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Figure 1. Location of the study area in Kerman province along with the place of representative pedons
Ng: gypsiferous marl, P: pedon number
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Table 1. Selected physical and chemical properties of studied pedons

Particle size Textural Soil
. Depth distribution RF ECe CCE Gypsum SAR .
Horizon oy (%) class g5, PH @Sml) ) ) (mmol )5 @) formation
Clay Silt Sand processes
Pedon 1 Alluvial plain S.T :Typic Haplogypsids, WRB : Skeletic Gypsisol (Amphiarenic, Epiloamic)
A 0-20 107 32 573 SL 45 77 15 16 3.7 2.3 0.14 Eluviation
Byl 20-85 6.7 10 833 LS 44 75 42 8 42 2.6 0.09 Gypsification
By2 85-150 10.7 12 773 SL 52 75 34 21 32 3.2 0.09 Gypsification
By3 150-210 10 8.7 81.3 LS 63 74 49 9 11 2.6 0.04 Gypsification
C 210-250 16,7 16 673 SL 45 76 34 7 4.2 3.9 0.04 -
Pedon 2 Hill ST .Gypsic Haplosalids, WRB :Salic Gypsic Solonetz (Pantoloamic, Cutanic, Differentic)
A 0-35 10.7 12 77.3 SL 31 7.7 34 9 ng 9.0 0.14 Eluviation
By 35-75 187 34 473 L - 71 94 12 372 11.6 0.14 Gypsification
Gypsification,
Btyznl 75-115 36.7 50 133 SiCL - 7.5 337 6 31.6 58.3 0.04 Salinization,
Alkalization
Gypsification,
Btyzn2 115-160 30.7 48 213 CL - 73 238 15 112 46.0 0.04 Salinization,
Solonization
Calcification,
Btkzn  160-225 30.7 42.7 26.6 CL - 73 257 30 4.2 44.1 0.04 Salinization,
Alkalization
Calcification,
Bkn 225-240 10.7 10 793 SL - 73 241 35 1.3 51.8 0.09 Solonization

Pedon 3 Stable surface of piedmont plain S.T :Typic Haplogypsids, WRB: Skeletic Gypsisol (Hypogypsic,
Anoloamic, Ochric)

Al 0-100 107 23 663 SL 32 76 12 22 ng 13.3 0.43 Eluviation
A2 10-70 107 87 80.6 SL 43 77 21 18 ng 1.3 0.14 Eluviation
Byl 70-130 6.7 4.7 88.6 LS 67 74 3.1 19 438 0.8 0.09 Gypsification
By2 130-190 6.7 6.7 86.6 LS 53 76 35 20 40.2 1.1 0.14 Gypsification

) . Gypsification,
Bty 190-270 46 46 8 SiC 71 75 36 22 372 1.2 0.32 Lessivage

Pedon 4 Unstable surface of piedmont plain S.T :Calcic Haplosalids, WRB :Calcic Solonchak (Pantoloamic,
Chloridic, Hypersalic)

A 0-15 247 26 493 SCL 28 75 179 22 ng 8.5 0.04 Eluviation
Bz 15-45 30.7 40 29.3 CL - 7.7 33 18 2.4 12.3 0.09 Salinization
Bw 45-65 18.7 18 63.3 SL - 7.8 29.2 19 5.2 12.2 0.14 Gypsification
Bk 65-110 28.7 36.7 34.6 CL - 78 156 20 3.8 4.0 0.09 Calcification
Bky  110-150 187 44 373 L - 78 62 22 51 28 0,04 Salcification,
Gypsification
Pedon 5 Rock pediment S.T :Typic Haplogypsids, WRB: Haplic Gypsisol (Katoarenic,, Hypogypsic, Epiloamic,
Yermic)
A 0-45 8 234 68.6 SL 35 75 35 22 2.8 0.9 0.14 Eluviation
Byl 45-75 2 194 78.6 LS 30 7.7 26 18 5.1 2.3 0.14 Gypsification
By2 75-110 20 14 786 SCL 59 76 4.2 15 7.3 3.2 0.04 Gypsification
By3 110-150 10 5.4 846 LS 66 7.7 5.2 26 13.9 7.6 0.04 Gypsification
Btyn  150-190 14 102 758 SL 56 75 130 23 115 217  0.04 Gypsification,
: : : : ' : " Alkalization
C 190-230 14 54 80.6 SL 41 72 6.8 23 4.2 11.3 0.04 -

