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1- Geo archaeology
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Figure 1- Location of study area along with three excavated soil pedons
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Table 1- Some morphological properties of studied pedons

" S5 Silwb i leo
Cwlbies ‘35_ 0 Color Consistency? Olrosss o
Thickness ng?z ngy’l SLis b o S Sob o Concentrations® Strugture
Dry Moist Dry Moist
Pedon 1\ ¢,

0-20 A A 'S 10YR 7/2 10YR 4/4 S VFR FDC, TOT 2, f, abk
20-40 C A 'S 10YR 5/2 10YR 3/2 L L FDC, TOT sg
40-80 2Btn AW 10YR 6/3 10YR 4/3 S VFR f, 1, CAM, MAT 1, m, abk
80-100 2C AW 10YR 6/2 10YR 3/2 S L F, 2, RSB, MAT 0, m, abk

100-150 3Btn A S 10YR 6/3 10YR 4/3 S L f, 1, CAM, MAT 1, m, abk
150-175 3Bk1 C,S 10YR 6/3 10YR 4/4 SH VFR FDC, FDG, TOT 1, m, abk
175-200 3Bk2 G,S 10YR 8/1 10YR 4/6 S VFR FDC, FDG, TOT 1, mpl
200-230 3Bk3 C,wW 10YR 7/2 10YR 4/4 S VFR CAM, MAT 1,f,, abk
230-265 3Bky C,W 10YR 7/2 10YR 4/4 L L CAM, MAT 1, f, abk
Pedon 2 vz,
0-30 Az CW 10YR63 10YR3/4  SH o b2 fAAA'\ﬁ' SAM. 5 m, abk
f, 1, CAM, SAM,

30-40 Btn G, W 10YR 7/3 10YR 4/6 SH FR CBM, MAT 2, m, abk
40-75 Bwl G,S 10YR 6/3 10YR 3/4 SH FR fL S':‘AI\ALI_CAM’ 2, m, abk
75-105 Bw2 C,S 10YR 7/2 10YR 5/4 SH FR FDC, TOT 1, m, abk
105-135 Bw3 C,S 10YR 7/2 10YR 4/4 SH FR f, 1, SAM, MAT 2, m, abk
135-180 Bw4 A 'S 10YR 7/2 10YR 3/4 MH FR FDC, TOT 2, m,pl
180-200 Bwb AW 10YR 6/3 10YR 4/4 MH VFR FDC, TOT 2, m, abk

200-230 Bw6 AW 10YR 7/2 10YR 4/4 SH FR FDC, TOT 1, m, abk
230-260 Bw7 AW 10YR 7/2 10YR 4/4 SH VFR FDC, TOT 1, m, abk
Pedon 3 v ¢,

0-20 A A S 10YR 6/3 10YR 3/4 S VFR FDC, TOT 2, f, abk
20-55 Bw AW 10YR 7/2 10YR 3/4 MH FR FDC, TOT 1, m, abk
55-95 Btl C,S 10YR 6/3 10YR 3/4 MH FR f 1, CBM, MAT 2, m, abk
95-130 Bt2 G,S 10YR 8/2 10YR 4/6 SH VFR f, 1, CBM, MAT 1, m, abk

f, 1, CBM, MAT,

130-165 Bt3 C,S 10YR 6/3 10YR 3/4 MH FR FDS, TOT 1, m, abk
165-190 Btk C,S 10YR 6/3 10YR 3/4 SH VFR f, 1, CBM, MAT 2, m, abk
190-215 2Bwl C,S 10YR 7/2 10YR 3/4 MH FI FDC, TOT 2, m, abk
215-235 2Bw?2 C,wW 10YR 7/2 10YR 4/6 MH FR FDC, TOT 2. m, cpr
235-260 2Bw3 C,S 10YR 7/3 10YR 4/6 SH VFR f, 1, CAM, MAT 1, m, abk
260-290 2Bk C,S 10YR 6/3 10YR 4/4 SH VFR FDC, TOT 1, m, abk
290-320 2Bw C,S 10YR 6/4 10YR 4/6 SH VFR FDC, TOT 2, m, pl

1. Boundary: distinctness (A - abrupt, C - clear, G - gradual); topography (S - smooth, W- wavy)
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2. Consistency: dry (L - loose, S - soft, SH - slightly hard, MH - moderately hard), moist (L - loose, VFR - very friable, FR - friable,

3. Concentrations: quantity (f - few); size (1 - fine, 2 - medium); kind (FDC - finely disseminated carbonates, FDG - finely

FI - firm)

disseminated gypsum, FDS - finely disseminated salts, CAM- carbonate masses, SAM - salt masses, CBM - clay bodies, RSB - root

sheaths); location (MAT - in the matrix (not associated with peds/pores), TOT - throughout).

