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ABSTRACT

The water auality of many karst formations in southern Zagros
sacrotectonical unit is related to natural geclogical and hydrogeological
conditions and around water mismanagesent. Evaporatic sediments inciuding:
gvpsum, anhydrite, salt, marl, and marly limestone are existed in some
formations such as: Kazhdomi, Pebdeb-Gurpi, Gachsaran, Mishan and Agha Jari
formations. This situation makes the covering layers of the karst formations
changing the water auality by rainfall and runoff infiltration. The most
lmportant factors that strikingly differ the water quality are the
distribution of innumerable salt domes (180 diapirs between §-200 kn®
and the out smassing of oil reservoir and geothermal effects in the karst
sarranes of southern Zagros runge.

the typical darst features in iran zre mostly developed i1n massive
lizestone and dolomitic limestone of Asmari formation {(0ligo-Miccene) and
Sarvak formation (upper Cretaceous) in scuthern Zagros range.

*he area under study {s located in semi-arid climate. and
selected by groviding 89 i/s w«atcr for Daslan natural gss refinecy.
{;drogeological characteristics of semi-arid karst area and topics discussed
in this paper are as follows:

i} Environmental change of water quality is related to geciogy, climate,
hoist  Tormations, hydrogeological condiilons ana ground waler miszanagement.
The most important problem in semi-arid karst under study are the
gineralization of aauifers resulted from over pusping during dry and
vegetation periods of a year, the existing salt plug in catchament area and
evaporation zones in alluvial aquifers.

2) The vater quality in depth of aquifers has been changed. The value of
electrical conductivity in karst aquifer is about 620-4000 mu /c» - 1nd in
alluvial aquifer is about 680-33000 mu /cm vhich change: :i:aractively from
recharge to discharge areas or {rom upward to downward of ground water flow.

3) The rate of discharge in one of Sarvak karst {Khormayek area) is about

has  been
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100 I/s with maximum drawdown 5.29 in pumping well and 0.5%m in two
piocomoter  wells 27 = avay. In one of the Asmari karst is about 94 l/s with
dgrawi.e 0.30m in pimping well and for two piezometer wells adjacent the well
boine about 0.17 wetare (22 meters away).

11 For provesting and controlling water resources aquality, it is
;. wowwended to exploit water in selected boreholes with low capacity (30 | -
~ G water quetity  should be strictly controlled in tapping. The wa
nanczement in area ender study (Khormayek & Farashband) should be under severe
conuiol,  Lverr developing of aaquifers bofore artificiai recharge is rnol
allowes

INTRODUCT SO}

't order to provide technical services for Dalan natura! gas reflinery .
ater supply  (drinking and industrial purposes), and making choice betwe
‘uvic! snd karst aquifer for tapping in semi-arid ares, some investigatiir.
wore carried out. such as:

i

atl

a) Geology. tectonic and karst geomorphology:

*) Geophysical studies utilizing the gecelectric method (110 sourdage vt
FBL000

o) Explorstory boreholes in differeri karst formation (5 point dri:iing.
«1h o total 600 mi and 4 points as exploratory and productive wells wuis
to boreholes (400 mi. 23 exploratory boreholes totalling 1800 m in sfjuv. !
coul e

d) Hydroiogy and climatclogical studies:

¢} Pumping tests In alluvial and karst boreholes have been dore with
4 fferent capacity to control change of quality.

f) Geochemical investigation based on 300 samples of water i« ints
‘oorehole, springs, shallow wells, deep wells on different depth of aquifery:'.

T GEOLOGY

the oldest zeological forsation in area under study is Khormayek salt picg
ot ore~Ceambrian vwith surface dimension of 12 ka in lenth, .7 ke in widih ang
(Y0 m in height. It dominates in NW of southern part of Bahar anticline and
aiong the lateral fault.
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Fig.1 :i.dicates schematical presentation of tectonical activities in some
part of southern Zagros and area under study. Khormayek salt plug has been
formed by Bahar thrust fault and two normal faults in southern part of the
area. Lithology includes marl, gypsum, salt, dolomite and black shale. This
salt plug in Khormayek alluvial aquifer chenges the water quality remarkably.

The value of electrical conductivity in one of pilezometric borehole (4GC
meters away from salt plug) is about 27000 mx /cm. The above value in alluvis!
drainage of Khormayek and Farashband area is about 9600 my /cm.

The analysis of brine w.iers from various salt plugs in southern Zagros
indicates that the range of C1~ is about 189-197 g/1 and Na* is about 119-i24
g/l and Ca*"+Ng™ is about 0.41-2.3 g/1. Where the salt plugs penetrates
into karst formation, the water quality is highly mineralized.

