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ABSTRACT:The physical and chemicalcharacteristics of karst springs are not a sole function of flowpath in the carbonaticrock mass.
A nwnber of other parameters, includingthe type of precipitation, soil cover, morphologyof the exposedarea, and the hydrochemisuyof
the infiltrating water into the karst system also have their own contribution. In the present study, the Gar and Barm-Firoozmountainsare
chosen to determine some of the governing factors of the physical and hydrochemical characteristics of karst springs. The following
measurements were carried out:

1. Concentration of major ions and electrical conductivity of the fresh snow and snowpack.
2. Variation of discharge as a functionof time at six sinking streams.
3. T1IIle Variation of discharge,electricalconductivity, and air and water temperatureof sinking streams at seven sinkholes.
4. Electricalconductivityand temperature of water at the surfaceand 40 em beneath the soil cover.
5. Discharge, major ions, temperature and electrical conductivity of the Sheshpeer spring water were measured every twenty days for a
period of three years.

The results indicate that if the physical and chemicalcharacteristics of a karst spring are going to be used to determinethe characteristics
of corresponding aquifer, first the effect of external factors on the outflow should be accounted for , and then the characteristics of the
karst aquifer be determined.

INTRODUCTION

In the last threedecades, numerous studies havebeen carried
out to determine the characteristics of karst aquifers using
the physical-chemical properties of the discharging springs.
Zolt (1961), Smithand Mead(1962), Gams(1966), andPitty
(1966,1968) were among the forerunners in this fieldof re
search. Garrels and Christ (1965) classified the karst aqui
fers into two open systems, namely diffuse and conduitre
gimes, and concluded that total hardness variation is a suit
able criterion for distinguishing between the two regimes.
Shuster andWhite(1971) argued thatthecoefficient of varia
tion of the hardness was a diagnostic criterion for diffuse or
conduitflow. Jacobson and Langmuir (1974) classified the
flow regimes into conduit, diffuse conduit, diffuse, and
Gatesburg diffuse basedon recharge sources, EC, and coeffi
cientof variation of the discharge. Atkinson (1977) suggested
that karst systems are networks of diffuse and conduit re
gimesin whichnarrow fissures andjointsplay the mainrole
in storing water. Bakalowicz (1977) demonstrated that the
structure of a karst aquifercannotbe defined fromthecoeffi
cientofvariation of chemical variables describing spring water
because the distribution of the values is usually multimodel
ratherthan normal. Scanlon and Thrailkill (1987), usingthe
criteriasuggested by theprevious workers, carriedouta com
prehensive study of conduit and diffuse regimes. Their re
sultswerenot consistent with thoseof previous workers and
they refuted the proposed criteriafor classification. Novak
(1971), Ede (1972), and Cowell and Ford. (1983) suggested
thatdiffuse flow is characterized by small timevariations of
temperature, while large variations are indicative of conduit
flow. Raeisi et al. (1993) applied the criteriaproposed by
various authors to determine the Sheshpeer springflow sys
tem, and concluded contradictory results. The apparent in
ability of the proposedmodels to fully classifythe karstflow
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systems maybe dueto thefactthat thereare manyvariations
in the outflow responses of karst springs. The form of the
spring hydrograph is not unique. Some are highly peaked,
othersare oscillatory, and manyare broad andrelatively flat
(Ford 1989). Spring chemographs also have different pat
terns. The diversities in physicaland chemical characteris
tics of karst springs are in response to extensive interrelated
governing factors.

The governing factors of physical and hydrochemical char
acteristics of karstsprings couldbe divided intoexternal and
internal factors. External factors act on theboundaries of the
aquifersystem, whileinternal factors govern the bodyof the
aquifersystem. Internal governing factors include shape, size,
and thickness of aquifer, and the percentage, distribution and
nature of voids (porous, fissure and conduit), lithology,
epikarst, and vadose characteristics. The external governing
factors include form (snow, rain), intensity, spatial and tem
poraldistribution of precipitation, concentrated or diffuse re
charge, percentage and depth of covered soil, lithology of
formation aroundthe aquifer, qualityof input waterto aqui
fersystem, vegetativecover andmorphology ofexposed area.
Theobjective of thisstudy is to evaluate someof the external
governing factors and their effect on the physical and
hydrochemical characteristics of karst sprigwater.

