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Fig.1. Geological map and sampling points (Amiri et al., 2023)
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Table 1. Study of photomicrographs of limestone in different horizons of the formation
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Table 2. The results of physical properties of limestone samples in different horizons of the formation
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Fig. 2. Representation photomicrographs of the Ilam formations in the type section Abbreviations: Pl f: Planktonic
foraminifera, Bio: Bioclast. for details see the descriptions in Table 1.
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Fig. 2. Representation photomicrographs of the Ilam formations in the type section Abbreviations: Pl f: Planktonic
foraminifera, Bio: Bioclast. for details see the descriptions in Table 1.
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Table 3. The results of durability test of Ilam formation limestones
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Fig. 3. The results of durability test on the tested limestones in 15 cycles
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Table 4. The results of mechanical properties of limestone samples in different horizons of the formation in dry condition
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Table 5. The results of mechanical properties of limestone samples in different horizons of the formation in saturation condition
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Table 6. Results of calcium carbonate test on samples
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Table 7. The results of X-ray diffraction (XRD)
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Table 8. The result of X-ray fluorescence (XRF)

Sample | SiO; | ALO; Cao Fe;0; | K;O
Name | (%) | (%) | (%) | (%) | (%)

MgO | Na,0 | P,Os | SO; | TiO: | LO.I | S10
(%) | (%B) | (%) | (%) | (%) | (%) (%)

6.65 1.24 | 5033 0.62 0.10

1.05 0.06 0.09 0.13 | 0.06 | 39.55 0.12

4.62 1.18 51.27 0.57 0.11

1.03 0.06 0.07 0.63 | 0.06 | 40.28 0.12

3.89 1.03 51:92 0.49 0.07

0.94 0.05 0.09 0.56 | 0.05 | 40.80 0.11

3.77 0.77 5246 0.36 0.07

0.85 0.07 0.07 0.24 < 41.21 0.13

2.83 0.61 53.22 0.38 0.05

(| O 0w |

0.75 & < 0.22 < 41.81 0.13

291 0.49 53.15 0.36 0.05

0.82 < 0.07 0.26 < 41.76 0.13
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Fig. 4. A) Variation of calcium ion concentration ratio to time for horizon A limestone at pH=6.5-7, B) Variation of calcium ion
concentration ratio to time for horizon B limestone at pH=6.5-7, C) Variation of calcium ion concentration ratio to time for horizon C
limestone at pH=6.5-7, D) Variation of calcium ion concentration ratio to time for horizon D limestone at pH=6.5-7, E) Variation of
calcium ion concentration ratio to time for horizon E limestone at pH=6.5-7, F) Variation of calcium ion concentration ratio to time

for horizon F limestone at pH=6.5-7.
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Table 9. Chemical analysis of Mashhad city water
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Table 10. The results of limestone solubility test for different horizons of the formation

(K) (m/s) JUssl ey o6 | PH Jol az 50 alolze Kol diges
A0\ F v-#16 | y=0.1765 x+ 1.6338 A
AT RN v-#16 | y=0.1937 x +1.5363 B
OIYYx\ Y-£10 y=0.204 x +0.4518 C
FIFYx\ v-#16 | y=0.2279 x+ 0.3576 D
Y FxYF v-#16 | y=0.2553 x+ 0.3832 E
A AAxY 7 v-#16 | y=0.2883 x- 0.0588 F

