Journal of Water and Soil
Vol. 32, No. 4, Sept.-Oct. 2018, p. 723-736

iy

(55,9 @rluo 3 psle) S 5 O & 2
YYY-VYF .0 ITAY LT — s oF oylods F'Y ulo>

Ol gl Jleds 53 ool OLsI S b 53 od O e S

. * . \d . Ay - N . =Y . O Z . P
Torb 2 Al =Tkt = S el ) et ST Il sla g egs 0 8 S ke
“‘A?/'V/\VCJE)J @)U

CXVCLS

8 e G ol ogMe -f’w‘ sl ool (61 Lyl g Ll (o aisyeS Ao 53 (58,5 515 s 4 ol Jloud sy asdllas
=0 Sl Sl b Gl o Led Ly g wbioo GRal38 () 0 S5k (e B8 & 02 g s & Jlod 1S (el o S 0 85
by o3ll 51 eolaiwl g (coudBl sl 53 lyd 031l Ol pss Wgy oy addllan (il 5 GBua ] Caslio Hlos Jae basl il g (eul8l o
Sla 6L L o8l (LS Jsbo )3 2,815 5 gyl 5l 09 ()t Gl Sligusy Lite (poni (gl b line (6580 5 (o) (s SIS 4
aSle 4 ol o Lits ols s plool lgl (g p (o (ool S g ol 03ln] sl LT g s a3 )3 L5 1> jro Jue Voo B Y e 29 I calise
o) 0 s Culdgils g cols 5 IS el Gl ) Cdas g ey e 5 (il il (Sa55L L gblie Cuews 4 Unratio 5 &l)S ol
Sload a0 b aS ol )l lyd o3l il s g ol L ylade auBl HLol,S Job 13 (650l dlge cluw isu sla SIS M550 ¢ 35165 5
=l L 9g oyte Sy S pidie guie D925 0didd HUis )y ool SIS B9y 5 00 j9d Lol e jl ddlaie Jloub 0 geS” )L b adlaie
03,8 sbg) S pelow 3 o SIS S jlade 3 Sl ol 45 @glis

o) Sligy Lt i) 5 (s Gl I (ouablio ()13 ( SW)b 1 g0l sy

5 ) 35-8e SLS (uiblite (Sl S (lise 5 () S SS
Cel colio (dSa) bl > S JSis 5 (Sadles (VY
iy 5yl 1Y) 29-3ie (pmeblite (ol (slass JiSiis
Sl (3Le Dlgo 5l i b Jgwodl )3 iz Jdo 3 (ugblize
Sl Gl purblise (6)l8 s Hlade (S5L Rl L o (V)
oebline (1B pd e glal ulpd cov Bk I (V5 V- )
ol (V) Usi)l 5 gomlS cul oo (VY 9 1Y) A8 o iy talS
el wlgi e La SIS Sl g o 55 ( Sdlga (b y3 05,8
933,35 Solite ouldl slalose )3 )y ciliie sla SIS S
P Sl i Sy oo V5l 1S 8 b o S gy b
5 UbL) SWlsa w3 5 (b ) Jsl slarnl b e bl
Bblie d dtunly @l cizmad )8 S 1y flo Jsbo 4o (led
Sl o oloj Job 3 (Sadlsm oy o JUaSl sl 8 e
o) Go 53 i gl 4y ok 355 o0 o (ol S
Y lade o5 03,8 dloidy (e (oo O 5> (IS -0y
2 2d Sl L oS0 o) 0y 3 Bl 9 CoflS e gls
b Osee Y18 53 (d =508 oy O e 93 S (oo Jladka
48 1508 ol et gl bl e e > i 2 S g
4l (Ui Jgwsdlm gl slassly (o ©gli5 5 (wlis SIS 55,

-

Ao

oyl s Lol (gd 25200 31 (sloinS dalsd )l Lo sl

@iz ul.._«pyab 9 ul;y») d)»f b)l.)ul 9 )JLJ 9).0] )] A.w)buc
9y (3 (U slaail L) 5 ptd 4 o] ol
el IS S 5 )b o1l (Y 5 1) S o S8 pd tizyeS
Ol g dies ols (ol Glyss 4 purblite )80 5
\V) .)9.‘»(54) ol dns i WJB‘ 9 Ja.a?u R W‘e&’g dl).: ul.uow
S9) 1 oo 3l Wl Lad g Cagboy B2k I elBL(VY 4
5 S5 i (S0l st b il il S sy
P S g ooy slde Gl cage g wbe Gl SB LSS