Pedon 6 Stable surface of mantled pediment ST :Typic Argigypsids, WRB: Luvic Gypsisol (Epiarenic,
Katoloamic, Hypogypsic, Yermic)

A 0-35 7.7 13.7 78.6 LS 30 71 22 14 ng 6.7 0.14 Eluviation
Bt 35-60 20.7 235 558 SCL 33 7.7 53 24 ng 12.6 0.09 Lessivage
By 60-100 10.7 10.7 78.6 SL 45 77 4.2 13 21 10.2 0.09 Gypsification
C 100-150 16 9.4 74.6 SL 60 79 89 12 4.6 26.3 0.09 -

Pedon 7 Unstable surface of mantled pediment ST :Sodic Haplogypsids, WRB :Haplic Gypsisol (Anoloamic,
Sodic, Yermic)
A 0-40 8 314606 SL 16 75 34 14 2.8 1.2 0.09 Eluviation

TV



v S S JelSS g JoSis gy p

Byn 40-65 6 28.2 65.8 SL 26
Byl 65-85 10 26.2 63.8 SL 22
By2 85-105 4 142 81.8 LS 49
By3 105-155 6 10.2 83.8 LS 40
By4 155-215 4 6.2 8938 S 46

C1 215-270 8
C2 270-330 14

42 878 LS 42
20.2 65.8 SL 36

7.6

7.6
7.7
7.6
7.5
7.6
7.7

Gypsification,

99 13 36 416 004 JBSEE0!

4.1 10 37.6 2.7 0.09 Gypsification

5.5 12 32 6.1 0.09 Gypsification

5 7 20 4.3 0.09 Gypsification

6.8 8 13.7 10.2 0.09 Gypsification
196 11 3.7 50.5 0.04 -
9.7 21 1.2 23.0 0.04 -

«sodium adsorption ratio) iz eow Cews SAR «calcium carbonate equivalent) Jolee eaudS” il s :CCE «(rock fragments) cos s <f,5 RF
(Organic Carbon) J1,,5 :OC (electrical conductivity of saturated extract) sl o lac o :xSUl colon ECe

bl awl als 3158 5.5 (Farpoor et al., 2012)
olyod 4 )y Oliee GRIB ey 5 peo sl SB o
S dze Sy A Al cdalie ow, sloatug
ol 5 S 3 S el St 38 JeSis
Oy bl oo Jols o og YU ey oz S
o) ST Sl B3l nl 50 Vb rons o pgpde
Sl o SO @8 hSas 5 o) (O
Sanjari ) )|,Se2 ¢ (5 2w (Khormali et al., 2003)
Moghbeli et al.,) l,5Ke2 5 Jis o (et al., 2011
5 Cd o> adlate S adlas b o5 4 (2019

305 Iy el azeS ple ST Lk b6
oole ,88 LJo 4y aslllas 5,50 oS oS 0y o
Sk 51 (Soil Survey Staff, 2014) ol S ST J1
5 ol slaanlp b cov o p; sl
Semz Sbaggnasl shls wijls B read
il o SreS 5 Sl (S8 Sz )T oS 5L
03, 3 2K 6l gaues, wlul p ddhis LS
bl 0 g Salids 4 Gypsids glees,y 3 5 g gas )|
& 09,5 4w 0 (WRB) Sk sunaid bl
Wb gaadb gew 9 Sbrgdsw (Jyw o
8,5 )13 sdal cdo axly o ol 2,51 () Jso)
ol 55 alens @byl 5 oo Slalllas b .o
50 cou 3l ol b slelid Sewps 38l & S
ashio Cews YU (=5 laaizle 5l &5 gedgians
J9u2) gl (pl Gl 4 pas adlal 3 (V ISo)
bl SB ol games, el sys,S USEs ()
Typic  Syge a4 2K alels
Sk somanb albls slee » 5 Haplogypsids

