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1. Introduction

With the corridor development of the Tabriz city in the east direction, a large part of urban development is
located in a context of uneven topography and more on marl soils, either on the surface or in the depth.

Review of scientific articles and geotechnical studies conducted at regional level indicate that in the
description of Tabriz marls, no enough attention has been paid to recognize, describe and classify them; so that
it is usually confined to mentioning the “marl” and describing its color. This study tries to specify some
characteristics of various parameters of marls through conducting several tests in order to introduce the marl
of Tabriz more and determine its position in the general definition of marl in the world; so that this study could
be an introduction to a separate description and classification system that covers more distinct properties of
this kind of soils and provides a more rigorous definition of it.

Marl is a simple binary mixture of clay and calcium carbonate. However, because of the vast differences in
type, and origin, there is no unified definition for marl. Large volumes of lacustrine carbonate sediment
outcrops, locally known as Tabriz Marl, surrounds eastern and southern regions of Tabriz city in the Azerbaijan
province of Iran. Tabriz Marl is generally known as a plastic and sticky, difficult to handle, and a very poor
quality subgrade and embankment material. For these reasons, considerable volumes of cut soil, produced due
to numerous developing projects of urban area and industrial zones, are inevitably dumped over valleys, low-
lying areas, and also on hillsides. This trend causes man- made settling and sliding soil masses, which are
causing considerable property losses and damage.

2. Methodology
2.1. Experimental study

As shown in Figure 1, about 80 samples taken from different parts of Tabriz, were examined and subjected
to physical and mechanical tests, such as Atterberg limits, density, moisture content, unconfined compression,
direct shear and consolidation, CaCO3 content, organic content, PH, XRD, XRF, TGA and geophysical downhole
tests.

In a general look at all samples, the depth ranges from 1 to 80 meters above the ground level, the colors
include yellow, green and gray, the moisture is between 12 to 66 percent, the dry density is between 970 to
1900 kg/m3, the liquid limit is between 32 and 83, the plastic limit is between 15 and 58, the plasticity index is
between 17 and 46, the carbonate content is between 11 and 33, and the organic matter content is between 2
and 6.
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Fig. 1. Map of sampling from Tabriz City

3. Tabriz Marl Classification

Tabriz Marl was classified with regard to classification systems such as: Pettijohn (1949), Fookes and
Higginbottom (1975), Netterberg (1983), Goudie (1983), Clark and Walker (1977), King (1980), Beckwith and
Hansen (1982), and Indiana Department of Transportation (2016).

Review of what was mentioned above indicates that some classifications are only from geological
perspective; and are not suitable for engineering applications; and some others are merely a nomenclature.
Some of them encompass a wide range of grain size; therefore are not suitable for Tabriz Marl which is fine
grain. As far as the strength is concerned, carbonate soils are generally with high strength and classified in the
category of rocks; while Tabriz Marl strength is much less than the rocks. Some classifications consider marl as
stone; and therefore a high strength is considered for marls based on these classifications. Some of them
consider marl in the category of peat and organic materials; and therefore classify it in the category of
problematic soils. These contradictions are mostly because of the fact that the majority of classifications have
been developed for a particular area. Therefore, presenting a classified specifically for the Tabriz Marl is not
unreasonable. As a result, taking into account all of the above, it is proposed to provide a specific and functional
classification system for the marls of the region which can be performed with simple tests.

4., Results and discussion

Gray marl is known as the bedrock of Tabriz which is extended up to the depths of 100 meters and more;
but green and yellow marls are generally found in surface layers of soil. Practical experience has shown that
the gray marl has a better profile in terms of strength than green marl. For this reason, the results of the tests
conducted in this study were compared based on the color of marl, the summary of which is shown in Table 1.

Table 1. Comparison of Physical and Mechanical Properties of Gray, Green and Yellow Marls

Color of Atterberg Limits Dry Density ~ Moisture UCT. Direct Shear Consolidation
Marl Results Ka/m3 N K )
ar LL  PL  PI g/m % g/em? @0 C(Kg/em?)  Cc Cs
Count 14 14 14 19 19 19 17 17 11 11
> Max. 63 35 37 1901 40 11.2 26 1.46 0.314 0.03
g Min. 55 24 23 1268 15 2.5 16 0.29 0.058  0.005
Average 589 286 29.6 1588 25.4 6.2 22.6 0.75 0.15 0.016
Count 37 37 37 41 41 37 34 34 31 26
g Max. 83 58 46 1826 66 9 29 1.84 0.462  0.041
o Min. 32 15 17 970 12 1 12 0.1 0.041  0.003
€]
Average 59.2 294 298 1426 31.1 4 229 0.43 0.18 0.02
Count 10 10 10 10 10 10 10 10 1 1
% Max. 62 30 39 1493 46 4.6 28 0.28 0.083  0.023
=z Min. 50 23 22 1188 25.6 0.8 21 0.2 0.083  0.023
>~

Average 582 265 317 1368 33.9 2.5 25.2 0.245 0.083  0.023
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According to what was mentioned, it can be concluded that the gray marl has generally lower moisture
content, higher density, uniaxial strength, cohesion, and shear wave velocity than green and yellow marls. Also,
strength properties of green marls are more suitable than that of yellow marl. In this comparison, similar to
previous comparisons, high uniaxial strength is an indication of more suitable conditions of soil.

In general, it is directly related with cohesion, dry density, shear wave velocity and inversely related with
moisture content and consolidation compression index; and, interestingly, most soil parameters are not
generally related to the coefficient of internal friction and Atterberg Limits.

5. Conclusions

e Carbonated soil classifications are generally for a specific geographical area and purpose, which cannot be
easily generalized to other areas.

e The range of carbonate soils properties is as expansive as non-carbonate soils.

¢ Dominant minerals of Tabriz Marl are generally Quartz, Illite, Calcite and Albite.

e With a look at LOI, liquid limit ratio, and colorimetry tests, it can be concluded that the organic matter
content in Tabriz Marl is very low and do not have an effect on soil properties.

e The results of Atterberg Limits tests in the chart of plasticity shows that most of the test samples are
classified CH and MH (with respect to Unified system) and dispersion is greater in the range CH.

e Mechanical soil tests on the samples showed that increased uniaxial strength from unconfined compression
testis an indication of improved strength parameters of marl. Therefore the use of unconfined compression
test to define the strength of marls is more appropriate than the use of the results of direct shear,
consolidation or physical tests.

e Shear wave velocity of marls is generally high and increases with increased depth. It is always less in yellow
and green marls than gray marls.

e Comparison of all tests conducted on yellow, green and gray marls shows that all parameters of gray marls
have been improved more than those of yellow and green marls.

e Well-known classifications have been examined by various famous researchers and it was tried to
determine the status of Tabriz Marl in these classifications. Accordingly, different names (some of which
are quite bizarre and unfamiliar, and some others are known and logical names) were observed. However,
these classifications are not suitable for the marls of the region for various reasons; because it was not
possible to divide the marls observed in the region into different categories and more useful results.
Therefore, it was needed to define an independent classification and description for the marls of region.

e The recommended description and classification for Tabriz Marl is to name this marl based on the Unified
system, carbonate content, color, strength, shear wave velocity, moisture and physical description of minor
fractions. In fact, this study presents all the necessary information, especially from an engineering
perspective to compare different types of Tabriz marl and provide a specific and functional classification
system for the marls of the region.
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