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Figure 1. Location of the study area in the west of Isfahan province (Buin-Miandasht region), with masses of

granite which can be seen as a mountain.



Y20 (£) 2 )lond 1) s sy adgi 9 SI& Capprto g pul

ozt 033 5 o Aoss o JS ol 4 S
Ld 03] Cewsas Sl sl 5 (6 alb
Of oo lal Shuslss jatle Cuim o 5l (64)

T RGN P P B K U B P
s PWI PIA CIW (CIA B/R B/A Ba
il S ediieduslga il S sl (V Jsds) WR
A e Lag S SlagH St 5 eddedsslsa
(2 e 03551 S Gl e
oAl o) Sl Do gast g (Sied

St Fislgn slapatli ) Sy
Table 1. Chemical weathering indices.

;Jij'}ﬁ u.a;L.L J)““Jj

Weathering index Formula Referi:ce*
Ba (K,0+Na,0+Ca0)/AL,03 Rocha Filho et al. 1985
B/A (K,0+Na,0+Ca0+Mg0)/AL,0; Birkeland 1999
B/R (K,0+Na,0+Ca0+Mg0)/(AL,O3+Fe,03+TiO,) Birkeland 1999
CIA 100 ALO5/(Al,03+K;0+Na,0+Ca0) Nesbitt and Young 1989
CIW 100 AL, O3/(Al,O3+Na,0+CaO) Harnois 1988
PIA 100{(ALLO5-K,0)/Al,0;+Ca0+Na,0-K,0)} Fedo et al. 1995
PWI 100{(2 Na,0/0.35)+(Mg0/0.9)+(2 K,0/0.25)+(Ca0/0.7)} Parker 1970
WR (CaO+MgO+Na,0)/TiO, Chittleborough 1991
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* Sources of the studied indices are available in the references 11 and 27.
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Table 3. The ratio of immobile oxides in horizons of the studied soil profiles.

s S Deoth 1000 (Y,05/ZrO,) 1000(ZrO/TiO,)
Soil profile Horizon P
(cm)
Pl A 0-30 215.4 70.1
R 30130 190.4 70.7
A 0-20 2153 72.0
PIA Cr 20-70 1975 67.9
R 70-180 189.7 67.5
A 0-20 2175 70.0
PIB C 20-140 198.6 66.1
Cr 140-200 171.9 65.0
A 0-20 215.4 68.5
PIC C 20-110 199.2 64.6
Cr 110-200 172.7 67.9
A 0-15 2133 69.6
P2 RI 15-110 192.8 68.8
R2 >110 ; ;
A 0-15 210.8 71.7
P2A R 15-100 191.8 68.8
A 0-10 210.6 72.4
P2B RI 10-60 1913 79.7
R2 60-120 190.4 72.8
A 0-20 213.9 55.7
- C 20-35 191.4 55.1
Cr 35-65 190.0 53.1
R 65-170 190.7 63.0
A 0-20 212.8 59.7
P3A RI 20-60 2043 67.5
R2 60-180 191.9 66.0
A 0-20 213.1 573
P3B RI 20-60 205.3 70.8
R2 60-120 191.5 64.6
A 0-15 212.6 59.6
P4 Cr 15-40 191.8 54.7
R 40-140 191.1 64.6
A 0-15 2125 60.9
P4A RI 15-60 2045 49.4
R2 60-160 191.8 62.8
A 0-20 212.8 573
C 20-70 1915 55.1
PaB Cr 70-100 190.9 54.1
R >100 190.6 60.3
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Table 4. The measured major and rare elements in the studied soil and rock samples.

