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Figure 1- Approximate locationof study area in west Azerbaijan province and north east of Urmia
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Figure 2- A part of geology map of Urmia (1/200000) and location of studied profiles in Quaternary sediments
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Table 1- Selected morphological and physical properties and classification of some of studied profiles.

(%) <1yd o5l &30
38! Bes (Pobpo), (Kis)SS,  Particle size (%) *olislw ] o Olaalie
Horizon Depth (cm) Color (moist) Color (dry) (w; Cdww o Structure Field observations
Clay Silt Sand

Profile 1: Fine-silty, mixed, active, mesic, TypicCalcixerolls

A 0-32 10YR3/3 10YRS/3 35 41 24 1,2:migr -
Bk 32-65 10YR5/3 10YR73 33 39 28 2:m:abk o ey
Calcite nodules (2-5 mm; 10%)
2C 65 -90 10YR6/3 10YR5/3 13 24 63 sg i Slses
Sandy sediments
_ . . Sal g g5
3Bkb 90-130 10YRS/3 10YR7/3 29 46 25 2:m,c;abk Calcite netles (1 mm: 16%)
3Chb 130-153 2.5Y5/3 25Y6/3 20 50 30 ma Silty sediments
4Bkb  153-190 2.5Y3/3 25Y5/3 43 38 19 2:m,c;abk ol oy

Calcite nodules (5 mm; 15%)

Profile 2: Fine, mixed, active, mesic , PachicCalcixerolls

A 0-50 2.5Y3/1 25Y4/2 309 529 162 2:m:sbk ;
Bw 50-95 2.5Y3/2 25Y45/2 384 409 207 2:m,c;abk ;
Bk 95-110 2.5Y5.5/2 25Y62 36 56 8 2:m,c:abk L selady
Calcite nodules (2-5 mm; 10%)
c1 110-140  2.5Y55/4  25Y6.5/4 31 485 205 ma e Sl
Silty sediments
2C2 140-175 2.5Y4.5/2 25Y62 62 112 826 sg G o)
Sandy_sedlments
3Bkb  175-200 2.5Y5.5/2 25Y7/2 482 433 85 1:m:abk o el
Calcite nodules (2-5 mm; 5-7%)
ACh  200-230  2.5Y4.5/2 25Y6/2 87 586 327 sg e b
Silty _sedlments
5Bkb  230-262 2.5Y5/2 25Y6l2 21 557 233 1:f,m:abk by
Calcite nodules (2-5 mm; 5%)
6Ch 262 -273 2.5Y4/2 25Y6/2 375 625 90 sg G o)

Sandy sediments

7Bkb 273 -300 2.5Y4/2 2.5Y5/2 13.7 585 2738 1;f,m;abk . ol s
Calcite nodules (2-5 mm; 5%)

Profile 4: Fine, mixed, active, mesic, TypicCalcixerepts

Ap 0-34 10YRS/4 10YR6/4 577 332 9.1 2:m:sbk -
Bw 34-66 10YR5/3 10YR6/3 65 258 9.2 2:m,c;abk -
Bk 66 -90 10YR5/3 10YR6/3 67.8 259 63 2:m,c:abk g

Calcite nodul_es (2-5 mm; 5%)
Bkg 90-144 10YR7/1 10YR72 70 234 66 1;m,c;abk o selabdy

Calcite nodules (5 mm; 10%)
Cy 144 -185 10YR7/1 10YR7/L 236 634 13 sg e Sz

Silty sediments

Profile 6: fine, mixed, superactive, mesic,PachicCalcixerolls

Al 0-27 10YR3/2 10YR4/2 461 355 184 2,3:m,c;gr )
A2 27-52 10YR3/3  10YR5/3 518 27.8 204 Zmigr -
2;f,m;abk
Bkl 52 -82 10YR4/3 10YR6/3 589 295 11.6 3;m,c:abk; 3;c;pr o Selubdpy
Calcite nodul_es (2-5 mm; 5%)
Bk2 82-118 10YR4/1 10YR5/1 602 307 9.1  2mabk;3;c;pr Sy
Calcite nodL_JIes (5 mm; 7%)
2Bkgb  118-177 2.5Y4/2 2.5Y6/2 31 484 206 1;m,c;abk o elubeg
Calcite nodules (10 mm; 10%)
2Cgb 177-200 2.5Y4/2 2.5Y6/2 6.2 237 701 sg 8 Sl

Sandy sediments
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3Bkgh  200-260 2.5Y4/2 25Y6l2 137 585 27.8 1;c;abk el
Calcite nodules (5 mm; 10%)
Profile 8: Fine-silty , mixed, super active, mesic, TypicCalcixerepts
A 0-13 10YRS5/4 10YR6/4 21 31 48 2:f:gr -
Bkl 13-37 10YRS5/4 10YR6/4 432 407 16.1 3:m;abk ol
Calcite nodul_es (2-5 mm; 5%)
Bk2 37-67 10YRS5/4 10YR6/4 357 382 26.1 3:m;abk ey
Calcite nodulfes (5 mm; 5-10%)
2Bk3 67-73 10YRS5/4 10YR7/3 36 499 465 3:c:abk ey
Calcite nodules (5 mm; 5-10%)
3C1 73-85 10YRS5/4 10YR6/4 619 161 777 sg -
4C2 85-100 10YR4/4 10YR6/6 87 13 90 sg -
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Table 2- Selected chemical properties of some of studied profiles

