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Micromorphology of Gypsum Crystals in Southern Iranian

Soils under Different Moisture Regimes
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ABSTRACT

Gypsiferous soils occur in xeric, ustic, and aridic moisture regimes. Environmental
conditions affect the mode of gypsum formation. Gypsiferous soils in Fars Province,
southern Iran, are found in piedmont plains, flood plains; and alluvial plains. The
objective of this work was to investigate the micromorphology of gypsum crystals formed
under different soil moisture regimes. The results indicate that lenticular crystals of
gypsum have been frequently found in more developed soils, whereas under aridic soil
moisture regime such form is rare and they are frequently found in the subsurface
horizons. Columnar, prismatic, and blade forms of gypsum are found in areas with aridic
moisture regime, where soils are highly leached. Formation of gypsum pendant under
gravels is dominant in piedmont plains with limited moisture in the profile. Complex
gypsum crystals were found in low rainfall regions. It seems that surface runoff, as well as
hydrological system of the region, transfers gypsum from geological sediments in higher
elevations to coarse-textured soils of flood plains. In landscapes with xeric and xeric-
aridic soil moisture regimes, lenticular, euhedral and subhedral crystals of gypsum were
abundant. The results of this study indicate that, in addition to soil moisture, texture and
landscape position play a significant role in the formation of pedogenic gypsum. Well
crystallized gypsum was observed. in soils with silt loam, sandy loam, and loamy texture.
Observation of gypsic horizons suggests that the accumulation of gypsum took place
under per descendum process in the soils studied.
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INTRODUCTION

High amounts of .gypsum are frequently
found in soils of arid and semi-arid
environments. Formation-of gypsum in the
soil is mostly associated with gypsiferous
rocks and sediments of different origins,
where leaching 1S insufficient to remove
gypsum from the soil profile. Gypsum can
also form on non-gypsiferous rocks, where
CaSQ, enters the soil by atmospheric
deposition. Soils having undergone leaching
processes reveal unusual increases of SO~
at 40-50cm depth. This may be an indicator
of more recent SO, input due to

atmospheric deposition since the beginning
of industrialization. It is supposed that
gypsum is formed by the reaction of
atmogenic sulfuric acid with different Ca
sources in soils (Dultz and Kiihn, 2005).
Worldwide, gypsiferous soils cover about
186 million ha, representing 1.5% of the
world soil cover (FAO, 1993). Eswaran and
Zi-Tong (1991) have estimated 207 million
ha of soils with gypsic or petrogypsic
horizons. Gypsum is the most common
sulfate mineral in soils of arid and semi-arid
areas (Doner and Warren, 1989), and is
highly correlated with soil moisture regime.
Although gypsum is found over a wide
range of temperatures (Waston, 1988; FAO,
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1990), most gypsic soils are formed under
xeric, ustic, and aridic moisture regimes
(FAO, 1990).

Gypsum can accumulate in soils through
the following four processes: (1) In situ
weathering of existing parent material
(Carter and Inskeep, 1988; Taimeh, 1992),
(2) Sulfate-enriched precipitation from an
oceanic source (Podwojewski and Arnold,
1994), (3) Aeolian or fluvial input of
gypsum or sulfate-rich sediment (Van
Hoesen, 2000; Buck and Van Hoesen, 2002)
and (4) In situ oxidation of sulfide minerals
(Podwojewski and Arnold, 1994).

Shape, size and position of gypsum
crystals within the soil matrix have been
used to determine their source and mode of
formation (Buck and Van Hoesen, 2002).
Pedogenic gypsum crystals can occur as
individuals and as masses within the soil
groundmass and pores (Eswaran and Zi-
Tong, 1991). Previous studies have found
that gypsum accumulates in the soil through
time in a similar manner as calcium
carbonate (Van Hoesen, 2000; Buck and
Van Hoesen, 2002). Gypsum first forms thin
filaments, then, small nodules, ¢ and,
eventually, massive indurated horizons.
Unlike calcium carbonate, however, gypsum
also forms small snowballs “in early
pedogenesis (Van Hoesen, 2000; Buck and
Van Hoesen, 2002). Pedogenic gypsum in
gravelly soils mostly occurs as pendants
bellow pebbles (Waston, 1985). In non-
gravelly materials,  pedogenic gypsum is
observed as whitish, powdery or crystalline,
soft masses, or diffused in the soil matrix.
Rainfall and " topographic setting strongly
influence the quantity and the location of
gypsum in the soil (Waston, 1985).

Diagenetic gypsum has been characterized
by subhedral to anhedral crystals that
completely filled voids (Carter and Inskeep,
1988). Pedogenic gypsum in soils exhibits a
variety of crystal forms that may represent
different environments of formation.

Lenticular disk, tabular pseudo-hexagonal,
tabular hexagonal, microcrystalline,
prismatic lath and fibrous gypsum crystals
have been observed (Amit and Yaalon,
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1996; Jafarzadeh and Burnham, 1992). Such
diversity results from changes in micro-
environmental condition in soils with time
(Amit and Yaalon, 1996).

Buck and Van Hoesen (2002) describe a
new morphology of pedogenic gypsum in
soils of southern New Mexico as they call it
snowball morphology. They noted that
snowballs are composed of numerous small,
euhedral gypsum crystals of different habits
including tabular, pseudo-hexagonal,
hexagonal, and lath.