HYDROLOGICAL SETTING

The studyarea is located westof Shiraz, Iran (Fig. 1). Gar,
Barm-Firooz andMormountains constitute the twolargean
ticlines that extendin general direction of the zagros moun
tain range. The exposed cores of the anticlines are domi
nantly made of the calcareous Sarvak Formation (Albian
Turonian), underlain and overlain by impermeable shalesof
the Kazhdomi (Aptian-Cenemonian) and Pabdeh-Gurpi For-
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Figure 1. Geological map of the study area.

mations, respectively. The tectonic features are a mainthrust, tion of the southern flankof Barm-Firooz mountain (Fig.l),
normal and strike-slip faults which have produced suitable The sinkholes are only located in the catchment area of
conditions for extensive karstification. The most important Sheshpeer spring. Total sinkhole area is 2.58 km', but the
karst feature is the presence of 160sinkholes in the northern catchment area of the sinkholes is larger than the sinkhole
flankofGarmountand99sinkholes intheBarm-Firooz mount area(Kasaeyan 1990; andMarandi 1990). Raeisietal, (1993)
(Fig.1). The Sarvak Formation represents the heightof the showed that recession curves of Sheshpeer spring indicate
study area with the maximum and minimum elevations of twodifferent discharge coefficients and thus twodifferent~
3714 m and 2110 m, respectively. (0.0082-0.0092) and ~ (0.0028-0.0008) discharge regimes.

Theydivided the time into threedistinctperiods, namely c.,
Out of twelve springs emerging from the Sarvak Formation, ~ andthe wet season (w)periods (Fig.6), while; in what ~
only Sheshpeer spring occurs on the northern flank with a and~ periods coincide with the duration of (XI aOO ~ dis
mean annual discharge of 3247 lis. One of the springs, charge regimes. Forty percent of total flowin ~ regime is
Berghan, has a meanannualdischarge of 632 lis and will be produced by the quickflow through sinkholes and large tis
referredto later in thispaper. The meanannual discharge of suresand theremaining is contributed by storedwaterin the
allothersprings rangefrom 1.41 to68.34 lis. Geological and pore space (base flow). In ~ regime, whichcoincides with
hydrological methods (pezeshkpoor 1991), and tracing ex- dry season when no recharge from rain or snowmelting oc
periments (Zareh andRaeisi1994) have shown thatthecatch- curs,thestoredwaterin theporespaceandsmalljointsgradu
ment area of the Sheshpeer spring consists primarily of the allydischarges into thelargeconduits and makesup thebase
northern flankof Barm-Firooz andGarmountains and a por- flow. The largeconduitin the secondregimedoes not act as

163



GOVERNING FACTORS OF THEPHYSICOCHEMICAL CHARAC1ERISTICS OF SHESHPEER KARST SPRINGS

a reservoir for the stored water, and merely provides a water
transportation medium.

Berghan spring is locatedin the southern flankof Gar mount
(Fig.1). The catchment area is about 19km2 (pezeshkpoor,
1991). Three distinct periods Ill' <Xz and wet season were
also observed in the hydrograph of Berghan spring,but no
considerable differences wereobservedbetween thedischarge
coefficients III (0.0056-0.0064) and <Xz (0.0033-0.0041)
(Raeisi et al. 1994). The baseflowcontributes 70 percentof
the total flow in the III regime and 100 percent of the <Xz
regime. Several faults crushed the Berghan aquifer which
developed high density pores and an extensive network of
smallpathways preventing the widening of major karstified
channels (Raeisi et al. 1994).

The average annual precipitation at Berghan station (eleva
tion 2110 m) is 750 mm. Using the regional relationship
between elevation and rainfall, the average annual precipita
tionof theSheshpeer catchment areais calculated to be 1350
mm(pezeshkpoor 1991). Theprecipitation inwinter ismainly
in the formof snow, most of which is meltedby mid spring.
Soil coverconstitutes 35 percentof the Sarvak Formation.
About95 percentof the soilbelongs to the regosol and litho-

sol categories, and the remaining 5 percent is related to the
brown soils (Karami 1993). The studyarea is a natural pas
ture.

METHOD OF STUDY

Four experiments were carried out in the catchment area of
Sheshpeer springto measure thephysicalandchemical char
acteristics of external factors. The experiment sites were
selected on thesouthern flankof Barm-Firooz mountain near
the injected tracersinkhole, to be certain about the connec
tionbetween the sinking waterand Sheshpeer spring(Fig.1).
The fifth experiment was carriedout to monitor the charac
teristics of Sheshpeer spring. Temperature, electrical con
ductivity andcarbon dioxide weremeasured at thesite. Mag
nesium was measured by atomic absorption and calcium, s0

dium and potassium were measured by flame photometric
methods. Chlorine and sulfate were determined using Mor
and turbidimetry methods, respectively. The discharge was
measured by triangle weiror a currentmeterfromwhichthe
stage-discharge curve was prepared.