(G200,

a5 o>l (59, pyo &5 il oo Skeletic Gypsisol

Ghls SB mhaw 5l ymecolo Vor 5o g o &l
Bos 5o ibioe b g Sl S sl sl

a8 ,:S‘L" cos S ol e il VO 5l i

A

B Lya () J58) (25 sbaijle jpa> 4 azg
P ES ke g L i BB adhis s S o &S
e (pgm 515 Byl 38) 0o ys FYIY b azl azals
slag S 52w g S1 4l )3 () Jgux) wibiee
@ g5 sloyk wn S Slold s (o)l 5 ey
Sor slol 3 iy S Sle IS
poe Jods 4 )l g pgo Slag S1 0 wad svaline
SE a0 sk Oygeh & 0p K 5925
Al S 2l ol5esS slacidlad 4y ax g5 Lol sualice
L olrl &5 s 6bys w6350 Olnl 0 s B
5 A el Ao Azl o pais 4 09 oailigy
PSS sleazl,s a4 o)bss 398 sleazl s e
£,5 &l g ol 1 yo (Krinsley, 1970) sous g
& Logasa s i Gl Sl j5ks ()l p Sz
wdpdy Oyge lazl e ol Jolgw OF 25 510
Moy o5 ez e a8 ozl s ol o
A oo JS5 ) ($95 oley (25 slaaijle oS
0 &35 e Olnl 3l it addllas 5 90 adlate oSyl 4
A8l o I 31 530 &5 SIS (sl slie iz il
Farpoor etal.,) ;|,e2 g ;93,8 Lags puliie aes
« (Moghbeli et al., 2019) | l5ea 5 Lis 5 (2003
22y ol sblie GaSL (o) 50 <5

Sl ool 0,155 e S L]
ssnlin mid 5 pyw Glog S 50 53 oy (sl
o) gy ) 2258 (g Gl ogdle oS w0 S
dB‘ S¢>9 g Jlo aS o eumlice 4...]5‘ g.)l).) SS9y 2
2§92 ($59958)909 )50 Dlalllas a2l g0 Sz
S5 St alil 4y 4z g b (oY JSE) Csleol oyl
Lz S onl 55 vy @ed 3145 w0, & ailae
Bl 9925 Walgl el 42838 Sosb pe 0Bl 4 Loy e
Dgeaye g ool Lawgi (53550 Olnl 4235 S0 e
oHen g 9,8 ¢ (Khademi & Mermut, 2003)



\\C'Y )l'éﬂ‘ 6\ O)Lo..':; 6\\ AL’>

S g0 0,5 Clagss

32 ek E S a5 LS ey S wlie
Typic Argigypsids < g0 a5 oI55yl (saises, ailelus
Luvic Gypsisol & g0 4 gl samaib ailols jo 4
G i Az g (ganaib ailalu g j2 )0 ab (5,135 6L
)lwlowm)iy‘awwdﬂm
03 aibele 93 lie p pidn £ 51> 6,l5pL ()b
Sodic iy & Sl conaib 5 oISl o

b oo Haplic Gypsisol s Haplogypsids

5 @20l sanaib albs g0 bl anylic b |
S8 Gl aibie (ol sl gananl o Sk
S Sy 997y (Shx anaib abls o5 58
2 bESE S el (Yermic) gble b3 S
alls ;5 a5 Jl> 55 s oo i (SS Cabo prbans
Ll S onl lp leaseio o155l games,
el gaes; albele o > wp Cl ouis
S5 jpao b egs 255 o St 8l & s
Voo alol s S 5 Sl S slagsl
a0 LIV el oais SB a5l g il
25 e0lS 0Dy (6l oaisS Sgaze Jelse Cuanl (285
wlelw 4 ol 00938l 51, Natric Gypsisalids o4,5
o S I o 0gd g olpiiny ‘53.&3.)@1 (Gi0d,
SE ol e)lSeb ln Sl sl e
S a0y S b B as  (p9s £51)
Sl sames, @l Lolal ,r cplply sl $
sriylbsl s 4 ke gonaib bl ik
25 Gt slooasS sy 5l ol o i
5 e 3,0 LS el (sames ) dilebus 4y G (5 g0
oo 9 (5 2w 9 (Moghbeli et al., 2019) |, Son
weyar o |y lise a0 (Sanjari et al., 2021)
& S (V10) ez (sampaiss ailab iy LIS
adllas ;0 S 4 (Y F) ol el (soies, ailolw
Gl s oS ol Gl bl dihie sl

