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1. Introduction

ABSTRACT

The Isfahan plain is located in the Sanandaj-Sirjan zone with geographical coordinates of 545000
to 581000 and 3606000 to 3627000. Subsurface sedimentary sequence in this plain is divided into
4 main zones and 6 subzones. Zone A is the rock outcrops and bedrock sequence in this plain. Zone
B consists of alluvial fan deposits including a variety of talus cons (B1), coarse-grained to fine-
grained (B2), and mud-flow (B3) sediments. Zone C consists of fine-grained playa deposits with
pedogenic limestones, formed in depressed areas outside the Zayandeh-Rud alluvial plain. Zone
D is the Zayandeh-Rud alluvial plain, divided into upper fine-grained (D1), middle coarse-grained
(D2), and lower fine-grained (D3) units. Fine-grained sediments were deposited in calm and stagnant
conditions, and coarse-grained sequences were deposited by river’s flood currents. The flatness of
plain, widening of bed, and uplift of bedrock in the eastern part of river’s path led to the river’s exit
from main path in the Isfahan plain. Presence of coarse-grained fluvial deposits with high roundness
and sphericity in an upward-diminishing sequence in the central, northern, and northeastern areas of
the Isfahan plain indicates the existence of an abandoned channel of the Zayandeh-Rud river to the

northeastern parts of this plain.

Landscape formation and evolution during different geological
time is the result of tectonic activities along with hydrological
process and climatic changes, which control the rate of erosion and
deposition prosses (Bull, 2009). Examination of these evidences
from the geological and soil science viewpoint determines

sedimentary environment and reconstructing of land evolution path.

Isfahan plain has been stablished on young alluvial deposits.
The different of sedimentary sequences and soil development
processes in the Isfahan plain is due to the diversity in tectonic
conditions, landforms, sedimentary environment and climatic
conditions. Despite the economic, political, social, agricultural

and environmental importance of the Zayandeh-Rud river
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and its adjacent lands in the Isfahan plain limited studies have
been conducted on land evolution as well as the Quaternary era
investigation in this area, which can be pointed to Jaafarian (1986),
Ramesht (1992), Khademi et al. (1997), Ayoubi (2002), Farashi and
Ajalloeian (2012), Ghaiumi Mohammadi (2011), Mohammadi et
al. (2020). Formation of Zayandeh-Rud valley and river terraces
with soil science viewpoint was studied by Tomanian (2007), which
is the basis of further soil science researches in this basin (Ghaiumi
Mohammadi, 2011, Havaee et al., 2018).

The research method and previous studies results in the Zayandeh-
Rud river basin and Isfahan plain are descriptive, experimental and
documentary, etc. Based on the qualitative separation of different
land surface units, several geological maps of the Isfahan city have
been prepared (Abdollahi et al., 2014).

The most important goals of the current research are investigation
of subsurface development, based on the data obtained from
exploratory boreholes in different depths and parts of Isfahan plain,
and conversion of the geographical and geological descriptive
information into the geological profiles. Considering the geological
surveys importance in the primary studies of construction
projects, the surface dispersion and subsurface development of
deposits, classification of alluvial soils, separation of sedimentary
environment, and detection of boundary between different
sedimentary units in the Isfahan plain has been discussed, and
the geological zonation for this plain has been presented in this
manuscript.

The main structural units of Iran are Zagros Thrust zone (High-
Zagros belt), Sanandaj-Sirjan, Urumieh-Dokhtar magmatic
assemblage (UDMA), Central-East Iranian microcontinent
(CEIM), Alborz, Kopeh Dagh, Eastern Iran, and Makran (Ghasemi
and Talbot, 2006; Fig. 1). The study area (Isfahan plain) is situated
in the Sanandaj-Sirjan zone (Fig. 1-A). Based on ellipse WGS84
and geographic coordinate system UTM, the study area is located
between 545000 to 581000 eastern longitude and 3606000 to
3627000 in northern latitude (Fig. 1-B).

