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Abstract. Land classification depending on erodible and deposit production plays an important role in land
management for sustainable development. Marl units produce most deposits in the geological units in the
watersheds. Their classification and separation according to chemical properties can be very helpful in the
cognition of their sensitivity to erosion and priority processing for corrective actions and to take corrective
procedures. In this study, for marls classification, the principal components analysis for sub elements and
major oxides were used. This analysis for sub elements could well distinguish four Kond formations (EK),
Lower Red Formation (LRF), Qom Formation (QF) and the Upper Red Formation (URF) (which differ in
terms of age and origin), although this method does not work for the major oxides. Analysis conclusions of
sub elements variance and major oxides of these four groups confirm this issue. The amounts of sub elements
Mn, Ti, Nb, Cr, and V in these four groups have significant differences in 0.05 and 0.01 levels.

Keywords: Marl Land Classification, Principal Components Analysis, Sustainable Development.

1. Introduction

To separating areas of watersheds, considering the erosion potential, can guide land management in
order to sustainable management of natural resources. The determination of land appropriateness for special
uses —that is one of land management instruments- notwithstanding to soil potential and its sensitivity to the
erosion is impossible. The marl lands due to the nature of construction, such as destructive particles (silt and
clay) and chemicals (calcium carbonate, gypsum, anhydrite, and salt) have erosions more than other lands.
According to the origin of the marls, they are divided into two categories: marine and evaporative.
Evaporative Marls like the Lower Red Formation (LRF) and the Upper Red Formation (FUR) due to having
more minerals than marine marls are more sensitive to erosion.

In regions that have the evaporative marl units, most deposits are produced from these lands, so they play
an important role in reducing the bulk of dams (including the Sefidrood, Saveh, fifth khordad Dams). By
classification and identify of the marls specifications, it is possible to proceed in priority of them and
improvement of these lands in order to decline erosion and sediment production.

Bacellar et al studied the causes of gully occurrence in cook Morakooja basin in the North East of Brazil.
They concluded that the geology factor (marls) and soil management practices are the main cause of on gully
on the region considered [1].

Hassanzadeh et al classified the Marls of Eyvanakey watershed based on sediment yield production.
They used a portable rain simulator for measuring the productive deposition rates of the marl units and
classified them to four groups [2].

Ghadimi et al classified marls using discriminate analysis. They concluded sub elements V, Cr and W
are effective in distinguishing marls [3].

In this study to investigate the possibility of marl classification based on the sub elements, principal
components analysis was used. Principal components analysis method is one of the simplest multivariate

methods. The purpose of this analysis is reduce the number of variables needed by detection of the linear
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combinations from the N variables of X;, X,, ...., X, to create a non-correlated components yi, ya,.... Yn. In
this method, the sequenced component is so that y; comprises the maximum magnitude of the changes while
Yy, until y, have decreasing trend. It is oft hoped in the principal elements analysis that the variances of many
elements would be so low that can be negligible. In this manner, changes in data collection can be expressed
by a small number of Y components. The main components instead of the primary components can provide
better interpretation and understanding of the data. The best result is obtained when the primary variables are
strongly correlated with positive or negative. In such condition, 20 or 30 primary variables can be reduced to
2 or 3 main components [4].

2. Material and methods

2.1. Research Area

Eyvanakey watershed is one of the sub-basins of the Kavir Desert that is located in north - north east
City of Eyvanakey in 52° 01' to 52° 21' eastern longitude and 35° 20" to 43° 35' northern latitude. Its area is
843 square kilometers. Fig. 1 displays Eyvanakey watershed position in Iran and the Semnan province on
2011 Geoeye satellite image.
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Fig. 1: Location of Eyvanakey watershed on Semnan province and Iran map