Various methods have been used to study
the micromorphology of gypsum crystals
formed in soils, in the field as well as in the
laboratory. Owliaie et al. (2006), Buck and
Van Hoesen (2002), and Jafarzadeh and
Burnham (1992)  used scanning electron
microscopy (SEM) analysis to study size
and shape.of crystals formed in soils on
gypsiferous material. They reported different
forms of gypsum crystals including pseudo-
hexagonal, needle-like prismatic, lenticular,
and columnar.

The objective of this study was to
investigate the diversity of gypsum crystals
in arid and semi-arid regions of southern
Iran under different moisture regimes using
analytical SEM analyses.

MATERIALS AND METHODS
Geomorphic Settings

The study sites are located in an area of
about 132,000 km* in Fars province,
southern Iran (Figure 1). The area has
different soil moisture and temperature
regimes including xeric, ustic and aridic soil
moisture regimes and mesic, thermic and
hyperthermic soil temperature regimes
(Banaei, 1998). Precipitation ranges from
200 mm in the arid areas in the north, the
south, and the southeast to 800 mm in the
mountainous region of the northwestern
area. However, a large part of the study area
receives 200-300 mm, of rainfall. Potential
evaporation ranges from 1100 mm in the
east (Sarvestan Plain) with  mesic
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Figure 1. Soil moisture regimes in the.area studied.
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temperature regime to 1900 mm in the arid
area with hyperthermic temperature regime.

The overall climate of the province is arid
and semi-arid. The natural vegetation of Fars
Province consist of: Rose sulfurea, Malva
sylvestris, Agropyrum ramousum, Alhagi
camelorum, Glycryrrhiza glabra, Cartamus
oxicanthus, and Brasica napus.

The study area is a part of the post-
Tethyan sea environment where sediments
are rich in soluble salts and gypsum in most
of the southern and southeastern parts
(Zahedi, 1976). Results of sulfur isotope
geochemistry of gypsiferous. aridisols of
central Iran strongly support the hypothesis
that such areas were cut off from the Tethys
Seaway at the end of Mesozoic era and, as a
result, the lower Cretaceous sulfate has
controlled the sulfur geochemistry of the
younger sediments (Khademi, 1997).

The main <geological units containing
gypsum include Cambrian (Hormoz
formation), Mid-Upper Cretaceous (Sachun
formation), and Tertiary (Gachsaran and
Razak formation) rocks. Hormoz formation
consists mainly of salt, anhydrite, crushed
dolomites, basic igneous rocks and red
siltstones. Suchun formation consists of
cherts marls, marlstones and silt, off-white
limestones. These are followed by gypsum
and dolomites that are overlain by off-white
and brown-ochre marlstones and dolomites.
The upper part is composed of massive
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gypsum, marls and ribs of dolomites.
Gachsaran formation is one of the evaporitic
kinds ,of “sediments, showing thick-bedded
alternating layers of anhydrite and marl
(James and Wynd, 1965).

In the north and northeastern parts, aridic
moisture regime is dominant. The
temperature regime varies from mesic and
thermic in the north and northeast,
hyperthermic in the southern and the ustic
and ustic-aridic prevail in the western and
south-central parts. Xeric moisture regimes
prevail in northwest and temperature
regimes vary from mesic in the higher
elevations to thermic toward the center of
province (Figure 1).

Most gypsum-enriched soils in Fars
province occur in alluvial plains, flood
plains, and piedmont plains and are rarely
found in younger lowlands.

Field Sampling and Laboratory
Methods

Based on the soil survey and remote
sensing reports (Hashemi et al., 2007), there
are seven major soil series in the study area,
out of which only four are gypsiferous.
Thirty five pedons were initially studied and
then reduced to 12 pedons for detailed
studies. Most pedons are located in flood
plains and piedmont plains, in which
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different soil horizons were sampled for
macro- and micromorphological studies.
Pedons were described and classified
according to the Soil Survey Manual (Soil
Survey Staff, 1999) and Keys to Soil
Taxonomy (Soil Survey Staff, 2006). The
locations of the 12 pedons studied are shown
in Figure 2.

Due to the high content of gypsum, the
laboratory analyses of gypsiferous soil
present some special problems. Particle size
analysis was performed on each horizon in
the 12 sampled soil profiles using the
hydrometer method described by Gee and
Bauder (1986). Organic carbon was
measured by wet oxidation with chromic
acid and back titration with ferrous
ammonium sulfate (Nelson, 1982). Calcium
carbonate equivalent (CCE) was measured
by acid neutralization (Salinity Laboratory
Staff, 1954).

Soil pH was measured with a glass electrode
in a saturated paste (mixture of water and soil).
Electrical conductivity (EC) was measured in
the saturation extract (Salinity Laboratory
Staff, 1954). Cation exchange capacity (CEC)
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Figure 2. Climate map of the area studied
showing the location of the profiles.
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was determined using sodium acetate at a pH
of 8.2 (Chapman, 1965).

Gypsum was quantified with the revised
acetone method (Soil Conservation Service,
1972) and corrected for hydration water
(Nelson et al., 1978). This procedure involved
changing soil/water ratio from 1/5 to 1/500,
increasing the first shaking period from 0.5 to
24h and increasing the sedimentation period

from 0.5 to 2h after adding acetone
(Toomanian et al., 2001).
Electron  microscopy: Soil aggregates

separated from 27 dried samples of By and
Bym horizons from 12 pedons were studied by
scanning electron microscope (SEM). Samples
were mounted on Al stubs using double-sided
tape and carbon paste, then, coated with Au in
a sputter coater (Cambridge, SC 7640) and
examined using LEO SEM. Identification of
the chemical’ composition of minerals was
carried out using EDX analysis. SEM and
EDX analyses were performed to characterize
the. micromorphology of gypsum crystals in
the soil and to determine if the gypsum was
formed during pedogenesis.