@85 33k b 0T QUL 550 508y 5m wisles L o (il
Solitte blpd o Ko slaasly ol dtgy & )50 &
ol s sliied; ool 03,8 WSl Wil LB, s 1,
3952 (S 0>y y2 (So5d Sloogas 5l (2T L8,
X o wlnSw oldlas 4 4z L ocul
Sl 5 (Sod Slaogas (53) p 53k 536 «Sal
Jdo a4 wijle ol (S ooy ol Sl
5 Bl ils e g VIVY U /0 o S5
a5 Gl 200 S5 51 S eSS Ol i lake
2olie oSt Cuagliie 5 (ol S oS 5 4 axs b
sls Jds A 8l el lasl LB saslcassa
Grizme 9 5 reedS alel Gk oAl oty
Ot 9 SRS e (nytier o, S b
Sleogar 10 Gglas il e Lo ) O Qi asje
Sloogas 5 Selis el wlid S5 5 olid Sis
QA G50 a5 g0 pl 4 09d oo (S 5 (S
LD @l i 4 Caws gie MO oe>g o
I3 ol s IS il (sl
SroedS Ghales] )3 S Sl S JalS 5 Ul
Jodos el 5 S Cuaglin il 31L el a5 B
5 Conglie (ppy%eS A 38l o LEalS LT Gl lade
S35 2 5 Sloww g5 Sl o | Suaglie (i F 8
2yl 536 Sl 6 iy JUonil g (Staglio o S
oIl el 535 ok s 9 SRlSes Ol 4S5 5k
ol K ) Sl Kt S35 5 olgo 055 o Cuoglie
1y JUol e pr S0l o iy &S (B AS (o0 oS
Al oo Lo 1) S Sl ,S 5 Canglie (g i 3 )l0

‘;ﬁb.‘- ‘Sl.buf.;.w JU=i! Caf ol anwlxo ov9)

(eoly) oz 9
B Uil s ol ¥ b 5 sl b g, el o

dc KA
—=—(C.—C)" Y akyl
byl ol o

u*’L°5 5 S Clue A e(m3) ub)> 5o u] > -V
Sl st gonndS g0 clale Ol poss de (m?) oI L
(gr/lit) slosl cdl> )0 ppdS g cidale «Cs (sec) b
a0 (gr/lit) gole cdl> jo S gy cdale :C
o 1y JUssl Jeily pogre (Cs - C) lode . uiSTy
Slaluzme i o o5 1) aulyd Usexs 5 9,5 0
N i 03,5 e ol 5300 9550 T b (sniges
s Lagi a2 5 & e Slalllas 1 (S Tg 4 )
plil oI5y 0l Jalaie polas aidS sla Lo o

(\ avy swls) Sl 00l 4...9; ).!a) 3
Cga (8l Sie sladijle > el Sl wjle
Syl 4 by il cal (s SIS0 055 oo
Ll cols Jdo ol 4 asbe SalS
Digre So plpie 4 ale (elib S 5 (oulidanz
Sl (38 Lisu & 5l el aisle cus adaiie .ol 7o
Cowl ploaiile alox 51 sl wisle .l ool JSis
G 9 3 ok S STy el s s
G oaxg Lol Ky SalSn Jels dges
oads |zl 0l 555 2 58k el o (50 S
e yle 0503 p Wil I b e (8 slaslis 50 g



YA 1F¥ lino) 9 3wl FF o)Ll VA 0590 ¢(60 3 5 owlil ooy (98 (gloasdly

SlSal Sw od )5 5 )5 drwgs o glas
8 JUsl Cep 2l o Doglis izmen g pll) sl
obls s 4 asle el wile dilise slagsl
2 Salie Jls) e S 5 (Sojed sl S s
W e plis vgr l (Sadcw,5 g JUssl il
S Sla Sy GRle Juds 4 il slagiglytd
S )5l 5o (Solite JL8, il (SG
5 b (Sopd Sleogad waoe Gl 09>
0 oslis Lol Lelse 5 Wl e oSl Kiw Silse
S ooy alax 5l sl aihie Subiws,S
sl o5 o Il Wl dilate y ssalive L
obt dlr )5 5 JlUol Slii> oS dabel> )l
Olese Iy a5 wnleds 51 golans £ JSCo yo .0l 0
(i JUosl Galojl Gololy) it g pudg Uil g
Canglin Ltale)] olul ) Sal S sutiSs 5,
Wil sla@dl 1o 25z g0 SISt ((5)57eSs (5,Lad
55l ol 58] s s i A 581 45w e o)Lt oL
ssbier gyeedS bl Bl iy LalBU
O (S g 00 3929 e 4ty oo oS Ceaglie
S K Caglie b Koy Ceglie (Swosgs
Lo ool plool aie;ls Siwesss Caaglie .l &glacte
Al 0929 ol ! ol iagh jo a5 canle
eSS (g,lad Caglia Gialeyl elulpy ol
O S g JB8 Cde 4 F G B ol slosal S

