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1-Introduction

Lashotor stone quarry complex in Sanandaj-Sirjan structural zone is located in Cretaceous limestone units south of
Isfahan. This mining complex is located between Kolah Ghazi and Baharestan with a northwest-southeast direction
with reverse and dextral strike-slip components.

This mining complex is faced with low efficiency in extraction due to severe crushing of stone and low production
efficiency of blocks with suitable economic volume. This manuscript aims to survey and analyze discontinuities in
three locations of the stone quarry complex to provide a suitable solution to increase extraction efficiency.

Stone blocks contain intact rocks and discontinuity networks, which are essential discontinuities. The intersection of
discontinuities in rock mass creates different dimensions of rock blocks (Yarahmadi, 2017). Microcracks, cracks,
fissures, bedding planes, joints, shear zones, faults, and stylolite constitute the significant discontinuities found in
the rock mass (Palmstrom et al., 2001).

2- Methodology

Remote sensing techniques checked out fractures in the Lashotor stone quarry complex, and then the field survey of
three points in this stone quarry complex was performed. Finally, fracture investigation was done and analyzed
according to the chart below (Fig. 1).

3- Results

In three faces of this quarry complex, discontinuities' status has been extracted, including bedding, different types of
joints, and stylolites. By drawing rose diagrams and stereograms of discontinuities at three stations, it was found
that the foremost effective discontinuities with a large number of stylolites are in this range, mainly stylolites are
parallel to the layering.

A computer model is primarily essential for conducting geological research. Implementation of the modeling
method leads to a new approach of making maximum use of existing data to understand better and obtain the
extraction block's size (Xu and Wu, 2001).

3DEC (3Dimensional Distinct Element Code) software was used (Mansouri, 2000) to model the mine
discontinuities and calculate the created block's volume. One of the software's variables for each face is identifying
the main strike of discontinuities and the distance between them. These variables are modelled on a 30-meters scale
in two stages: 1- without the effect of extraction path and 2- with the extraction path.

In this study, only the main strike of the discontinuities is modeled. The results of the three-dimensional modeling
for the three faces are presented in Table 1.
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Considering the discontinuities, dimensions of the steps in each face, and unusable volume of extracted stone in
each step suggest changing the extraction face's strike to increase the extraction efficiency.

For this purpose, different strikes were examined to determine the best direction to increase efficiency for each
extraction face. From an economic point of view, the blocks with a volume of fewer than 3m? have been considered.
The results of changing the three studied faces' strike to increase the extraction efficiency are presented in Table 2.

Survey of discontinuity parameter:
Discontinuty attitude, Spacing,
Survey of strike the cutting plates on each face,
Dimensions of cutting steps on each face

Y

Survey the number of joint set
by drawing a rose diagram

Import information into 3DEC software

3D modeling | Obtain the total number of blocks

and the volume of each block

Import to excel

Draw cumulative graph based on calculate
the cumulative percentage of block volume

Fig. 1. The flowchart 3D modeling of discontinuities and cumulative block volume diagrams.
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4- Conclusion
Implementing the modeling method makes maximum use of available data and better understanding to obtain the
best extraction path. To model discontinuities, their essential characteristics in each face are determined by

conducting field studies.

By comparing the current extraction path with our suggested extraction path, it was found that the extraction
direction within the quarry is wrong and has caused a significant increase in the rate of crushed rocks. Finally, new
directions were suggested for three faces to increase productivity and reduce waste in the quarry.

Table 1. Joint set specifications and volume percentages less than 3 cubic meters: (1) No effect of extraction path-
(I1) By affecting the extraction path.

Face Main discontinuity sets = Strike and dip direction Dimensions of the block % Volume <3 m®
| 4/76
1 110 /20 NE
I 3x10%15m 27/98
| 5/88
2
140 / 15 NE
] 2X6x5m 30/35
| <1
3
85/10 SE
1 2x6x12 m 18/79
Table 2. Results of changes in direction of three faces in order to increase extraction efficiency.
. A=EXxisting extraction _ . %
Face StF”ke of path was considered; ngges_ted B —ac_cor.gmg to Suggested3 Decreased
aces % Volume < 3 m? direction direction;% Volume <3 m —AB
. 9" 12/01 15/97
1 135 27/98
0 12/24 15/74
. 90" 21/79 21/79
2 75 30/835
0 22/31 22/31
o 5127
3 90 18/79 0 13/52
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Fig. 1. (a) Location of Lashotor stone quarry complex (south of Isfahan), and (b) Location of Lashotor stone quarry

complex in 20 km of Isfahan and ways to access it.
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Fig. 6. Facel: (a) Rose diagram of discontinuities strike the main Az: 110°-120° and (b) Stereogram of
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discontinuities with dominant striking of Az 140°/15°NE for the planes.
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Total number of blocks=1708
Number of blocks less than 3 cubic meters= 478
as a result
Percentage of blocks created with a volume of less than 3 cubic
meters=27.98 %
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Fig. 11 (a) View of the Face 1 with cutting step dimensions of 3 x 10 x 15 meter, (b) 3D model of discontinuities
without applying the extraction direction and the discontinuity distance from the stylolite is 1 meter, (c) 3D