4. Structure: grade (1 - weak, 2 - moderate); size (f - fine, m - medium); type (abk - angular blocky, sg - single grain, pl - platy, cpr -

Columnar).
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1- Plain Polarized Light
2- Cross Polarized Light
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Table 2- Comparison of physical and chemical properties in studied pedons

. s oW . e td
oy rw &l o Sheo 2 ‘el EC  oH (rsn/?nRol G & g
|(((::nr11)ess Horizon ~ Sand (%)  Silt (%) (o/?)y Textural (dS/m) L-1)08 325/?;“1 Jalee
class CCE(%)
Pedon1 \ 3,51
0-20 A 52 42 6 SL 5.8 7.2 13 11 14.5
20-40 C 90 6 4 S 5.9 7.7 8.8 0.05 7.7
40-80 2Btn 54 32 14 SL 224 8.6 61 2.1 11
80-100 2C 94 2 4 S 17.8 8.7 50 0.5 7.5
100-150 3Btn 40 36 24 L 216 8.7 58 32 14.7
150-175 3Bk1 54 42 4 SL 214 8.5 58 3.2 18.5
175-200 3Bk2 54 36 10 SL 18.5 8.2 46 32 18.2
200-230 3Bk3 54 38 8 SL 18.7 8.1 57 2.2 16
230-265 3Bky 50 42 8 L 17.3 8.1 46 52 15.7
Pedon 2 ¥ #,s
0-30 Az 18 60 22 SiL 39.6 8.3 154 11 6.7
30-40 Btn 20 37 43 C 30.6 8.3 120 0 6.7
40-75 Bwl 26 40 34 CL 20.4 8.5 96 0 5.7
75-105 Bw2 26 46 28 L 10.1 8.7 79 0 11.2
105-135 Bw3 22 48 30 CL 4.2 9.2 33 0 10.2
135-180 Bw4 32 46 22 L 54 9.0 64 0 5.25
180-200 Bw5 32 46 22 L 6.5 8.7 75 0 125
200-230 Bw6 26 50 26 L 5.9 8.6 45 0 12.7
230-260 Bw7 28 48 24 L 7.2 8.2 41 0 115
Pedon 3 vz,
0-20 A 56 24 20 SCL 1.2 7.4 13 0 3.5
20-55 Bw 56 32 12 SL 7.7 7.3 14 0 6.5
55-95 Bt1 24 40 36 CL 117 6.9 5.4 0 9.5
95-130 Bt2 18 40 42 Cc 8.9 7.0 6.7 0 12.2
130-165 Bt3 14 38 48 C 5 7.3 6.5 0 12.2
165-190 Btk 12 42 46 SiC 6.2 7.3 8.0 0 15.2
190-215 2Bwl 18 42 40 SiC 3.6 7.5 7.6 0 11.7
215-235 2Bw2 20 50 30 SiCL 2.7 7.5 5.7 0 125
235-260 2Bw3 26 42 32 CL 2.4 7.5 4.6 0 8.7
260-290 2Bk 20 48 32 CL 1 7.6 4.1 0 15.2
290-320 2Bw 24 48 28 CL 1 7.6 3.2 0 9.7

1. Textural classes: SL — sandy loam, S — sand, L — Loam, SiL — silt loam, C — clay, CL — clay loam, SCL — sandy clay loam, SiC —
silty clay, SiCL — silty clay loam.

Endoabruptic  Jlgs (sisa b ol wuwd 4 (Paleargids
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1- Polygenetic soil
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Introduction: Several archaeologists believe that there is a relationship between cultural residuals, human
beings, and soil. Soil related factors such as age index, climate change, and paleoclimate are important in
archaeology. Soils could be accounted as records of invaluable information. Appropriate compiling of these data
cause better understanding of soil and landscape genesis, and human activities in the past. There are two
distinguished archeological sites of Dagyanous (Islamic Era) and Konarsandal (before Islamic Era) in Jiroft area.
Besides, Konarsandal site is surrounded by old and new Halilrood channels. Since no data about the comparison
of soil evolution in the mentioned archeological sites were available, the present research was conducted to
compare soil evolution of archaeological sites using soil classification, clay mineralogy, and micromorphology
in Jiroft area.