For example, one of the exploratory borehole which has been driiled ai
depth 70 m, out of area under study (Gavebast anticline near Bandar Abbas port
and Persian Gulf), the value of electrical conductivity is about 40000 m /ca.
The theory of Diapirizm is out of the aim of this paper but as it is an
important factor influencing the saiinity of water resources ({(groundwater
& surface water) in Zagros, the general information could be introduced ss
follow:

The salt plugs vhich pierced cover rocks of up 10,000 m in thickness, are
distributed along the main Zagros thrust and its parallel thrust lines as well
as along regional basement strike-slip fauits.

Hovements along these basement fauits and accompanying shear zones
disintegrated pleces of the neighbouring basement rock and cover rock. Then
fragments were secondarily transported by rotational ascent of the Hormuz sait
to the present and former land surface,

Most of the diapirs in southern Iran are of pre-Cambrian. It comprises
dominately salt and gypsum, and subordinate dolomite, black limestone & shale,
red sandstone banded by quartz & hematite as well as mafic and siliceous
igneous rocks. ,

Temperature is critical for the occurrence of salt plugs or diaspirs. This
can be achieved when the saline material is buried to a sufficient depth of
7000 w. If the salt is heated above 205T it becomes soft and plastic. flovs
indefinetely, and is plastic during the entire process of intrusion. At =
depth of more than 7000 m, the mobiie salt behaves hydrodynamically as it is
the case in the southern part of the Zagros and Persian Gulf sector.

161



g f ]
) sk
mw.m
- ]
.sn-‘u mmmmu
i JEFERF

KARST ABEAS B MAR)

SCMEMATICAL PRISINTATION OF TECTOMICAL ACTIVIES W SOME PART OF SOAUTMESM Zaamne

g, ek CL -1 5
. mwmm [H] mwm m
mmmm I
H Wm
- mmmm :ﬁ 9

E 373 sevmas rocx

162



1.1 Tectonic in Zagros

Kegional anticlines in Zagros folded belt are intensively fractured by
normal faults, crest and flank grabens, step faults as well as by circular
collapse structures “cauldrons”. The diapires in SE Zagros are regularly
distributed. .

The SE Zagros includes the largest salt extrusions of the Middle East.

1.2 Karst formation & impervious rock

After salt plugs, geological formations frosz lower to upper include:
¥azhdomi. bituminous shale, argillaceous limestone of widdle and upper
Cretaceous. lllam (Argiilaceous & mar:iy limestone) and Sarvak. Karst formation
in most southern Zagrcs and eres under study is developed on  these
areillaceous and chalky limestone, massive and rudist limestore, soft and
frugile limestone, Karsiifications was harpened due to Zagros macrotectonicel
processns in fate Cretaccous. All the karst formation especially {n humid and
ccpetises in sewi-arid climate biring about high porosily and transmissivity so
that oroductive welis. Pabdeh Gurpi, purple shale, marly & argillaceous
{imestone (Paleocene-0ligocene), iampervious layers covering Illua & Sarvak.
Asmari  Jahrum: marly and thin bedded limestone, massive limestone, (karst
formation, in mostly southern Zssios) dolomitic and crystaline limestone with
guod karstification ard productive aquifer (0}igo-Miocene). Gachsaran, Hishan
and Agha Jari with litholegy as wmarl., gypsum, marly limestone, micro-
~onglomerate of lower Miocenc-Pliorene makes the impervious layers covering
Asmari  Jahrum karst formation. Most of the oil fields in Zagros have been
discovered in fsmari formation. In depth below 3000-4000 m there are oil
reservoir and where it is widespread in surface it becomes ground water
aquifer. Because of macrotectonical, orogenic and epirogenic movements in
lagros system, about 5000 m of sediments have been uplifted. For ihis case
karst processes have compietely been done in some carbonate rocks as Asmari-
Jahrum and Sarvak formations.

2 CLIMATOLOGY

Semarid colimate governed in the area under study «xtending &5:° 45" to
527 307 longitude and 28° 35" to 29° 05 North latituds.

The average daily temperature is about 22/3 U and the maximum « minigum
temperature are 48T {(Julys and 31U (March) respectively. The marimum and
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minimum annual precipitation are about 550 mm (1983-1984) and 101 mm (1971
1972) and the annual average 330 mm. 17% of precipitation related to  summer
time and 83% related to winter time. The annual average of pan evaporation
i 2010 mm and 1726 mm for evapotranspiration. The obtained cquation of lineas
relationship between rainfall and topographic height are as follows:

P=192.9+0. 1644 r=0.95
where Hzheight in ms; P=precipitation in mm; and r=coefficient of

relationship

and the maximum & minimum of relative humidity are about 83% and 24%
respectively (ave. 53%).