RESULTS AND DISCUSSION

Experiment 1: Seven samples of fresh snowwere collected
from the catchment area of Sheshpeer aquiferfrom Decem
ber 26, 1991 to April 7, 1992. The electrical conductivity
(BC) of freshsnowrangedfrom7 to 20 micromhos/cm, with
an average of 12.5micromhoslcm. A snowpack siteof total
depth of 3 m was sampled at depths of 1, 1.5, 2 and 2.5 m
from the surfaceon March 23, 1992. The electrical conduc
tivity at depthsof 1,1.5,2, and 2.5 m was 33, 39,66 and 94
micromhos/cm respectively. Precipitation is mostly in the
form of snow during the winter, with negligible evapotrans
piration and snow melt during this period (Raeisi and
Porhemat, 1994). Therefore considering the snow distribu
tion of the studyarea, the collected snow samples represent
the freshsnowfrom midJanuary to mid March. Thechemi
cal analyses of fresh snow and snowpack are presented in
figure 2. Exceptforchloride, all the majorionsandEC show
an increase withdepth of snowpack. This effectmaybedue
to the ion migration from the top to the bottom of the snow
packand eventually into the soil, a process thatwas also re
portedby Jeffries andSynder (1981). Considering theEC as
representative of dissolved ions, the ion concentration of re
charge water at early spring is three times more than late
spring. The effectof ion migration on the chemical behavior
of Sheshpeer springwillbe discussed in Experiment 5.

Experiment 2: Water generated by the process of snowmelt
will either flow on the ground surface as sheet or channel
flow and eventually sinksinto the sinkholes, or willdirectly
infiltrate into the soil or fissures of exposed limestone. The
flow ratesof sinking streams weremeasured everytwohours
for six days from June 1 to June 6, 1992(Fig.3). The sink
holeelevations rangedfrom 3100to 3200m. The maximum
andminimum discharges wereobserved at 4:30 to 6:30 p.m.
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and the distance of uncovered surface stream are correlated
at the 1% level. Thereare also diversities of EC amongdif
ferent sinkholes. Sheetandchannel flowgenerated by snow
melt dissolve the surface soil ions, especially calcium and
bicarbonate ions. The correlation between the EC and aver
agedistance of sinking pointto thecenterof snowpacks (sig
nificant at the 1% level) justify diversities of the electrical
conductivity between the sinkholes.

Figure 4. TIme variation offlow rate, electrical conductivity
(Ee), and water temperature of the sinking streams (S =
sinkhole), andair temperature (A.T.) .

Time series of EC, flow rate, and air and water temperatures
of foursinkholes are represented in figure4. The agreement
in the trend between air and water temperatures, and flow
ratesarequitepredictable in snowmelt conditions. Thestrong
correlation between EC and flowrate is probably causedby
ionmigration. At lowtemperatures withassociated lowflow
rates, snowmelt occurs primarily in theupperpartof thesnow
pack that has lowerionic concentration than the lowerpart.
Similar to the discharge, no effectof dailyfluctuations ofEC
in the inflow water was observed on the Sheshpeer EC
chemograph (Karami 1993: Pezeshkpoor 1991). This result
confirms thatthe inflow watermaybe mixingwiththeexten
sivereservoir under the Barm-Firooz mount, and equalizing
the dailyEC of the Sheshpeer springwater.
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Experiment 3: Electrical conductivity (EC), andair and wa
ter temperatures weremeasured every twohoursfor twodays
at seven sinkholes, and the flowrate at six sinkholes. Sink
holeswerethesameas in Experiment 2 andsinkhole No.7 is
locatednear the same area at an elevation of 3340 m. The
results are shown in figure 4. The diversities of measured
parameters between thesinkholes aresignificant (Fig. 4). The
variation of discharge among the sinkholes is related to the
unequal snowpack area and catchment basin of each sink
hole. The diversities in water temperature among different
sinkholes are relatedto the distance that the snowmelt water
flows on the groundsurfacewithout snowcoverto reachthe
sinkhole, exchanging heat with air. The water temperature

Figure 3. TIme variation offlow rate of six sinking streams
from June 1 to June 6, 1992.

and7:30to 9:00a.m.,respectively. Theratioof average daily
maximum flowrate to the average dailyminimum flow rate
variedfrom5 to 10. However, noeffect of sucha dailyoscil
latory recharge had been observed on the Sheshpeer spring
hydrograph (Karami 1993; Pezeshkpoor 1991). A distance
of 15km between inputand outputpoints maybe enough to
suppress theeffectof dailyoscillations of theinputflow rate.
In addition, tracertests indicate thepresence of an extensive
reservoir undertheBarm-Firooz mountain (Zareh and Raeisi
1994). Therefore, it couldbe concluded that the increase in
the hydraulic headcorresponding to thedailypeak flows may
be in the order of a few centimeters. Suchan insignificant
increase in hydraulic head may not be capable of causing a
measurable increase in the Sheshpeer spring discharge. It is
obvious thatin thecase of a closedistance between inputand
outputand lack of extensive reservoir, the oscillatory move
ment of discharge couldbe observed at the outlet
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dry season, no recharge from the rain or snow melting oc
curs, and the base flow (diffuse flow) constitutes the whole
flow of the Sheshpeer spring (Raeisi et aI. 1993). The EC,
calcium, bicarbonate and hardness increase at the beginning
of the lX.z period and remain at a constant level during the
remainder of this period. It could be concluded that at this
period only, the internal parameters controlthechemograph
of the springwater.
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CONCLUSIONS