Materials and Methods: soil samples were collected from three different archaeological sites including new
channel of Halilrood (pedon 1), old channel of Halilrood (pedon 2) and, Dagyanous (pedon 3). The samples were
air-dried and sieved (2 mm). Routine soil physical and chemical analyses including pH, EC, soil textural class,
soluble sodium, calcium, and magnesium, and gypsum and calcite contents were performed. The studied pedons
were classified using Soil Taxonomy system according to morphology, laboratorial results, and field
observations. The clay minerals were determined by X-ray diffraction (XRD) method after carbonates, organic
matter, and Fe were removed using Jakson (1965) and Kittrik and Hope (1963) procedures. Ten undisturbed
samples were selected for micromorphology studies and thin section preparation.

Results and Discussion: Pedon 1 is affected by Halilrood River sediments, that is why an old soil together
with a young soil was formed. Salinity and SAR in the old soil were higher than the upper young soil. A textural
discontinuity was found between the old and the young soils. Natric, calcic, and gypsic horizons were found in
pedon 1 and caused a Typic Natrargid to be formed in new Halilrood channel. Natric horizon due to high Na
cation was formed in pedons 1 and 2. On the other hand, salic, natric, and cambic horizons formed a Typic
Haplosalid in pedon 2 (old Halilrood channel). High salinity and SAR in the upper layers caused salic and natric
horizons to be formed. Pedon 3 with argillic horizon is an old polygenetic soil. Available humidity in the past
caused removal of carbonates from upper layers that followed by clay illuviation and argillic horizon formation.
Salinity and SAR in this soil were low and a heavy texture was found in pedon 3. Since pedon 3 showed cambic,
argillic, and calcic horizons, it was classified as Arenic Haplargids. Calcium carbonate, gypsum, Fe oxides, and
clay coatings were among dominant micromorphological features observed in the studied pedons. Konarsandal
archeological site is located in the lowlands of Jiroft plain downward Rabor and Baft elevations. Lenticular
gypsum crystals could be attributed to the solution of upward Neogene formations and groundwater close to the
surface which evaporates due to capillary. Powdery calcite, Fe-oxides, and clay coating and infilling of gypsum
in pore spaces of pedon 1 were observed by micromorphological investigations. Diffused clay coating around
pore spaces is explainable by high sodium content and Natric horizon formation. Lenticular, interlocked plates,
and infillings of gypsum were observed in pedon 1. However, gypsum with irregular shapes and low content was
investigated in pedon 2. This is due to location of this pedon in Halilrood old channel. That is why pedon 2
affected by Halilrood during long periods of time is unstable and shows less evolution compared to pedon 1.
Irregular and lenticular forms of gypsum show weak soil development due to low rainfall, high evaporation, and
excess salt. High NaCl is reported as a requirement for lenticular gypsum formation. This form of gypsum is
supported by high salinity in pedons 1 and 2. High Na and natric horizon formation in pedons 1 and 2 caused
dispersion of clay and ceased formation of clay films around pore spaces. Gypsum was not found in pedon 3
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during filed and laboratory studies. Besides, gypsum was not observed by micromorphological observations.
Clay and calcite coatings and calcite infillings were among the micromorphological features observed in pedon
3. Calcite coating on clay coating in this pedon could be attributed to the climate with more available humidity in
the past followed by an arid climate. Carophyte algae fossil was only observed in pedon 3. Kaolinite, illite,
chlorite, smectite, and palygorskite clay minerals were determined by X-ray diffraction. Palygorskite is highly
related to the parent material and climate. Pedogenic palygorskite formation from transformation of 2:1 clay
minerals and/or neoformation is reported by several studies.

Due to the impact of paleoclimate with more available humidity, palygorskite was not found in Dagyanous
archeological site. It seems that higher humidity in the past did not allow palygorskite formation or transformed
it into smectite. Chlorite and illite are originated from parent material. Evidences of pedogenic mica minerals in
arid and semi-arid environments were also found which is due to K fixation among smectite layers. Smectite
with pedogenic origin is also reported by Sanjari et al. (29) in the study area. Chlorite, illite, and kaolinite clay
minerals seem to be originated from parent material in the present study.

Conclusion: Laboratories analyses and micromorphology observations clearly showed weak development in
Konarsandal pedons compared to high evolution of soils in Daghyanous archaeological site. The same results
were also found for unstable surfaces of pedons 1 and 2 compared to stable surface of pedon 3. The stable
surface provided the accumulation of clay and calcite coatings around the cavities and the formation of argillic
and calcic horizons indicating high soil development. Results of the study showed polygenetic formation in soils.
Soils in old Halilrood channel show high salinity and Na adsorption ratio compared to other two pedons under
study.
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