i 1o 38 s & s (5,50l Canglio (sl Lol

0°

180°

Stereo32, Unregistered Version

Ol 5 plgs GialesT 5l (23U 039 2ol (208 iz e
3l oyl oy bl Syl gyl ol oolidl 3list 31
5 S by S (SKln 5 (S58 Sloogas o oS
Sleogar 51 (S50l vszg bl )5 anwgs
@ G o1l ooliiul b glen a5 Sow Bl
0,8 el Kis T 1 Cans IS Anasgi 5 JUoeil gl
SialesT 5l olil b a5 asl o (K) JUso! g s 2l
445 (6,500 sla S iy wilse 55 ojlwl LB JUs
Aoy el Bl o S (6 d JUsil b puiinns 9k
Slallas wil o S 55 Syzge iy Uil sla SIS
Sl K el Ol S so)0 4z, a5 ools ylis
S o1 15 e )l5 dmasg g Ul oLl sl UL

sl e UL
@by byl 4 ddlhie S o G5 dnngs
Shs e 5 ol s wihie SogSs sz
Sy o g dibaie O glerd oS 5 o oulid Si
5 OleSe oyl cnl 5l (5l o5 allate Sy y0 0l
Sglas D92y a5 0 Sglas Lol Jule coanl ailin
e S Shy 9 wld S Sheosgas o
oogazme o sl lis g Sl Julse adlas .ol o
og5ne aibaie (sla Ju s Shoc « plbl wijle oS glade
Ot Cawl alily il Caw S dswgn S5 0
4o ddlaie 10 D90 slroj,s LJle aS ol lid Dlelllas
Mg & USS joadlioe Gt s el S
bojyd e Cgz g adhate sla Swgal (>
Sald alse 5 ol GLust Loy bl p 4 Lol ool angs

90°

Maximum = 8.0

Dip direction (10° classes)

axdlian 590 adlain 5O (SiwSl 90,0 3l Juols (B IS 10805 .0 S5
Fig. 5. The result of Rose diagram joint and fracture in the study area



4 \f.¥ Q&m.n} 9 3l P o lols AA 0,90 (g0 0,5 @al.m‘au*n) RTY saisl

WV g o ittty oble s ddlaie o Sy aidS Sledlle b ool Cawads gubs duws lio -0
Q‘)Mﬁd‘ou Ja.,.u53 ALsd8 adlae @L..» A Lo "’L"‘ai‘a" JEppeRY Q‘)M56°Le57’\a JL...,).)
el 00l &3l ) Lol iagh o b (Y41 0) —ell slaaiile o Sel i cwiige cwlid o)

Jesid e (0 9 olhb Al 50 “;\U:r.ﬂ Ol (7 )5 (@ Sl Ko 69y » ol o ad Ob wo jlenikloa g pgai (1P S

Sl S yo ouis
Fig. 6. a) A picture of raindrops on limestone b) Karen, c) dissolution holes, d) rain hole Karen and e) cave formed in
limestone

Pl gy gl b (Y410) o )5en 5 (53L5 Luwgi adiS adlllas gulii amsliio N) Jgar
Table 11. Comparison Result in this study with previous studie

bS5 O | Sw gy | adlaedyge adlie | i,
il oo Gl Conglie  Sol glacKiw o @lyd ojlail zals b ols olis gl 5 old Sal sble,> \
el aiie 03 ¥ BN 5l a8 g —plll (Sal glacin Jadss Y | of1Ken
ol 00)0 ¥ 5l S ladigas plos jo O L a3l Y | (Y10)
5 palie ks 00, 0 1yaily 5 elSil3 5 JiaT ganes, b plss (talesl o -F
s
oo Gl emalS Sy yS 1l (s g JUosl -0
Ao 4l 520 1.39X1070 L ol Sal S JUsl ey ol Jagio -

O PRV
sl yaiie Aoy YIVY B 210 o ol it Sl slacKiw Jabss-\ | hegh Sal a85) oS et Y
sl do)0 V5l S ladigas plod jo O L asls - ol (5