RESULTS

General soil properties: Selected properties
of pedons including their parent material,
location, precipitation, evaporation, elevation,
and classification are presented in Table 1 and
morphological and physicochemical properties
are depicted in Table 2.

Since the parent material of the study area
contains gypsum, the soils are also highly
gypsiferous. Alluvial soils (Entisols) and
moderately developed soils with gypsic and
cambic horizons (Inceptisols and Aridisols),
comprise about 95% of soils in the area. The
soils rich in gypsum cover a large area in the
flood and piedmont plains. These soils are in
aridic and ustic moisture regimes in the
southern, northwestern, and eastern parts with
precipitation less than 300 mm and extremely
high evapo-transpiration. They also occur in
the vicinity of saline and alkaline lakes and are
classified as Typic Haplogypsids, Typic
Calcigypsids, Gypsic Haplustepts and Gypsic
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Haplosalids. Gypsiferous and saline soils are
mainly bare or under pasture. Those with very
deep water table can partly be used for crop
production.

As shown in Table 2, most of the soils have a
texture of silt loam, clay loam, sandy loam, or
sand. Textural analysis ternary diagrams of the
12 profiles indicate that silt loam textural class
is dominant for soils textures. All soils are
highly gypsic throughout containing, on the
average, more than 35% CaSO42H,0
increasing with depth. These fine (0.5-1mm)
pedogenic gypsum crystals showed powdery
spheres (snowball morphology), nodules and
thin filaments.

With the exception of pedon number 9, all
other soils were non-saline (EC<4 dS/m). It is
interesting to note that even soils subjected to
leaching processes show accumulation of
SO,” at 50 cm depth.

Morphology and composition of withish

efflorescence: In this study, SEM analysis of
soil gypsum crystals from 27 small soil
aggregate samples indicates a pedogenic origin
with no evidence of re-crystallizations,. or
detrital transport.
Element detection by EDX indicates that-all of
the B horizons of the pedons contain gypsum,
the most common calcium ‘sulfate mineral in
soils. The EDX spectra recorded of the whole
area indicates a clear enrichment of Ca and S.
Al and Si, which are inherited by different
silicates, especially feldspar, mica and clay
minerals quartz (contains no Al), fade in the
spectra. The presence of significant Au and Pd
reflects the type of sputter coating used on the
sample (Figure 3d, 4d, f; 6d; 7c). Gypsum
crystals occur/in different shapes and sizes
such as euhedral lenticular, rosette-like,
granular, rod-like, subhedral, hexagonal,
columnar, tabular, prismatic, etc.

Habitus of Gypsum Crystals in Relation
with Moisture Regimes

1. Xerix moisture regime: Abtahi (1977)
suggests the geosynclinals of gypsum and
anhydrite formation of the Mesozoic and
Tertiary era, such as Sachun and Tarbur.
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Lenticular (Figure 3al, a2, b) and lenticular-
columnar crystals (Figure 3c) of gypsum
were found in pedons 1, 2, 3. These forms
occur where disk shaped lenticular crystals
were developed in the soil matrices, in
addition to the prismatic crystals observed.
They also precipitate as 50-1000 um sized
individual crystals in the soil matrix. With
increasing the soil depth the diversity of
crystal forms were increased. Down in the
lowest part of pedon 2 lenticular, rod like
and subhedral forms of gypsum were
clustered. While in. its Byssl horizon, only
lenticular crystals and in the surface horizon
rod like ecrystals / were abundant. Per
descendum is a dominant process and thus
drying after rain is slow, this may result in
greaterdength/width ratios and looser crystal
packing like lenticular crystals and rod like
crystals-«(Figure 3g, h, i). The relation
between gypsum crystal forms and soil
moisture regime is shown in Table 3.
Lenticular crystals are lozenge, half moon
shaped in cross-section and resemble convex
lens (Figure 3i). These are spar sized
ranging between 50 and 1400 pm. Disk
shaped crystals developed from 111 crystal
faces and even so sometimes from 103
crystal faces.
2. Ustic moisture regime: Ustic regime is
similar to xeric regime regarding the rainfall
but its temperature is higher than 22°C.
Pedons 5 and 10 are classified as a
hypergypsic Aridisols (Figure 4a, b). Comb-
shape gypsum crystals of Bym horizon
indicate that evaporation causes the water
from underneath of the gravels to re-
crystallize as vertically arranged columnar,
cubic, and needle form apex crystals (Figure
4a, b). Gypsum leaching through coarse—
textured soils leads to an increased
accumulation of gypsum crystals in deeper
parts of the profiles studied. Allabastrin
gypsum crystals with white color, soft and
smooth like flour could be seen in pedon 5
(Figure 4c). These gypsum crystals show
frequent high super saturation and
evaporation in the upper parts of the soil
profile.



