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Figure 1- Geomor phic surfacesinvestigated in the study area. P1: Mantled pediment, P2: Rock pediment, PA: Intermediate

of pediment and alluvial plain, AP1: Unstable surface of alluvial plain, AP2: Relatively unstable surface of alluvial plain, PP:
Piedmont plain, T: River terraces, B: Bajada, M: Mountain
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Figure 4- X-Ray diffractograms of the clay fraction, a) Bk2 horizon of pedon 4, b) Bk1 horizon of pedon 10, MGG= Mg

saturated with Ethylene glycol; MG= Mg saturated; K=K saturated; KT=K saturated and heated to 550 °C, Sm: Smectite, V:
Vermiculite, Ch:Chlorite, K:Kaolinite, I: Illite
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Figure 5- Clay coating and calciteinfilling (XPL) in Bt1 horizon, pedon 11
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S b opizron 0y jeas 381 cpl 3o (g3l olds o oS o0y
CaiSamul (SLS oolidn 3l s Lo 38] o 4 S o
ol oims Lt &8 ol sl il cull SIS e g o dtwls
4 LBgd sl gl o cuiSaul YL polio &S ol goige
g sl bl (Sadlgn 5l (SU cosl b (Sdlgn (ol blps
Cignd g OS] BRI > 4 cppj g3l > Sl 4 g L
03y S Jros Cipais (Sapdlen sloanl (Soden balpd ad
Ol 3 &S o ek el cal oad bl o)k el
o) 93 293 g0 cuiSanl e Liio o8 sl oyl 85 g5 o g,
Gos Liali0l b 8 35 oyl Lite g canl ol (Swdlen I S

S99 (P JSd) ool 9 soeuslS il Bt (38l 5

VFY Sy im0 lis |y caid S 5 byl cuiSaml sl SIS
J5SlS il L] 5155 5 039, o] 5 & Lgeyo iag
VA=YV Ges 0 2Bt 581 5wl amdly blu! gogil V/AD 4
(&7 JS8) 85, yean caid gl 5 cubl wuSonl Gl S8 55
90 AMS 4 381 cpl o e S 298 0 odalive &S y5bo lon
Oy yeas 581 ol > (ol polie > aS edgy byl JlBgd 39
CaiSauwl 3925 0023 LS yogil VAA o V/FY slacSy 2059
sdaliie S5 ) 58] aw odel Cauwd Gl g bl
codl SLBgs 581 g5 M 38l ol o e SIS a8 04 0



VOYY o lass sy (ool SIS 9 (599585909 500 ¢ (52 a9y b oo guas

ol 3 2 eSS i ey dilaie LS S5
CLaS s g aul)S 5 6y yilsS il 5 shio buas dilate
Sl aisb o o395 sl 5l gloe kil Sl
248 sb b 8 a0l )00 1) &S5 ) 5 S5)g8909 S0
Sl g alde (g b slany o &y glag SB 5l (S
& 3 e 55 g 0 S Ib s i ssalie o cilie ISl
g e Sal caluSB 5l g 4is o>

1 oacs ssaliiie caluS LS o)ls e olas &5 claysh
2 bias o Sal calusSs (ojlss 5 039 duliS glailo
Olie 35 cnl ) IS sk & 8 oo odmliio 765 (glaijle
Swyj & Sed)l sb) w25 5l o) sUibe § Conds ool
i oan o 3 el b ad anls &S slaysly 1 g il il
sbsijls 1 S dblie )3 & lajsh e (3ieS (pizzen
A5 odnlin Oes

38 5 ol JolS5 ) Baas S Syl csboy i)y
ool gezs Gos S8 381 (528 ©y90 13 g 0352 & 2o28
Pogby g ord Cow & CS e L oS b )3 03 aw S35
dwm@éﬁu}\@fom@l&ﬁoswwom
5033 &) 5 SLBsS Lol jl ) oy (SlSe e85 > VL
el adbate 5l it ol o Sk 581 LS el
ol 1y anlp ol 2o 4 5o S3b gblie )3 oy sla g
WaiSamwl a8 0 L uy (wolid G bt piored a0
dibaio oyl ) odos sla SIS CuldglS o)l bl oS o)
CeSomsl Cad w8l B e b LsaslBl i)yl > il e
Lo (95 (Sjaly oMimd syl ) o adly (l33l bl &
ol 005 36 bl (Solen 5 48 Canl CiSansl s3as