3 HYDROLOGY

The 1inlet volume of all surface water derived from mountainous r1:or!
aboul 57 m.c.m./year. The volume of outlel is about 73 m.c.w/year for «urface
cutchment area 820 ke®.

4 INVESTIGATIONS

a) Approximately 110 geoelectrical soundings with distance of eled trodes
for current sender about AB=2000 m has been done in the border of farst
terraces. According to results of 5 boreholes drilled, finally an area has
hcon selected for 4 boreholes as exploratory and extraction for water -upply.
Table 1 indicates the obtained data. The range of specific resistivity in
saturated karst is 120-600 ohm.m. the depth of karstification 40-300m

b} Some data about quality of water during pumping test and important
factors influencing the salinity, and amplitude of annual water table
ftactuation have been indicated in Tab.1. Fig.2 & 3 presented the resilso of
Jirillings and geoelectrical soundings.

-~V Hydrochemical data based on 300 samples of water.
Fig.2 indicates that most!y karst water type are chlorine and uulfate.
Because of groundwater mismanagement in Farashband alluvial aquifer during the



past 10 years (developing from 9 to 45 m.c.m/year) most of the alluvial
water change to chlorine, sulfate type. In Khormayek alluvial aquifer ground-
vater developing from 1 to 9 m.c.m/year has all changed to SO.-Ca, Cl-Na water
type. Most water type in karst formation of Khormayek area as extraction zone
for project under study are S04-Ca.

d) Groundwater planning has been done. In order to control the quality,
the extraction from selected boreholes should be done with low discharge in
separate points.

e) Pumping tests in selected karst boreholes in two stage has been done.

One stage with 6" inches pumping test at constant discharge in 1990 and
second stage with 8" inches in 1991. The results of pumping test has been
indicated in Tab.1.

The results of second stage of pumping tests in two productive boreholes
are as follows:

The maximum drawdown in Sarvak karst aquifer (Tab.l EXT.BHs) at the rate
of 101 1/s during 72 hours in pumping well is about 5.29 m and in two
piezometric boreholes with distances 22-24 m upward and downward of pumping
vell respectively is about 0.19 and 0.59 m.

The maximum drawdown in Asmari karst aquifer (Table 1 EXT.BH4) at the rate
of 94 1/1 during 72 hours in pumping well is about 0.30 m and in two
piezometric boreholes (upward & downward) with distances described above is
about 0.13 and 0.17 m respectively.

The values of transmissivity estimated by deep well pumping test in
exploratory & productive borehole of karst formations in area under study, on
the basis of Jacob & Theis method is about 17900-29800 w?/day. The values of
effective porosity were under estimated. The reasons of this problem may be
related to short distance between pumping well and piezometric borehole (22-24
m), small capacity and rate of discharge, low drawdown (less than 0.6 m in
piezometers).

f) &ll the dynamic reserves in Farashband karst area (Sarvak karst
formation) has been evacuated by over pumping in alluvial aquifer, till 1983.
The dynamic reserves in Khormayek karst area (AS & SV. karst formations)
discharged or fed alluvial aquifer. No karst spring has been dominated around
the alluvial plains.
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5  ENVIRONMENTAL CHANGE OF WATER QUALITY

The important factors influencing the salinity are the rate of circulation
and the area of contact between the water and the rocks as well as the
quantity of salts available for dissolution with the carbonate fabric.

Massive limestone in Zagros of Iran contain mostly large fissures and
channels and there are few narrow fissures. Water circulation is rapid and the
area of contact with the water is small in relation to the volume of water
circulating. This kind of karst formation are relatively pure and contain few
soluble salts.

The predominant constituents are HCOa™ and Ca**, and there are relatively
small amount of S04%7, C1™ or Na®. The Mg™" content depends on the amount of
Mg in the carbonate rocks.

Water resources are mostly in compact or massive limestone as Asmari
(middle) and Sarvak (middle) formations in Zagros ranges with humid climate
(with bicarbonate water type, electrical conductivity ranging about 300-500
me /cm}. When the factors influencing the salinity by upper part of saturated
massive limestone (Asmari aquifer) as marly limestone, marl, gypsum (upper
Asmari, Gachsaran, Mishan & Agha Jari formations) and for Sarvak aquifer are
surrounded by Pabdeh Gurpian Illam formations in upper and lower part aquifer,
the water quality has been changed by straight recharge of precipitation and
runoff or passing the water through the above sediment till reached to the
aquifer. In this case chemical analysis data indicate that the ranging of
electrical conductivity is about 700-2000 mx /cm when the limestone are porous
or contain fine fissures. The water circulates slowly and the contact arca
between the water and the rocks is greater. Chlorides and sulfates can more
readily be dissolved, especially from marly limestones, under certain
conditions it may happen that the amount of sulfale & chlorine is more than
the bicarbonate. Water from dolemitic limestone snd dolomites has the same
characteristics as water from limestone, but differs in it in ratio of
magnesium to chlorine.

