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ABSTRACT

A pedological study was carried out to investigate some morphological,
physical, chemical, and mineralogical soil properlies in relation to topography and
parent material along a transect represents a litho-toposequence at El-Hania-Massa
area, El-Gabal El-Akhdar region, Libya. Results indicate that texture has no relation
with the topographic position. EC is relalively higher in the low-land area. Calcium
carbonate content varies widely with depth and has no relation with elevation or slope.
Heavy minerals identification revealed that hornblend and augite are the most
abundant non-opaques heavy minerals in the sand fractions. On the other hand,
kaolinite and illite are the dominant clay minerals in clay fraction.

The particle size distribution parameters show that most of the parlicles were
transported by water. Also, the irregular distibution of the ratio between sand
fractions, as well as resistant heavy minerals reflects the stratification of parent
material.

INTRODUCTION

Although relief is viewed as a real factor in the development of sail,
its exact role, however, is difficult te evaluate with examples of generalization
nature. Therefore, it must be considered area by area (Buol et af., 1980).
Also, relation between parent material and soil properties was early reported
by many workers. The soils that influenced by the interaction of topagraphy
and parent material are defined as a litho-toposequence. Milne (1936)
reported that the correlation of sqil properties in these sequences with either
topographic position or parent material is relatively difficult. However, several
studies were carried out to investigate the effect of topography and/or parent
materials on sail development and properties. Marran and James (1986)
exhibited that soil development as indicated by B-herizon clay content and
redness was correlated with gradient, slope direction, and topography
patterns. QOjanuga et al.(1976) observed a genetic relationship between both
slope and/or parent material composition and many of the soil properties.
Also, Alvarado and Buol (1975} reported the influence of parent material on
the soil properties of a topsequence. Recently, Osher and Buol (1298) found
that the landscape and topographic position as well as the texture of parent
material controlled some of the morphological, physical, chemical, and
mineralogical soil properties.

This study was carried out to investigate some morphological,
physical, chemical, and mineralogical soil properties in relation to topography
and parent material at El-Hania-Massa area, El-Gabal El-Akhdar region,
Libya, since this area could be considered as a litho-toposequence. However,
the information of the pedogenesis and soil properties at this area are very
limited.
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Area studied:
Location:

The studied area is a transect extended between El-Hania at the
Mediterranean Sea..coast in the north and Massa in the south, El-Gabal Ei-
Akhdar region, Libya. The study was carried out through a transect about 15
km long (Fig.1).
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Figure 1: Location of the studied area and selected profiles.

Climate:
According to the available data in the nearest metrological station at
Shahat, the area is characterized by the following climate:

a) Average annual rainfall 560 mmv/year
b) Average maximum annual temperature 22°C.
¢) Average minimum annual temperature 11.6°C.
d) Humidity percentage 55-79%
e) Annual evapotranspiration 1380 mmiyear
Geology:

Geological studies indicated that most of the area was developed
from hard limestone Damah formation in the north while the seuthern part
derived from marl and algal iimestone of Al-Bayda formation (Rohlich, 1974).
Topography:

The area showed high variation in elevation, it ranges from about 500
m in the south to about 20 m in the north. The slope largely varied from less
than 0.5 to more than 6% (Fig. 2).
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Figure 2: Topography of the study transection and location of selected
profiles

MATERIALS AND METHODS

Field work:

Twelve soil profiles were selected along north-south cross section
with different elevation and slope. These profiles were morphologically
described according to FAO {1980) and samples were collected for laboratory
analysis. Data of only five representative profiles were illustrated in the
following results:

Profile No. 1 2 3 4 5
Elevation {m) 28 140 197 360 480
Slope (%) 1.3 04 48 | 863 2.1

Laboratory analysis:

The following analyses were carried out as described by Black (1965)

and Hess (1971):

1- Particle size distribution by pipette method. Mean diameter (Md¢) and
sorting deviation (PD¢) were calculated as introduced by Griffiths (1967)
to clarify the agent and mode of particles transportation.

2- Electrical conductivity, pH, and soluble ions in the saturated extract.

3- Caicium carbonate content

4- Free iron oxides.

5- Heavy minerals assemblage in fine and very fine sand fraction for some
representative samples as reported by Milner (1962).

6- Clay minerals identification in the clay fraction by X-ray diffraction
techniques.
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1. Particle size distribution:

RESULTS AND DISCUSSION

Data - of the particle size distribution (Table 1) show that texturg”
largely varied from sandy loam to clay without obvious relation with elevation,
slope, and depth. The significant differences in sand distribution with depth as
well as the ratic between sand fractions may reflect the lithological
discontinuities. Concerning the textural parameters, results revealed that
most of the samples were transported by water (Fig.3). The data indicated
also that suspension is the main rmode of transportation.
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Figure 3: Relation between size (Md¢) and sorting (PD¢} in the studied