Hashemi et al.

wnianje - 9€1 00S1 o urerd
WAWIpas A[[aArin 9c0¢ IS -DIPUY JuowpaLg yapeqy Z1
tunianjje 0oy 0091 T ureyd .
snoaajisdfn) pue snoaseoje)) 019 OLAINIAH ApL] uowpaig ! I
082 00€1 p— urerd
wnian[[e snoaajisdin 189 SRR * 908) uotpalg #Kyo 01
", ; ; " LOT 0S¢l . " .
1an|e snosasdA3 asieo)) 19¢1 JIULIDY ], “JIPLIY-DLIDY pue| Mo ZLAN 6
T : _ = LOT 0sEl ‘ ;
1an|e snosasdA3 asieo)) 98¢<1 DMLY ], “JIPLIY-OLIDY ureyd pooy, ZUAN 8
wniAnjje GlT 0061 owayuadAH
snotajisdAn pue snoateoe) 8v01 aNS)-2IpLY v pAaRTy rmd B
wnianfe SLT 0061 srwayadiy ured
snosajisd{ny pue snoaespe) 0801 2NSN)-IIpLY OLpPaL] wrd 9
winianje 08¢ 00€T ¢ ane -
snosopisdke) pue snoseopen) SOL smwayadAy * onsn neae|d 1Kyn S
wnianfe 88 0stl omwayLRdAH
snosajisdn pue snoamae) Lvol NS -IPLY ureid pooiy WISINEL L4
wnianje 88¢ 0011 _ B
sno1ajisdfny pue snoaede) LOST PILPRRX i oo RIS €
tunianfje 1427 00¥1 " (zeayg)
snoaajisdfn pue snoasedje) serl Ll L LI < urefd poojy ysequaieyn ¢
wnianje TEE 00¥1 _ (zeayg)
sno1ajisd{n pue snoatede) 6crl ONUIRL-OLRX ured poo ysequareyn !
— ()
BLIDJEU UL, UONRAD uoneyndioal hogendeag g wojpu uonEd0 N
s d HeARId PRI [enualod ameiadwar-amisiop PUET opa ‘uopayd
[enuuy _maccd. .

‘patpmis suopad ayp jo vonduasaq “y Iqel,

278



JAST

Gypsum Crystals in Different Moisture Regimes

ABRUOGIED JO (1550 wnsdAT may £0 (o' O 99 1 e [ 90 £ 8 1 NT6R 6 FOMAL L gy< 1D
ArUOGIED JO (1550 WNsdAT maj €0 oL 6 4 T S8 S A 90 €l P8 TET  8T6S  FoOf  H9MASL 98-1¢ 1449
Jenuesd uo umsdAs mag LA T0 9E LS 99 I'c st T 1 9 €8 TEl  STIL  FLT  HSSHASL 1681 me

1001 dUL] LT0 S 68 0g €0 8T 1T 0 zl 6L TE1 8TSS  trEF H/9MAOL 810 v

(queg) sidasnoe)y asdin g

(18410 winsdAT may £0 9 LT <l [ B A €0 0T 6L 9LUSE 9U'tt  SOLL  BSMASL 01109 £
115410 umsd43 Aurpy T0o €0 8t 161 STl 6T fT Ll T I'§ 991  TLOS 89TE  E/9UAS 09-rt i
(215410 unsd4s Auepy <0 1€ 6F ; T0 8T S6 €0 81 6L 9Tl |t TSUASL el 1449
wni2a8w wnsd<E may +0 Lyl 1S 0 1T g€l <0 +T 6L 9Tl TLTIE 8UFS  TYMASL 1-0 Ay

(18yny) sidmsnioe)

[eisao umsd{E may T0 191 LT Sl T0 LT g€ '8 99F T 6T HEUADI O8£S Y|

[e1sA10 umsdA3 Auepy LOO T 8T 08 W0 ¥ Lg ¢LoIeL YT 8989 H/EUAS €561 149

aenuess wnsdqd mag 90 1 6 0'¢ €0 9T ¥ 0 0 L TEEl T 8UPF E/SUAS SI-0 v

(woayer) sidarsnojdey msdin +

JepnumE wnsd4s Auepy £0 L 1 09 W0 6T TEl <0 0g PEIS TSP 9/9UAS 0F1-501 0

1yo0d Asapmod wnsdAS Kuepy 10 1'6L N 09 800 £ 6 <0 8T St TIDS  9/£UAS SOI-LL |
1y00d Laapamod wnsd(3 Kuepy 90 L8 01 ik 800 FT €8 0 0g 8t TI0S  9/EUAS LLFE Y|
12y0d Asapmod winsdA3 uownuod 0 +'08 Tl € W0 £ £l 0 1€ 8€  TI09  LEUAS +E-91 14d
19y0d L1apmod winsd4F mag 1 08 6 LT SO0 ¥ €L 0 9z 8¢ TI'S  LTUAS 91-0 Ay

(umsanaeg) sidataxojdey asdin ¢

a3 [N L0 €0 6€ 8 €00 1T 0 <0 9T 6L TCEL  FFSL BT TISUAS £01< )
winipafw wnsd{s ma 90 +9 6€ 19 900 61 6l TS 1z '8 TEL9  H6l PTEl FIFIAS £01-58 186D
(11eqmous) wnsd4E ma, “Surfjan <0 +'6 LE 1L o L Ll 20 Ll T8 HOPY TLOE 4TS tIFMAS §8-c¢ Tssig
(1qmous) winsd43 mag +0 el ST e I'o 8¢ 9%l LT 9t T8 T PFOT PP9T HEUAS gE-gl 1ssig

Supjar Yoot auy Auepy 00 €0 6l 9zl 0 1T ¥Ll 11 (13 Ll £Is et Y TIPHASL Si-0 v

(ydequamyn) siasaxodey amby-g

winippadw wnsdAd Auepy €10 1'9¢ 1€ 1rE 10 68 LI 8T 9¢ '8 TiF 6EF  REl PIEHAS 0S1-011 g
wnippafw wnsdAF vounuo) 10 LS €9L e |00 6f 'Ll 8T 1€ 6L £6T 0s L0T 9iTHAS Orr-oL g
winiaafw wnsd4E may 10 L9 LT ¥TE 800 98 €€ fard ST 6L PSS ¥T 90T PIPAS 0408 1848

‘1004 UL 950 <0 LT TS6L B0D  9€ 9t 61 < 9L 90F | it HPHAOI 0£-0 v

(ydequameyn) sidasaxojdey ssdin:|
(3 1
samea) [riadg A..._E (ybawy 0 .._.zmy.v fbaury  pd % (1siour) (e UOZLIOH
% 7 woy) 94 et 5 10j07) yidagy
RE) %08

‘patpms suopad ay jo sansadoad jeanuays-oaisiy 'z alqe,

279



Hashemi et al.

