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Fig 1. Location of the study area in Lorestan province map
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Table 1. Characteristics of Limestone formations in the study area

Area Characteristics Formation Name Symbol
15222 Qoo s Sl (il o Sl _ oMl
Coral limestone, Limestone Marnie
15109.3 J‘) Q’.‘.Jj::’:‘.)j‘jj‘; S d 9y &QI d.h_}l::_- .l;-‘j KL
limestone with Orbitolina and rudists Chaghalvandi Unit
8031.4 Sal _ Ml
Limestone
11457.9 Sl Olr S po 4 0l 5 S sl OMas
Limestone Marnie Asemari
63045.4 WY S Sl il Al K1
Thin layer of Limestone Chaghalvandi Unit
4268.6 Sl Ol o] AS-Sb
Limestone Asemari-Shahbazan
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Fig 2. Preparing of samples for XRD test
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G0 Ko § 5 5 G g0d o odkns LI Jool sla SIS Ao ys Y Jgur
Table 2. The percentage of main mineral of each sample and the type of sample rock
Sample/ ya: K1 Omas MI AS-SB OMI Kl
CA:M.LS M)J
. 64.32 28.48 94.8 94.48 100 100
Calcite percentage
C,.:.A_,jjs Aoy
Dolomite percentage 35.68 71.52 5.2 5.52 - -
S § 5 sl 5 K ESCEICHVIN PR OY JE CEE WY I OV CY BE COE O [ W
Rock type Carbonate Rock  Dolomite-Calcite  Limestone Limestone Limestone Limestone
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Table 3. Physical properties of the tested samples

S 503 ol Cosb, Lo (L) S o pmases 035 Jlss s s
Rock Sample Location Moisture Bulk density (gr/cm?) Porosity
Omas Koshtargah/s($ l.:s 0.046 2.40 1.31
OMI Absardeh/ss .1 0.064 2.38 3.58
KL Sar Namak/ S . 0.028 2.82 1.77
b3l 2550 5Lk gai 6 Mol ol s ¥ g
Table 4. Determination of the coefficient solubility of tested samples
Ll tols so el J= o D=L eles u*éf“)"é‘“‘ o3le (6 p APl S Peilcs o ol
Formation Solute Weight (kg) Rock Area (m2) Solubility (kg/m®)  solubility rate (m/s)
Omas 0.143x10° 0.061945 1.303x10° 1.027%10¢
K1 0.257x10° 0.05418 2.333x10° 1.17x10¢
As-Sb 0.24x1073 0.049741 2.182x10° 1.27x10°¢
KL 0.307x10° 0.053328 2.788x107 1.19x10¢
MI 0.317x10° 0.051082 2.879%107 1.24x10¢
OMI 0.48x1073 0.053892 4.3364%1073 1.18x10¢
b oyl o 55 g ,lS s Sl dModl Co o Sl g —0 J g
Table 5. The solubility rate of karstic rocks in environment conditions
Formation ;L. Omas Kl  AS-SB KL MI OMI
‘Sf”JJ’JMl = 7x10°¢ 13x10¢ 12x10¢ 15%10¢ 16x10¢ 24x10¢
solubility rate (kg/day)
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Table 6. The solubility rate of karstic rocks by increasing (0.015 Meg/lit) one milligrams per liter CO,

Formation & ;L. Omas

K1

AS-SB

KL MI OMI

LSJJ»"\JJM‘ S 31x10¢

solubility rate (kg/day)

40x10¢

42x10°

42x10¢ 43x10¢ 75%10°¢

S NSV (55 7 g0 8 e 53 (R OVIs (ST s /09) Rl b )l (soKin (g s IMomil s Zomad s =V sk
Table 7. The solubility rate of karstic rocks by increasing (0.06 Meg/lit) two milligrams per liter CO,

Omas K1

Formation . ;L.

AS-SB KL MI OMI

Sl Pl e 213x10°

solubility rate (kg/day)

252x10¢

240x10¢ 254x10°¢ 259x10¢  421x10*¢

A 5 )l bl sl slaes o i T aloand (5l bl (Ul Do goas A Jgux
Table 8. Statistical properties of surface water chemical parameters in Khorramabad, Alashtar and Biranshahr

i A sl 05 5 Sl e el o5 A sl o5
: Biranshahr Watershed Khorramabad Watershed Alashtar Watershed
Parameter 7 Mean/ SLASD 0T Mean/o SL#SD 0 Mean/ . SLatSD
Range Range Range
TDS (mg/1) 199-303 268.6+31.9 304-514 398.8+69.1 166-403 276.8+68.8
EC (uS/cm) 312-745 418.2+52.4 475-977 657.8+140.2 311-580 433.6+£106.2
pH 7.89-8.39 8.11%0.18 6.52-8.53 7.54+0.66 6.6-8.23 7.65+0.49
CO3 (mmol/1) 0.0-0.2 0.05+0.09 0-0.2 0.088+0.164 0-0.5 0.225+0.08
HCO,(mmol/l) 2.3-3.8 3.32+0.48 2.9-6.6 4.65+1.06 2.1-4.3 3.53+0.72
C1 (mmol/l) 0.3-0.6 0.4+0.6 0.8-1.9 1.47+0.29 0.1-0.6 0.445+0.13
So, (mmol/T) 0.3-0.44 0.44+0.19 0.02-1.55 0.47+0.51 0.08-0.75 0.326+0.2
Ca (mmol/l) 2.2-3.8 2.8+0.52 2245 3.5740.67 1.1-3.7 2.65+0.89
Mg (mmol/l) 0.4-1.9 1.05+0.47 0.9-3.1 2.11+0.7 0.48-3.44 1.35+0.7
Na (mmol/1) 0.08-0.32 0.22+0.08 0.18-1.7 0.76+0.59 0.03-0.78 0.22+0.2
K (mmol/1) 0.01-0.09 0.02+0.02 0.02-1.13 0.195+0.29 0.0-0.15 0.04+0.04
Ll e 23 oSSl 8 r;&&iﬁlﬁlg‘pz >

