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One of the significant negative factors involved in exploiting granite stones as
ornamental stones is the presence of heterogeneous fractures within the rock mass.
Joints can either be destructive or beneficial in the production granite piles and
building stone mines depending on their characteristics. This work focuses on
evaluating the joints in the Divchal mine area of Kelardasht, north Iran. To get to that
point, the main faults are surveyed from the aerial photograph, geological and tectonic
maps, and field observations. According to this implementation, a density map of
faults is provided for the entire studied area. The characteristics of the main joints
including the length, slope, number, and orientation are collected in the mine area. The
volumetric percentage of joints (J,) and joint set spacing (S;,) parameters are computed
at specific stations to identify suitable locations for granite extraction. The findings of
this work suggest that the lower the value of J, (J,, < 10), the larger the blocks can be
extracted. On the other hand, at the high Sis values, the width of the extraction block
increases. These conditions are typically found in locations far from the main faults
where the density of joints is low, and as a result, the distance between joints is higher.
The values J, > 60 indicate a crushed rock mass, and are typically observed in clay-
free shear zones. It is recommended that the opening of the working face be avoided
in situations near the main faults due to the fragmentation of rocks and denser joint
spacing.

1. Introduction

The use of natural stones in various architectural
applications has been on the rise. Decorative
stones, in particular, are valuable mineral reserves
that, if utilized properly, can meet domestic
demands, and contribute significantly to non-oil
exports. Granite, which constitutes around 50% of
the intrusive igneous rocks present in the Earth’s
solid crust, is abundant and widely used as a
decorative stone. In the trade of decorative stones,
however, the term granite is used to describe any
intrusive, outgoing or metamorphic rock that can
be cut, sanded, and polished. The form of the
replacement of granite intrusive masses depends on
the plasticity of the host rock, which, in turn,
depends on the depth of the mass replacement.
Infiltration masses replaced at shallow depths are
generally associated with numerous annular
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fractures due to the fragility of the surrounding
rocks.

In addition to the visual and mechanical
characteristics of the stone, other factors should be
taken into consideration to determine the feasibility
of exploiting and utilizing granite profitably.
Ideally, the extraction of decorative stone from a
granite mass should occur in the absence of joints
and fractures in the rock mass [1-3]. However, such
conditions are rarely found in nature, particularly
in regions with high tectonic activity that are prone
to numerous fractures due to fault activity and
tectonic regime. Joints are the most significant
factor involved in producing blocks in building
stone mines, and thus tectonic fractures and joints
are the crucial geological parameters in ornamental
stone quarries. Unlike superficial joints created by
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weathering that have different orientations,
tectonic joints follow a particular trend with a
proportional distance [2].

The optimal size of granite blocks for extraction
depends on the structural parameters that affect the
process [4]. A certain level of jointing, indicated by
joint density, is required for profitable quarrying
[1-3]. Fracturing plays a crucial role in granite
exploitation because unsuitable block sizes can
limit the extraction process. Although various
studies have evaluated block size based on the
degree of jointing [5-16], only a few have
investigated the impact of joint density on stone
exploration [1, 17-25]. As granite quarrying can
have a significant environmental impact on the
landscape, it is crucial to select quarrying sites
carefully to minimize waste generation and prevent
damage to the environment [26-29]. Numerical and
qualitative indicators, based on the importance of
various factors, can be used to determine the
appropriate location for granite extraction [1, 3, 25,
30-33].

This work focuses on the investigation of
fracturing and jointing in the Kelardasht Divchal
granite mine, as these factors significantly affect
the production of building stone blocks. Firstly, a
fault density map was created to identify the areas
that are not suitable for exploitation due to high
chances of fracturing. Next, joint sets’ distances,
strike, and number were measured [34] at specific
stations located in low density fault zones. These
measurements helped to identify locations with
high-quality blocks of proper dimension, which are
crucial for profitable extraction. By calculating the
volumetric percentage of joints (J,,) and joint set
spacing (Sjs), this study aimed to optimize the
extraction of granite blocks with proper dimensions
[35]. Extraction can be successful and cost-
effective in regions with lower joint density and
proper distance between joints.