[oawad Auvw uepuad asieo)y 700 0L 1z 91 6T 9¢ S Lo 9¢ 6L BRI 0T TI99  HLYAO STI-S6 TwiAg
[aawad Auvw uepuad asi0) 100 €9 0T €L 1T 8T S Lo 1€ 6L 88€ 9¢ TI09  H9dA0L $6-TS JwAg
1300d Aapmod aunp - 77 9'¢ €t o8 e 8T €8 ¢l < 9L 8%l 8F TI0S  TLAAOL 76-9¢ 1|
1ppod fpmod awyy - 210 <l NS P81 thd e zl <l L §L 88l i ros 9¢-61 g
UMEJ AQISIA ON 10 ] s SeT BT e Sl <0 £ L QL 0l STLE 96'1€ FOUAOL 61-0 dv
(yapreqy) spisdagonad sidA ] g
[aaesd yua st wnsdi3 g 2170 6l oL LT o Lz 8 +0 ot 6L Tl 0T 89 FPIAOL 011-08 Y|
[oarad yum msfao wnsdfin Lro <l 69 €T wo T 6 90 T I's ¥'TT Tor iy PTAAOL 08-0¢ 141
1yood Lapmod awny pmsko umsdfn  L170 8 <9 +'T 10 €1 t1 <0 <l 6L FIT Tt teg HIFAAS L 05-0€ £y
ofw wnsdA3 mag 980 t 09 LT 1'0 6L [ Lo t L Ll T vLE £PAA01 0€-0 v
(uouazey ) sidasnydey sisdiny
a15dA3F jo sader] 1'0 89 Iz €8F 670 8T S 0T <€ 9L 991 TLOS YT HOAAOT 011-09 wikg
(18410 winsdAF Auepy 10 LT 9t €99 TI0 LT €8 0z [ 9L 901 RTLE 9IS TLAAOI 0951 Ay
okwr wnsd{3 mag (] <0 49 1'o¢ 10 6T 65T S0 4 cL 9Tl TLee 89S TILAAOL (NE] v
(14y6y) sidajsn
wnsddE ou Fuypn 170 LT 1T Se0le 8T 16 T S¢ 08 0F T8e gLE CPIAOL 08< 3
Suras (e sk wnsd4S Auepy 870 L'6 <l relly 8T 88 €61 08¢ o 6L 9Lt 8T6S  96°CE FPIAO] 08-S Tozig
() pisfao wnsd4S fuepy €10 ¥z ¥ 8TSRE €T 9001 Ll 08¢ LE I's 9.9 8TEL 966l TCAS Se-cl 15249
SE0 £T 4 oLy 53 L9 9l 08¢ LT ®L 9L01 8TLE 96'1s T9UAS €10 ey
(211£N) spiesimby 1sdin 6
([rgamous) wnsd4S Aurpy S al] Lo ST 651 o 9L 1'81 <l £T L 09s BTEY (A FPHAOL L= e}
(lmgmous) wnsdA8 may 87| 9 1€ [SINS] A1) 99 81 S| 91 L Sos i <L P9YAOL SL-0T sshg
Suryomin os duy M 81 60 9T Lee  T0 9¢ vLl < < 9L 8TIE 09 we PIOUAOL 070 dy
(zuAN) wouonsdin suuony)y'g
Asapwod wnsdfE apny A10A 8€°0 (43 st 08 810 LT 01 91 6F €8 P00 STIS B98P C/SUAOL roI< e}
fopmod wnsdfS opu Ao <0 LT €T 6LE o Tog €Tl 0T 9¢ €8 t0T  STIS  899F  #/SHAOI FO1-68 ey
eisao wnsdAS fuepy 810 < (£ 0r01 To €€ YOI T T s p0T STEL 8981 ¢/SHA0I S8T¢ e
(s winsdAs Suepy S0 <0 £ 1611 L0 ¥t €9 9T sz €8 F0T STIL 8997 £/SUA01 T80 Rt
[Esiio wnsd(s mag 970 Ly 6T (v 880 ¢ €8 ¢z 1z 8 H0T  BTEF  BUPS  HEAOI 0g-¢1 149
UME AQISIAON GO 90 € 1781 0T a4 t'6 0¢ 0€ T8 K0T BTLY BY0E  €/RMAOI S1-0 v
(quaecy) spisd&Zopdey onspyg
(3 ] ( :
saameaj [roadg @L (y/baw) JLEWV el h__—x”__h: pd %) (1stow) () UOZUOH
WO wnsdin 100 N A 0 P oz r0S D ms pues 010D yidagy

.vv_naw suopad au jo saradoud [eatway-0015Ay4 "panunuod gajqe,

280



Gypsum Crystals in Different Moisture Regimes

Figure 3. Back scattered electron images of the crystal habits of pedogenic gypsum in xeric moisture
regimes together with EDX spectra of gypsum crystal, (al, a2). Cluster of gypsum crystal, Byl, By2
horizon of pedon 1 (b). Lenticular crystals from the By horizon, pedon 2 (c). Lenticular to columnar
gypsum crystals, Byl horizon, pedon 3 (d). EDX spectra of lenticular crystal (al image) indicating a
relative abundance of Ca and S (g). Lenticular gypsum crystals of the Byl horizon of pedon 3 (h).
Lenticular gypsum crystal of a Byss horizon with a large thickness; pedon 2 (i). Subhedral to anhedral
forms of gypsum, Cy horizon of pedon3.

