collected from
four different sites of the lakes (Fig.1); in October 2009. Samples were collected for isotopic
(3H, 82H, 6180), anions (HCOs, CI, SO427, PO437, NOs3"), and cations (Ca2+, Mg%, Na’, K")
determination. In the field, temperature and pH were measured, using a portable
multiparameter analyzer model (TPS/90FL-T Field Lab. Analyzer).

Hydrogen sulphide was stabilized in the field; by pouring a portion of the sample to 100
ml volumetric flask, then adding 4 ml 20% zinc acetate (ZnCH3COO), and 1 ml (1N) NaOH,
then the volume is completed with water sample. In the laboratory, 4 ml HCI was added to the
sample to release H,S gas, then 5 ml of 0.01 N iodine solution (ZnCl, + H,S = ZnS + 2HCI)
was added. The formed ZnS reacted with iodine (ZnS + I, = Znl, + S), which resulted in the
formation of sulphur (Al-Janabi et al., 1992). Cation and anion analysis were conducted at the
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Water Quality Laboratory, Twin River Institute (American University in Sulaimaniyah).
Cations (K', Na', Ca*", Mg**, Fe’", Mn*") and anions (NOs ", CI", SO4*") were measured using
Dionex DX500 ion chromatography system. Anion bicarbonate (HCO; ) and carbonate
(COs*) were analyzed by volumetric titration with 0.04N HCI, using Methylorange and
Phenolnephthalene indicator (APHA, 1998). Practical detection limits for ions with AA and
IC were 0.1 mg/l. A charge balance was calculated for each analysis to evaluate analytical
error, and to determine if all the major ions were accounted for in the analysis. Charge
balances (CB) were calculated using the following equation (Drever, 1997):

CB(as%) = [(z cations — > anions)/ (D _cations+ ) anions)] X100 |

Charge balances between +/— 5% 1is typically considered to be acceptable for most
groundwater analyses.

Isotope analyses were conducted at the University of Waterloo Environmental Isotope
Laboratory. 8°H and 8'*0 were made using isotope-ratio mass spectrometry following the
procedures of Epstein and Mayeda (1953), Coleman et al. (1982), Shakur (1982), Yanagisawa
and Sakai (1983), and Eggenkamp (1994), respectively. The results are reported as parts per
thousand differences (%o0) with respect to Vienna Standard Mean Ocean Water (VSMOW).
The analytical precisions for 8'*0 and &°H are (0.2 and 2.0) %o, respectively. Tritium
concentrations were determined by the electrolytic enrichment method of Taylor (1977), with
a lower detection limit of 0.3 tritium units (TU).

* Geophysical Surveys

— Ground Penetrating Radar Survey: The RAMAC/GPR CUII system, which is
manufactured by Mala GeoSceince Inc., in Sweden was used. The band width (Center
Frequency) 100-MHz; unshielded antenna (Bistatic Mode) connected to the DAEWOO-type
laptop, dragged parallel to the direction of the movement. This arrangement has been proved
to provide the optimal compromise between investigation depth and resolution (Annan, 2001
and Geo-Sense, 2007), so spacing between traces was 20 cm, and 2 stacks were used for each
trace. The number of samples was 505. The antennas were fixed with 1 m separation. The
sampling time window was set on 456 ns, providing a maximum investigation depth of about
30 m. The GPR antennas were placed directly on the floor of a boat and moved along the
survey line. Ground vision software was used for collecting data and RadExplorer software
was used for interpretation. Ground Penetrating Radar (GPR) profiles were collected along
mid of Ganau Lake. These profiles were laid out to demonstrate the basin configuration of the
lake as well as the structural situation that was caused the formation of the lake. Profile-1
trending NE — SW has length of about 345 m, while profile-2 was laid out perpendicular to
profile-1 and has a length equal to 240 m (Fig.5).

— Electrical Resistivity Survey: One dimensional (1D) resistivity sounding was carried out
for penetrating more depths; as well as mapping structural and stratigraphic situations of the
subsurface that couldn't be achieved by GPR survey. Two vertical electrical sounding points
were laid out near the lake bank by about 15 m; the distance between them was equal to
110 m (Fig.5). Schlumberger technique was used for the total spread of AB, equal to 800 m.
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RESULTS AND DISSCUSIONS
» General Evaluation of the Water Analyses Major Ions

The results of chemical analysis of water samples are tabulated in Tables (1 and 2). Ca*"
and SO4* are the dominant ions; the second species in abundance are Na” for cations and C1°
for anions. The relatively high content of Ca*", SO4* and CI  is expected to be issued from
either bituminous layers of Jurassic rocks or the evaporates of deeper Triassic rocks. When
the water samples are plotted on the Piper diagram (Fig.6), all samples are located in the field
number six, which means that the secondary salinity (non-carbonate hardness) exceeds 50%,
and the water type is Ca — SO4. The high value of NO;™ is attributed to the fertilizers, which
are used in the surrounding agricultural areas.