2. Method

The current systematic and accurate methods for
sampling  discontinuity  parameters include
surveyed line and window methods, which are
applied to a given area whose width exceeds the
size and distance of the discontinuities. In this
study, the data was collected using scanline
sampling techniques, a reliable technique that
involves surveying all traces of discontinuity that
intersect the straight scan line over an outcrop. The
geometry of the rock mass’s discontinuity is
characterized by parameters such as the number of
discontinuity  sets, mean density, local
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distributions, orientation, size, and spacing/fracture
intercept [36]. n order to obtain a comprehensive
data sample, at least 200 discontinuities must be
attained [37].

The degree of fragmentation in each rock face is
calculated based on the effective joints parameter,
J», which is measured as follows:

1 1 1
]y:—+_+_+...
S1 S22 S3

@)

where Sy, S,, and S; represent the distances
between joint sets perpendicular to the strike of the
joints [35]. The appropriate size for J,, is considered
to be less than 2 in order to extract blocks with
suitable dimensions [24, 38]. As the distance
between joint sets is measured perpendicular to the
strike of the joints, actually, j, calculates the
volumetric percentage of joints within a given
length [35]. Higher values of J,, lead to smaller rock
mass fragments, while values of J, < 10 can result
in single, double, and triple cube blocks. In order to
achieve the best results in the shortest amount of
time, a quick assessment of the number of joints
and fractures in each face is necessary. To
accomplish this, the joint set spacing (Sjs) is
calculated according to Equation (2) [39]:

S_S 2
j_st (2)

where S represents the mean joint spacing, and
N;s is the number of joint sets. The value of S
indicates the width of the block that could be
extracted. Based on the relationship between the
joint set spacing and the volumetric joint count, and
considering the threshold of the volumetric joint
count mentioned above (J, =2), the joint set
spacing (Sj,) should be greater than 0.5.

3. Regional geology
3.1. Intrusive masses in region

In Central Alborz, the Paleozoic rocks of the
Range contain the Alamkuh (Takht-e-Soliman)
group. The Alamkuh granite batholith has formed
the peaks of Takht-e-Soliman (4620 m) and
Alamkuh (4840 m), with the jagged ridge west of
Alamkuh enclosing the glacial circus northwest of
Alamkuh. Large uneroded blocks of this granite
can be seen in the moraine glacier northeast of
Alamkuh (Figure 1). The Akapol quartz-monzonite
batholith has been identified southwest of
Roodbarak bounded by faults in the west and
southeast of Breyer [40]. The eastern sequences of
the intrusive batholith are visible in the Mejel
valley due to the descending axis of the Akapol
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dome [41]. Based on the schistosity of Akapol
guartz monzonite, it can be inferred that it is older
than the granite of Alamkuh [40]. The upper
Cretaceous sequence is the youngest metamorphic
rock in the northwest of Nater [42]. In the Shekran
sheet, tuffs and other associated rocks with the
Paleogene age are the youngest deposits altered by
the infiltration of Alamkuh granite [43]. Therefore,
the age of the intrusive mass is likely Neogene, and
possibly Pliocene. To the north of Akapol, between
Vendarbon and Breyer, marginal coarse-grained
facies (nepheline syenite) have been observed. The
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darker layer sections of these quartz monzonites in
the Naftchal valley are composed of hornblende
gabbrodiorite (Figure 2).

The sedimentary deposits found in the Kelardasht
plateau are recognized as those of an ancient lake
that was formed due to the accumulation of water
in the Sardabrood river during the last folding
phase. The sedimentary structures observed in the
southern Dasht-e Nazir such as the cross-
stratification and varve suggest that they were
formed from the debris of a deltaic-lake [44].

Pz
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Coordinate System: WGS 1984 UTM Zone 39N
< Projection: Transverse Mercator

Datum: WGS 1984

Figure 1. Mine map displays the intrusive mass of Alamkuh and Akapol adapted from Annells et al. [43].
Abreviations are A: Akapol quartz-monzonite batholith, AK: Alamkuh granite batholith, BFZ: Bereyer fault
zone, TGFZ: Tang-e-Gloo fault zone, KO: Kandovan thrust fualt, D: sense of fault motion, Cz: Cenozoic
formations, Mz: Mesozoic formations, Pz: Paleozoic formations, PC: Precamberian formations. The aerial
photograph of the Akapol quartz-monzonite batholith and the location of the area are presented at right.
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Figure 2. Simplified geological map of the studied area.

3.2. Tectonics

The studied area is geologically situated in the
central part of Alborz. The region is characterized
by two main faults: the Breyer fault and the Tang-
e-Gloo fault. The faults in the Alamkuh area
generally have a gentle slope in a flower-structure
geometry, indicating a transpressional tectonic
regime [42].