FoS e 5 ALO; CaO MgO  Fe;O3 K,O Na20  TiO, Zr Y
prsoofl“llle ]?Cerl:lt)h Horizon (%) (ppm)

Pl 0-30 A 13.63 0.65 0.74 4.68 4.40 3.42 0.40 207.65 23.79
30-130 R 14.89 1.10 0.45 3.82 4.50 3.54 0.36 188.34 19.07
0-20 A 13.64 0.70 0.72 4.70 4.42 3.41 0.39 208.00 23.82
P1A 20-70 Cr 14.35 0.79 0.80 4.73 4.40 332 0.42 211.22 22.19
70-180 R 14.9 1.04 0.49 4.12 4.60 3.56 0.38 189.92 19.17
0-20 A 13.65 0.67 0.75 4.69 441 3.43 0.40 207.20 23.97
P1B 20-140 C 14.37 0.83 0.80 4.72 4.39 3.38 0.43 210.56 2224
140-200 Cr 14.57 0.91 0.81 4.84 4.10 3.26 0.44 211.68 19.36
0-20 A 13.64 0.65 0.74 4.67 443 3.44 0.41 208.02 23.84
P1C 20-110 C 14.39 0.82 0.79 4.68 438 3.38 0.44 210.53 22.30
110-200 Cr 14.58 0.89 0.82 4.82 4.09 327 0.42 211.14 19.39
PIA 0-15 A 13.64 0.77 0.73 4.56 438 3.41 0.40 212.18 23.79
15-100 R 14.79 1.50 0.44 2.86 4.72 3.75 0.37 188.38 19.22
- 0-15 A 13.60 0.76 0.71 4.50 4.40 3.43 0.41 211.22 23.97
15-110 R 14.71 1.51 0.45 2.82 4.74 3.77 0.37 188.45 19.33
0-10 A 13.63 0.75 0.72 4.55 4.40 3.41 0.40 214.37 24.02
P2B 10-60 Rl 14.74 1.49 0.41 2.84 4.70 3.71 0.32 188.82 19.22
60-120 R2 14.78 1.51 0.45 2.87 4.72 3.75 0.35 188.59 19.10
0-20 A 13.75 0.78 0.74 4.76 443 3.46 0.51 210.40 23.94
20-35 C 14.56 0.82 0.79 4.72 441 3.29 0.54 220.16 22.42
" 35-65 Cr 14.58 0.92 0.81 4.48 4.14 3.26 0.56 220.22 22.26
65-170 R 14.93 1.51 0.43 291 4.86 4.71 0.41 191.36 19.41
0-20 A 13.64 0.77 0.71 4.75 4.44 3.42 0.48 211.97 24.00
P3A 20-60 R1 14.57 1.46 0.48 3.01 4.78 4.68 0.38 189.92 20.64
60-180 R2 14.87 1.50 0.45 2.97 4.89 4.70 0.39 190.62 19.46
0-20 A 13.65 0.78 0.73 4.80 4.45 3.44 0.50 212.02 24.03
P3B 20-60 R1 14.55 1.41 0.46 2.99 4.75 4.64 0.36 188.59 20.59
60-120 R2 1491 1.52 0.47 2.98 4.88 4.73 0.40 191.18 19.47
0-15 A 13.65 0.77 0.71 4.75 443 3.41 0.48 211.94 23.97
P4 15-40 Cr 14.37 0.52 0.80 4.51 421 3.26 0.54 218.64 22.30
40-140 R 14.89 1.53 0.45 2.96 4.71 4.74 0.40 191.38 19.46
0-15 A 13.65 0.76 0.72 4.78 4.42 3.40 0.47 211.92 23.95
P4A 15-60 Rl 14.86 1.51 0.79 2.98 4.70 4.69 0.52 190.05 20.67
60-160 R2 14.87 1.52 0.47 2.99 4.73 4.71 0.41 190.67 19.46
0-20 A 13.79 0.79 0.73 4.79 4.44 3.48 0.50 212.16 24.02
PR 20-70 C 14.57 0.83 0.80 4.71 4.40 3.01 0.54 220.21 22.43
70-100 Cr 14.58 0.92 0.82 4.50 4.11 327 0.55 220.29 22.37
>100 R 14.94 1.53 0.45 2.98 4.70 4.75 0.43 192.02 19.47
‘L;":J'Jf RN 14.88 1.81 0.67 3.78 4.51 3.93 0.56 228.70 35.80

1- Granitic unweathered rock
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Table 5. The correlation between three soil characteristics (the ratio of pedogenic iron to total iron, clay and
bulk density) and weathering index, calculated using each of the eight related formulas.