Lithological units in the Isfahan plain composed of Jurassic
shale, sandstone, and Upper Cretaceous limestone (Fig. 2). The
Quaternary sediments in the Isfahan plain are formed by two
major parts including alluvial fan deposits and river’s alluvium.
Alluvial fan deposits are the result of elevation erosion around the
Isfahan city. River’s alluvium, such as terraces and plains, have
been created due to active tectonics and climatic changes along
the Zayandeh-Rud river. Bedrocks below the alluvial units of the
Isfahan plain mainly consist of Jurassic shale with dark and olive

gray color (Shemshak Formation, Fig. 2).

2. Research methodology
In order to carry out this research, Isfahan geology maps (Abdollahi

et al., 2014) and previous geological and soil science reports of the

study area were studied. In addition, the geographical location
of excavation site, relationships, field characteristics, depth and
thickness of different rock/soil units have been identified during
field investigations in construction projects and carrying out
numerous projects of geotechnical studies and land stabilization
in the Isfahan city. Geotechnical studies include about 494
boreholes with a total drilling length of more than 7000 meters
and field observations of 942 pit walls in the Isfahan plain
(Fig. 2). Excavations were done by continuous coring in soil and
rock layers that drilling technique mainly was carried out using both
single-tube method for excavation in alluvium layers and double-
tube method for rock layers. In order to complete data, geotechnical
data of the Isfahan metro lines and deep wells were used (Technical
and Soil Mechanics Laboratory Co., 2020, 2024; Zamin Fan Avaran
Consulting En Co., 2006, 2017; Azmouneh Foulad Consulting En
Co., 2017a, b; Arvin Ajand Consulting En Co., 2022, 2024). The
boreholes distribution covers almost the entire study area (Fig. 2).
According to this study, the geological sections, bedrock depth,
classifications of soil/rock units, and geological zonation map of

the Isfahan plain is presented.

3. Results and discussions

Subsurface sediments in the Isfahan plain are divided into 4 main
geological zones, based on the sedimentary environment types,
parent materials, formation processes, sedimentary sequences
and physical characteristics of alluvium and rock in exploratory
boreholes.

-Unit A: This unit includes rock outcrops and mountainous
landforms around the Isfahan city. They are mostly formed by
Upper Cretaceous limestone overlaying Shemshak Formation
(Jurassic shale and sandstone). The lithological examination of
samples obtained from drilling in the bedrock indicates that the
shale sequence is more than the sandstone in the study area (Fig. 3).
-Unit B: Alluvial fan deposits are formed due to erosion in the
mountainous landforms around the Isfahan city. Investigating
the sedimentation process in this unit shows that this unit can be
divided into 3 parts, which include talus cons (B1), alluvial fan (B2)
and mud sediments (B3) (Fig. 5). Unit B1, B2 and B3 are formed
at the top of the alluvial fan and on the steep slopes of mountainous
(B1), in the middle (B2) and end (B3) part of the alluvial fan,
respectively. This unit mainly consist of rubble, angular gravel and
sand with variable abundance in the B1 and B2, and silt and clay
layers association with gyps in the B3.

-Unit C: This unit includes fine-grained playa deposits (Fig. 6). It is

mainly composed of clay and silt with pedogenic calcium carbonate
accumulations (hard lime grains). The formation of this unit was
not affected by the flow of the Zayandeh-Rud river. It has been
deposited by the seasonal and intermittent rivers which originated

from the mountains in the northwest of Isfahan.
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-Unit D: This unit is classified as the alluvial plain sediments of
the Zayandeh-Rud river, which has been deposited during the river
turbulent and calm period. Based on the data obtained from the
exploratory boreholes in the Isfahan city, the subsurface sedimentary
sequence in this unit includes the upper fine-grained layer (D1), the
middle coarse-grained layer (D2), and the lower fine-grained layer
(D3). The coarse-grained river sediments are composed of gravel
and sand with high sphericity and roundness (Fig. 7).

Geological zonation map of subsurface sediments in the Isfahan
plain is prepared based on the surface and subsurface geological
studies and the influence of geomorphological parameters,
topography, land slope and data obtained from exploratory
boreholes (Fig. 13). The integration of this map association with
the bedrock contours shows that the bedrock layer at the north side
of the Zayandeh-Rud river extend to a greater depth compere with
southern side of this river (Fig. 14). The rock layer outcrop in unit
A can be seen at southern, eastern and western part of the Isfahan
plain. The bedrock depth reaches to more than 273m at northeast of
Isfahan plain around the Habibabad city in unit C.