S5k ol sloSal i oles JuoS (goied, (bl (Kbl plgs Giolej] o =Y
aigas ples Lailer 5 (lSS18 (gunos) ool 5 pglie (L5 U pglio (oS 03, 5o
35S oo 8 plie Iad B pglie (LS00 5

oo Gl emalS Sy yS (2l (s g JUsl ¥

dpnloee adli 5 50 6.32%10°0 Lyl Sal Kiw JUssl Cae por Sl Langio -0

S
ilord (b Sloogas 4 bgyje Slis pl il & S Aok -7
drwg Lol Jale Sl o a5 .l o Sal  SSlKs 4 5ol ( SSeSs g o 3l Jelge (ogr Hluss 929 b
ol 3t SISt i K Bl 31 bl e IS Satslsh g slaonsay dnmg caslllas o 90 adlate olsan
)13 518 GgSy 5 Sy~ oS 9 oS g £ T )0 ssboren g dalllas 9,50 dilaie slaSal jo cu)ls

GsS i dels it OIS saiasilis XRD gl ol o b plll wijl Gilises sl 381 o g,y Ul



f. VFo¥ w9 Jualy 5 o loss VA 0,50 (60 325 (ol pmo) 90 saisl

References

Anon, O (1979) Classification of rocks and soils for
engineering geological mapping. Part 1: rock
and soil materials, Bull Int Assoc Eng Geol.
19(1): 364-437.

Amiri, M., Lashkaripour, G. R., Hafezi Moghaddas,
N., Ghobadi, M. H (2023) The relationship
between  petrographical,  physical, and
mechanical properties in Ilam formation
limestone. New Findings in  Applied
Geology, 34, doi:
10.22084/nfag.2023.27419.1545 (in persian).

ASTM D4644 — 87 (1998) Standard test method for
slake durability of shales and similar weak
rocks. West Conshohocken ASTM
Int. doi.org/10.1520/D4644-87R98.

Bakhshandeh, L., Mohtat, T., Bakhshandeh, H., &
Senmari, S (2014) Biozonation and Abundance
of Foraminifera in the Type Section of Ilam
Formation. Scientific Quarterly Journal of
Geosciences, 23(92): 75-84. doi:
10.22071/gsj.2014.43654 (in persian).

EN, B (2003) 13925-1. Standard Non-destructive
testing X-ray diffraction from polycrystalline
and amorphous materials General
principles. British Standard Institute.

Dunham, R. J (1962) Classification of carbonate
rocks according to depositional textures.

Franklin, J. A. Chandra, A (1972) The Slake
durability test. Int. J. Rock Mech. Min. Sci, 9:
325-341.

Ghobadi, M. H, Ghorbani, A., Mohseni H.,
Uromeihy, A (2015) study of engineering
geological properties of the Ilam - Sarvak
formations in Khorramabad city. Journal of
Engineering Geology, 8 (4): 2463-2486. (in
persian).

Ghobadi, M. H., Amiri, M., & Rasoli Farah, M
(2021) The study of geotechnical properties of
Qom formation sandstones and their using as
borrow material (case study: Latgah village,
northern Hamedan). New Findings in Applied
Geology, 15(29): 55-70. doi:
10.22084/nfag.2020.21215.1408 (in persian).

Ghobadi, M. H., Amiri, M (2018) Assessment of
Karst development base on lithological,
morphological and structural characteristics in
the Hasan Abad galebozi region, East of
mobarake, East of Esfahan province, The 21st
Conference of the Geological Society of Iran
and the 11th National Geological Conference of
Payam Noor University, 9 pp. (in persian).

Ghobadi, M. H., Karami, R (2009) Solubility of
limestone and seepage problems in the left
abutment of the Marun dam, southwest of Iran.
Journal of Engineering Geology, 3(1): 615-632.

Gamble, J. C (1971) Durability plasticity
classification of shale and other argillaceous
rocks. Ph. D., Thesis University of Illinois.