WSS g Ol pwdige 025 (S pgle 09,5 dbil g (6,5 (ggrriily =Y g )

Sl (555 OIS e il 5 (559l ol

(Email: fkhormali@gau.ac.ir 19 0diuns 8 — )

Olall 35ile G (03,18 3855 dumsgo e mablino 09,5 slisl ¥

el (S oSl «onbs ple g el 01y didl i gt kil —¥

Al il el o5y (S g T oaSiils (S pole 09,5 okl -0

olall sl it (£3,)l8 5855 dumago (535538 0 095 Sl =5
DOI: 10.22067/jsw.v32i4.67072



1AV LT — oo oF o)lod XY al> (S g T a5 VYY

Sl I gliml Jlas 53 d9290 JU 53,5 jin 3L Jlosl 4
Gl 005 48,5 55 5 S5l gladgy (sladlaie oMw

2325 sl 2y Splg GBS 39) bawgi (9w dlge 5l (S
Loy o a5l 1B 53 00 Dbl (slowsy ! 2 0gMe 0l
Sas Opgar )i sbyd lagnds e (b g o35 e )35
(B) 255 o 418 Lo yme 33 (3L Sligws) 3l aito Blgie 4 2Ly
LaSLE ol (gyole dlge o cusSoml g CaidglS 5 o IS ceuly]
g slcie 13,8 oo gl 3,k 5l ol ) LT sliie 48 5 5 3959
CoSol jladag WS (o jeasd (SH)L GRIPIL () GSE Eg
Ly sln syl Sy (53, 1 s 0 plol i
0 g Cusl Jiode Foe Jl 5VL 5 piedde YO+ 392 55 (S5)L
dibaio cpl > Glite (SH)k (lie b g (de SLSE > SWs
9 u_.wl.u.uu;u $9) LSJL:JUQA L)"I P O9M§— o] 03 f‘.?u‘
Olge &S Ban pl b lyd o3Il jelaivan o udolize (o lid s,
odlawl TMJ L;LmJB u’l"‘l*"‘“ d‘)’. pyery S5 O|9"“° L Lm‘_‘j )’\
oy ) addllas ol 5l a5yl il Ao e 3 S
=Y 5 ool LIS G ok > (il S g @lyd il il e
sl yialyb 5l edlatnl b yyte o S slice 31680 o)y
Dy eoedBl LS Jobo 45 o azaS

L yig) 9 2190
asdlas 3 90 Blolis

Sapglar )13 518 (s Gl slad 53 adlllas 390 dilaie
29 5 ¥rogae a jydlogS (sl (035 53 (d Slgus) Cuolus
009915 S b (S35 )3 e Ve dgde Gl (ud B
o dn o a8 (caldl Cod S ) Sligusy ol sy o0
35 )8 A8 ey o oa Voo B Y ee gis (Sl e
los (ke 9 2)5 (Sl s adlate pl 3 bod liee () JSC)
Sl ay ool 1Y Jgse) il o 3, Sls dajd YA LYY dgus o
lio sl (SA5)L Gl b SB Cluogad Sk o)y
0Ty Jidey Ly @l jladhate ol 3 (LS by ol
SR coled ) 5 g (SU)L L gblie )3 oSTie (ids B Jlod
(V Jgiz) S (o e

ol Bl 2939 w3l Jo youdeo +/0 )5 Sglte xuie bl
Calid ) a8 cbline (5 pdn 5 (s S 0gMe
SR S plase 4 @l o] wiiws Mbe Slguw, sbive
il slwil gl Sl claJly Sluogad
(YA) (63850 Jl dmy Sl a5 (A) JULiSly (2ol b
5oL ad sl Lolwl ol (gaindily S5 00 oo o3litu!
oL L)y dlasly pl 53 (YY) 23l oo Slgu) o Sl dlols
laol b cdiw ojlasl lyd jolaiad g cudpd &lyd oS Wm0
xS plSe s e S g g o Jie o) o S35
Blio K055 50 Yaane cudyd @y ol (YY 9 YA) w0 <S8 >
S 3 ey SIS o Iy g ok Sy 9 S W
SIS ES o Y leedye 2 9 GYob o Jolgd U il e
g A e cS o Y gaw b alor bl L baes <l
9 YA XA ) a8 <8 > e | (55599 Jolsh b Wl ol pli