3ged )15 Gk ygesl>

S3998 509 Sore
P 581985908,500 o Sy aNE Y Jeux
Do lse ams e i |, aalllae o9 dilaie slacSLs
ol oS3 S3U ablis )0 0uls cvnliv coluS

5 0l IS8 gwae slaysl g Dl 9,0 & ibe

&

pﬁlﬁl)owjomd&uumdsh&]dm
Sy SedS 38l g5, S b g Sl (S
LS lo@dl ol plgs eham () Jsaz) Cewl oud
RO PP YR S N BRI i AP N ST S AR VR
GypSiC S0 4 Lg’lis)AT (5200 5 s UwLw‘ »
Salic gl sundab abls wlul 5, 9 Haplosalids
5 pow sloF S 0l (|56 Gypsic Solonetz
glaels cls Skl g Jlul ok jo ol 5 4 ol
G 99 93> (Fos ;3 poe £S1 o las S 13
Miﬁgslam)‘f)bmdfwodbm&lojdsl
W) ..)L?u‘ LRty J.)uylo).a p..lﬁ‘ L Q.L.u ) ‘é_t.o.?u
56 Cod dilaie 9 Sias il b aslsl s g asly
bl s a3 Bty 381 cyan 5 sl
Ses 5 908 lxind, By adlaie sla S adlas
Btz 38 LS lp |, olioe el (Y oY)
alp bl ooz 551 4o (b 5lais,s 3)lS
sy bl 53 SlS a5 8l s S
G ailaie G935 Sias quldl )5 o 5 48l gos
oS ol 43,5 15 Sl 381 & jglone 0 S
S pl o S5y oamslis pao #,S1 aline
(Moghbeli et al., 2019) |,Ken 5 io .ol
5 Bky 38l LS esar o |y solin panslSs
Sl oleS oliul e &dly Oyl ik sl
G000 e Slse p 0yl 9 pgm £S5 008
5 Typic Haplogypsids & 50 4 iy a4 oS 0l
Goddds i wlel ¢ Calcic Haplosalids
s Skeletic Gypsisol & 50 4 Sk>
chw 0 ey F S al (6,13560 Solonchak
Voo 0 a8 e (S Cdagdy SGd,90955
& @il il b S ghe gyl
00y oSl S dB‘ ewd Y ‘575 GL‘Z’QJ}L"
Gomanb abls g0 0 Sl 5,l88560 ol
5 Typic Haplogypsids 55 4 Sk 5 2!
ik g e slog S il oo Haplic Gypsisol
SR edrdsy Seny Hlbl g b zshaw 58 G s
L@l g 251 alin gl 251 0 ailad S
ESB 50 (b jlailends JS45 Sz § Sl
oesilSe b a5 ab osalie Sewn> (38l oibn

Calcic



v S S JelSS g JoSis gy p

lasd (5 9b 00,5 S - o dml el &5 sl sk
oud i ppiel () g 5 &5 o lagdl o b
5 Sapdis Doge 90 A Sy SIS mie ol

(Y Jg92) ol easlie SigiS

Slosgs S adgl 1,3 (59, 9 Sl o 31 o) Libg
Lyls redst coloSB bl cnl (¥ Jgax)
21y asds joshye plil g J yloy Sis ol
9 V) gy Sl S &)‘9“ BUSE R QLM.. aalaio

oubiarillae 35U ablio (S 38)s8 509 50 oy -V Jguo
Table 2. Micromorphological description of the studied thin sections