CodPlS 250 > 4 puismed Bl o S)le 3l Lol Wg,
g5 Lile (3os oy o 51 ] ol Bl 259, 5 B8 381 0
P oS oS polas 3559 00d 0 O3l (ke dlge 3l o] e
olad i 30 oYL sl sl jo O] dg3g pe g VA=YV Gos
2 55 (YY) oen g (odlo sl (ko slgo 51 ol 9 (990
Cowd aldie bt 4 (g)lisy 5 b, les dilais (3 095 Cllles
sla LS g (b GLS Clvgad 4 a2gi b IS )5k &
8,8 domt e o coalBl (g )0lo dlge Casdy pl 40 o ssmlie
Rl L Sj sl ey d So)l by w4
ol e Lo e Ln 5 Sauslgn sl Ll (S5t
ool 4 anl oad s cusSon ST 4 cubl S5 6yt
Oyt CoiSomsl 4 Sl SIS s o)l gy w23y oS
gy ol 48 ol Jlade (a8 S4)5 (Gusboy w53 5 e
9 0S8 o oot |y el Sules il cusSanl oS5 Jlozs
255 3 9 Mdie o yieS ol gy s 0 ol kA5 cups
(10) (ordatl 9 Jlays ol Lo 1) Jlade oyt 05 (susbo
9 (35 9 )5 4o (S)k Cad) PIET (g ()3 ine et
J=B cogby il 8l U amdl eyl sl jd cunSowl jlie
aS i U SB bwge wgsol g oW pH «SB odlizl
JsSss L;b.g by oo D9 gyl bl LSIA?.\}O?.‘.’ el sl e
b cillas 355 ol guls b aS dgd oo ol CaiSlansl

S (S 5 doma

5 olil 300 o3l Jole d oy i o ol gl
LS5 52 IS8 (slayg1e (i pintes 51 (s3lBapests csloanl b

&bo

1- Banaie M.H. 1998. Soil Moisture and Temperature Regimes Map of Iran. Soil and Water Research Institute of Iran,

Iran.

2- Birkeland P.W. 1999. Soils and Geomorphology. Oxford University Press, New York.

3- Blank R.R., and Fosberg M.A. 1990. Micromorphology and classification of secondary calcium carbonate
accumulations that surround or occur on the underside of coarse fragments in Idaho (U.S.A.). p. 341-346. In L.A.
Douglas (ed.) Soil Micromorphology: A Basic and Applied Science. Developments in Soil Science. Part 19.

Elsevier, Amsterdam.

4- Bouyoucos G.J. 1962. Hydrometer method improved for making particle size analysis of soils. Agronomy Journal,

54:464-465.

5-Boyadgiev T.G. 1974. Contribution to the Knowledge of Gypsiferous Soils. AGON/SF/SYR/67/522. FAO, ROM.

6- Cody R.D., and Cody A.M. 1988. Gypsum nucleation and crystal morphology in analog salin terrestrial
environments. Journal of Sedimentary Petrology, 58:247-255.

7- Egli M., Merkli Ch., Sartori G., Mirabella A., and Plotze M. 2008. Weathering, mineralogical evolution and soil
organic matter along a Holocene soil toposequence developed on carbonate-rich materials. Geomorphology, 97:675-

696.

8- Fanning D.S., Keramids V.Z., and El-Desokey M.A. 1992. Micas. p. 552-634. In J.B. Dixon and S.B. Weed (ed.)
Minerals in Soil Environments. SSSA Book Ser. L. SSSA, Madision, WI.



1FAD 60 — 53T & oylous Fe wl> (S g T apis VOYA

9- Farpoor M.H., Eghbal M.K., and Khademi H. 2003. Genesis and micromorphology of saline and gypsiferous
Aridisols on different geomorphic surfaces in Nough area, Rafsanjan. Journal of Science and Technology of
Agriculture and Natural Resources, Water and Soil Science, 7(3):71-93. (in Persian with English abstract)

10- Gunal H., and Ransom M.D. 2006. Genesis and micromorphology of loess-derived soils from central Kansas.
Catena, 65:222-236.

11- Irmak S., Surucu A.K., and Aydogdu I.H. 2007. Effects of different parent material characteristics of soils in the
arid region of Turkey. Pakistan Journal of Biological Sciences, 10:528-536.

12- TUSS Working Group WRB. 2015. World Reference Base for Soil Resources 2014, update 2015. International Soil
Classification System for Naming Soils and Creating Legends for Soil Maps. World Soil Resources Reports No.
106. FAO, Rome.

13- Jackson M.L. 1975. Soil Chemical Analysis Advanced Course. University of Wisconsin, College of Agriculture,
Department of Soil Science, Madison, WI.

14- Khademi H., and Mermut A.R. 1999. Submicroscopy and stable isotope geochemistry of carbonates and associated
palygorskite in Iranian Aridisols. European Journal of Soil Science, 50:207-216.

15- Khormali F., and Abtahi A. 2003. Origin and distribution of clay minerals in calcareous arid and semiarid soils of
Fars Province, southern Iran. Clay Minerals, 38:511-527.