(Y

085 B s 4 gl Jled (o oSt 3T sl Jlo
Ol 058 4 el Sl g Ll 5 Lygyl (ol 22008 (555 2
e bl g el 03,18 a5 ot s S LacSls
a5 )58 ey 90 eime | (oL s by col asis
ol

S5,b L Slis any dilaie S5 pd oS a6l 0 (V) oS
o) slad sl 1y yySae Y& 3 031l )13 45 e duo YO-
Ol 3 Sl ESB e B dga oS gy (Sle Clbee S (b
ao ol ejlasl aile 390 Y 5V Coond ¥ Jols a8 0 s )80
Kol 9 ¥Y 2905V olasd a3l (sl (6550 bl oS 5T g,
Ol izman (V) CiS Al s yg)See YV 3905 ¥ 0)lads
OB 3y 9 M) e iy A3l ddlaie )3 (4) (pdiee
155)S b la gyl 5,8 oamlie |y caliste claayY )5 il ol
D9y L (W) J8 bl oo Slyss ol S 0l s puo )3y
A pesdee VO () Ly LSS 53 90) 315 )13 piedle £ev (501
(V8) oylSon § Siadle g (6,505 adlllas 58 3512 (59,540
Se o Wl Gy b S el gpSojlal gl (e
OB S R S35 )3 ylarlen 00 (SH)b b b po doys adlata
ailaio ol 3 b ol e 45 €8 g iudS il 5
A5 35l yag)Se Ve

P9 YL Jd 1) e 3l a4y (0355 (W) ohlSeny oS
o a8 Glsie anggl o ey s g 52y b GV e
OSan 35 Alold L il 0355 9 15 oy gl 53,5 ol il &S
aS Lol 31 13,8 oo bl %0 cogm 31 0L 0308 31 o



YYO L Pl g 09 il eoliswl b &l yd o103l Ol sy oy 9

1 ]
340000

2
r&
5
18
=
=

~ [ L-Psection Q‘

@ Modern solls

Loess |2
Kilometers [ %
-

> 2 20 40 80)

260000 340000 420000

O

(Ol L) (pnbg g iz (3 4l )= (o (o2 9 (o (590 (S ST& (38,5 18 CapnBige —) S
Fig 1- Location map of the study area and the sites of the modern soils and loess sections at Aq Band and Toshan (Golestan
province)
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Table 1- Climatically information of the study area
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Region Vegetation cover MAP (mm) MAAT (°O) Altitude (m a.s.l)
Gox b e 200 18 54
DashliBorun Grassland
XVES 14
e e 330 17.5 380
KhaledNabi Grassland
g b Sldle 405 17 385
YelliBadraq Grassland
e s 480 17 205
Kalaleh Grassland
plel & i 600 17 320
AgEmam Shrub land
. ] Z.
Ol e S 670 17 218
SeyyedMiran Forest

MAP: Mean annual precipitation; MAAT
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Table 2- Some physicochemical properties of modern soils