The Breyer fault, with a northwest-southeast
strike and an estimated length of 20 km, is a right-
lateral strike-slip fault that intersects the Akapol
batholith (Figure 1). It forms the western boundary
of the Akapol batholith and connects with the
Tang-e-Gloo fault about four kilometers southeast
of the intrusive mass. The Tang-e-Gloo fault, with
a NW-SE strike and an approximate length of ~43
km, cuts through the Alamkuh plutonic mass
(Figure 1) and extends northwestward [45]. The
Tang-e-Gloo and Breyer faults exhibit a right-
lateral strike-slip mechanism.

4. Results

The studied area in this research was divided into
square cells with dimensions of 500 m using the
ArcGIS software (Figure 3). The cell centers that
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were accessible for surveying were selected as
stations for a detailed study to obtain precise results
for granite blocking (Figure 4).

Initially, the strike and length of the region’s
faults were determined using a combination of
aerial photographs, geological and tectonic maps,
and field observations. Subsequently, a fault
density map was created (Figure 5). The mapping
of faults and lineaments provides a useful tool for
conducting a joint analysis in each part of the mine.
Our observations indicate that there is an increase
in joint density near the faults.

The length, slope, number, orientation, and
vertical distance between joints were measured at
the joint study stations, marked as circles in Figure
4. Weathering and erosion contribute to the
fragmentation of rock masses and the formation of
surface joints [46]. To ensure accurate results, only
tectonic joints were surveyed, while sub-joints and
fractures caused by erosion and mining activities
were ignored [47]. The joint survey began from
Roodbarak village, southwest of Hassan Kif, and
continued for approximately 13 km until the
Khosha Kash valley in Sardabrood. A total of 504
joints including tectonic joints and lineaments were
mapped along the navigation path.
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At a few stations (numbered 1-10 in Figure 5),
penetrative joint sets were observed. At these
stations, the joint sets were carefully determined
based on their dips and strikes (Figure 6). The
distance between joint sets and the number of joint
sets were recorded to obtain comprehensive
information for subsequent calculations and
diagrams. The different geometric characteristics
of the joint sets are presented in the rose diagrams
shown in Figure 7, which were generated using
Polar Plot, an extension for ArcGIS.
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The values of J, and Sjs in the mine area were
calculated using Equations 1 and 2 (Table 1). The
amount of rock mass fragmentation in each face
was determined by measuring J,, as the effective
joints. The values of J, ranged from 0.03 and 90,
indicating significant variation across the mine
area. To ensure the accuracy of the results, the
parameter S;; was also measured. The lowest value
of S;5 observed in the mine area was 0.37 m, while
the highest value was 1.92 m.
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Figure 3. Initial map of mesh centers. The joint study stations in the Divchal mine area are marked as cross-
points (circles in the Figure 4). The mine area is depicted as a red quadrangle.
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Figure 4. Fault systems and joint study stations in the Divchal mine area. The faults are depicted as red lines,
and joint study stations are represented as green circles. The mine area is shown as a black quadrangle.
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Figure 5. Fault density map of the studied area. The density of faults is represented by color ranking in the main
figure, with red areas indicating very high-density regions of faults. Additionally, the rose diagram of the total
joint sets is presented in the figure.
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Figure 7. Rose diagrams of the joint sets at various stations.

Table 1. Structural parameters for blocking size at surveying stations in the Divchal Kelardasht mining area.

Stations Coordinates Strike of joints Block size based on S, Block size based on J, Jv

Long: 508276 )
1 N-S 1.92m Large pieces 1.87
Lat: 4036118

Long: 508280 )
2 N-S 0.37m Very small pieces 90
Lat: 4036122

Long: 508286
3 N-S 0.5m small pieces 18
Lat: 4036130

Long: 507565 )
4 NW-SE 3.6m Very large pieces 0.36
Lat: 4035191

Long: 507565 ) )
5 NW-SE 0.75m Medium pieces 4.99
Lat: 4035191

long: 505729 ]
6 NW-SE 2.1lm large pieces 1.52
Lat : 4033769

Long: 507609 . .
7 N-S 0.51m Medium pieces 3.25

Lat: 4030732

Long: 507551 ]
8 N-S 0.69m large pieces 2
Lat: 4030718

Long: 508098 )
9 E-W 1.65m Very large pieces 0.03
Lat: 4029678

Long: 508098 )
10 E-W 1.35m Very large pieces 0.04
Lat: 4029678
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5. Discussion