) Soms s

Correlation coefficient

Sholps parls
Weathering index o AL o paie 05
(FeqFey/Fe) Clay Bulk density

(%) (gr cm™)

Ba 0.65" -0.19™ 0.67"

B/A 0.60" -0.14™ 0.59"

B/R 0.76" -0.20™ 0.76"

CIA -0.64" 0.20™ -0.66"
CIW -0.74" 0.18™ -0.74”

PIA -0.69” 0.19™ -0.70"

PWI 0.73" -0.19™ 0.75"

WR 0.80" -0.33™ 0.80"

ol s gme  Stemsed Ao y5 48 Jles| L *F
** The correlation is significant with the probability of 99%

s Sl s Siccan™

" The correlation is not significant

IS p2elp(A;C LA @‘j;’.:‘;)}‘ aMWJ(R)&é‘A@‘WRPL& 3y b g aglin -\ J i
.uw 2,9 ‘5L§.C)55‘>.

Table 6. Comparison between the weighted average of WR of the lithic horizons (R) and that of the regolith
and A horizon (A, C & Cr) for each of the studied soil profiles.

WR e=ls 555 b s
Weighted average of WR index

TS — - —
Soil profile S A5
Rock Regolith + A
®) (A 5C Cn)
P3 16.22 9.20
P3A 17.14 10.21
P3B 17.31 9.90
P4 16.80 9.12
P4A 15.44 10.38
P4B 15.65 9.02
P1 14.14 12.03
P1A 13.39 11.88
P1B - 11.59
P1C - 11.61
P2A 15.38 12.28
P2 15.49 11.95
P2B 16.86 12.20
Average 15.80 10.87
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Table 7. WR for each horizon, WR and regolith thickness for each profile, each slope position and each slope

aspect.
Wt. Av. of WR Wt. Av. of WR Wt. Av. of WR
e o & (LIS culss i lawg) (G S, s J3s bausie) (SIS, Culsess 55w ste)
Soil Depth Horizon WR (Wt. av. of reg. thickness) (Wt. av. of reg. thickness) (Wt. av. of reg. thickness)
profile (om) (s JSL3)Slope shape) (s Zun3 50 )XSlope position) (i Zgz-XSlope aspect)
0-20 A 9.76 s
P3 20-35 C 9.07 (65 om)
35-65 Cr 8.91 (Flat)
65-170 R 16.22
0-20 A 10.21 16.4 (3]55;;)
P3A 20-60 R1 17.42 (20 cm) (Backslope)
60-180 R2 17.05 (Convex)
0-20 A 9.90 16.2
P3B 20-60 R1 18.08 (20 cm)
60-120  R2  16.80 (Convex) 14.3
(43.4 cm)
0-15 A 10.19 14.6 (Southern)
P4 15-40 Cr 8.48 (40 cm)
40-140 R 16.80 (Flat)
0-15 A 10.38 15.0
PAA  15-60 RI  13.44 (15 cm) (51]§.lm)
60-160 R2 16.34 (Convex) (Foo.tslope)
0-20 A 10.00
20-70 C 8.59 10.1
P4B (100 cm)
70-100 Cr 9.11 (Concave)
>100 R 15.65
0-30 A 12.03 13.7
P1 (30cm)
30-130 R 14.14 (Convex)
0-20 A 12.38 12.8
P1A 20-70 Cr 11.69 (70 cm)
70-180 R 13.39 (Convex) 12.4
020 A 1213 11.6 (125 cm)
(Backslope)
PIB  20-140 C 11.65 (200 cm)
140-200 Cr 11.32 (Concave)
0-20 A 11.78 11.6 14.0
PIC  20-110 C 11.34 (200 cm) (69.2 cm)
110-200 Cr 11.86 (Concave) (Northern)
0-15 A 12.28 14.9
P2A (15 cm)
15-100 R 15.38 (Concave)
0-15 A 11.95 15 155
P2 sa0 R 1549 (15 cm) (13.3)
(Concave) (Footslope)
0-10 A 12.20 16.5
P2B 10-60 R1 17.53 (10 cm)
60-120 R2 16.31 (Concave)