In areas with ustic moisture regimes,
evaporation occurring soon after sufficient
rainfalls, therefore, rapid soil drying allows
a short period for crystal growth and favors
smaller length/width ratios and tight packing
of more equant crystals. This type <of
gypsum crystallizes in a displaced way;
either displacing the host soil material or
forming shattered fragments inside the
cracks of shattered gravel.

3. Aridic-ustic moisture/regime: Euhedrals
to sub-hedrals are the most common crystals
observed in the aridic-ustic transitional
regime (pedons 4, 6, 7). These crystals grow
in-situ and do not undergo transportation or
relocation. They . are randomly oriented
throughout “wthe soil  profile  with
transportation’ and re-crystallization rings
associated with re-hydration of anhydrite or
simple re-crystallization from alternating
wetting and drying cycles. There is no
evidence of corrosion or comb-shaped edges
at the soil boundary, but suggest dissolution
occurred on the irregular surfaces. There are
solution pits on the surface of the crystal
(Figure 5 a;, a,, b). Acicular to blade form of
gypsum crystal of Cy horizon (Figure 5c)
and Needle form with blade apex gypsum
crystal of Ay horizon were observed in this
regime. Pseudo-hexagonal tabular lath
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gypsum crystals are of microspar size,
(ranging from 20 to 50um); the six sided
lath shaped crystals elongate to 101 and 111
where one axis of the hexagon is longer than
the other (Figure 5h, i). This habit is
exclusive to ustic moisture regime since,
evaporation occurs soon after the rainfall,
and thus small and thin crystals are
produced. In pedon 4 with ustic moisture
regime, crystals of blade, columnar, needle
forms are dominant, while in pedon 6 and 7
with  aridic- ustic moisture regime,
subhedral, subhedral-hexagonal and
associated lenticular shapes were observed
(Figure 5h, 1). This regime resembles the
pervious regimes i.e. xeric and ustic
regimes, and has per descendum mode.
Gypsum crystal forms in relation to the
respective soil horizon in this regime are
shown in Table 3.

4. Xeric- Aridic moisture regime: Globular
and tabular crystals are the most common
shapes of gypsum crystals observed in the
xeric-aridic transitional regime. Clusters of
these crystals (Figure 6a, b, e) are found in
soils with xeric and aridic moisture regimes.
In these regions, as the soil depth increases,
the presence of longer and thicker crystals of
gypsum were found to be abundant. But,
such a trend was not observed in pedon 9
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Table 3. Morphology of gypsum crystals in relation with soil moisture regime.

Soil moisture

Symbol of horizon, Number of

Gypsum crystals forms

regime pedon
Byl; pedon 1
] Byl; pedon 3 Lenticular (aboundant)
Xeric Byssl, pedon 2
}?y);ii?:(igE;Z Lenticular-columnar, Rod like
___________________________________ Cy;pedon3  Cluster of Lenticular (superfluity)
Ustic By; pedon 5 Cubic by needle form
By; pedon 11 Lenticular (rarely)
_______________________________ Bym, By;pedon 10 Comb-structure, Needle form
Ay; pedon 4 Needle form
o ) By; pedon 4 blade form
Aridic-Ustic Byz1; prdon 7 Cluster of lenticular,
By; pedon 6 Pseudo-hexagonal to lenticular
Byz2; prdon 7 Tabular
i Cyspedond Large blade form, Acicular
Byss; pedon 8 Globular
Xeric-Aridic Bygl; pedon 9 Tabular

Byg2; pedon 9

Tabular-lenticular

Byk ; pedon 12
Aridic

Boundary of Bym1; pedon 12

Bym?2; pedon 12

Fibrous, Acicular
Sheet of Rhombohedral,
Blade form and fibrous
Prismatic, Interlocked plates

since this profile occurs near a lake.
However, upward movement of water with
capillary rise and subsequent evaporation
has been suggested as the mechanism of
generation and accumulation of gypsum. in
the soil surface around lakes. Contrary to the
previous regimes, in areas close to the lake,
especially pedon 9, gypsum crystals are
located below the surface crust and are
formed by the per ascendum mode in the
presence of high! amounts of sodium
chloride.  Macroscopically  spear like
morphology ‘was observed at this condition.

5. Aridic moisture regime: Pedon 12,
occurring in the piedmont plain with little
progress in soil development, shows gypsum
pedofeatures with speckled and pendants.
Gypsum crystals increase in the groundmass
of lower horizons (depth 50 to 125Cm).
Gypsum enters the old gravelly alluviums
through run off; evaporation causes this
water from underneath the gravels to
recrystalize as vertically arranged prismatic,
columnar, blade form, interlocked plates and
fibrous crystals (Figure 7). The gypsic
prisms are euhedral and they crystallize
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perpendicular to the plane of fracture,
shattered fragments or gravel surfaces
(Figure 7b). As the process continues,
neoformation of such crystals was occurred.
The prominent cleavage of gypsum is
accentuated by dissolution observed in the
Bym horizon, pedon 12 (Figure 7f). This
process forms gypsic fibers and eventually
centimetric threads underneath gravels.
These bearded gravels are called gypsic
pendants.