16- Khormali F., Abtahi A., Mahmoodi S., and Stoops G. 2003. Argillic horizon development in calcareous soils of arid
and semiarid regions of southern Iran. Catena, 53:273-301.

17- Khresat S.A., and Qudah E.A. 2006. Formation and properties of aridic soils of Azraq Basin in northeastern Jordan.
Journal of Arid Environments, 64:116-136.

18- Kittric J.A., and Hope E.W. 1963. A procedure for the particle size sepration of soil for x-ray diffraction analysis.
Soil Science Society of America Journal, 96:312-325.

19- Mahmoodi S., Mogheiseh E., and Heidari A. 2006. Morphology of gypsum and halite in some gypsum rich soils of
Bam region (southeast Iran). Geophysical Research Abstracts, 8:23-61.

20- Moazallahi M., and Farpoor M.H. 2009. Soil micromorphology and genesis along a climotoposequence in Kerman
Province, central Iran. Australian Journal of Basic and Applied Sciences, 3(4):4078-4084.

21- Nameless. 2003. Gazetteer Settlements of Kerman Province, Bardsir City. Geography Organization of the Ministry
of Defense and Armed Forces Logistics of Iran, 3:1-40. (in Persian)

22- Nelson R.E. 1982. Carbonate and gypsum. p. 181-196. In A.L. Page et al. (ed.) Methods of Soil Analysis. Part 2.
2" ed. Agron. Monogr. 9. ASA and SSSA, Madison, WI.

23- Nelson D.W., and Sommers L.E. 1982. Total carbon, organic carbon, and organic matter. p. 539-577. In A.L. Page
et al. (ed.) Methods of Soil Analysis. Part 2. 2™ ed. Agron. Monogr. 9. ASA and SSSA, Madison, WI.

24- Owliaie H.R., Abtahi A., and Heck R.J. 2006. Pedogenesis and clay mineralogical investigation of soils formed on
gypsiferous and calcareous materials on transect, southwestern Iran. Geoderma, 134:62-81.

25- Page S.E., Wust R.A.J., Wriss D., Rieley J.O., Shotyk W., and Limins S.2004. A record of late Pleistocene and
Holocene carbon accumulation and implication for past, present and future carbon dynamics. Journal of Quarternary
Science, 19:625-635.

26- Rabenhonst M.C., and Wilding L.P. 1986. Pedogenesis on the Edwards plateau, Texas: formation and occurrence of
diagnostic subsurface horizons in a climosequence. Soil Science Society of America Journal, 50:684-692.

27- Salehi M.H., Khademi H., and Karimian Eghbal M. 2003. Identification and genesis of clay minerals soils from
Farrokhshahr area, Chaharmahal and Bakhtiari Province. Journal of Science and Technology of Agriculture and
Natural Resources, Water and Soil Science, 7(1):73-90. (in Persian with English abstract)

28- Sanjari S., Farpoor M.H., Eghbal M.K., and Esfandiarpoor Boroujeni I. 2011. Genesis, micromorphology and clay
mineralogy of soils located on different geomorphic surfaces in Jiroft area. Journal of Water and Soil, 25(2):411-
425. (in Persian with English abstract)

29- Schoeneberger P.J., Wysocki D.A., Benham E.C., and Soil Survey Staff. 2012. Field Book for Describing and
Sampling Soils. Natural Resources Conservation Service, National Soil Survey Center, Lincoln, NE.

30- Shankar M., and Achyuthan H. 2007. Genesis of calcic and petrocalcic horizons from Coimbatore, Tamil Nadu:
micromorphology and geochemical studies. Quaternary International, 175:140-154.

31- Sheklabadi M. 2000. Relative Erodibility of Soils Affected by some Geological Formations and its Relationship
with some Physical and Chemical Properties of Soils in the Golabad Watershed. M.Sc. Thesis of Soil Science,
Isfahan University of Technology. (in Persian with English abstract)

32- Soil Survey Staff. 2014. Keys to Soil Taxonomy, 12th edition. USDA-Natural Resources Conservation Service,
Washington, DC.

33- Stoops G. 2003. Guidelines for the Analysis and Description of Soil and Regolith Thin Sections. SSSA, Madison,
WL

34- Sumner M.E., and Miller W.P. 1996. Cation exchange capacity and exchange coefficients. p. 1201-1229. In D.L.
Sparks (ed.) Methods of Soil Analysis. Part 3. Agron. Monogr. 5. ASA and SSSA, Madison, WI.