Sl s aiy 53 WR Lwgie 51 (Vo/8) s

iy 3 SIS, Culbs by 5 5 A (VV/E)

Sl bage Sl el YO ppe ol

Vo

» S, culkhs

s WR Luge aylis

o 93 o Bl A e gl s
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Abstract

Background and Objectives: Granite forming primary minerals and the clay minerals that are
formed from weathering of these minerals, determine characteristics of the soils that originate
from the granite. Slope characteristics through their effect on soil moisture and temperature, cause
changes in soil. The weathering in the soil can be expressed with the most appropriate weathering
indices. This study aimed to investigate the soil formation on granite in various aspects, situations
and forms of slope, using the most appropriate indices.

Materials and Methods: Gharreh—Boltagh granitic mass is located in semi-arid west of Isfahan
province. In each of the northern and southern aspects of the slope, three profiles on the backslope
and three profiles on the footslope were excavated, described and soil and rock samples were taken
from their horizons. Physical and chemical properties of the samples were measured. Of the eight
weathering indicies, the index with the highest correlation with the ratio of pedogenic iron to total
iron, the clay content and bulk density, was selected as the most appropriate index. In order to assess
the degree of chemical weathering from subsoil towards topsoil and in various aspects, positions and
shapes of the slopes, this index was used.

Results: Significant correlations between the weathering indices and the ratio of pedogenic iron to
total iron and bulk density and non-significant correlations between these indices and the clay
content were observed. Of the indices, the index of WR was the best index to express the intensity of
weathering. The elements Ca, Na and Mg have been used as mobile elements in the formula of this
index. Calcium and sodium in the plagioclase and magnesium in the biotite are present. The average
value of WR for granite and for regolith, derived from the weathering of this rock were calculated as
15.8 and 10.9, respectively. On convex slopes, the average values of WR and the regolith thickness
were determined as 14.8 and 31 cm, respectively. These values for the concave slopes, were
calculated as 13.3 and 90 cm, respectively. The average values of WR and the regolith thickness
were obtained as 13.9 and 80 cm on the backslopes and as 14.3 and 32.5 cm for the footslopes,
respectively. The reason for the higher average value of WR and the lower average value of regolith
thickness in the footslopes is presence of a granitic rock outcrop at the northern footslope. On the
southern slope, the average values of WR and the regolith thickness were calculated as 14.3 and 43.7
cm and on the northern slope, these values were determined as 14.0 and 69.2 cm, respectively.
Conclusion: Given that the studied area is semi-arid, the amount of rain is at a level that as a result of
granite weathering, basic cations are released and leached from the soil. This is the reason why the
indices which are determined by the ratio of basic cations oxides to immobile elements oxides, were
selected as the most appropriate weathering indices. In addition to degree and aspect, shape of the slope
also affects parent rock weathering. Since less water can penetrate the soil on convex slopes,
weathering in this type of slope and in concave one was minimum and maximum, respectively. As it
was expected, weathering was less on back of the southern slope, relative to its foot. Unexpectedly, on
the northern slope, contrary to this phenomenon happened, because there is a rock outcrop at the
footslope. At the footslope, the slope is less. As a result, more water penetrates the soil and more
weathering occurs. In the southern slope, weathering was less than the northern slope.

Keywords: Slope characteristics, Granite, Weathering index

* Corresponding Author; Email: javgivi@gmail.com

Yo