= Dating of Spring Waters

Tritium in the atmosphere precipitation peaked or ‘spiked’ in 1963 — 1964 as a result of
atmospheric testing of thermonuclear bombs. Concentrations of tritium, with a half life of
about 12.3 years, are used as a dating technique for spring water samples. The basic approach
assumes that infiltrating precipitation enters the groundwater system with a characteristic
trittum concentration attained from atmospheric deposition (Knowles et al., 2010). The
groundwater is subsequently isolated from the atmosphere and the isotopic ‘clock’ begins as
trittum radioactively decays to helium (Zuber et al., 2001). The 1963 — 1964 tritium spike
decreases by one to two orders of magnitude from the northern to southern hemisphere, and
continental precipitation is typically two to four times enriched relative to marine stations at
the same latitude (Doney et al., 1992).
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Although these proximal data exist, the low tritium values in modern precipitation and
missing data during the critical spike period from July 1964 to January 1965 (IAEA/ WMO,
2007) mean it is not possible to state precise ages based on the measured tritium values. It is
possible, though, to bracket the age of samples by classifying water as being modern and
pre-bomb. Trittum values greater than 0.3 TU are used to represent modern water
(i.e. recharge after 1965) and values less than or equal to 0.3 TU to represent pre-bomb spike
recharge (i.e. recharge before 1965) (Mckenzie et al., 2010). The tritium value indicates that
the spring water is modern.

Table 1: Physical parameters and major ions' concentrations
of water samples

Parameter Unit Ganau 1 Ganau 2
T °C 23.2 22.8
pH 6.8 7.0
EC uS/cm 2396 2620
TDS mg/1 1533.44 1676.8
ppm 250.8 263.2
Ca** epm 12.54 13.16
epm % 48.73 47.15
ppm 62.2 70.6
Mg* epm 5.18 5.88
epm % 20.14 21.1
ppm 166.8 185.7
Na* epm 7.25 8.07
epm % 28.17 28.93
ppm 29.75 31
K* epm 0.76 0.79
epm % 2.96 2.85
Sum of ppm 509.5 550.5
Cations epm 25.7 27.9
epm % 100 100
ppm 692.45 775.6
SO, epm 14.43 16.16
epm % 67.29 68.66
ppm 158.78 167
Cr epm 4.41 4.64
epm % 20.57 19.71
ppm 158.78 167
HCO; epm 2.6 2.74
epm % 12.14 11.63
CO;> ppm 0 0
ppm 1010 1109.6
i‘l‘l‘l‘(‘n‘l’sf o 2144 23.53
epm % 100 100

Table 2: Minor ions' concentrations, and TU of water samples

Parameter Unit Ganau 1 Ganau 2
PO mg/1 0.44 0.3
NO;~ mg/l 337.29 286

H,S mg/l 45.6 53.3

Turbidity NTU 13 16
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Fig.6: Piper diagram (plot) of the hydrochemical data

* Isotopic Composition of Spring Waters

The stable isotope results are listed in Table (3) and displayed on a meteoric water plot in
Fig. (7). When the data plotted on a bivariate plot (8°H vs. 8'°0), the separation between the
two samples is very apparent. The water of Ganau 1 falls below the global meteoric water line
(GMWL), whereas the water of Ganau 2 falls between the global meteoric water line
(GMWL) and the Erbil Meteoric Water Local (EMWL) (Fig.7). Sample of Ganau 1 that is
below the GMWL should indicate that the water has underwent significant evaporation due to
its larger surface area than others, because due to isotopic kinetic fractionation during water
phase change, evaporation results in greater relative enrichment in O than *H in residual
water, which alters the H-""0 relationship (Mckenzie et al., 2010).

From the isotopic data, it is concluded that the recharge of the aquifer is a diffused
recharge, because the groundwater that is recharged by diffusion recharge is more enriched in
stable isotopes than that which is recharged directly (Kebede et al., 2008).

Table 3: Environmental isotopes data of Ganau Spring

N Coordinate Elevation| T EC 3o ’H |D-excess 'y
Lat. Long. (m) (°C) |(nS/em)|  (%o) (%o) (%o)

Ganau 1[36°12'42'(44°56 35| 510 232 | 2396 | -5.61 |-36.72| 8.16 | <0.6

Ganau 2 |36°12 46 [44°56 21| 515 228 | 2620 | -7.1 |-43.55| 13.25 -
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Fig.7: A plot of 8°H vs. "0 of the collected water samples
with the Global Meteoric Water Line (GMWL)
and the Erbil Meteoric Water Local (EMWL) (from Mawlood, 2003)

* GPR Interpretation

The approach adopted is to characterize the basin configuration and the possibility of
vertical movements along the Jurassic rocks. Furthermore, the influence of these variations
could be mapped using Ground Penetrating Radar (GPR) in order to examine any subsidence
in the area beneath the lake. The high attenuation ratio of the GPR signals were recorded due
to high conductivity of the lake water, so the reflection signal from the basin of the lake is
very weak; as shown in Fig. (8). Nevertheless, two locations of discontinuity of the signals
were identified, which represent locations of faults subjected to the flanks of the lake basin.
A simple assumption, from the structural point of view is adopted, which is a relative
subsidence within the lake basin, it might resulted in the existence of the lake in the area. The
fault planes act as a convenient zone for flowing water from deeper aquifers to the surface.