dilaie sl Gos sbpe S, S Slos oy S o &
. . . . Gypsu
Region Horizon  Depth Mooist color pH EC ocC Clay  Silt Sand m
(cm) (dS/m) %
Typic Torriorthents
09y sl A 0-10 10YR 6/3 8.3 0.8 0.5 219 591 18.9 3.21
D-B C 10-50 10YR 6/4 83 4.7 0.3 193  59.1 214 3.13
Cy 50-100 10YR 6/4 8.3 12.7 0.3 142 628 23.0 3.90
Typic Haploxerepts
A 0-10 10YRS5/4 7.4 1.8 0.7 150 738 112 29
JRLIRV/ES By 10-40 10YR6/4 7.7 0.8 0.4 150 688 162 2.8
K-N C 40-90 10YR6/3 7.6 3.6 0.2 150 688 16.2 2.8
Cy 90-110 10YR6/3 7.8 9.6 0.1 125 713 162 5.1
Typic Calcixerepts
A 0-28 10YR 4/3 8.1 1.0 2.6 273 65.1 7.5 3.1
Bkyl 28-54 10YRS5/3 83 0.8 1.4 220 644 135 43
b Bky2 54-68 10YR 6/4 8.2 1.1 1.0 219 669 11.0 3.1
Y-B Bky3 68-112 10YR 6/4 7.9 3.7 0.7 27.1 657 7.1 3.1
Bky4 112-130 10YR 6/4 7.9 6.7 0.6 29.7 621 8.1 3.1
C 130-150 10YR 6/3 8.6 2.5 0.4 296 593 11.0 3.0
Typic Calcixerolls
A 0-27 10YR 2/2 8.1 0.9 3.9 31.8° 594 8.7 -
AB 27-37 10YR 2/2-3/2 83 0.5 33 29.8 624 7.6 -
npile Bk1 37-52 10YRS5/3 8.1 0.5 22 29.7  64.7 5.5 -
K Bk2 52-89 10YR 6/4 8.2 0.4 1.2 194 719 8.6 -
Bk3 89-104 10YR 6/4 8.1 0.8 0.9 233 60.7 158 -
Ck 104-130 10YR 6/4 8.2 0.9 0.6 223 654 122 -
Calcic PachicArgixerolls
A 0-30 10YR3/3 6.8 1.4 1.9 40.0 43.1 16.9 -
plol 3l AB 30-80 10YR2/2 6.3 1.3 1.7 425 463 112 -
A-E Bt 80-110 10YR3/4 6.7 0.8 1.0 425 488 8.7 -
Bk 110-150 10YR6/4 7.5 0.5 0.4 250 563 187 -
Calcic Haploxeralfs
A 0-10 10YR3/2 6.6 1.1 5.7 40.0 407 193 -
Bw 10-28 10YR4/4 6 0.6 1.6 40.0 463 137 -
Ol o S Bt 28-65 10YR4/5 6.5 1.0 0.6 40.0 43.1 16.9 -
S-M Btk 65-90 10YRS5/3 7.5 0.6 0.7 30,0 538 162 -
Bk 90-120 10YR5/4 7.6 0.3 0.5 325 538 137 -
Ck 120-160 10YR6/4 7.6 0.4 0.3 250 563 187 -
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Figure 2- Change in some grain size parameters with depth showed the medium grain size and U-ratio decreased from low
rainfall regions to higher rainfall and clay and fine silt contents showed the reverse trend
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Figure 3- Grain size distribution curves of the samples from arid region with unimodal to polymodal in semi-arid region.
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Table 3- Semiquantitative analyses of clay minerals in the studied soils.

¢S G e Coff el Cadpl sy bl gl
Pedon Horizon mica  Chlorite  Smectite  Kaolinite  Vermiculite Mixed minerals
O Ssb (D-B) A -+ -+ + + - -
O3y SLsh (D-B) Cy -+ -+ + + - -
s I (K-N) A +++ +++ - + + -
s I (K-N) Bw +++ +++ + + - -
o I (K-N) Cy +++ ++ + + - ++
b (Y-B) A +++ +++ + + - -
&by b (Y-B) Bky, +++ +++ + + - -
&y L (Y-B) C -+ -+ + + - -
4% (K) A -+ -+ + + - -
M8 (K) Bk, +++ ++ ++ + + -
4 (K) C -+ ++ - + - ++
bl 3l (A-E) A +++ + ++ + ++ -
plol 31 (A-E) Bt ++ + +++ + ++ +
el 31 (A-E) Bk +++ ++ ++ + - -
Olyse daw (S-M) A +++ + ++ + -+ -
Olyee de (S-M) Bt ++ + +++ + ++ +
Olyee dew (S-M) Ck 4+ ++ +++ + - -

F 0oy O bt o 3 Vom0 b hido DVO-Y b a2V gl pis

++++: >50%; +++: 30-50%; ++: 15-30%, : +<10%,.-: not present

axlllan 3,90 SWE S 45 Claw (iSe (ol S gl - Jgua
Table 4- Semiquantitative analyses of silt minerals in the studied soils.

ES6 B NS CadS Pl el s o G i5
Pedon Horizon Quartz  Calcite Plagioclase  Potassium feldspar mica Chlorite

s I (K-N) A -+ - ++ + + +
s I (K-N) Bw -+ - ++ - + +
w5 I (K-N) Cy +++ - ++ + +
IS (K) A -+ - ++ + +