Zayandeh-Rud river flows from the west-east direction in the
Isfahan city. The thickness of the river sediments, which are mainly
gravel and sand with high sphericity and roundness, decreases from
the west to the east of the river channel (Fig. 10).

The most complete geological section of the Isfahan plain in
the direction from south to north covers the entire sedimentary-
structural area of the case study and shows that the diversity of
the sedimentary environment and sequence decreases from south to
north in the study area (Fig. 8).

Fine-grained sediments were deposited in calm and stagnant
conditions, and coarse-grained sequences were deposited by river’s
flood currents in the alluvial plain sediments of the Zayandeh-Rud
river. The flatness of plain, widening of bed, and uplift of bedrock in
the eastern part of river’s path led to the river’s exit from main path
in the Isfahan plain. Presence of coarse-grained fluvial deposits with
high roundness and sphericity in an upward-diminishing sequence
in the central, northern, and northeastern areas of the Isfahan plain
indicates the existence of an abandoned channel of the Zayandeh-
Rud river to the northeastern parts of this plain (Figs. 11, 13). Based
on the change of the river’s direction from north to south and the
direction of the dominant Zayandeh-Rud flow from the west to the
east in this area, the sediments in the northern part are older than
the southern part and the western part are older than the eastern part

in the Isfahan plain.

4. Conclusion

The subsurface deposits in the Isfahan plain are divided into 4 main
zones and 6 subzones based on the differentiation of the sedimentary
environment. Zone A consists of the rock outcrops, mountainous

landforms, and bedrock sequences in the Isfahan plain. Study of
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exploratory boreholes data indicates that the depth of the bedrock
and consequently the thickness of alluvium in the Isfahan plain
increases from south to north and from east to west. Zone B includes
alluvial fan deposits and is divided into three subunits: talus cons
(B1), coarse-grained to fine- grained (B2), and mud-flow (B3).
Unit B1 consists of coarse-grained sandy sediments with boulders,
the coarse-grained components in these angular sediments are
unrounded and unsorted. The sediments of this unit were formed
at the top of alluvial fans by erosion of rocks and their movement
by gravity. Unit B2 consists of sand and gravel with silt and clay as
pore fillers. The coarse grains in these samples are mostly angular,
poorly sorted, and lack roundness, and these deposits are located in
the middle part of the alluvial fan and in foothill terrain. Unit B3
is fine-grained silty and clay sediments with sand that formed at
the end part of alluvial fans. Zone C consists of fine-grained playa
deposits with pedogenic calcium carbonate accumulations (hard
lime grains). This unit occur in depressed and basin-shaped areas
outside the alluvial plain of the Zayandeh-Rud river in the final parts
of the Isfahan plain and towards the Borkhar plain. The formation
of a calcic horizon in the subsurface sequence of deposits is one of
the prominent features in this zone. Zone D constitutes the alluvial
plain sediments of the Zayandeh-Rud river, and the subsurface
sedimentary sequence in this zone includes the upper fine-grained
layer (D1), the middle coarse-grained layer (D2), and the lower
fine-grained layer (D3). The existing fine-grained sediments were
created by the Zayandeh-Rud river flows through sedimentation
in calm and marshy environmental conditions. Coarse-grained
fluvial sediments (D2) with high roundness, high sphericity, and
flattening indicate the impact of flood and overflow flows of the
Zayandeh-Rud river, and sediments in the current and active bed
of the Zayandeh-Rud river are also included in this unit. Study of
the changes in elevation and slope codes in the alluvial plain of the
Zayandeh-Rud river and up to the beginning of the Borkhar plain
indicates the presence of a natural river ridge physiography. The
presence of a ridge on the banks of the Zayandeh-Rud river also
indicates the occurrence of flood and inundation periods in this river.
Studying the sequence of subsurface deposits in the northeastern
part of the Isfahan plain indicates the presence of lenses or thin clay
layers with irregular distribution among the sequence of coarse-
grained fluvial sediments (D2), and the existence of these clay
interlayers can be attributed to the meandering movements of the
Zayandeh-Rud river in this section. Investigating of the subsurface
expansion and development of fluvial sand and gravel sediments
(D2) with high roundness and sphericity outside the current course
of the Zayandeh-Rud river to the north (before the Borkhar plain)
and northeast of the Isfahan plain confirms the existence of an
abandoned course of the Zayandeh-Rud river in the northeastern
part of this plain and up to the vicinity of Isfahan Shahid Beheshti
airport.
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Figure 1- a) Location of the study area in the geological map of Iran (Ghasemi and Talbot, 2006), b) Satellite image of the study area.
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Figure 2. Geological map of the Isfahan plain with location of exploratory boreholes (lithological units
are from Abdollahi et al., 2014).
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Figure 3- a) Shale rock falling along the joints in the pit wall, south of the Isfahan city (unit A), b) Samples from

