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ABSTRACT 

The artificial recharge of groundwater (ARG), where practicable, is an easy and eco-

nomical method for desertification control in the arid and semi-arid zones where over-

pumping has critically lowered the watertable. Although desiltation of floodwaters, which 

is a prerequisite for the ARG, leads to rehabilitation of the eroded sites that house the 

sedimentation basins (SBs), the gradual impermeability of these basins and infiltration 

ponds by migrating phyllosilicates shortens the economic life of such projects. Therefore, 

characterization of these minerals is necessary if treatments for their removal are to be 

found. As soil erosion in the watershed that supplies the ARG systems with floodwater de-

teriorates the land, and threatens the recharge facilities and other hydraulic structures 

downstream with siltation, identification of the erosion source facilitates prioritization of 

soil conservation activities. Clay mineralogical analysis has been developed in recent years 

as a powerful tool in sediment source attribution. However, applicability of such methods 

to cases in Iran requires regional studies. Sediment samples were collected at 0-10,10-20, 

and 20-30 cm increments on two transects in the 1st, 4th and 6th SBs in a Gareh Bygone 

Plain ARG system. Rock samples were collected on the southern flank of the Bisheh Zard 

Basin that supplies floodwater to the ARG systems. All samples were characterized by the 

XRD method. Transmission--electron micrograph (TEM) of one sample was also ob-

tained. Chlorite, mica, smectite, and possibly kaolinite were detected in all samples. The 

presence of palygorskite was revealed only in a TEM. The non - clay minerals were calcite, 

dolomite, alkali and plagioclase feldspars, gypsum, halite and quartz. The common origin 

of these inherited clay minerals precludes their utility in sediment source detection. 

Keywords:The Agha Jari Formation, Aquifer Management, Erosion, Gareh Bygone Plain, 

Sedimentation.
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INTRODUCTION 

The man-made drought due to overpump-

ing of groundwater in arid areas, where most 

of the water needs are supplied through 

underground resources, invariably leads to 

desertification. It is therefore, obvious that 

the artificial recharge of groundwater (ARG) 

and its controlled withdrawal is the most 

rational method of desertification control in 

such environments. This will ensure sustain-

able yield of wells and qanats (underground 

water collection and transmission galleries) 

and prevent saltwater intrusion into the 

coastal and inland aquifers. Considering that 

flash floods provide a very important, and 

sometimes the sole source of water for the 

ARG in arid and semi-arid environments, 

and as these waters are often highly laden 

with sediment, construction of the ARG 

facilities entails provision of carefully de-

signed sedimentation basins (SBs) which 
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clarify the turbid waters and lengthen the 

economic life of infiltration ponds. Flood-

water spreading on marginal land that over-

lie the potential aquifers is a very easy and 

economical method of the ARG while si-

multaneously achieving reclamation of the 

eroded soils, particularly the drifting sand 

(Kowsar, 1991). 

Alluvial cones, colluvial deposits, coarse-

grained alluvial fans, even sand dunes, usu-

ally among the least productive agricultural 

soils due to their very high infiltration and 

percolation rates, low available water hold-

ing capacity, and meager nutritive status 

form the most suitable recharge sites. The 

sediment collected in the SBs, which under 

other circumstances is considered a waste 

and pollutant, and therefore problematic 

(Brown et al., 1974), is actually a valuable 

resource that may be used to rehabilitate the 

eroded soil by increasing its depth and over-

all productivity (Carter, 1976). 

Phyllosilicates, clay-size particles and mi-

croorganisms are among the major problems 

associated with the ARG systems, as these 

particulate matter remain in suspension for a 

long time, migrate towards the watertable, 

eventually clog the soil, and virtually termi-

nate the useful life of the SBs and infiltra-

tion ponds. It is, therefore, necessary to 

characterize the clay minerlas and other 

potentially objectionable matter to be able to 

develop techniques to trap them in the SBs. 

Moreover, as the recharge sites in Iran are 

usually put under irrigated cultivation after 

they have acquired the needed soil depth 

through sedimentation, have abundant fer-

ruginous cherts, are infested with termites, 

and are planted to deep- rooted trees, it is 

essential to be able to predict the changes 

which are likely to take place in these soils. 