e b Of CudS sla bl bl Slopas
sl 0l 03551 A J sl s R RPRRA| QL_TCJ;'- J?J

3 Sla bl aen gl a8 AS jaste A dpdr S Gullas
Al sl 03 53 e Sl ke (5t e
sloes 5L Oluxs eagdome ol 5 oosdle ool ol sdalise
53 M (St s Ol fhad 3 ke 1 S6S oS eV
ol 0 sdalie Olien) 5y oad

DL 1 sl 5 L0l a2 = L Ol & s ol
s Joad aan 53 sblp & 5oul oj s 50 S oyl lae das e
L2l Coy s Heoy o (s Ol oS 5 e
03 Sl ol edalie Oliaol 5 Oliewy lasle ;3 5 jay oS

YA o —FA 0,lows — o3, ke JLu

YA

o loms S (lati o 6 p A ol e T 2
Las e Ol \,J:o‘u_&_l@tw

o y40mas 3 OMI ol o(F Jga=)as sls OlLis C’L"
o wfvs‘}wjjm.’ S YY) 7 5 VoxV T ce L
IR PR SR o)

RSS2 e S e s RIBIL (T

S St S8 A S e 50 Ul cpse e 0
S g0 (e Ay Oomil ot s 5 A3 G5 (i e oS5
ilodd o3ls DLV Jadr 53 (ise nl gl A s S

)7 e b 54 Omas s OMI (slatislu ool las
Skl o 1 308 5 S sl YAYXV T

Olnl ool (pwiigs 9 pgle



G 53 688 5 p S 5hS) (fusl8 Gakisle Comlas pull 5 2201 5 5blp 5 il 5l (slaes s (Dol b ¢ 5 -8 Jgur
Table 9. Rate of solute load in Khorramabad, Alashtar and Biranshahr watersheds based on area of karstic formation (kg/ha/day)

i A sl o5 LT g5 sl 055 A sl o5
' Biranshahr Watershed Khorramabad Watershed Alashtar Watershed
Parameter b Ok Ll Okl =b ke Lle Okb el Ok Ll Okl
Autumn Winter Spring Summer Autumn Winter Spring Summer Autumn Winter Spring Summer

CO3 0.06 0.02 0.13 0.017 0.094 0.25 0.147 0.072 0365 0.66 1.03 0.397
HCO3 1.28 3.5 2.11 0.276 2.21 5.34 3.63 1.83 6.79 11.87 12.64 6.77
Cl 0.08 0.26 0.19 0.018 0.417 1.2 0.611 0.29 0.36 0.977 1.02 0.52
So, 0.18 0.54 0.266 0.041 0.316 1.64 0.26 0.24 0.64 2.16 2.37 0.47
Ca 0.72 1.71 1.12 0.175 1.07 2.94 1.8 0.89 2.43 6.65 7.06 3.27
Mg 0.14 0.57 0.324 0.02 0.426 1.1 0.64 0.26 1.43 1.44 1.56 0.98
Na 0.039 0.077 0.04 0.007 0.137 0.41 0.154 0.123 0.067 0.35 0.41 0.157
K 0.01 0.024  0.005 0.0009 0.049 0.073 0.044 0.103 0.01 0.1 0.09 0.03
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Fig 5. Total of solute load output from three watersheds
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Seasonal Variation of the Solute and Determine the Solubility of Limestone Formations
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Abstract

Study of karstic rocks properties, understanding the chemical and physical properties have a special
place in resent researches. By understanding of the properties mentioned such as Bulk density, Porosity,
coefficient of solubility, solubility rate ... can be evaluated for karst development in the soluble rocks.
The purpose of this study is the assessment of seasonal variations of the solute and solubility of karstic
formations in Khorramabad, Alashtar and Biranshahr. To do so, circulation technique, as a commonly
used method was applied to determine the amount of solubility. Also, the solute load was determined. The
result showed that the maximum and minimum solubility (k) of Asmari-Shabazan and Omas formations
can be 1.27x10-6 and 1.02x10-6 m s-1 respectively. Also result shown that Khorramabad and Biranshahr
watersheds have a maximum and minimum solute load, respectively. In this regard, annual solute load were
estimated to be around 75.61 x103, 47.56 x103 and 44.49 x103 tons/year in Khorramabad, Alashtar and
Biranshahr watersheds respectively.

Keywords: Lorestan province, solute load, solubility, XRD, Karst.
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