the exploratory borehole in the bedrock from the Masroor street.
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Figure 5- a) Stability of pit wall in alluvial fan sediments of the Shafaq Boulevard, b) Subsurface sediments from exploratory borehole in

alluvial fan deposits (unit B1 and B2) around the Sofah terminal, c) Alluvial fan sediments (unit B2 and B3) from Seyed-Azim street with

gypsum soil, d) Alluvial fan sediments without rounding and sorting in the coarse-grained sediments (unit B2) from the Amirieh Street.
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Figure 6- a, b) Fine-grained playa sediments with hard calcareous grains in the pit wall from the Shahpour

street, ¢, d) Formation of pedogenic calcium carbonate and hard calcareous grains (dolls) with various

shapes on the southern edge of the playa from the Amirkabir street.
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Figure 7- a) Upper fine-grained layer of the Zayandeh-Rud alluvial plain along with two dark colored layers in it, in the pit wall from the

Abdul Razzaq street (unit D1), b) Middle coarse-grained river sediments with high sphericity and roundness grains in the pit wall from

the Bishe-habib street (unit D2), ¢) Upper fine-grained sediment (unit D1), d) Middle coarse-grained river sediments (unit D2), e) Middle

coarse-grained (unit D2) and lower fine-grained (unit D3) river sediments boundary, f) Lower fine-grained river sediments (unit D3).
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Figure 8. Study of subsurface deposit diversity in exploration borehole logs along the

south to the north in the Isfahan plain.
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Figure 9. Location of geological cross-sections and exploratory boreholes in different directions of

the Isfahan city.
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Figure 10. Geological cross-section of the Zayandeh-Rud river alluvial deposits along the west-

east direction (A-A’) in the Isfahan city.
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Figure 11. Geological section of sedimentary units along the south-north direction (B-B’) in the

Isfahan plain.
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Figure 12. Geological cross-section of alluvium from the Zayandeh-Rud river to the northwestern

direction (C-C’) of the Isfahan plain.

Il Caas 0 (P6) 55503 w35 b s S 31 6555 (I8 O m
g5 4 Sl B8 Do g 5 s s (BT s 3 Olghal gl
dlg) She 4l Slguy D3 dly) op i oy Jols 352 50 laanigs
G158 55 Db gy (Sl (VN 5 A sl JK2) Gl DT dg) VU ey 5 (D2
Olgaol Cois Jld Caaw 4 (BHO) 5550015 ails gy i 5 (D2 dly) Slo
Aol s Y a8 5 L wlbids Y bl o T 5 Sl anl 2als
b gl 5 Olghenl S (Slgsl 53 (il gy ad s 51 (6 e S A 3 5
Lladly b 2S (P12) gy 413515 Dby W 0T 31 g 5 235 555 5155
© (D dly) 355 0dulj wling,y 5,1 Cds 5 m8 opd )y (1) JSE)
Bsgy e 504 35 L oS Ll 0T U8 Olghol e (6 5 blad Con
Gladsly (g 5 bdled o 4 OT 51 (P17) (g 20 kS # 350> alob b 5 (BHS)
O (Y Jg.&) Gl 0 azigs (D d-y) (glailsng,y (T s PP
b e 53 (C-C) ey ol 53 (D2 doly) glailsn gy wlaciys oY (gl aw
oS Glailsmn gy aila i > Sbguy GLlE o 5T 5055 (BHS) 55, ksl il gy
GIL) S ot Sl 3501 w555 655 0 i b 5 4l 5, U edias ol
b5 JB P18) Olghol 6l I i b 5 (P17) ast plol OLLs Loyl b
O JS8) dizes o, (P18,19) gy 4l 305 Slguny L OT 31 s 5 ol
5 603 Il e 53350 4l 55 S g e e 9 (52T B> (o) 2