A total of 504 tectonic joints were surveyed at the
stations marked in Figure 4. Sub-joints and
fractures resulting from erosion and mining
activities were excluded to obtain results solely
related to tectonic joints in the area. The
predominant strikes of the surveyed joints are N-S
and NW-SE. Most of the active faults in the mine
region have NW-SE strikes (as shown in Figure 4)
that affect the strike of joints near them. This
dependence is evident from the rose diagrams
plotted in Figure 7. Considering the strikes of joint
sets is crucial for optimal locating of the faces and
quarrying benches.

Two parameters, denoted as J, and Sjs, were
determined based on joint studies conducted in
several stations labeled 1-10 from the north to the
south (Figure 5). The parameter J, reflects the
degree of fragmentation of the rock mass. Stations
2 and 3 showed high values of J,,, indicating that
these locations are not suitable for extraction at all.
In contrast, station 5 exhibited a larger size of
extractable rock mass fragments, as indicated by
the value of J,. Values of J, less than 1 such as
those observed in stations 4, 9, and 10, are very
desirable for achieving single, double, or triple
cube blocks for the during the extraction process.

The value of S;; represents the width of the
extractable block from the granite mass. Station 4
exhibited the maximum value of S;;, making it a
suitable location for producing triple cube blocks
that can be cut to appropriate dimensions in a stone-
cutting factory. Nevertheless, stations 1, 9, and 10
are also capable of producing single to double
blocks.

Integration of the defined values of J,, and Sj,
with the density map of the faults and lineaments
can reveal locations where the density of faults and
lineaments is lower and the distance between joints
is greater. Such areas may be suitable for opening
the face, taking into account other relevant
parameters. However, in proximity to major faults,
the density of joints tends to increase, which can
render the location unsuitable for mining.

6. Conclusions

An essential aspect of quarrying face design is
the analysis of joints and fractures in the mining
area. The Kelardasht region hosts a building stone
mine that holds significant reserves of marble,
porcelain, and granite, covering an area of about
600 square kilometers in the southwestern part of
Kelardasht plain and the northeastern part of
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Alamkuh and Takht-e-Soliman highlands in the
longitude of 51° 00 to 51" 11" and latitude 36 20
to 36" 30" [48]. This mine yields a type of rose or
pink granite, prized for its unique beauty.

In this study, we investigated the joint
characteristics  including joint density and
structural parameters, in the Kelardasht Divchal
granite mine. Our field study revealed that regions
close to the main faults exhibited high density and
short distances between joint sets, resulting in a
high degree of crushed granite mass. In contrast,
regions located approximately 1 km away from the
faults such as stations 1, 4, 6, 9, and 10, displayed
lower joint density and less crushing. Thus
identifying the main faults and mapping them can
help determine suitable locations for extracting
stone blocks of appropriate dimensions.
Additionally, rose diagrams of joints can provide
information about the strike of joints, which is
useful in positioning the quarrying face and
benches.

The findings of our study suggest that opening
faces in regions where joints are denser and located
close to main faults should be avoided. In these
areas, rocks tend to be highly fragmented, with
tectonic fractures that extend deep into the ground.
Attempting to advance and open further steps in
such locations to reduce fractures would be time-
consuming and costly.

To overcome these challenges, we propose using
volumetric joint analysis as an economical solution
for quickly identifying suitable faces that yield
high-quality, properly dimensioned blocks while
also minimizing waste and preserving the
environment in the beautiful nature of the
Kelardasht region.

Acknowledgment

The authors express their gratitude to Dr.
Mirahmadi for his valuable technical pieces of
advice.

References

[1]. Carvalho, J.F., Henriques, P., Falé, P., and Luis, G.
(2008). Decision criteria for the exploration of
ornamental-stone deposits: Application to the marbles
of the Portuguese Estremoz Anticline. International
journal of rock mechanics and mining sciences, 45 (8):
1306-1319.

[2]. Selonen, O., Luodes, H., and Ehlers, C. (2000).
Exploration for dimensional stone—implications and
examples from the Precambrian of southern Finland.
Engineering Geology, 56 (3-4): 275-291.



Alizadeh et al.

[3]. Tercan, A. E., and Ozgelik, Y. (2000). Geostatistical
evaluation of dimension-stone quarries. Engineering
Geology, 58 (1): 25-33.