A4S (K) Bk, +++ - ++ - - +++
plol 31 (A-E) A +++ - ++ - + +
elel 51 (A-E) Bt St - ++ + + +

elel 51 (A-E) Bk +++ - ++ + + +++
Olyse duw (S-M) A +++ - ++ + + +
Olyse daw (S-M) Bt -+ - -+ + + +
Olyse daw (S-M) Ck -+ ++ ++ + - ++

ot Zao )3 B bt tho ) Vom0 cbtilo V0T b <o VD gl pas

++++: >50%; +++: 30-50%; ++: 15-30%, : +<10%,-: not present
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Introduction: The study of the northern Iranian loess is important since they are located in the middle of the
Asian and European loess belt. In addition, presence of a climatic gradient i.e. increases in rainfall from north to
south and from west to east, and the constant temperature, provide a unique area to study climate change and
environmental conditions. There are many recent studies on loess-palacosol sequences in this region, that show
the grain size variation and clay mineralogy changed with increasing precipitation. The purpose of this study was
to investigate the trend of grain size variations and clay mineralogy in this climatic gradient to infer origin of the
surface loess in this region.

Methods and Materials: Grain size and XRD analyses were carried out on six soil profiles extending from
low precipitation in DashliBorun (200mm) to high precipitation in SeyyedMiran (670mm) regions. The grain
size analysis was carried out with Beckman-Coulter LS 13320 PIDS. The device uses the principle of the
forward scattering of monochromatic light and its diffraction under a certain angle. The angle of diffraction is
inversely proportional to particle size. That means coarser particles cause a smaller angle of diffraction
compared to finer particles. This method is quick, its results offer a good reproducibility and the data are digital
and direct. Necessity for only small amounts of sample material, and covering a wide range from 0.4 to 2000
mm in diameter are other advantages of this method. Nevertheless, the amount of clay percentage may be
subjected to certain underestimations because particles smaller than 0.4 um diffract light in all directions that can
cause problems with detecting the signal correctly. Hence the sum of particles with less than 5.5 mm in diameter
were chosen as an estimate of clay percentage. Clay fractions were separated based on the methodology outlined
by Kittrick and Hope (1963) and Jackson (1975). The carbonates were initially removed using 1 N sodium
acetate buffered at pH 5. The organic matter was then oxidized by treating the carbonate-free soils with 30%
H,0,, and digestion in a water bath. Free iron oxides were removed from samples by the citrate dithionate
method of Mehra and Jackson (1960). The clay separates were removed by centrifuge and studied by a Bruker
D8 Advance X-ray diffractometer. Clay minerals were estimated semi-quantitatively from the relative x-ray peak
areas of glycol-treated samples.

Result and Discussion: The grain size analysis by laser diffraction method showed that the amount of clay
(12.09 %) and fine silt (7.03%) in the soil located in Dashlibron (200 mm/yr) profile had the lowest amount and
the U-ratio (6.35) and the medium grain-sized particle (48.28 pm) had the highest amount during this climatic
gradient. Increasing precipitation had clear impact on theses parameters, so that the maximum amount of clay
(36.56 %) and fine silt (28.02%) and the minimum amount of U-ratio (1.00) and the average medium grain size
(8.78 um) were observed in SayedMiran profile with the highest precipitation (670 mm/yr). Clay mineralogical
study of soil parent material showed mica, chlorite, kaolinite and smectite as dominant minerals in the soils. As
the amount of precipitation increases along the climate gradient, the amount of pedogenic vermiculite and
smectite increase. Silt minerals included quartz, plagioclase, potassium feldspar, mica, chlorite and calcite. The
amount of quartz, plagioclase or potassium feldspar minerals did not change in parent materials. The average
medium grain size and U-ratio are function of the maximum wind speed and distance from the source. In
addition, weathering can affect the size of the particles and cause changes in the mineralogy and amount of
minerals in the size of the silt and clay fractions. On the other hand, understanding the changes of clay minerals
can provide origin-dependent changes, transport processes, and climatic variations as they are recorded in these
minerals.

Conclusion: In general, it can be concluded that the medium grain size and U-ratio decreased from low
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rainfall regions to higher rainfall and clay and fine silt contents showed a reverse trend. Clay minerals included
mica, chlorite, and kaolinite and dominant silt minerals were quartz and plagioclase in all studied soil profiles
along the climatic gradients. The results showed that changes in grain size reflect the distance from the loess
material sources and also indicate intensity of pedogenic processes. Mineralogical analysis showed the similar
mineral types in all loess parent materials of different regions, probably indicating the similar sources for the
loess. The change in minerals abundances in the upper horizons indicate the pedogenic processes affected by
climatic conditions along the climate gradient.

Keywords: Clay and silt mineralogy, Climate and Northern Iranian loess deposits, Grain size