Considering the soil data and taxonomic
proposals (Eswaran and Zi-Tong, 1991) the
soil could be classified as a hyper gypsic
(profile 10 and 12). Under this condition,
crystals grow happens in two directions
whereby the third one is quite thin, resulting
in platy crystals. However, most of the
gypsum crystals such as prismatic, tabular
lath, fibrous and blade have moderate length
so that their size is more than 50 pm. Based
on this observations concluded that the
aridic regime has the per descendum mode.
Since in the area with mesic soil moisture
temperature regime, soil drying is slow the
crystals growth is moderate and is long in



Gypsum Crystals in Different Moisture Regimes

! i i i 0
Exergy (kV)

0 5 10 15 D
Erergy (keV)

Figure 4. Back scattered electron images of the crystal habits of pedogenic gypsum in ustic
moisture regimes together with EDX spectra of gypsum crystal (a). Cubic with needle form apex of
gypsum crystal of Bym horizon of pedon 10 (b). Comb-shape gypsum crystal of Bym horizon of
pedon 10 (c). Allabastrin gypsum crystal of the By horizon-of pedon 5 (d). EDX spectra of gypsum
crystal of Bym horizon of pedon 10 (e). Irregular surface of crystal affected by dissolution, By
horizon of pedon 11 (f). EDX spectra of gypsum crystal of By horizon of pedon 11 (e).

length. Because pedons 10 and 12 don’t
have sufficient time (moderate developed
soil) and have coarse texture; however, we
couldn’t observed lenticular, powdery and
smooth crystals in aridic regime. A prismatic
pseudo-hexagonal crystal can occur ~in
gypsum crystals with strongly developed
100 and 110 faces, as suggested by
Jafarzadeh and Burnham™ (1992).. These
investigators showed that in the per
ascendum experiments / larger  lenticular
crystals sometimes appear in corporation of
matrix grains, especially with silt loam
texture. Waston (1988) proved that massive
crusts or subsurface petrogypsic horizons
were characterized by large lenticular
crystals ‘whose.formation has presumably
taken a very/long time. Our results also
support this view. Due to the existence of
gravel in this pedon with silt loam texture
and rapid leaching we couldn't observe
lenticular crystals.

DISCUSSION

Gypsum crystals in soils differ in shape
and  size. Distribution ~ of  these
morphological forms has a relative
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relationship with soil depth and soil
moisture regimes. This study shows gypsum
crystals diversity in By and Bym horizons.
The length and thickness of crystals varied
in the different soil moisture regimes. We
observed that gypsum crystals within
developed soils and inmature soils are
different. The transition from lenticular to
allabastrine gypsum accumulation is a
consequence of crossing an intrinsic
threshold in soil development. In addition,
gypsum crystal morphology is different in
surface and subsurface horizons; as a result
we concluded that subsurface horizons have
more diversity of gypsum crystals than in
surface horizons. In all pedons, together
with soil depth the number of longer crystals
of gypsum observes increased, for example
in Ay horizon of pedon 4, needle form is
dominant, while in By of pedon 4 has found
blade form of gypsum crystal and in the Cy
horizon of pedon 4 large blade form crystals
have observed (Table 3). The results indicate
that the formation of lenticular gypsum
crystals needs a long time and is frequent in
more developed soils (with more rainfall and
low evaporation); thus they are found in
aridic moisture regimes rarely. The
conditions needed to form lenticular crystals
are high ionic impurities and deposition in a
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Figure 5. Back scattered electron images of the crystal habits of pedogenic gypsum observed in aridic-
ustic moisture regimes (al). Columnar gypsum crystal of the By horizon of pedon 4 (a2). Large blade form
of gypsum crystal of the Cy horizon, pedon 4 (b). Blade form of gypsum crystal of the By horizon of pedon
4 (c). Acicular-blade form of gypsum crystal of Cy horizon, pedon. 6, (h). Pseudo-hexagonal to lenticular
gypsum crystals of the By horizon, pedon 6 (i). Tabular gypsum crystals of Byz2 horizon, pedon 7.