[4]. Yarahmadi, R., Bagherpour, R., Taherian, S.G., and
Sousa, L.M. (2018). Discontinuity modelling and rock
block geometry identification to optimize production in
dimension stone quarries. Engineering Geology, 232,
22-33.

[5]. Azarafza, M., Ghazifard, A., Akgin, H., and
Asghari-Kaljahi, E. (2019). Development of a 2D and
3D computational algorithm for discontinuity structural
geometry identification by artificial intelligence based
on image processing techniques. Bulletin of Engineering
Geology and the Environment, 78, 3371-3383.

[6]. Kalenchuk, K.S., Diederichs, M.S., and McKinnon,
S. (2006). Characterizing block geometry in jointed
rockmasses. International Journal of Rock Mechanics
and Mining Sciences, 43 (8): 1212-1225.

[7]. Latham, J.P., Van Meulen, J., and Dupray, S.
(2006). Prediction of in-situ block size distributions with
reference to armourstone for breakwaters. Engineering
Geology, 86 (1): 18-36.

[8]. Lu, P., and Latham, J. P. (1999). Developments in
the assessment of in-situ block size distributions of rock
masses. Rock mechanics and rock engineering, 32, 29-
49,

[9]. Maerz, N.H., and Germain, P. (2018). Block size
determination around underground openings using
simulations. In Measurement of Blast Fragmentation
(pp. 215-223). Routledge.10.

[10]. Palmstrém, A., Sharma, V.l., and Saxena, K.
(2001). In-situ characterization of rocks. BALKEMA
Publ, 1-40.

[11]. Palmstrom, A. (2005). Measurements of and
correlations between block size and rock quality
designation (RQD). Tunnelling and Underground Space
Technology, 20 (4): 362-377.

[12]. Shah, K.S., Mohd Hashim, M.H.B., and Ariffin,
K.S.B. (2022). Photogrammetry and Monte Carlo
Simulation based statistical characterization of rock
mass discontinuity parameters. International Journal of
Mining and Geo-Engineering, 56 (2): 151-157.

[13]. Sonmez, H., Nefeslioglu, H. A., and Gokceoglu, C.
(2004). Determination of wJd on rock exposures
including wide spaced joints. Rock mechanics and rock
engineering, 37, 403-413.

[14]. Sturzenegger, M.D. Stead, and D. Elmo,
Terrestrial remote sensing-based estimation of mean
trace length, trace intensity and block size/shape.
Engineering Geology, 2011. 119 (3-4): p. 96-111.

[15]. Wang, L.G., Yamashita, S., Sugimoto, F., Pan, C.,
and Tan, G. (2003). A methodology for predicting the in
situ size and shape distribution of rock blocks. Rock
Mechanics and Rock Engineering, 36 (2): 121.

Journal of Mining and Environment (JME), Vol. 14, No. 2, 2023

574

[16]. Yarahmadi, R., Bagherpour, R., Sousa, L.M., and
Taherian, S.G. (2015). How to determine the appropriate
methods to identify the geometry of in situ rock blocks
in dimension stones. Environmental Earth Sciences, 74,
6779-6790.

[17]. Morales Demarco, M., Oyhantcabal, P., Stein, K.
J., and Siegesmund, S. (2013). Granitic dimensional
stones in Uruguay: evaluation and assessment of
potential resources. Environmental earth sciences, 69
(4): 1397-1438.

[18]. Jern, M. (2004). Determination of the in situ block
size distribution in fractured rock, an approach for
comparing in-situ rock with rock sieve analysis. Rock
mechanics and rock engineering, 37 (5): 391-401.

[19]. Mutlutirk, M. (2007). Determining the amount of
marketable blocks of dimensional stone before actual
extraction. Journal of mining science, 43, 67-72.

[20]. Nefeslioglu, H. A., Gokceoglu, C.A.N.D.A.N., and
Sonmez, H. (2006). Indirect determination of weighted
joint density (wJd) by empirical and fuzzy models:
Supren (Eskisehir, Turkey) marbles. Engineering
Geology, 85 (3-4): 251-269.

[21]. Nikolayev, D., Siegesmund, S., Mosch, S., and
Hoffmann, A. (2007). Modell-based prediction of
unfractured rock masses. Zeitschrift der Deutschen
Gesellschaft fiir Geowissenschaften, 483-490.

