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Extended Abstract

Introduction

Marly units cover about 4438 square kilometers (20% of the total area) of Zanjan Province
territory. The research shows that various scholars, although sporadically, have considered a
relationship between physicochemical factors and the classification of Marl. In this paper, the
classification of Marls in Zanjan Province has been investigated based on physicochemical
properties and cluster analysis.

Materials and Methods

To conduct this research, 18 studied units have been defined by grouping and combining the
slope, climate and Marl units of geological formations in ArcGIS9.3 software environment. In
addition, 120 samples were taken from two depths of 0-10 and 0-30 cm. The data obtained
from physicochemical analyzes were analyzed using SPSS statistical program.

Results and Discussion

According to the results, Marl units of Zanjan province, are divided into two groups based on
their physicochemical characteristics: evaporative or non-marine such as Pliocene, upper red,
lower red, and Eocene Marl, and non-evaporative or marine such as Qom and Cretaceous
Marl.These marl units are part of normal formations in the surface layers while in the deep
layers the situation is different, the salinity and alkalinity of some of these units such as
Pliocene and Qom marl units increases. But other units, despite the increase in depth according
to the chemical analysis performed at a depth of 0-30 cm, are still in normal category in terms
of salinity and alkalinity. According to cluster analysis, 6 variables including clay, sand, Pl,
cation exchange capacity (CEC), the amount of dissolved sodium (Nasol) and sulfate (So4)
were situated in the center of the classification. This shows their importance in the separation
and grouping of marl units. Therefore, it can be concluded that these 6 variables can be effective
and useful in classification of marl units in Zanjan province.
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Conclusion

Investigation of differences and changes in physicochemical properties of marl units at depths
of 0-10 and 0-30 cm by t-test show that the units at the two mentioned depths have a high
correlation coefficient in most physical, mechanical and chemical variables. Also, they show
significant differences in some variables as silt, cation exchange capacity (CEC), percentage
of organic carbon, the total neutralizing value (TNV) of the limestone, the amount of dissolved
sodium (NaSol), sodium absorption ratio (SAR), Chloride (CI), sulfate (SO4) and the liquid
limit (LL). Therefore, according to these physicochemical properties, it is possible to classify
and group Marls in Zanjan Province.

Investigation of the effect of physicochemical variables on the separation of marl units using
F-test and comparison of means for different units by Duncan test confirmed the feasibility of
separation and grouping of marl units based on physicochemical variables. They can be
classified at least in one group based on the electrical conductivity or at most in three groups
according to effective variables such as silt, sand, lime percentage, sodium absorption ratio and
liquid limit and plasticity index.

Based on the cluster analysis, 6 variables of the amount of clay, sand, and the plasticity index
(P1), cation exchange capacity (CEC), dissolved sodium (NaSol) and sulfate (So4) are vital in
the classification and indicate importance in separation and grouping of Marl units. Therefore,
it can be said that these 6 variables can be effective and useful in providing a classification of
marl units in Zanjan Province.
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Row Paired Samples N Mean Correlation Sig. Sig2.
Pair 1 clay & clay30 30 29.07 0.744 0.000 wx
Pair 2 silt & silt30 30 30.67 0.855 0.000 wx
Pair 3 sand & sand30 30 46.03 0.924 0.000 wx
Pair 4 ce.c & C.E.C30 30 43.70 0.808 0.000 wx
Pair 5 0.c & 0.C30 30 25.07 0.153 0.419
Pair 6 Pav & Pav30 30 25.70 0.633 0.000 wx
Pair 7 kav & Kav30 30 15.54 0.910 0.000 wx
Pair 8 tnv & TNV30 30 16.73 0.661 0.000 wx
Pair 9 Caso4 & Ca s0430 30 16.12 0.381 0.038 *
Pair 10 pht & pH30 30 13.24 0.612 0.000 wx
Pair 11 Ec & EC30 30 10.37 0.139 0.465
Pair 12 sp & SP30 30 7.49 0.757 0.000 wx
Pair 13 ksol & ksol30 30 4.62 0.833 0.000 *x
Pair 14 nasol & NaSol30 30 1.74 0.921 0.000 el
Pair 15 camgsol & CaMgsol30 30 -1.14 0.984 0.000 el
Pair 16 sar & SAR30 30 4.01 0.895 0.000 *x
Pair 17 hco3 & Hco330 30 -6.89 0.012 0.948
Pair 18 cl & CI30 30 -9.77 0.890 0.000 *x
Pair 19 504 & S0430 30 -12.64 0.898 0.000 wx
Pair 20 LL & LL30 30 -15.52 0.461 0.010 *x
Pair 21 PL & PL30 30 -18.39 0.444 0.014 *
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95% Confidence
Std. Interval of the
Paired Samples Std. Error Difference
Test Mean Deviation Mean Upper Lower t df Sig.

Clay? - clay302 -1.600 5.739 1.048 -3.743 0.543 -1.527 29 0.138
silt —silt30 2.333 5.892 1.076 0.133 4533 2.169 29 0.038*
sand — sand30 -0.633 6.764 1.235 -3.159 1.893 -0.513 29 0.612
C.E.C-C.E.C30 -1.186 2.554 0.466 -2.139 -0.232 -2.543 29 0.017*
0.C-0.C30 -0.338 0.793 0.145 -0.634 -0.042 -2.338 29 0.026*
Pav — Pav30 0.170 0.792 0.145 -0.126 0.465 1.173 29 0.250
Kav — Kav30 -41.174 233.951 42.713 -128.533 46.185 -0.964 29 0.343
TNV — TNV30 -2.486 6.385 1.166 -4.871 -0.102 -2.133 29 0.042*
CaSoy — CaSo430 -6.643 35.943 6.562 -20.064 6.778 -1.012 29 0.320
pH — pH30 -0.011 0.175 0.032 -0.076 0.054 -0.345 29 0.733
EC — EC30 5.851 50.993 9.310 -13.190 24.892 0.628 29 0.535
SP — SP30 -2.344 8.210 1.499 -5.409 0.722 -1.564 29 0.129
Ksol — ksol30 -0.154 0.272 0.050 -0.256 -0.053 -3.108 29 0.004**
Nasol — NaSol30 -4.534 7.027 1.283 -7.158 -1.910 -3.534 29 0.001**
CaMgsol —

CaMgsol30 -14.472 45.249 8.261 -31.368 2.424 -1.752 29 0.090
Sar — Sar30 -2.251 4272 0.780 -3.846 -0.656 -2.886 29 0.007**
Hcog —Hcog30 -12.724 48.606 8.874 -30.874 5.426 -1.434 29 0.162
Cl-CI30 -29.197 77.851 14.214 -58.267 -0.127 -2.054 29 0.049*
S04 —S0430 -3.432 7522 1.373 -6.241 -0.623 -2.499 29 0.018*
LL-LL30 -4.924 10.441 1.906 -8.823 -1.026 -2.583 29 0.015*
PL — PL30 -1.404 8.463 1.545 -4.564 1.756 -0.909 29 0.371
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