2.2. Research method

Attainment to the homogeneous units for sampling from the types of marls units, the provision of active
unit map that is acquire by the cross of Slope, lithology and erosion type maps was needful. Lithology map
was prepared from geology map and field controls. The slope map was obtained by digitization the
topographic lines, and preparation the DEM, using llwis software. Also erosion type map was prepared by
field visits and using satellite image with 5m pixel size resolution. Then suitable points to sampling for the
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types of erosion types were denoted on the unit map as for location availability (Fig. 2). In this study to
examine the possibility of marl classification based on the origin main components analysis was used in
which the major oxides (including MnO, Na OKO, Al O3, Fe O3, Si02, Ca0,) and sub elements (including ,
Cr, Co, Ni, Cu, Zn, Ga, Sr, Y Zr, Nb, Mn, Sb, Cs, Ba, Nd, Sm, Hf, P, Ti, V), 21 samples (three replicates of
each marl unit) that were determined using XRF experiments, were analyzed. In principal components
analysis of the sub elements, four main components explained the total variation. Eigen values of each
component respectively are 12.67, 3.69, 2.07 and 1.46 that respectively justified 64, 18, 10 and 8 percent of
the changes.
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Fig. 2: Samples location on lithology map of Eyvanakey watershed

3. Result

In principal components analysis of the sub elements, four main components explained the total variation.
Eigen values of each component respectively are 12.67, 3.69, 2.07 and 1.46 that respectively justified 64, 18,
10 and 8 percent of the changes. Applying the special vectors of these elements in the sub elements values
and then plotting them against each other (by-plot), the marl units depending on the origin were segregated
(Fig. 3 - 8).
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Fig. 3 to 8 shows that this statistical analysis could well separate Marls with different age and origin. EK
unit, marine marl (KF) is well separated from Lower Red Formation (LRF), which is evaporative marl. As
well as the Qom Formation (QF) which is formed in a lagoon environment connected to sea is well separated
from the Upper Red Formation (URF), which is evaporative marl.

4. Conclusion

Principal components analysis for the major oxides was done but the difference of major oxides values
couldn’t separate different marl groups, in other words main oxides values in the marls with variant origins
and ages, don’t have significant difference. The results that obtained from the variance analysis of the sub
elements and major oxides also confirm this subject. Analysis of variance of the sub elements showed that
sub elements amounts of Mn, Ti, Nb, Cr and V in the groups have significant difference in confidence level
of 5 and 1 percent. This result is consistent with studies of Ghadimi et al that concluded sub elements V, Cr
and W are effective in distinguishing marls.

Recognition each of these marl lands that may has unique specifications into erosion and deposit
production, can be helpful in management of these lands in order to sustainable development of natural
resources and the assessment to type of land use. According to results of this research, the origin of marl
(marine or evaporative) can be denoted by measuring the sub elements values such as Mn,Ti ,Nb ,Cr ,V, and
because the evaporative marls are more sensitive to the erosion, the corrective and protective proceedings for
such marls, are needed.

5. References
[1] A.P.Bacellar, A.L. Coelho Netto and W.A. Cerda. Controlling factor of gulling in the Maracga Catchment,
Southeastern Brazil. Earth Surface Processes and Landforms. 2005. Vol. 31. Issuell. pp. 1369 - 1385.

[2] M. Hassanzadeh Nafooti, S. Feiznia, H. Ahmadi, H.R. Peyrowan and J. Ghayomian. Study on Effect of Physical
and Chemical Properties of Marls on Sediment Yield, Using Rainfall Simulator. Iranian Journal of Engineering
Geology. 2007. Vol. 1. Issuel. pp. 1 - 16.

[3] F. Ghadimi Arosmahaleh, A. Pormatin and J. ghoddosi. Determination of tafresh marls origin using discriminate
analysis. Journal of Pajohesh & sazandegi. 1999. Vol. 44. Pp. 11-21.

[4] M. Moghadam, A. Mohammadi Shooti and M. Aghaei Sarbarzeh. Introduction to multivariate statistical methods.
Pishtazan Elm Tabriz Press. 1994.

72