2 hboe Conglys g (owy SBGS el Oln)S
Laaigas XRE 5JUT gl A Jsor 51 Lol ol ol
oxi2 S sbanST odes a5 w0 lis
o 4 il e MgO,; Fe203 . A1203 Si02.Ca0
3 peelS 0ST 0o y0 ccanl odalice LB A Jguz o4
35 CandS Slsls  geose onl a5 cewl UL LOLT
3L a5 wes e lis mls g ol 0 S beaise
ST o)y o9 @l XRE olejl b (g enndS
3 oy S92y Soly ladises jo (AL203) pgiinegl
SialesT i b eslie (3ol a5 e aily S glacSins
XRF g (5 oS iolol jolusl 5 iman .0 ,Jls XRD
) oaelS Slig)S oo i F 5 B sla sl o525
Geb «(Sosed Sleogas Gad el Gulul ool L
03, ;o LbSalSKn o Jxlx asy el gunaild
ol ke aib ay g oo 18 b U ol L
03, 3 > 9>y (g e3giome Bl e o5 5 0l i
s & Jy b W B ol S b oS
3>y (339 9 el Cwend (ogatie (59 jlade (L
(JeoS Ganes, ululn ailge UL b Lawsie oo
5S35 ples 03y 5o sl oyl slacSal Sin oled
9 OAlS3 (samed) bl g plie (L3 B polie (o5
polio lagals b pglin Lo 00, ;0 ddiges plas |jail>
ool i | Sl Ko Sa8 s ples iy e S8
S S Bl il cde 4 A 38105 e S
shls Cwglie (p a8 o Do Gizmen 5 (0w
2 63L5 b Esde cnl 45 Al oo i9 Sl iy
sl a5 &l o)l Sl iUl s,
shls cul (59 2ol (0S5 Cueglie (i
S5 sloosay oo JUsel Cee s Sl (i
oS oIl Sy S U sy smn
Sile g aibaie jo hl Ale o5 5 455 el o

2,10 gzg axlllac 550

109 g ST -V
S (g0 8 oKl (pulidiynaj 09,5 5| B Ay
9 Slaslojl plol (gl o3U UGl (yoges pal$ Jo &
Ame 4,250k g e prime Glgls rizeen
9 S JS o p)lS (lidina; nys slaaidly

Ayl ) gls,ud



) VFo¥ w9 Jualy 5 o loss VA 0,50 (60 325 (ol pmo) 90 saisl

leakage by dissolutional widening of fractures
beneath a dam. Engineering Geology, 70: 17-35.

Salimi, S (2009) Engineering geology study of
limestone rocks in south and southeast of
Hamedan province, Master's thesis, Bu Ali Sina
University, Hamedan (in persian).

Shalabi, F. L, Cording, E. J., & Al-Hattamleh, O. H
(2007) Estimation of rock engineering
properties using hardness tests. Engineering
Geology, 90(3-4): 138-147.

Sharma, L. K., & Singh, T. N (2018) Regression-
based models for the prediction of unconfined
compressive strength of artificially structured
soil. Engineering with computers, 34: 175-186.

Singh, T. N., Sharma, P. K., Khandelwal, M (2006)
Effect of pH on the Physico - mechanical
properties of marble. Bulletin of Engineering
Geology and the Environment 66 (1): 81-87.

Torabi - Kaveh, M., Heydari, M (2011) Studying
the dissolution process of gypsites of Gachsaran
Formation in Chamshir Dam Reservoir, Journal
of Geotechnical Geology,7 (3): 191-198.

White, W. B (1977) Role of solution kinetics in the
development of karst aquifers. Mem. Int. Assoc.
Hydrogeol, 12: 503-517.

Zaroosh, N., Vaezi, A., & Karimi, H (2015)
Evaluation of karst development potential in
Kabirkoh anticline of llam province using fuzzy
integration and analysis hierarchy method
(AHP), remote sensing and GIS. Quantitative
Geomorphology Research, 3(3): 144-15.

Ghobadi M. H, Taleb Beydokhti, A., Asiabanha, A
(2012) The effect of pH of water and
mineralogical properties on the slake durability
of tuff in north Qazvin. Journal of Engineering
Geology, 6 (1): 1409-1428. (in persian).

Heydari, M., Taleb Bidakhti, A. R (2003)
Investigating the solubility of limestones near
the Hamedan power plant, Proceedings of the
7th Conference of Geological Society of Iran,
University of Isfahan, 11 pages (in persian).

Hu, Z., Klaver, J., Schmatz, J., Dewanckele, J.,
Littke, R., Krooss, B.M., Hildenbrand, A (2020)
Stress sensitivity of porosity and permeability of
Cobourg limestone, Engineering Geology, 273:
p. 105632.