Alteration and/or neoformation of clay min-

erals is one of these probable changes. 

Jackson (1969) stated that an environment 

abundant in exchangeable Ca2+ and Mg2+, 

silica- rich, moist, and not excessively 

leached, favors the formation of montmoril-

lonite. lvarson et al. (1978) reported the 

formation of jarosite from glauconite, illite 

and microcline during the oxidation of fer-

rous iron by Thiobacillus ferrooxidans. 

Boyer, as reported by Robert and Berthelin 

(1986), observed that termites can devide 

mica into illite, and transform mica into 

vermiculite, or even smectite. Spyridakis et 

al. (1967) reported the formation of kaolinite 

from biotite by the seedlings of white cedar, 

hemlock, white pine, white spruce, red oak 

and hard maple. These, along with obscure 

biological processes, might evolve minerals 

unknown at the ARG sites. Thus, identifica-

tion of the present clay minerals is an impor-

tant part of establishing a baseline against 

which future soil development may be 

measured, and characterization of a future 

bench mark soil (Miller and Nichols, 1979) 

on which long term research projects will be 

performed. 

Although the present study is restricted to 

a 250 km2 subwatershed of the 48500 km2 

Mand River Basin (MRB) it has relevance 

for management of numerous potential ARG 

sites with identical geological formations 

and similar environment in southwestern 

Iran. Furthermore, construction of at least 

two large dams on this basin has been 

planned. It is, therefore, essential to identify 

the sediment sources and to treat them ac-

cording to the intended uses of the water and 

the suspended load. Clay mineralogical 

analysis is a rather direct, simple, and eco-

nomical method for tracing the sources of 

erosion if there are sufficient differences in 

soils or geological formations within and 

between watersheds (Laird and Harward, 

1982; Hsieh, 1984), if no preferential clay 

erosion occurs (Rhoton et al., 1979), and if 

no transformation of clay species in the river 

environment takes place (Murad and 

Fischer, cited in Rhoton et al., 1979). How-

ever, applicability of this method to the 

watersheds in Iran requires regional studies. 

The objectives of this ongoing study are to 

(i) characterize the clay minerals in a sub-

watershed of the MRB for evaluation of the 

method on its applicability in Iran for sedi-

ment source identification, and (ii) charcter-

ize the clay minerals of the freshly-laid 

sediment to be used later in the design of the 

SBs. 
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MATERIALS AND METHODS 

Study Area 

The study area is 200 km southeast of Shi-

raz, Iran (28 038′ N, 530
 55′ E) in the 192 

km
2 

Bisheh Zard Basin (BZB) and on the 

alluvial fan  formed  by  Bisheh Zard  River  

which  

 

Figure1. Sketch map of the Gareh Bygone Plain floodwater spreading systems.  
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Figure 2. XRD patterns for the <2 µ m fraction of powdered rocks from the watershed and 

the alluvium in a sedimentation basin. Ca:calcite; Ch:chlorite; D:dolomite, F: alkali feld-

spars; G:gypsum; H: halite; I: iIlite; P:plagioclase; Q: quartz. 
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drains the Basin. Elevation of the site ranges 

from 1585 m in the BZB to 1140 m in the 

lowest SB (Figure1). The BZB is a north-

west -southeast syncline formed by the tec-

tonic movements of the Zagros Mountain 

Ranges during the Mio -Pliocene time in the 

Agha Jari Formation (AJF). This formation 

consists of the rhythmically interbedded 

calcareous sandstones, and low weathering, 

gypsum - veined red marls and grey to green 

siltstones (James and Wynd, 1965). Scat-

tered patches of the Plio-Pleistocene 

Bakhtyari Formation, a calcareous conglom-

erate with ferruginous cherts (Stocklin and 

Setudehnia, 1977) are also found in the 

BZB. A more detailed geologic and geo-

morphic description of the watershed has 

been given by Kowsar (1991). 

The alluvial fan is covered with a layer of 

the drifting fine sand ranging in thickness 

from a few mm to several cm. The soil of 

the site has been classified as a coarse - 

loamy, over loamy skeletal carbonatic (hy-

per) thermic Typic Haplocalcids (Soil Sur-

vey Staff, 1996). Detailed descriptions of the 

soil present on the alluvial fan are reported 

elsewhere (Kowsar, 1991; Naderi et 

al.,2000). 