Profile Horizon cm) Microstructure Voids C/F ratio (10 pm) b-fabric Pedofeature
2/8 Gypsic lenticular gypsum
i Subangular Single spaced Crystallitic, and gypsum
Btyznl 75-115 blocky Vugh porphyric Speckled and  coatings on clay
2 Chitonic linear coating
2/8 Gypsic
_ Subangular Single spaced Crystallitic, lenticular gypsum
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Subanaular Channel, 4/6 Gvpsic Coating and
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y Vugh porphyric y crystals
Subangular Channel,
6 Bt  35-60 blocky  Chamber and a5 Speckled and Caly coating
Vugh Chitonic linear
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Figure 2. Thin sections of a) lenticular gypsum crystals and gypsum coating on clay coating in Btyznl
horizon, pedon 2 (XPL), b) lenticular gypsum crystals and clay coating in Btyzn2 horizon, pedon 2 (XPL), c)
Coating and lenticular gypsum crystals in Bky horizon, pedon 4 (XPL), d) Caly coating in Bt horizon, pedon

Al ) b FSUS 4 Sogbie Cexds
~S gloanl B gads s, lulis o calusls
bl ;0 Sdy5095) gohw JolSS (omyp 9 3le
oS e Lyl 1) eadS hE Sidaas 5 s
;o bS5l Bske slacsai 5 &5 plys 5> (3,0
03938l Kl pgo 7,515 Btyzn &3l jo Sglate o>
o5 wil e iz glooyes po 38l Sy 4 byl
Gyt 9 dnio Cal S 090 S5 s odimo)Lis
s adlas L (Moghiseh & Heidari, 2012)

6 (XPL)

AN

o oaslive ) (b ($3, & LD oS ES B O
Sigy 59, 0979 )l Jsere jobo a4 (AIV L)
il 5l g ool Ll j3 Dglis 4 4z gi b,
Odgy Il aS oy se Sl 4 plply g, 008 L]
ooy JUSL 5 oo (Saws GiaSTyy Sl ams o )
03938l Azl 5S> e 5 00D hSET (n )y bl
odd i She ol as)le opl &5 ol
(Ayoubi et al, 2006) .l )\Ke 5 (og! oL
SLils G9) CemdS 5 &5 slaily aSWadiee

3 eeddl i Slas (St blie S s o,



v S S JelSS g JoSis gy p

o ol Lo s ool S lS 5 S5 Bt i gl ol 50 g i 28 555555
2 gl ol 6l el Lae 3kl asl e 55,5 ) 1 seliee

Sen 5 Jlos e il 51 e adlaie slaSs
ohKer 5 oel> 4 (Khormali et al., 2003)
5 Cubl sl S5 54>9 (Khayamim et al., 2020)
—ded g S bl S o coi g ]y colls

o) wbi S
1y 00 oaalie ) Slo I oSdas polia ¥ Joor
S s Jguo opl mlbs wlol p aes o olis
ol bl Jols Glgld i 4 oud eamlin

Lice g 2305 u’?)‘}f o'-a—f@‘ﬁ ol slap b 5-~> oo eSns Sl 5 e i glS i
3hasls o S o bl sgzg Lol Jule |, S)les 0¥ Jouz) azil
dlgs o o $ lalh o condgls S5 8 B . . . . .
o s 9 S )-w) ....5".L5’ L_;%)Ja S 1E PPV SO SN APURCIN [ SCON N P P L3
2 S ol JSa5 g 09 ol (3L oy LY Jgoz) iyls jeam ol b lawgie polie ,o la

Wibeed pdy oS Siaad 5 i Ll
od8l Lol 5 4y 4> g5 L 1) (Graham & Green, 2010)
kS5 slp p3Y lys casdllas 5,90 dilaie S5
S n! ol s canss @l Cendils SIS less
Oles g lde b Syly Lae gl
2y cwdgsls S Lice (Moghbeli et al., 2011)
G S8 oleyS Sl ol b aihis slasls

k) w3y adhie SuS S ol 4 a4z
Lot b a IS ol 5 Fovslyn om0 5 (o)
5 oyl 5 ot Lol ailats S 4 g
adgl Lice b 2l S (2le sl g5 (IS jsboay
FSis iy o0 &)l 4y (5,0 olge ) Goee g i
9 Cugby b gles b giblie o CollS e
Galan, ) sesse &, 7 5l a8 o 5 ok st
s 5 ol dilate 38 cenldl Ll 5 e 4z | 1) (2006