Journal of Water and Soil ($323LaS @luo 3 pgle) S 9 O & i
Voal. 30, No. 5, Nov.-Dec. 2016, p. 1515-1530 ity VBYA-1BY > o ATAD g3 — ;5T o led e ul>

Physicochemical Properties, Micromor phology and Clay Mineralogy of Soils
Affected by Geological Formations, Geomor phology and Climate

A.Bayatl- M. H. Farpoor?- A. Jafari®
Received: 10-03-2014
Accepted: 12-04-2016

Introduction: Soil genesis and development in arid and semi-arid areas are strongly affected by geological
formations and geomorphic surfaces. Various morphological, physical, and geochemical soil properties at
different geomorphic positions are usually attributed to different soil forming factors including parent material
and climate. Due to variations in climate, geological formations (Quaternary, Neogene and Cretaceous) and
geomorphology, the aim of the present research was the study of genesis, development, clay mineralogy, and
micromorphology of soils affected by climate, geology and geomorphology in Bardsir area, Kerman Province.

Materials and Methods: The study area, 25000 ha, starts from Bardsir and extends to Khanesorkh
elevations close to Sirjan city. The climate of the area is warm and semi-arid with mean annual temperature and
precipitation of 14.9 'C and 199 mm, respectively. Soil moisture and temperature regimes of the area are aridic
and mesic due to 1:2500000 map, provided by Soil and Water Research Institute. Moving to west and southwest,
soil moisture regime of the area changes to xeric with increasing elevation. Using topography and geology maps
(1:100000) together with Google Earth images, geomorphic surfaces and geologic formations of the area were
investigated. Mantled pediment (pedons 1, 3, 7, and 8), rock pediment (pedon 2), semi-stable alluvial plain
(pedon 6), unstable alluvial plain (pedon 5), piedmont plain (pedons 9 and 11), intermediate surface of alluvial
plain and pediment (pedon 4), and old river terrace (pedon 10) are among geomorphic surfaces investigated in
the area. Mantled pediment is composed of young Quaternary sediments and Cretaceous marls. Rock pediments
are mainly formed by Cretaceous marls. Quaternary formations are dominant in alluvial plains. Alluvial terraces
and intermediate surface of alluvial plain and pediment are dominated by Neogene conglomerates. Siltstone,
sandstone, and Neogene marls together with Neogene conglomerates are among dominant geological formations
of piedmont plain. Eleven pedons affected by young Quaternary sediments, Neogene and Cretaceous marls in
aridic, aridic border to xeric, and xeric moisture regimes on above-mentioned geomorphic surfaces were
described and sampled using Natural Resources Conservation Service (2012) guideline. Physicochemical
properties, clay mineralogy, and micromorphology of soil samples investigated and soils were classified by Soil
Taxonomy (2014) and WRB (2015) systems.

Results and Discussion: Calcic, gypsic, argillic, and cambic diagnostic horizons investigated after field and
laboratory studies. Typic Calcigypsids, Lithic Torriorthents, Typic Haplogypsids, Typic Haplocalcids, Typic
Torrifluvents, Sodic Haplocambids, Typic Calciargids, and Xeric Haplocalcids subgroups were found using Soil
Taxonomy (2014) system. Gypsisols, Calcisols, Luvisols, Cambisols, and Regosols reference soil groups
identified by WRB (2015) classification system. Developed Alfisols, formed on piedmont plain geomorphic
surface in xeric moisture regime. On the other hand, Entisols formed on rock pediments with aridic moisture
regime. Soils in aridic moisture regimes were little developed with gypsic horizon, and where calcic horizon was
formed, it was near the surface. Moving to the west with increasing humidity, gypsum was leached from the
pedon and clay illuviation caused argillic horizon to be formed. Formation of Btk horizon in pedon 9 was
attributed to a more paleoclimate. The maximum gypsum content of 44.7 % (gypsiferous soils) was found in
soils affected by Quaternary formations and Cretaceous marls, but the maximum calcium carbonate (44 %,
calcareous soils) was investigated in soils formed on Neogene conglomerate formations. Moreover, the
maximum sodium adsorption ratio (SAR) content (29.2 (mmol(z) L™")**) was determined for soils on unstable
surface of alluvial plain. Smectite, vermiculite, illite, kaolinite, and chlorite clay minerals were investigated and
smectite to illite ratio increased moving from aridic to xeric moisture regimes that prove the pedogenic source of
smectite from weathering of illite. Coating and infilling of calcium carbonate, lenticular and interlocked plates
and infillings of gypsum, and clay coatings were observed during micromorphological investigations.
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Micromorphological observations also showed that gypsum crystals decreased and calcite crystals and thickness
of clay coatings increased from aridic to xeric moisture regimes. The minimum amount of gypsum crystals was
found in Neogene formations. The results also showed that gypsum pedofeatures are dominant in Cretaceous
formations, but calcium carbonate pedofeatures are the main features of Neogene formations. Due to presence of
animal voids (channel, regular and star-shaped vughs, chamber, and vesicles), spongy microstructure was formed
in agricultural lands.

Conclusion: Results of the research showed the important role of parent material, climate, and geomorphic
surface on genesis and development of soils in Bardsir area.
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