profile

Table (1): Particle size distribution and texture of the representative
profiles

| Diameter of particles (in microns) [ Ratio between
Profile! Depth o5a5T500 1250 [ 100 | 50 | 1 T 00-501 | 400507
No. (cm) 5 a Q 0 <2 axture E -!
500 | 250 | 100 | 50 | 10 2 500-250 u | 250-100 p
0-20 |04 |44 | 31169 3222331287 SLCL 157 222
20-80 | 06 | 1.2 | 18 | 67 |257 (222 |418] SLC. 5.58 372
1 |so-too| 05 oj 13| 53 /2800|287 |34 |SLCLSL| sse 408 4\
| 100+ | 0.1 .52 | 248|338 ]338| €L 3.71 4.72
0-15 | 04 o? |—1 5 1147330248282 SLCL 1628 [ 7.60
s 15-40 | 0.3 1.8 | 12.8 | 37.0 | 21.0 | 26.3 |SL.C.LSL. 18.0 7 11
40 - 80 2.2 | 4 3 5.9 57 | 27.2 | 257 | 29.0 CL 132 097
G-20 |04 108 ] 16 |112|8495|185|2a1] SLC. 12.44 7.00
20-50 02 0.4 0.7 59 (190)138 600 C. 1475 8.43
3 s0-80 |0z | 05| 10| a5 |180/135|574 c 17.0 5.50
80+ 01 | 04 | 12 | 89 |202]|129]58.3 C. 22.25 7 42
0-20 | 22 | 25 95 |409 181230 SLL aad 250
20-60 | 50 ) 43 9.1 251|207 (300( CL 212 1.57
4 [80-110 1.5J 19 236 | 285|344 /sLCLSL 3.84 J 261
110-150) 02 | 05 | 56 |252|275(393| CL 9.33 350
0~ 230 J 6.4 os 202 148|236 c 1.89 142 J
5 30-70 3? I ! 49 1120 SAL 044 0.43
*SL: Silty,C:Clay, L: Loam SA Sandy
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3. Mineralogical soil properties:

The mineralogical analysis of fine and very (65.9 — 87.2%) fine sand
indicated that opaques are the most common minerals. Heavy minerals
identification revealed that amphiboles (hornblend) and pyroxenes (augite)
are present in considerable amount. On the other hand, garnet, rutile,
anataze, turmaline, monazite, biotite, zircon, hyperthine, and staurolite are
present as accessory minerals (Table 3). This minerals assemblege reflects
the igneous origin and might have been transported from other areas and
deposited in the studied area. The data showed also that there is no relation
between minerals distribution and either depth or topographic position. The
irregular distribution of the heavy minerals and the ratio between some of the
resistant minerals with depth confirm the stratification of the parent materials
(Barshad, 1964).

Table (2): Some chemical properties of the representative profiles

Profile] Depth PH T EC 1 Ca” [Mg" [ Na" | K CaCO; | Free Fe,0;
No. {cm) dSim eq./L. {%) (%)
0-20 85 085 37 02 | 70 0.2 10.6 17
20 - 80 g4 | 110 | 42 | o1 9.0 0.2 8.2 17
1 80-100 | 80 | 200 | 15 10 § 170 N 43 1.8
100+ 77 | 320 | 35 | 30 | 209 0.1 4.1 1.8
0-15 73 | 036 | 28 | 02 0.7 0.2 08 0.8
2 15-40 77 | 017 | 19 t 07 t 0.2 0.9
40 - 60 79 | 021 | 10 t 0.9 t 25.6 0.8
0-20 74 | 028 | 13 | 03 | 08 01 0.3 05 |
20-50 77 | 035 | 1.2 | 05 1.4 0.1 0.5 0.9
3 50 - 80 74 | 081 | 29 | 05 1.8 0.1 01 0.9
80+ 73 | 100 | 57 37 32 t 0.2 2.1
0-20 78 | 029 | 15 | 07 05 04 71 10
20 - 60 79 | 024 | 15 [ o9 0.4 0.4 187 18
4 60-110 | 80 | 023 [ 09 | 07 07 t 47 18
110-150 | 7.9 | 022 | 12 [ o7 08 t 1.0 1.0
5 0-30 038 | 27 12 04 0.1 36.7 13
| 30-70 0.37 | 20 1.1 04 0.1 85.1 0.8
*t=traces
Table (3): Heavy minerals per cent in very fine sand (100-50 p).
Anat.
Pr:: - C::g:)h ol?::' Horn.| Aug. |Ru.| Satu. | Anat. [Tur.| Hyp. | Mon. | 8lot. | Zir. | Gar. 22 R:l;.‘z:r
0-20 785 83 |05 - |39 |28 [17] 0506 | 06 |06] - | - | 122
1 20-80 810 49 | 35 (28 - |14 |14] 07 | - |14 |14] 14| -] 025
100+ |722| 41 [ 10 31] 10 [s2 21/ 21| - [ 52| -110]31] 100
2 0-15 ] 820 16 | 33 [3.3] - | 33 |25] - -~ {08 |16 08 08] 044
15-40 [872) 27 | 27 (18] - |27 !l-loe | - [18] -1 . |.| 150
0-20 858 37 |15 ]-1 - |22(15] - | 15[ 15 (22] - |- 059
3 20-50 |808! 38 81|38 - 15 |15/08) - [o8]-los|-| 028
go+ 773|118 | 27 (73] 09 |36 logl 18] - - J18l 18] -1 036
0-20 |766] 88 |24 |24| 08 |24 -] - |16 32| - 1+8] -1 10
4 20-60 [ 740 93 | 37 18] - <l - Jaryary - - 37l -
110-150]70.9 149 35 150] - |14 |14 - |07 ] - | -]07]14] 020
0-30 |659 164 33 (16| - | 41 |[16] 08 | - - |16 27 |41] 085
5 30-70 | 800 80! 13 [13] - |13 [40] - - - | -]13]27| 025

Clay mineral analysis by X-ray indicated that kaolinite and illite are
the dominant clay minerals (Fig4).This is due to the high intensity of (7.0 -
7.2A%)and (10.0-10.1A°) peak in the different treatments except the former
peak which disappear in the heated treatment. Polygosskite and some
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interstratified minerals were also observed
mineralogicai composifion was resulted from the calcareous nature of parent
material and relatively humid climate in the area under consnderatlon (Dixon

and Weed, 1977).

Generally, it can be concluded that the above mentloned results
indicated that the soil properties are partially influenced by the interaction of
parent material and topegraphy and consequently it could be considered as a

lithotoposeguence.
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Figure 4: X-Ray diffraction patterns of clay fraction
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