(oulplosil Sy 5 o (bl 1 (05 Ao duwlo)oudaallon LS (B 50 ) B SE (s polio-Y Jguo
Table 3. Relative amounts of clay minerals in some studied soils (semi-quantitative calculation based on
performed subpeak area)

Profile Horizon  Smectite Ilite Chlorite Paligorskite Sepiolite  Kaolinite
Btyznl - i - ek e :

5 y
Btkzn -

4 Bk Sesiesiesiesie et et % —

Qo O 5l s s 3 o oy Vol S ik ol 0ezg b Sy -
-: negligible, *: <10% **:10-20 %, ***: 20-30 %, ****: 30-50 %,; *****: > 50 %
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Figure 3. X-Ray diffractograms of: a and b) Btyznl and Btkzn horizons of pedon 2, ¢) Bk horizon of pedon 4

d) Bt horizon of pedon 6
(Mg: Mg saturated, Mg-E: Mg saturated with Ethylene glycol, K: K saturated, KT: K saturated and heated to 550 °C, Sm: Smectite, I:
Illite, Ch: Chlorite, K: Kaolinite, Pa: Palygorskite, Sp: Sepiolite)
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Investigation of Formation and Development of Gypsiferous Soils of
Jiroft and Anbarabad Regions, South of Kerman Province
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Abstract

For better management of gypsiferous soils, it is essential to have knowledge about distribution and
its various characteristics. The objectives of the present research included soil genesis studies,
classification, micromorphology and clay mineralogy of gypsiferous soils in Jiroft and Anbarabad
regions, located in the south of Kerman Province. For this purpose, seven representative pedons were
selected, described and sampled. Routine physicochemical, micromorphological and clay
mineralogy analysis were performed on the soil samples. Finally, the soils were classified according
to two systems: Soil Taxonomy (2014) and WRB (2015). The origin of gypsum in the soils of the
studied area was gypsum marl formations at altitudes. Soils of the region were classified using Soil
Taxonomy system in two suborders of gypsids and salids, and classified according to the WRB in
three soil reference groups of Gypsisol, Solonchak and Slonetz. Coating and lenticular gypsum
crystals and clay coating were observed in the thin sections of the studied soils. Lenticular gypsum
crystals were observed in fine-textured soils. The clay coatings observed in the natric and argillic
horizons were due to the role of sodium dispersion and paleoclimate, respectively. Illite, chlorite,
smectite, kaolinite, sepiolite and palygorskite clay minerals were found in the soils of the regions.
The presence of gypsum in the soil and evaporitic formations in the area caused the formation of
palygorskite and sepiolite minerals in the soil. An inverse relationship was found between the amount
of palygorskite and sepiolite with the amount of smectite, so that due to more weathering in the more
humid paleoclimate and with reducing the amount of gypsum, the amount of smectite increased and
that of palygorskite and sepiolite minerals decreased.

Keywords: Sepiolite, Micromorphology, Paleoclimate, Soil evolution, Soil classification

Afra S., Boroomand N., Farpoor M.H. and Sanjari S. 2023 Investigation of formation and development of
gypsiferous soils of Jiroft and Anbarabad regions, south of Kerman province. Applied Soil Research, 11(1):
43-57.

1. Former MSc Student, Department of Soil Science, Faculty of Agriculture, University of Jiroft

2. Associate Professor, Department of Soil Science, Faculty of Agriculture, Shahid Bahonar University of Kerman
3. Professor, Department of Soil Science, Faculty of Agriculture, Shahid Bahonar University of Kerman

4. Assistant Professor, Department of Soil Science, Faculty of Agriculture, University of Jiroft

* Corresponding Author Email: sanjari@ujiroft.ac.ir

NG


mailto:sanjari@ujiroft.ac.ir