void system, where the space is not a gypsum are mostly found in acidic

limiting factor. Our results indicate that
lenticular gypsum crystals are more
abundant in subsurface horizons than in
surface horizons. Jafarzadeh and Burnham
(1992) have reported similar observations.
Formation of prismatic, columnar and blade
like crystals occur in soils with very low
rainfall and short period of time suchas in
aridic moisture regime (Byml and Bym?2,
pedon 12). There are gypsic/pendant in the
profiles, crystal growth and length are
moderate. The complex crystal habits of
pedogenic gypsum are. observed in soil
moisture regimes, indicating that they may
have been formed under slightly different
environmental conditions. Subhedral,
subhedral-hexagonal gypsum crystals are
dominant in aridic-ustic moisture regime
(pedon 6 and 7), but when soil moisture
trend to xeric-aridic moisture regime
globular (By, pedon 8) and tabular-lenticular
(Bygl horizon of pedon 8) are found. Our
results showed that lenticular crystals are
formed in the absence of organic matter,
whereas curved faces are formed in the
presence of sodium chloride. Furthermore,
we observed that prismatic crystals are
found at around pH 7.5 and higher, whereas
previous studies had stressed that prismatic
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conditions (Edinger, 1973; Carenas et al.,
1982)."As can be seen in micrographs, some
spaces are filled with anhedral crystals that
are granular gypsum crystals. In natural
crusts, the granular gypsum may infill the
cracks in the crust (Figure 4a, b). In ustic
moisture regime, similar to xeric regimes,
sufficient rainfall occurs with relatively high
evaporation. As a result, rapid soil drying
that allows only short time for crystal
growth, favors small length/width ratios and
tight packing of equant crystals. Soils with
high sodium chloride content in pedons near
the lake, especially pedon 9, showed
gypsum crystals under the surface crusts that
have been formed by per ascendum process.
Spear like form morphology is also noticed
in this condition by naked eye. It seems that
water tables can bring gypsum-saturated
water near the soil surface and evaporation
is high enough to elongate the crystals that
are affected by soil moisture regime.
Moreover, the presence of high amount of
salt plays an important role in curving
crystal faces during their growth. Salts in the
soil ~may affect dehydration and,
consequently, gypsum crystal growth is
rapid.
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Figure 6. Back scattered electron images of the crystal habits of pedegenic gypsum xeric-aridic
moisture regimes together with EDX spectra of gypsum crystal (a). Globular gypsum crystals of the
Byss horizon, pedon 8 (b). Tabular gypsum crystals of the Bygl-horizon, pedon 9 (c). EDX spectra of
gypsum crystal of the Byss horizon of pedon 8 (i.e a image); (d). EDX spectra of gypsum crystal of the
Bygl horizon, pedon 9 (i.e b image) (e). Cluster of gypsum crystal of the Byg2 horizon, pedon 9. (f)
Hexzagonal in gypsum crystal matrix, Byss horizon, pedon 8.

In a previous study, an indication was
obtained that the crystal habit of pedogenic
gypsum can be linked to the presence of soil
impurities and the degree of soil solution
supersaturation with respect to< gypsum
(Jafarzadeh and Burnham, 1992).

The evaporation rate affects soil. drying
rate. Hence, in areas where temperature is
low (pedon 12, Abadeh), soil drying will be
slow. Therefore, the crystal »growth is
moderate as well asarge in length. In case
of rainfall, soil drying is rapid and crystals
growing in a_short period of time will
produce  morphologies  with  smaller
length/width . ratios: In  addition to,
evaporation helps the movement of water in
per ascendum mechanism and causes rapid
growth of gypsum crystal.

According to Sadeghi et al. (2002), the
agroclimatological index (P/ET® i.e. ratio of
mean annual precipitation to mean annual
reference crop evaportranspiration) varies
from less than 0.2 in arid areas of the north,
east, and south to more than 0.6 in the
mountainous regions of the northwest. This
variation is also in accordance with the soil
moisture and temperature regime map of
Fars Province. This finding shows that ET-
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value in the aridic moisture regime is high
and in the xeric moisture regime is low,
confirming the discussion about evaporation
rate and its effect on soil drying rate and
gypsum crystal formation.

CONCLUSION

The amount of gypsum accumulation in
soils of the study area depends on soil
moisture regimes, but not on the soil
temperature regimes. Gypsiferous soils occur
more commonly in aridic moisture regimes.
Micromorphology of gypsum crystals changes
in different moisture regimes. In aridic
moisture regime, interlocked plates, acicular,
fibrous, prismatic and blade forms are more
common, while, in xeric moisture regimes,
lenticular crystals are dominant; but, in the
subsoil, cluster of lenticular, rod like, and
tabular subhedrals are observed. Under ustic
soil moisture regime, evaporation induces
water moving by capillary rise of the gravels
to recrystalize vertically arranged columnar,
cubic, and needle form crystals. In the
intermediate moisture regimes, however, we
observed gypsum crystals between either xeric
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igue7. Back scattered electron images of the crystal habits of pedogenic gypsum aridic moisture

regimes together with EDX spectra of gypsum crystal (al, a 2). Blade form and fibrous gypsum crystal of
the Byml horizon, pedon 12 (b). Prismatic gypsum crystals of the Bym2 horizon, pedon 12 (c). EDX
spectra of prismatic (i.e b image) gypsum crystals, (d) fibrous gypsum crystals, Byk horizon. .(e) EDS
spectral images of blade form and fibrous gypsum crystals (d image). (f). Sheet of rhombohedral gypum in
soil boundary of the Bym horizon, pedon 12 (occurrence of accentuated cleavage) (g). Acicular Gypsum

crystal of the Bym1 horizon of pedon12.

and aridic moisture regimes or ustic and aridic.
Therefore, near the aridic regimes, more
crystals grow length wise with limited
thickness (such as columnar, fibrous,
perpendicular, blade and needle forms), while
with increasing rainfall, like in xeric regime,
more crystals grow in width with higher
thickness (such as lenticular, globular, tabular
and rosette-like forms). Indeed, as rain water
becomes saturated with gypsum and continues
to evaporate, successive phases of
crystallization and renewed’ crystallization
would constantly follow. Gypsum saturated
runoff removes the soil materials from alluvial
fans and plateaus towards the piedmont plains.

The textural analysis data reveals that the
dominant classes are silt loam, sandy loam,
and loam, respectively. In pedons with high
clay content, the amount of gypsum is <15%.
However, in other light textures, CaSO,-2H,0
content was >25%. SEM approved for
studying the shape of gypsum crystals. For
spatial determinations of gypsum crystals, the
use of large thin sections and polarization
microscopy would be promising.
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