5.1 Evaporite & Salt Plug

Gypsum and anhydrite, or sulfate and salt-bearing rocks may have ground
water passing through them. Because of the great solubility of these minerals,
the ground water may contain large quantities of CaS0. and NaCl, even to the
point of saturation.

The value of EC is 33000 mu /cm in central parts of Farashband alluvial
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aiuifer ( evaporite zones ) and the EC in Khormayek alluvial aquifer
(influenced by salt plug) is about 27000 mu /cm. The general water type in
alluvial aquifers as CaS0s, NaCl indicates the rapid change of aquality in
ground water. It is an important problem which shows that water balance should
be wunder severe control. The EC range for karst aquifer (620-4000 mu /cm)
indicates that water quality in the area is very senstive for changing.
5.2 Argillaceous limestone in karst formations

Asmari and Sarvak formations in zrea under study have argillaceous
liuestone. Water in clay and shales may be more or less salty depending on the
degree of leaching. Clay also absorbs some ions. Water in contact with
aryillaceous rocks, or in aquifers containing clay, may become charged with
saits.

%.2 Changes in chemical composition

Dissolved salts in ground water may become concentrated by =olutior
processes as the water circulates, or by evaporation where the water table i<
ot  shallow depth. Farashband evaporite zones (ailuvial aquifer} in certral
parts of plain with 23000 mg/l TDS and Khormayek alluvial aquifer influenced
by salt plug with 19000 mg/1 TDS are the typical cases for change of quality
in aquifers under study.

5.4 Influence of Hydrogeological conditions

Further changes occur while the ground water is in transit the rocks,
although these changes are far less intense. As the water commonly travels
a long way and takes a long time to move through the system, there may be a
considerable secondary concentration of constituents, particularly when the
aquifer hzs not previously been strongly leached. Especially in confined
ground water, circulating slowly through the rocks where there is little
leaching. There may be general increase in the total amount of dissolved
salts, with consequent changes in the chemical composition: HCOa™ remains
constant,S04 and CL increase while the rS04%27/rCl™ ratio remains the same. Once
tie total concentration of salts reaches a certain value.the rS04®~/r(']1~ ratio
w.!l diminish,with an accompanying increase in the rMg®*/rCa®* ratio.

Finally, the sequence becomes rCl™>rS04® >rHC0a~ and rNa*>rMg?*>rCa®* with
the possibility, at the highest concentration, of the (rCa® +rMg2*)/(rS0.7"
+rH(0s7) ratio being greater than unit. This change can be followed by
establishing isocones (lines of equal concentration of total salts),
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isochlors, and lines of equal value of rS0.* /rCl-, rMg®*/rCa®" etc. Only the
isochlors can be used to evaluate the circulation of the water, since this is
the only constituent which does not react appreciably with the rocks. that is
in the strata above and may, for example, show a HC0a"-S04%" sequence beneath
a S04-C! sequence. Karst water quality in area under study (Khormayek-20 km
from south Farashband. Fig.1) in natural position, especially in winter time
after heavy precipitation without any water withdrawl changes from bicarbonate
to sulfate and chloride type as the depth increases.

After pumping of each borehole or all system (alluvial & karst aquifer),
water type changes quickly to sulfate and chloride. The contents of TDS or EC
wili be increased rapidly. Tab.l indicates the variation of quality in depth
in ground water in karst area under study

6  CONCLUSION

1) Karst water developing in semi-arid «~limate should be under control in
quality & quantity because these karst areas have low annual precipitation and
so low recharge or dynamic reserves.

2) Karst water quality changes by natural conditions of geology.
hydrogeological conditions, evaporatic sediments, salt plugs & ground water
mismanagement.

3) Typical karst features as solutional cave, natural arch (Asmari, Sarvak
passive limestone), few large & narrow fissures have been observed in semi-
arid climate which are related to tectonic and paleogeography in the past.

4) Geoelectrical studies is very usefu! for locating borehole in karst
forsations & determining the base of karstification, the thickness of
saturated zone and change of karst water quai.:.

5) Because of regional tectonic activities and karst processes, the

capacity of boreholes in semi-arid climate can be the same as in humid climate
(Tab.1).

171