[22]. Prissang, R.H., Lehtimaki, T., Saksa, P., Nummela,
J., and Vuento, A. (2007). Localisation of undisturbed
blocks in larger dimension stone rock masses.
Zeitschrift  der  Deutschen  Gesellschaft  fir
Geowissenschaften, 471-482 .

[23]. Saavedra, A., Ordonez, C., Taboada, J., and
Armesto, J. (2010). Compositional kriging applied to the
reserve estimation of a granite deposit. Dyna, 77 (161):
53-60.

[24]. Sousa, L.M.O. (2010, February). Evaluation of
joints in granitic outcrops for dimension stone
exploitation. Geological Society of London.

[25]. Taboada, J., Ordéfiez, C., Saavedra, A., and
Fiestras-Janeiro, G. (2006). Fuzzy expert system for
economic zonation of an ornamental slate deposit.
Engineering Geology, 84 (3-4): 220-228.

[26]. Darwish, T., Khater, C., Jomaa, ., Stehouwer, R.,
Shaban, A., and Hamzé, M. (2011). Environmental
impact of quarries on natural resources in Lebanon.
Land degradation & development, 22 (3): 345-358.

[27]. Koca, M.Y., and Kincal, C. (2004). Abandoned
stone quarries in and around the lzmir city centre and
their geo-environmental impacts—Turkey. Engineering
Geology, 75 (1): 49-67.

[28]. Mouflis, G.D., Gitas, I.Z., lliadou, S., and Mitri,
G.H. (2008). Assessment of the visual impact of marble
quarry expansion (1984-2000) on the landscape of



Alizadeh et al.

Thasos island, NE Greece. Landscape and urban
planning, 86 (1): 92-102.

[29]. Peckenham, J.M., Thornton, T., and Whalen, B.
(2009). Sand and gravel mining: effects on ground water
resources in  Hancock county, Maine, USA.
Environmental geology, 56, 1103-1114.

[30]. Bastante, F.G., Taboada, J., Alejano, L.R., and
Ordofiez, C. (2005). Evaluation of the resources of a
slate deposit using indicator kriging. Engineering
Geology, 81 (4): 407-418.

[31]. Sousa, L.M. (2007). Granite fracture index to
check suitability of granite outcrops for quarrying.
Engineering Geology, 92 (3-4): 146-15932.

[32]. Taboada, J., Vaamonde, A., and Saavedra, A.
(1999). Evaluation of the quality of a granite quarry.
Engineering Geology, 53 (1): 1-11.

[33]. Taboada, J., Vaamonde, A., Saavedra, A., and
Alejano, L. (1997). Application of geostatistical
techniques to exploitation planning in slate quarries.
Engineering Geology, 47 (3): 269-27734.

[34]. Anon, O. (1981). Basic geotechnical description of
rock masses. International Society of Rock Mechanics
Commission on the Classification of Rocks and Rock
Masses. International Journal of Rock Mechanics and
Mining Sciences and Geomechanical Abstracts1981,
85-110.

[35]. Palmstrom, A. (1982). The volumetric joint
count—a useful and simple measure of the degree of
rock mass jointing. In International Association of
Engineering Geology. International congress. 4 (pp.
221-228).

[36]. Chaminé, H.l., Afonso, M.J., Ramos, L., and
Pinheiro, R. (2015). Scanline sampling techniques for
rock engineering surveys: insights from intrinsic
geologic variability and uncertainty. In Engineering
geology for society and territory-volume 6: applied
geology for major engineering projects (pp. 357-361).
Springer International Publishing.

[37]. Priest, S.D. (1993). Discontinuity analysis for rock
engineering. Springer Science & Business Media.

[38]. del Cura, M. G., Benavente, D., Bernabéu, A., and
Martinez-Martinez, J. (2008). The effect of surface

Journal of Mining and Environment (JME), Vol. 14, No. 2, 2023

575

finishes on outdoor granite and limestone pavers.
Materiales de Construccion, 58 (289-290): 65-79.

[39]. Sousa, L.M.O., Oliveira, A. S., and Alves, 1.M.C.
(2016). Influence of fracture system on the exploitation
of building stones: the case of the Mondim de Basto
granite (north Portugal). Environmental Earth Sciences,
75, 1-16.

[40]. Axen, G.J., Lam, P.S., Grove, M., Stockli, D.F.,
and Hassanzadeh, J. (2001). Exhumation of the west-
central Alborz Mountains, Iran, Caspian subsidence, and
collision-related tectonics. Geology, 29 (6): 559-562.