REFERENCES

ACKNOWLEDGMENT

EC chemograph of Sheshpeer and Berghan springs are pre
sentedin figure 7. Thehydrograph of bothsprings havesimi
lar trends (Raeisi et al. 1993, 1994) and the ion migrations
are effective on both catchment areas. The almostconstant
EC values implythat thehighdensity poresandan extensive
network of smallpathways (diffuse flow) of Berghan aquifer
or in otherwordsinternal factors mostlycontrol thechemical
behavior of Berghan spring.

This research was funded by theResearch Council of Shiraz
University to which the authorexpresses gratitude.

ASHlON, K., 1966,The analyses of flow data from karst
drainage systems: Trans. Cave Research Group Great
Britain, v. 7, p. 161-203.

ATKINSON, T.C., 1977, Diffuse flowin limestone terrain in

The governing factors of physical and hydrochemical char
acteristics of karstspringscouldbe divided into external and
internal factors. Someof theexternal factors include thetype
of recharge (point or diffuse), percentage and depth of soil
cover, daily oscillation of flow rate, EC and temperature of
sinking streams, andionmigration fromthe topto thebottom
of snowpack. Some of the internal factors are the type of
regime (diffuse andconduit), lithology, shapeand size of the
aquifer. If the hydrograph or chemograph of a karstspringis
usedto determine thecharacteristics of the aquifer contribut
ing waterto the spring, at the firststep,the effectof physical
and chemical characteristics of the external factors on the
outflow shouldbe accounted for to the extentpossible. Sub
sequent interpretations of spring hydrograph andchemograph
will betterreveal the natureof the karst formation that feeds
the spring. In karst areas with extensive snow cover, the
effectof daily variation of recharge and ion migration from
the upperpart to the lowerpart of snowpack and eventually
soilshould beconsidered in hydrochemograph interpretation.
In advanced karst systems where the dissolution channels
are large and the conduit flow is dominant, the hydro
chemograph of a karst spring is influenced by external and
internal factors; while in undeveloped karst systems withthe
diffused flowtype,thehydrochemograph is mainly controlled
by internal factors.

" ....0 em inside oDripping point

E"u·
<,
~ 2IJ
s:

~ rs
u

·E."
U
w s

Figure5. Temperature andelectrical conductivity (EC) ofsnow
melt at thedripping point and 40 em below the ground sur
face.

,
Stat ion

,
Station

Experiment 4: The temperature and EC of snowmelt water
at the dripping point on the surface and at 40 cm below the
groundsurface were measured at five different siteson June
11,1992 (Fig. 5). EC of waterat 40 cm below the surface
was 2.5 times more than EC of the wateron the surface. It
maybe concluded that in thepresence of thicksoilcoverand
abundant organic matter, water may be close to saturation,
reducing the role of the aquiferon thechemograph.

Experiment 5: The physico-chemical parameters of
Sheshpeer springweremeasured every threeweeksbetween
April 1990 and October 1992. The relation between time
and various physical and chemical parameters are depicted
in figure 6. The electrical conductivity, totalhardness, bicar
bonateand calcium concentrations increased with discharge
in the wet period, but began to decline during the ~ period.
Ashton (1966) explained that the increase of thecalcium ion
concentration in the springwaterat thestartof a floodis due
to the flushing out of waterwitha longresidence time in the
deeperphreatic zone,andapiston-like forcing ofwaterthrough
the springby thelargerecharge flow. In addition to thispro
cess, ion migration in the snowpack may also significantly
contribute to the observed increase in the parameters being
monitored. EC values of 32 micromhos/cm at thedepthof 1
m in the snowpack on March 23,1992 and 5.9 micromhos/
cm at the outletpoint of snowpack on June 9, 1992maybe
indicative of the timewhenEC,calcium concentration, hard
nessand bicarbonate beganto decline in the a period. The
maximum difference in EC of snowpack is 62

1

micromhos/
em that is in the same order of magnitude as the maximum
differences in EC of Sheshpeer spring chemograph (55
micromhos fcm). In the lX.z period, which coincides with the
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