model of discontinuities with applying the extraction direction, and (d) Discontinuity model with a volume of
less than 3ms3 that can not be used for building stone due to excessive crushing of stone.
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Fig. 12. Volumetric-cumulative percentage diagram of blocks Face 1: (a) Without applying extraction direction
and correlation coefficient 0.94 and (b) with application of extraction direction and correlation coefficient 0.8.
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Fig. 13. (a) View of the Face 2 with cutting step dimensions of 2 x 6 x 5 meter, (b) 3D model of discontinuities
without applying the extraction direction and the discontinuity distance from the stylolite is 1.2 meter, (c) 3D

model of discontinuities with applying the extraction direction, (d) Discontinuity model with a volume of less
than 3m3 that can not be used for building stone due to excessive crushing of stone.
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Fig. 14. Volumetric-cumulative percentage diagram of blocks Face 2: (a) Without applying extraction direction
and correlation coefficient 0.95 and (b) with application of extraction direction and correlation coefficient 0.8.
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Total number of blocks=2224
Number of blocks with a volume of
less than 3 cubic meters=418
as a result
Percentage of blocks with a volume of
less than 3 cubic meters= 18.79 %
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Fig. 15. (a) View of the face 3 with cutting step dimensions of 2 x 6 x 12 meter, (b) 3D model of discontinuities
without applying the extraction direction and the discontinuity distance from the stylolite is 1.2 meter, (c) 3D

model of discontinuities with applying the extraction direction, and (d) Discontinuity model with a volume of
less than 3ms3 that can not be used for building stone due to excessive crushing of stone.

30000 100 30000 - - 100
90 L 90
25000 - 25000 %
20000 | 0 20000 - it
60 - 60

y=3.6n+4.3623 y =0.0406n + 27.885

15000 | 50 15000 - / L 50
R* = 0.9832 40 R*=0.8544 - 40
10000 1 5 10000 o .- | %6
5000 { 0 5000 - 20
10 - 10
0 0 0 0

1 30 1 2224

Glaly Jasl b (B) 5 /A Sised iy 5 zlymcnl slisd, Jlasl oo @) F Sager LSl ramd = oz doys Jogel -VF S

Fig. 16. Volumetric-cumulative percentage diagram of blocks Face 3: (a) Without applying extraction direction
and correlation coefficient 0.98 and (b) with application of extraction direction and correlation coefficient 0.85.
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Table 1. Joint set specifications and volume percentages less than 3 cubic meters: (I) No effect of extraction path-
(1) with affecting the extraction path.

Average distance

Volume

Face =Main discontinuity sets Dimensions of
Strike and dip direction betW%(;rll)joints the block percemgge <3
4/76
I
) Long:579607.2 110°/20° NE Im
Lat: 3588188.8 1 3x10x15m 27198
I 5/88
2
Long:580358.3
12m
140°/15° NE
Lat: 3587842.1 " 2%6%5 m 30/35
I <1
3
Long:577694.4
12m
85°/10° SE
Lat:3589994.8
1 2x6x12 m 18/79
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Fig. 17. Face 1: (a) Survey diagram of different strikes to get the best strike to increase extraction efficiency and

suggestion of two strikes of zero strike of zero degree with 12/24 volume percentage < 3 m® and 90° with 12/01
volume percentage < 3 m?, (b) Modeling discontinuities with the suggested strike: Zero degree and (c) Modeling

discontinuities with the suggested strike: 90°.
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Fig. 18. Face 1: Diagram of the blocks with less and more volume than 3 m? with affecting the extraction path
stage and two suggested strikes, zero and 90 degrees.
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Fig. 19. Face 2: (a) Survey diagram of different strikes to get the best strike to increase extraction efficiency and
suggestion of two strikes of zero strike of zero degree with 22/31 volume percentage < 3 m® and 90° with 21/8
volume percentage < 3 m®, (b) Modeling discontinuities with the suggested strike: Zero degree, and (c) Modeling

discontinuities with the suggested strike: 90°.
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Fig. 20. Face 2: Diagram of the blocks with less and more volume than 3 m?® for with affecting the extraction path

stage and two suggested strikes zero and 90 degrees.
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Fig. 21. Face 3: (a) Survey diagram different strikes to get the best strike to increase extraction efficiency and

suggestion strike of zero degree with 13/52 volume percentage < 3 m® and (b) Modeling discontinuities with the
suggestion strike zero.
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Fig. 22. Face 3: Diagram of the blocks with less and more volume than 3 m?® for with affecting the extraction path
stage and two suggested strike zero degree.
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Table 2. Results of a change in face strike to increase extraction efficiency.
A=BY affecting the Decreased
Face Study Strike extraction path; Sugg.ested B =Suggested strike; Volume percentage
Face strike percentage < 3 m3
3
Volume percentage <3 m - A-B
90° 12/01% 15/97%
1 135° 27/98%
0° 12/24% 15/74%
90° 21/79% 21/79%
2 75° 30/835%
0° 22/31% 22/31%
5/27%
3 90° 18/79% 0° 13/52%
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