£ S 31 oc CEC ECe CCE
Pcrf)ifile Horrzon %r‘;t)h J’,f: %) Cmolyky PH @sm) ()
(mg/kg)
A 0-32 124 151 2074 758 103 287
Bk 32-65 186 047 1959 774 166 307
. 2C 65-90 073 021 1587 738 397 142
3BKb  90-130 171 063 18,60 756 576 177
3cb  130-153 049 017 1152 785 662 94
4BKb  153-190 086 045 2074  7.82 368 155
A 0-50 02 09 2214 803 073 235
Bw 50-95 216 045 1896 823 448 215
Bk 95-110 224 013 1581 887 319 265
c1 110-140 135 011 1739 877 249 26
) 2C2 140-175 206 009 1106 861 179 13
3BKb  175-200 207 023 2372 876 128 155
4Cb  200-230 197 008 1264 826 068 145
5Bkb  230-262 133 019 1581 855 069 16
6Cb  262-273 084  0.06 9.48 807 063 125
7BKb  273-300 069 014 1581 832 105 18
Ap 0-34 010 067 3008 846 135 305
Bw 34-66 005 04 3320 868 133 27
4 Bk 66-90 005 031 3320 877 1 275
Bkg  90-144 002 022 3162 875 076 31
Cg 144-185 005 013 2372 85 081 185
Al 0-27 025 323 36.36 782 394 285
A2 27-52 010 199 3478 825 257 225
Bkl 52-82 010 058 3478 828 254 185
6 Bk2  82-118 015 108 3478 835 294 29
2Bkgb  118-177 025 040 2214 832 32 22
2Cgb  177-200 015 043 1106 835 224 11
3Bkgb ~ 200-260 025 036 1423 823 176 145
A 0-13 010 022 2372 855 084 315
Bkl 13-37 005 013 2529 849 091 33
. Bk2 37-67 005 013 2529 832 122 32
2BK3 67-73 002 004 1581 817 25 18
3c1 73-85 005  0.04 7.89 815 252 205
ac2  85-100 010  0.04 7.89 81 217 20
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Figure 3- X-ray diffractograms of profile 2. Figures a to d are related to C1, 4Ch, 5Bkb, and 7Bkb horizones
respectively
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Introduction: Minerals are one of the main components of soils which play different roles in the soils.
Minerals make up about 50% of the volume of most soils. They provide physical support for plants, and create
the water- and air-filled pores that make plant growth possible. Mineral weathering releases plant nutrients
which are retained by other minerals through adsorption, cation exchange, and precipitation. Minerals are
indicators of the amount of weathering that has taken place, and the presence or absence of particular minerals
gives clues to how soils have been formed. The physical and chemical characteristics of soil minerals are
important consideration in planning, constructing, and maintaining of buildings, roads, and airports. Clay
minerals can be used for understanding of soil formation, optimum management of dry and wet lands and
interpretation of paleo environments. Moreover, clay minerals can provide some valuable information such as
the origin of sediments, transportation and precipitation of sediments and also some information about
intercontinental weathering regimes. Quaternary sediments have occupied most of the agricultural and natural
resources of Urima plain and recognition of mineralogical of these soils is essential to optimum and stabile use
of these soils. Additionally, caly mineralogical investigation can provide some information about the intensity of
weathering processes and climate change in this area. Thus, in this study clay minerals of quaternary sediments
in northeast of Urmia and the mechanisms of their formation and also tracing probable climate change in this
area were investigated.

Materials and Methods: This study was performed in theUrmia plain in west Azerbaijan Province. The
study area is located on quaternary sediments and physiographically, this area is a part of a river alluvial plain
with the gentle slope toward Urmia Lake. The mean annual precipitation and temperature of this area are 345.37
mm and 10.83 °C respectively and the soil moisture and temperature regimes are dry xeric and mesic
respectively. In this study, eight soil profiles in quaternary sediments were dug and sampled and the
morphological, physical, chemical and mineralogical properties were determined using standard methods.

Results and Discussion: According to the results, Illite, smectite, Kaolinite, chlorite, vermiculite and
hydroxy interlayer vermiculite (HIV) were the dominant clay minerals in these soils. The origin of illite, chlorite
and kaolinite were related to inheritance from parent material. Regarding to the present of some smectite in the
parent material of these soils, some of smectites have been inherited from parent material. Nevertheless it seems
that, the most of smectites in these soils have pedogenic origin. Based on mineralogical results and trends
variation of smectite and illite along studied profiles, we concluded that some of smectites in these soils have
been formed from illite transformation. In profiles 4 and 6, regarding to low depth water table and consequently
poor drainage, high pH and high values of calcium and magnesium cations, provide suitable conditions for the
neoformation of smectit and so, some of smectites have been formed via neoformation from soil solution. In
these soils, vermiculites were pedogenic and have been formed during transformation of illite to smectite. Small
amounts of hydroxy interlayer vermiculites were present in buried horizons and regarding that they were not
present in parent material, it might be because these minerals are pedogenic and have been formed in a past
wetter climate. The transformation of illite to smectite in lower horizons needs high moisture and regarding to
recent semiarid climate of study area, the suitable amount of moisture for this transformation, especially in lower
depths and also in buried horizons, is not present. Thus, it seems the transformation of illite to smectite in lower
depths and buried horizons has been taken place in a wetter past climate. So we concluded that smectite and
hydroxy interlayer vermiculite are evidences of a wetter past climate in this area.

Conclusion: In this study the origin of smectite in buried horizons was related to transformation of illite.
According to high moisture condition which is necessary for the weathering of illite, the occurrence of this
process related to more humid climate of the past. Additionally, the presence of hydroxy interlayer vermiculites
was related to previously wetter climate as well. So results of this study can be used for recognition of climatic
change in the study area.
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