[41]. Cartier, E.G. (1971). Die Geologie des unteren
Chalus Tals  Zentral-Alborz/lIran  (No.  164).
Geologisches  Institut  der Eidg. Technischen
Hochschule und der Universitat Zrich.

[42]. Vahdati Daneshmand, F. (1991). Amol; geological
quadrangle map of Iran: Tehran. Geological Survey of
Iran, scale, 1(250,000).

[43]. Annelles, R.N., Arthurton, R.S., Bazely, R.A., and
Davies, R.G. (1975). E3-E4 Quadrangle, 1: 100 000
scale geological Mmap and explanatory text of Qazvin
and Rasht. Geological Survey of Iran, Tehran.

[44]. Riviere, A. (1934). Contribution a I'étude
géologique de I'Elbourz (Perse). Revue de géographie
physique et de géologie dynamique.

[45].Guest, B., Stockli, D.F., Grove, M., Axen, G.J.,
Lam, P.S., and Hassanzadeh, J. (2006). Thermal
histories from the central Alborz Mountains, northern
Iran: implications for the spatial and temporal
distribution of deformation in northern Iran. Geological
Society of America Bulletin, 118 (11-12): 1507-1521.

[46]. Ehlen, J. (2002). Some effects of weathering on
joints in granitic rocks. Catena, 49(1-2): 91-109.

[47]. Loorents, K. J., Bjorklund, L., and Stigh, J. (2000).
Effect of induced fracturing based on a natural fracture
system in a dimension stone quarry in the Offerdal
Nappe, Sweden. Bulletin of Engineering Geology and
the Environment, 58, 215-225.

[48]. Afzal, P., Darestani, R.A., Parvaresh, A.,
Gashtasbi, K., and Kaveh Ahangaran, D. (2008). Joints
Effects On Excavation Benches Designing In Divchal
Granite Mine, Kelardasht. 1 (2): 1-14.



1402 JL..' w99 O)Lx.\:' “AJ)ZQ,_? 0,99 ‘M}M} Odleo By _‘54»& Ul u/)&“’ﬁ oJL;:,lc

6990 axdllio— Sloss Lo gl gl il o b SwSis il oy o

2000 wq@: . 1 oegs g *1 .
)""")‘.’.‘)ls"b‘d|““)L~Q-“ od'%w

Olnl ol o9 ply oIS (el 0uSidld o omlisd (ymo) 09,5 -1

Olp) e oo o oGS pale 0uSLESNS (ol (ymo) 09,5 2
2023/03/20 3 2022/12/14 L)

h_alizadehs@pnu.ac.ir :ololKe Jstas odims s #

HRWE

A aiy Lo yd el S 0355 15 (K0l (Sl (TSl 975 o SF SlSis e 4 Sl lacSin o e 0 shte Jelse ninte S
iz 525 coane aiie (sboo0 il 2 anllas (ol i3l ke b oo el i olas 5 Sl slooog s 5o sl olile s
4 hoe laalie s 25l mey 5 oolid Cpeg sloatis ( lsp S 5l ol o fS ol e bl ol plal sl s 55503 ol Jled oS
diliie )5 Cgz g S i oJsb Jols Lol slaosys Slaseiis wi ags aslllas 3,50 ogime sl b S 55T 4t ol | (1 el a2 &
Sy emnbie Gl plwld o (Sjs) 120}, s dlold 5 (J)) oj)0 oz 9o o (sl yial )l doelSil (S5 p0 005 (55l goz (ine
G 5o il g |y 65 cbeSsl (fy<10) Wil S J, o 4z o o5 ansse i anllas oyl (slaasil i arslne oS gl il
aneis 5 08 oy 15 o8 ol sl g laplSe > Ypmno Lald ol doogm il gliind B S5k e« Sjo sVl e 5 %0
53,5 oo 0anlie oy J e sy Bblie 5 Ypamo 5 WS s HLi | 0nd 5,5 i 0355 s Jp D60 ol 55 o oy el sty baog,s yey alol

Dgd (e IS diew 0,5 5L 5l deoj e aAlold ad o515 5 WS ol dshad askad o 4 Lol sl LS 4 ooy slacuadas 10 098 o0 dnog

Syl o M (Sl e oo (oS5 Wil 5 2l Sl 1 guadS” Slads



mailto:h_alizadehs@pnu.ac.ir