Profile-1 runs NE — SW, it is characterized by the existence of two faults identified on
flanks of the floor of the lake (Fig.8), at a horizontal distance 45 m and 310 m (from NE),
respectively. The greatest depth of the basin detected equals to 22.5 m, it occurs at
a horizontal distance of about 220 m (Fig.8).

Profile-2 runs NW — SE, the interpretation of this profile shows steep slope of the basin
near the two banks of the lake. The deepest detected point of the basin equals to 24 m at
horizontal distance of 150 m (Fig.9).
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Fig.8: Interpretation of Profile-1, showing the configuration of the
Lake Basin in the NE — SW direction
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Fig.9: Interpretation of Profile-2, showing the configuration of the
Lake Basin in the NW — SE direction

= VES Interpretation

The sounding points were interpreted by using IPI2 win software (IPI2 win, 2004); they
reveal the existence of five layers. The first layer of the VES-1 (Fig.10), is a top soil surface,
has resistivity equals to 16.2 Ohm.m and thickness of about 0.8 m, it is composed of clay with
silty clay. The second layer shows higher resistivity (57.6 Ohm.m); due to increase of coarse
materials; it has a thickness of 4.4 m. The third layer is composed of clay and has resistivity
equals to 12.5 Ohm.m and thickness of about 83.8 m; in the location of the sounding 1, and
55.4 m in the location of the sounding 2. The fourth layer has thickness of 74 m and higher
resistivity; due to increase of more coarse materials, such as silt and gravel. The last layer
shows high resistivity of 82.4 Ohm.m, most probably it represents saturated limestone of

Jurassic age.
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The VES-2 (Fig.11) shows the same trend, except the larger resistivity of the first and
second layers; due to appearance of recent Calc-Rock at the surface of the area. The first layer
shows resistivity equals to 100 Ohm.m, while the second layer has a higher resistivity of
347 Ohm.m.

A geo-electrical section was drawn between VES-1 and VES-2 (Fig.12). The fault plane is
detected at the same location that appears on the GPR section (Profile-1, Fig.8), the fault
plane extends to the Upper Jurassic limestone that make a suitable path for following brine
water to the lake. The detected throw is about 30 m, in the limestone, while this amount
decreases towards the surface due to the friable property of the recent sediments.

On the bases of the results obtained from both GPR and 1D resistivity surveys,
a schematic geological model is drawn for the area of the lake and it's surrounding.
Figure (13) shows the movements of hydrogen sulphide rich and fresh water from Upper
Jurassic limestone and recent sediments through the planes of the faults following to the
surface.
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Fig.13: Schematic predictable geological model of the study area; as inferred from the
geophysical and geological investigation, interpretation and discussion

CONCLUSIONS
The following conclusions are acquired in this study:

e Ca’" and SOq4 2 are the dominant ions; the second species in abundance are Na' for cations
and CI” for anions. The relatively high content of Ca®, SO, and CI is expected to be
issued from either bituminous layers of Jurassic rocks or the evaporates of deeper Triassic
rocks. When the water samples are plotted on the Piper diagram all samples lay in the field
number six, which means that the secondary salinity (non-carbonate hardness) exceeds
50%, and the water type is Ca — SOa.

e The tritium value indicates that the spring water is modern.

e When the data is plotted on a bivariate plot (5°H vs. §'*0), the separation between the two
samples is very apparent.

e Ganau 1 sample that is located below the GMWL indicates that the water has underwent
significant evaporation due to its larger surface area; than others.

e From the isotopic data, it is concluded that the recharge of the aquifer is a diffuse recharge.
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e The depth of the basin of the lake is obtained from GPR survey. It approaches 24 m at the
center. In addition, the GPR sections show the existence of two faults at horizontal
distances of 45 m and 310 m from NE, respectively.

e Thick Recent sediments (130 m) are detected. They cover Jurassic limestone. They are
composed of two main layers, the first has low resistivity and represents pure clay, and it
has a thickness of about 83.8 m in the location of the sounding 1, and 55.4 m in the location
of the sounding 2. The second layer is composed of clay, silty clay and gravels, and has
a thickness of about 74 m. It forms the main aquifer of fresh water.

e The upper surface of Jurassic limestone is detected at depth of about 133 m. The low
resistivity of these rocks denotes the existence of brine water.

e The 1D resistivity survey emphasized the location of the faults and shows the extension of
these faults to the deeper part beneath the lake; as a result the origin of the lake is due to
a detected graben within the Upper Jurassic limestone. The maximum detected throw of the
faults is about 30 m.

e Both brine and fresh water is flowing through the fault planes to the lake; due to the semi
confined property of the aquifers in the area. The fresh water, which comes from Quaternary
aquifer has great role in diluting brine water; continuously in the lake.
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