Field Methods and Sampling 

Rock samples were collected from 57 dis-

cernible beds on the southern flank of the 

Bisheh Zard syncline on the north 20′ due 

east transect. Each sample was numbered 

and put inside a plastic lined canvas bag. 

The samples were shipped to the Sedimen-

tology Laboratory, College of Science, Te-

hran University, for identification and fur-

ther analyses. Soil samples were collected at 

0-10, 10-20, and 20-30 cm increments along 

two parallel transects from the 1st, 4th, and 

6th SBs in the Gareh Bygone Plain ARG 

project site, Bisheh Zard1 (BZ1) system 

(Figure 1). Each sample was put into a 

tagged, plastic lined canvas bag and shipped 

to the Soil and Water Research lnstitute 

Laboratories in Tehran for analyses. 

It should be realized that since the study 

site is an alluvial fan and the alluvium is 

uniform to the observed depth of 1.50 m, 

therefore, the sample from SB1, which is the 

first sedimentation basin, may be considered 

as the freshly-laid sediment, while those 

from SB4 and SB6, which have been covered 

with a relatively small thickness of the sus-

pended load, may function as the control. 

Laboratory Methods 

Particle size separation for mineralogical 

analysis was performed according to the 

procedures outlined by Kunze and Dixon 

(1986) with the following modification: 

CaCO3 removal was attempted by the re-

peated washing with I N NaOAc at pH=5, 

and centrifugation for 10 min at 2500 rpm. 

Cation saturation, glycerol solvation and 

clay slurry sedimentation on glass slides 

were achieved according to Whitting and 

Allardice (1986). Furthermore, to identify 

the minerals in the AJF components and the 

freshly-laid sediment a powder sample of 

each was also x-rayed without any prior 

treatment. 

XRD patterns were obtained using CuKa 

radiation and Ni-filter at kV=40, mA = 40, 

and , λ  = 0.15418 nm. A drop of citrate - 

dithionite treated clay suspension was de-

posited on a Cu microgrid. The TEM studies 

were performed with a Phillips SM 300 

operating at 80 P kV. 

RESULTS AND DISCUSSION 

A strong similarity among the powder 

XRD patterns of the three major rock types 

of the AJF and the alluvium derived from 

them (Figure 2) suggests not only the com-

mon parent materials of the rocks and their 

contribution to the sediment formation, but  

also the hereditary nature of the clay species 

as well.The mineralogy of the <2 µ m frac-

tion consists of chlorite, mica (illite), quartz, 

dolomite, calcite, gypsum, halite, plagio-
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clase and alkali feldspars and expandable 

minerals. 
The <2 µ m fraction of the treated sedi-

ment sample consisted of chlorite, a species 

 

Figure 3. XRD patterns for the < 2 µ  m fraction of the treated alluvium from the first 

sedimentation basin. Ca:calcite; Ch:chlorite; D: dolomite, F: alkali feldspars; 

S:smectite. I: illite; K:kaolinite; P:plagioclase; Q: quartz 
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of smectite, mica, and possibly kaolinite. It 

is worth emphasizing that the XRD patterns 

of all the 18 samples taken from the surface 

30 cm of the SBs were practically identical. 

Since there is no difference in the position of 

peaks and very little variation in their shape 

and intensity, therefore, only the diagrams of 

the upper 10 cm of the eastern end of the 

first SB are presented for discussion (Figure 

3). 

The presence of chlorite is indicated by a 

symmetrical, strong d (00/) spacing at about 

1.42 nm which is invariant with respect to 

cation saturation, glycerol solvation and 

heating to 5500C for 2 h. The disappearance 

of the strong, symmetrical 2nd, 3rd and 4th 

order reflections of chlorite after the heat 

treatment is an indication of its low Fe con-

tent, because if it were an iron rich chlorite it 

should have given a weak first and third-

order reflections, and a strong second, and 

fourth-order reflections (Barnhisel and 

Bertsch, 1989). The first-order reflection has 

become only a little less intense relative to 

mica (illite) after the heat treatment. A 

shoulder on the low angle side of the chlo-

rite peak with Mg
2+

 saturation which ex-

panded to 1.840 nm with glycerol solvation 

and collapsed to 1.00 nm with K+ saturation 

and heating to 550 0C for 2 h points to the 

presence of smectite. The collapse of 0.71 

and 0.35nm after a 2- h heat treatment at 

5500C may indicate the presence of kaolin-

ite, as the strong, symmetrical 2nd, 3rd and 

4th orders of chlorite reflection had masked 

the presence of kaolinite. However, not a 

single flake of kaolinite was shown in the 

TEM. 