ol aS dms e 0L (D2 dly) (Gl gy wlsdys Y 5 g dawlga Olgaol
S o b i S 4y (BHE) sl s Jy 03 gukoms )5 &ilstn gy ad 2y SlaY
P27) Olgino! i Agd o8 355 (sl a3 b 5 (P21 10 P26) b (5,5l bt 5
IS DD’ (gl y) 5,05 550y Calises Slals)5 55 5 uite slal i b (to P29
BB alidinn) ¢ o0 53 05 o0 1) 8 gy 53 alin Lipy i (W-a
(D2 do-15) (glailss g 15l p3 ol gy b3y 4S5 50 oalicn 35 (VWb JSC2)

P30)QMJ:_WM(BH7)ﬁ&J{‘J>aA)>¢\>J))ﬁMJ‘J:BJﬂJ‘J{)J

va

6\;’-‘_;5!6,:‘\">,.\>‘5lé,j,>\\‘@;jugeurbu’l&lﬁ&.ﬂaw&.«
VoA ol o (5l Sl gyl 7 0T (6L 8 (B dls) gd0lalow
(D1 o 3) s VUil 335 Sl gon y i v S ol S5 g LOFAY ¢ s 1) iz
OLLEb (g 2 VY (6185 ) puilucin o g0 5 gy 40 3550l 25 5T s
YA 6,5 55 5 o ¥EO o LTI (6 20 Y/F (61,5 55 el Vv e
o3 (R (Shamn o 58) Llei o ietin |y JLo YA ot )3 & 58 (6 e
@l 8 GIaSSIb s pea Dlgny 535 2 (D dmls) 355015 &35 3 T
o O 50V G S Sy (o) I 4 a5 Ll il
5 SISy e g Jamme 93 i oS e gy 5 iy pl
Olgtol Clis 3555 b agpoulnl) Glsag) 45 358 00 Sls i gl
055) & bdles 5 (4ho 08) s Olelis,l o ls GaaSSlby Sus o 5o
GME s b 3 03,905 (63l s S35 ol (Olgheo it oK1 5 daeacdn
5315 (D sl y) sy (5T Sl gmy (Mg 355 ol pon Jslomn 5 Glae L
el o:; sbul as > ol

Olehol Cubd 0 g 33 995 oialj dilS 39y (0 pT YUl (s 0 —F-F
wlo s 58 Jols (D2 doly) lalssgy wlaiidys oo ) Sbgwy b3,
sdled iou VLG bwge Suas 8 500y 8 Latsgudls L L o
BT St LUK dal gl 51aST ol 0553 Olghal i sl
B DL e Gl e (G55 e Jalse Sl s 3550005 wils g,
gy Mg oy O JSKE) L o0 sledias 30 Olghal S 3 &l o
53 @l gy GIsE s Sl Gl w8 Cal 0T odins Olis b s
Gl gy e JUST G 4 Olgisl Lgd gz 51 (PA) wling, T 4650
23 e g o 4 s A g e 03 5udome )3 s ol 53 g 4Bl 181 55 5005

O JS8) iy g e Y 55



AE=50:(P) PO (1 ol uuoj ple/ 530 pligz 9 Ylzgaals YuS 35/-onn Rl g j ligan ) §350db 9 wlidioo ) wbja!