ISRM (2007) The blue book: the complete ISRM
suggested methods for rock characterization,
testing and monitoring: 1974 —2006. In: Ulusay
R, Hudson JA (eds) Compilation arranged by
the ISRM Turkish National Group, Ankara,
Turkey. Kazan Offset Press, Ankara.

James, A. N (1992) Soluble material in civil
engineering, Ellis Horwood, New York.

James, A. N., and Kirkpatrick, I. M (1980) Design
of foundations of dams containing soluble rocks
and soil, Q. J. Eng. Geol, 13: 189-198.

Mousavi Maddah, S. M., Hafezi Moghaddas, N., &
Ghafoori, M (2020) Solubility variations of
Tirgan limestone in Northeast of Iran with
change of PH and temperature. Carbonates and
Evaporites, 35: 1-10.

Mohammadian, M (2021) Investigation of the
relationship between lithological, physical and
mechanical properties with karst development
in gypsum of Gachsaran Formation and
limestone of Asmari Formation in Jarahi-
Zohreh catchment, east of Khuzestan province.
PhD thesis, Ferdowsi University of Mashhad (in
persian).

Maghsoudi, M., Akhavan, H., Mahdian
Mahforouzi, M., & Ashournejad, Q (2015)
Zonation of the Intensity of Carbonaceous
Rocks in Southern Zagros (Case Study: Seif
Abad-e-Laghar Basin). Physical Geography
Research Quarterly, 47(1): 105-124,
doi:10.22059/jphgr.2015.53681 (in persian).

Naseri, H. R., & Aljjani, F (2012) Karst system
analysis of Asmari and [lam - Sarvak formations
in the South-West of Izeh. Advanced Applied
Geology, 2(1): 94-104 (in persian).

Noori Sartangy, M., Uromeihy, A., & Zarea
Mozafary, K (2017) Engineering geological
characteristics of Gachsaran formation of a
leakage (Case Study: Dam  Khersan
3). Scientific ~ Quarterly  Journal  of
Geosciences, 27(105): 131-142. doi:
10.22071/gsj.2017.54177.

Romenov, D. K., Gabrovsek, F. Debrodt, W (2003)
Dam site in soluble rocks: a model of increasing



Y VFo¥ w9 Jualy 5 o loss VA 0,50 (60 325 (ol pmo) 90 saisl

Evaluation of solubility and karst development in type section of Illam Formation

M. Amiri', Gh. R. Lashkaripour?, N. Hafezi Moghaddas® and M. H. Ghobadi*

1- Ph. D. student, Dept., of Geology, Faculty of Science, Ferdowsi University, Mashhad, Iran
2, 3- Prof., Dept., of Geology, Faculty of Science, Ferdowsi University, Mashhad, Iran
4- Prof., Dept., of Geology, Faculty of Science, Bu Ali Sina University, Hamadan, Iran

* lashkaripour @um.ac.ir

Recieved: 2023/3/9  Accepted: 2023/7/9

Abstract

Karstification develops in limestones easily due to high solubility. The abundance of limestone has
caused them to face this type of rock in different engineering projects. The [lam Formation is exposed
in the Zagros mountains and this Formation contains 195 meters of cream-colored limestone in the type
section. Due to the extent of this formation, many projects have been executed on this formation, and
they also encounter this formation in oil drilling. Its lower and upper Boundaries are continuous with
Surgah Formation and Gurpi Formations, respectively. In this research, lithological studies and
determining the physical and mechanical properties of limestone samples of Ilam formation in type
section, the solubility and karst development have been investigated. In order to evaluate the solubility
of the Ilam Formation, samples were taken from different horizons of the formation and transferred to
the geological engineering laboratory for the dissolution test, the samples were evaluated for their
chemical composition, engineering properties, and solubility after preparation. The results of XRD show
that the oxides include silica, calcium carbonate, clay minerals, and a few numbers of dolomite. The
results of the XRF samples show that the major constituent oxides are CaO, SiO,, Al,Os, Fe;O3 and
MgO. Additionally, based on calcium and XRF tests, horizons E and F contain the highest levels of
calcium carbonate and demonstrate variations in solubility across different layers of the formation.
Horizon F, in particular, has the highest rate of dissolution. There are karst phenomena such as
dissolution sinkholes, Karen, dissolution holes, canyons, caves, James, gorges, and rain hole Karen in
the study area.