The strong 1.00 nm spacing with Mg2+ 

saturation and solvation is indicative of mica 

(illite). The presence of a trace amount paly-

gorskite is shown by a few fibers in a TEM 

(Figure 4). The electron micrograph reveals 

the fibers along with particles having 

smooth, wavy edges which may be indica-

tive of smectite. The non-clay minerals dis-

tinguishable in the XRD patterns are: calcite, 

dolomite, gypsum, halite, alkali and plagio-

clase feldspars and quartz (Figures 2 and 3). 

It should be emphasized that the complete 

removal of CaCO3 from calcareous materials 

is difficult; thus, the presence of calcite in 

the XRD patterns is not unusual. 

The occurrence of these clay species in the 

soils of Fars province has been reported by 

Abtahi (1977, 1980) and Gharaee and Mah-

joory (1984). However, the relative abun-

dance of palygorskite in those soils and its 

scarcity at the research site is anomalous. 

Not a single 1.05- 1.07 nm peak, indicative 

of palygorskite, is evident in the X-ray dif-

fractograms. This maybe due to the youth of 

the soil formed on the watershed then depos-

ited in the SBs. 

The Agha Jari clastics and its most likely 

parent materials, the Jahrom, Asmari, Razak 

and Mishan Formations, not only cover 

southwestern Iran, but also extend through 

the Persian Gulf into Saudi Arabia where 

they are represented by Ummer Radhuma, 

Dammam, Hadrukh, Dam and Hufuf Forma-

tions, respectively (James and Wynd, 1965; 
Power et al., 1966). The presence of paly-

gorskite in the above named formations of 

that country, and the soils derived from 

them, has been reported by Lee et al. (1983) 

and Shadfan and Mashhady (1985). Al-

though neoformation of palygorskite in the 

soils of Iran and Saudi Arabia has been re-

ported by Abtahi (1977, 1980) and Elprince 

et al. (1979), respectively, apparently, the 

conditions at the research site are not con-

ductive to authigenesis of this clay mineral. 

Stackman and Bishay (1976) concluded 

from a review of the literature that palygor-

skite is of lacustrine origin formed by basic 

sedimentation in arid and semi arid periods 

as did occur in the fluctuating Pleistocene 

climate. We speculate that the position of 

the study site, which is close to the north-

eastern margin of the AJF, might have been 

instrumental in blocking palygorskite forma-

tion, and/or facilitated its transformation into 

other clay minerals. Moreover, our limited 

data indicate that the clay minerals found in 

the AJF outcrop in the Gareh Bygone Plain 

originated elsewhere from older formations 

and then redistributed by alluvial and ae-

olian processes in the settling basins or on 

the Plain. This reasoning is in agreement 
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with the suggestion of Lee et al. (1983) for 

the presence of palygorskite in the soils of 

eastern Saudi Arabia. 

PRACTICAL IMPLICATIONS 

1. Due to the common origin of clay spe-

cies in the Tertiary sediment in southwestern 

Iran, the utility of using clays as tracers in 

detection of sediment sources is, at most, 

doubtful. 

2. As pore diameter may be approximated 

by: grain size/6.46 (Huisman and Olsthoorn, 

1983), therefore, palygorskite fibers, which 

are 0.1-0.2 µ m in diameter, could easily 

pass through the pores formed by the small-

est silt grains. Coagulation or flocculation of 

these fibers deep in the profile may eventu-

ally make the soil impermeable, thus ending 

the useful life of infiltration ponds. There-

fore, a suitable economic treatment should 

be designed to settle the clay-size particles 

in the settling basins. 
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