Gzl 5 Olgawl Cbs Ll b e 5 (E-E': BH7,,=1562 m, P32=1573 m
b gosbdld glely 5o 5 (P12, ,=1566 m) s glialy 5oyl 5 s
a8 (P36, ,=1559 m) sLTo 5l 5 (P29, =1540m) sig dgd o855
S S 550l (BT SB35 e ot s (LB, SIS i o g ol
ol s gy s HUST 53wy slowl ol il 5, and iy SIS 558 550
JUS 51T oo~ () T il a8 el D Slro 55 J guaes
JU™ ol bl 5 ands a3 555 ol ol LOYYY (oo i) Sl obualonil 4ils5 9
S Sl Glagy cpl 53 Dhw Glae, s t}B} ol sOlid 59 0l ailssg,
OT aym 5 0Lz S Sl il a0 28 (15l 4 Olab slas
ey O pon amle 5 o8 (Il a3 Sl dalonil Sl o O 55 RalS
& 4535 Olab OLL 5 e 5 03505 S gy G, JUS™ o b 53 s

23,5 o 5k et JUS

s 5 el Lo e gtz b5 By5 s sLTo g b s (to P36
wlsd s 4V 5 g odasilis S ) 5 093 (E-E' 3D-D') 35 50 ebaw s 5
o S dled e 55wl (ab JUIS 4 G 1S (gl L glailss g
03 kel FuST b oy ¥ SSSU L 5 Lo e 35 54 ool Dlgios!
s SBaY Ola 5l o lal 55 (D2 dsly) glalss gy dlssdys Slgw) Jg
) @YU o Y b alie o875 s eV B Y Sl it gl b o g 50
s SBaY Ole ol LS5 s oS LSS e (sla 3l 8L 5 635 (DI
3 o 3 505 6555 (639,00 GBS > 4 015 0 L)
Py oS s on OLE 35 0l wlssg) 418 s e S5 ooy
i 53 0T 56,20 slS Y g aholb b &l5 5y s ) ey s 5 85
.D-D': BH6,,=1565 m, P22= 1576 m) o35 (&l owlid omej ablis
5C-C": BH5,,=1567 m, P15= 1580 m, B-B: BH5,,=1567 m, P7= 1574 m

a i i X=563820 X=564054  X=564271 X=564096 X=564669
GeOIOglcal section Y=3611181 Y=3611813 Y=3612915 Y=3613803 Y=3615831 Legend
z=1565  Z=1 2=1576 Z=1573 Z=1567 g
7Z.R—NE Path 1 D=30M  D=25M  D=45M  D=18M  D=38M
1610m (éﬁe) P21 P22 P23 P24 * Borehole
" Shohadaye  Neshat St. Hatef St. Ghods St
KE B o st = a ___— Natural Ground
1600 m
—— X=568191  X=569878  X=578330 X=580087 X=582865 Fill Material
Y=3619549 Y=3620163 Y=3623152 Y=3624234 Y=3624095
Z=1561 Z=1558  Z=1545 = Z=1540 Unit D1
1590 m D=38M D=30M D=40M D=40M D=40M
P25 P26 P27 P28 P29 [ unito2
Zeynabieh St. Haseh St.  Airportarea 1 Airportarea 2 Airportarea 3 ;
1580m e il il 7/A Unit D3

Geological section

X=565630  X=555896  X=556068

X=566305  X=566919

X=567247  X=568238  X=570115
Y=3614177  Y=3614968 Y=3616570

Fill Material

Y=3611186 Y=3611570 Y=3612441 Y=3613107 Y=3613689
Z.R—NE Path 2 z=1562  z=1572  z=1573  z=1573  Z=1571 Leg end
. D=30M  D=3M  D=22M  D=40M  D=26M 5 orhok
(18’57) P30 P31 P32 P33
— Ghadir Br. ~ Moshtagh St. Hamzeh St. Lahore St.  Rahshe St. —— Natural Ground|

71568 Z=1562  Z=1559 ===

DM D-d0M  Deoowt UnitD1
P34 P35 P36

Talar St.  Khaje Amid St. Tamadon Br. D Unit D2

=

==

B unitA

V7] unit b3
[ unite

7

7

28 / 5
LN I
7 7
// //// // //// //// U, =
AV DDA DA, 2%
7 O, AN, AN A0,
oW/ DIDDANIIIA AN S
NVDA DA D AN 20
O, O, O, O, 7
7 // /// // //// // /// // ////
DANHN DN 27/ TI09/7,
10km! 14.25 km
E E'

3 D-D) 6yl dled a4y 3550015 6355 st 31 68 53 (Sla e 53 3T (i e & o VY S8

Olghol s (B-E/
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