Keywords: Lithological properties, Physical properties, Solubility, Limestone, Ilam Formation

Introduction
Carbonate rocks are the most abundant

process in which soluble minerals dissolve,
creating voids and cavities. Solubility, in its

sedimentary rocks in Iran and play a critical
role in many construction projects. These
formations are often considered problematic,
as constructing surface and subsurface
structures in such rocks presents significant
geotechnical challenges, potentially leading to
serious consequences during both the
construction and operation phases. Some of
these properties, such as physical and
mechanical characteristics, can be assessed
within a relatively short timeframe and have
direct impacts on structural behavior. These
evaluations allow engineers to identify
potential issues and implement solutions
promptly. However, time-dependent
characteristics, such as dissolution, can pose
long-term risks to surface and subsurface
structures,  especially when  favorable
conditions for dissolution are present.
Dissolution leads to the formation of karst, a

strict sense, refers to the amount of a substance
that dissolves in a solvent under specific
equilibrium conditions of temperature and
pressure. The presence of soluble minerals at
sites of hydraulic structures can lead to long-
term risks, such as water leakage from dam
reservoirs. Therefore, it is crucial to determine
both the quantity and rate of dissolution of
these minerals. The dissolution process plays a
vital role in evaluating geochemical systems
and understanding the relationship between
dissolution rates and water chemistry requires
laboratory testing. Determining karst areas is
another critical issue, as the karst phenomenon
introduces risks, including variable solubility.
Past experience has shown that geological
phenomena, particularly in karst areas, have
caused significant problems in projects and
dams. These issues are often due to porosity
and fractures caused by the dissolution of rocks
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such as limestone, dolomite, gypsum, and
anhydrite. The aim of this research is to
investigate the lithological and engineering
characteristics, as well as the solubility of
limestone in the Ilam Formation at the Type
section, including the development of karst and
the presence of karst features in the study area.
To date, no research has been conducted on the
engineering properties and solubility of this
specific section of the Ilam Formation.

Materials and methods

To conduct this research, both a literature
review and data collection on carbonate rocks
in the Ilam region were undertaken. Field
studies were carried out in the Type section to
identify karst formations in the limestones of
the Ilam Formation, which included the
recognition of karst morphological features
and seams. Sampling was conducted during
these field visits, where 60 suitable blocks with
dimensions ranging from 40 x40x30 cm to 50
x 50 x 40 cm were selected and transported to
the geological engineering laboratory of the
university. From these blocks, cylindrical cores
with a diameter of 54.7 mm were prepared for
testing. Physical and mechanical tests were
performed on these cores following ISRM and
ASTM standards. In addition to physical
sampling, lithological characterization, X-ray
diffraction (XRD), and X-ray fluorescence
(XRF) tests were conducted, along with
physical, mechanical, and solubility analyses
for the carbonate rocks. The aim was to assess
the relationship between lithological, physical,
and mechanical properties and the extent of
karst development in the area. Ultimately, the
data collected from these tests were used to
analyze the influence of these properties on
karst formation in the llam Formation.

Discussion

The limestone formation of Ilam is recognized
as a problematic geological unit, primarily due
to the solubility of its limestone.
Understanding  the  stratigraphic  and
petrological conditions of this formation is
essential for addressing the associated
challenges. The cross-section of the Ilam
formation comprises six distinct limestone
sections (horizons). This formation is
extensively distributed across the Zagros
highlands, characterized by cream-colored
limestone in the sample area. Given its
vastness, numerous construction and oil

drilling projects have been conducted within
this formation. Geologically, the lower
boundary of the Ilam formation transitions into
the Surgah Formation, while its upper
boundary interfaces with the Gurpi Formation.
The various rock units exhibit differing
behaviors, necessitating an understanding of
the physical characteristics inherent to each
unit. Lithological studies indicate that these
characteristics  significantly influence the
physical and mechanical properties of the
limestone. The rock units within this formation
exhibit porosities ranging from 0.5 to 2.22,
while their water absorption rates are generally
below 1%, which aligns with their
mineralogical composition and strength.
Among the horizons, Horizon A demonstrates
the highest porosity and water absorption rates,
attributed to its elevated impurity levels and the
presence of clay minerals, as determined by
calcimetry tests. Variations in lithological and
mineralogical properties result in
corresponding differences in the physical and
mechanical characteristics of the rock.
Notably, the presence of magnesium oxide
(MgO) in Horizon A, resulting from
dolomitization, leads to a marked reduction in
the dissolution rate, increased porosity, and
diminished calcium carbonate content as
evidenced by calcimetry tests. Consequently,
as rock strength increases and porosity
decreases, the water absorption capacity
diminishes. Horizon A exhibits the lowest
strength, in contrast to Horizon F, which
showcases the highest strength. Additionally,
the type of cement present within the limestone
significantly influences both the strength and
solubility characteristics. Specifically, micrite
and fine crystalline cement enhance the overall
strength of the rock. The durability of
limestone deposition is inherently linked to its
lithological composition. Interestingly, the
horizon with the highest dissolution rate
constant also shows the greatest strength and
calcium carbonate content, while the lowest
weight loss recorded during durability tests
was observed in this horizon. The experimental
findings reveal a clear relationship between the
physical and mechanical characteristics of the
limestone and the expansion and development
of karst formations. One key laboratory
parameter indicative of a rocks ability to
dissolve and subsequently develop Kkarst
features is the dissolution rate constant (K),
which can be quantified through dissolution
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testing. Furthermore, the percentage of soluble
minerals present in the limestone is directly
related to its solubility. Research indicates that
a higher percentage of calcium carbonate in the
limestone correlates with an increased capacity
for dissolution and the development of karst
features within the rock.

Conclusion

Despite similar structural and tectonic factors,
the climate of the studied area, the
development  of  karst  morphological
phenomena in the limestones, and the
solubility variations across different horizons
of the Ilam Formation exhibit significant
differences. These discrepancies can be
attributed to the physical, chemical, and
mechanical properties of the limestone, which
are crucial factors influencing karst
development. Lithological, the limestone of the
Ilam Formation is categorized into three types:
Wackestone, = Wackestone-packstone, and
packstone. X-ray Diffraction (XRD) analysis
reveals a mineralogical composition that
includes quartz, calcium carbonate, clay
minerals, and dolomite. @ The X-ray
Fluorescence (XRF) analysis results presented
in Table 8 indicate that the primary oxides are
CaO, SiO:z, Al:Os, Fe:0s, and MgO. Notably,
the high percentages of calcium oxide and Loss
on Ignition (L.O.I) underscore the prevalence
of calcite in the samples, and the calcium
content aligns well with the XRF findings. The
presence of aluminum oxide (Al2Os) in the
samples suggests the occurrence of clay within
the carbonate rocks, further corroborating the
XRD results. Additionally, the calcimetry and

XRF tests indicate that Horizons E and F
possess the highest concentrations of calcium
carbonate. According to physical property
assessments and following Anon classification,
the porosity percentage in these limestones
falls within the very low to low category,
which correlates with a similarly low water
absorption index. The weight per volume of
these rocks is classified as having low to high
density, with the average specific weight of the
solid component and the unit volume weight
ranging from medium to high. Utilizing
Gamble classification, all limestones in this
formation are categorized as having durability
ranging from slightly strength to very strength.
In accordance with Franklin and Chandra's
classification, all samples fall within the
category of very strength to extremely strength.
The durability of limestone deposition is
inherently linked to its lithology. Horizon A,
which exhibits the highest weight loss,
contains impurities such as clay minerals and
displays the lowest strength, significantly
influencing  the limestone's  solubility.
Conversely, the horizon with the highest
strength and lowest weight loss is characterized
by the greatest dissolution rate constant. The
area and the formation under investigation
feature various karst phenomena, including
dissolution sinkholes, karns, dissolution holes,
canyons, caves, jamas, gorges, and rain hole
karns. These features highlight the dynamic
geological processes at play within the Ilam
Formation, further emphasizing the importance
of understanding its properties and behaviors in
relation to karst development.



