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ABSTRACT

Chahmusa area, with a surface area of 28.54 square kilometers, is located in Semnan Province. Chahmusa mine is
located in the south of Shahrood city and the northwest of Troud village. This research aims to do mineral Reserve
modeling and estimation in the Chahmusa area. Additional exploration studies have been carried out in a limited
area with a surface of 56 hectares northwest of the area. These exploration studies in the area include 1:1000
topographic mapping, preparation of 1:1000 mineralogical and tectonic maps, core drilling, logging, sampling,
and reserve estimation. From the geological point of view, this area includes all types of volcanic rocks, such as
pyroclastic and volcanoclastic rocks, with intermediate to acidic compositions that can be seen in some parts of
the dike that occurred in the area. Economic and geological studies of mineralization type in the Chahmusa area
place the mineralization in the category of copper deposits of manto type. In order to obtain the geometry of the
deposit and estimate the reserve, 66 cored boreholes with a total length of 13360.50 meters, of which 22 cored
boreholes with a total length of 3826 meters, have been used in reserve evaluation. In addition to lithological and
mineralogical logging. Were carried out in the area. In this study, the estimation space of the grade-structural
model based on the information on mineralization-controlling fault in the area was constructed, and the grade
information of boreholes with a copper grade of more than 0.1% was obtained using different software packages.
Reserve estimation was made using search ellipse specifications, optimized estimation parameters, block model,
and ordinary kriging and inverse distance square methods. Due to the better results of the ordinary kriging
method, these results were presented in this paper. In order to control the calculated reserve estimation, vertical
sections were also used to calculate reserve estimation. The results imply that the estimation accuracy was
achieved using the ordinary kriging geostatistical method. The oxide zone was separated based on the grade of
copper oxide and considering the oxide ratio of 30%. The amount of geological resources with a copper grade of
0.1% is 4.4 million tons with an average copper grade of 0.74%. From this amount, 1.3 million tons with an
average grade of copper of 0.75% are the reserves of copper oxide type, and 1.3 million tons with an average
grade of copper of 0.73% are the reserves of copper sulfide type. The measured resource (i.e., definite reserve) is
2.3 million tons with an average copper grade of 0.77% (the copper oxide reserve part is 2.2 million tons with a
copper grade of 0.78%, and the copper sulfide reserve part is 950 thousand tons with a copper grade of 0.75%).
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1- INTRODUCTION

Chahmusa area, with a surface area of 28.45 square kilometers, is located in the geographical
longitude of 52/54° and latitude of 29/35° is one of the complex copper mines of Chahmusa in
Semnan Province. This mine is distanced 135 km southwest of Shahrood, accessible from the main
Shahrood-Troud road and 15 km from the main Shahrood-Troud. There are two ways to access the
Chahmusa area: One access route is via the Shahrood asphalt road to Troud, which is the main
Shahrood-Troud road, and the second route is via the Damghan road to Hosseinan.

The study area is located in the Troud-Chah Shirin volcanic belt on the northern edge of the
central Iran zone. This area is located in the 1:250,000 Troud and 1:100,000 Moalleman geologic
maps.

Regarding the area's morphology, three peaks, Chahmusa, Qhoaleh Sokhteh, and Chaft, are
among the highest, with heights of 1500, 1480, and 1350 meters, respectively. Most parts of the
area with medium heights are composed of pyroclastic units. The alluvial deposits of the present era
are seen in the lowest heights of the area.

2- METHODS

The Troud-Chah Shirin belt is about 100 km long and has a variety of stratigraphy. The eastern
half mainly consists of Cenozoic volcanic units, and in the western half, sedimentary units related to
geological periods have significantly expanded. The study area is located east of this belt in the
Eocene volcanic area.

Generally, the main stratigraphic units in the study area with a northeast-southwest trend include
lavas with a porphyry to mega porphyry andesite composition accompanied by red tuffs (sometimes
lithic tuffs) and andesite tuffs.

The results of surface evidence and geological and magnetometric surveys of the study area led
to the determination of drilling points with a 50x50 m grid design. In this grid, 66 coring boreholes
with a total core drilling of 13360.50 meters were drilled.

Modeling the deposit grade in three-dimensional (3D) space using borehole data can be
considered a reconstruction of a subsurface in 3D space. This subsurface consists of zones that need
to be estimated locally.

The estimation space was built from the geological information and the grade information of the
boreholes with a cut-off grade of 0.1% copper (acceptable grade in the Chahmusa area) using
Leapfrog and StudioRM software packages.

After determining the parameters and estimation range, the tasks remaining for reserve
evaluation are to determine the dimensions of the blocks, prepare the deposit's block model, and
determine the specific weight.

Determining the block dimensions is one of the critical stages of estimating a deposit's reserves.
The dimensions of the blocks depend on various factors, such as the distance of the drilling grid, the
dimensions of the steps, the dimensions of the selected mining blocks, and the resolution required in
the geological boundaries.

The grade-tonnage information of the deposit is considered vital as it helps mine managers
obtain the correct parameters for future planning.

Vertical sections also carried out the reserve estimation to verify the estimation space and
reserve evaluation calculations. In this method, the horizontal or vertical sections of the deposit area
are drawn at different levels or profiles. Then, the area covered by the mineral substance is
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calculated in each section. Having the area in each section and the distance between two adjacent
sections and assuming that the changes in the thickness of the mineral material between two
adjacent sections are linear, the volume of the space between the two sections (i.e., the volume of
the mineral material that is copper ore) is calculated.

After calculating the ore's volume, the average grade between sections is calculated using the
weighted average method. Then, the specific weight corresponding to the desired grade is
calculated. Finally, the product of the particular weight multiplied by the volume will increase the
ore's tonnage.

3- CONCLUSION

Additional exploration studies have been carried out in a limit with a surface area of 56 hectares
northwest of the region, including topographic mapping, preparation of a 1:1000 mineralogical and
tectonic map, core drilling, logging, sampling, and reserve estimation.

From the lithological point of view, the Chahmusa area includes all types of volcanic rocks, such
as pyroclastic and volcanoclastic rocks, with intermediate to acidic compositions.

In order to obtain the geometry of the deposit and estimate the reserve, 66 coring boreholes with
a total length of 13360.50 meters, drilling, and lithological and mineralogical logging were carried
out in the area; of these, 22 cored boreholes with a total length of 3826 meters have been used in
reserve evaluation. In general, 4099 original and 355 duplicate samples were obtained and tested for
ICP and CuO analyses. Based on the results of lithological, alteration, and mineralization
investigations in the Chahmusa copper deposit, it is inferred that this deposit is placed in the
category of copper deposits of manto type.

To build the model's estimation space, grade structure was used based on information on
mineralization-controlling faults. The grade information of boreholes with a copper grade of more
than 0.1% was obtained using the Leapfrog and StudioRM software packages.

Classical statistical studies were first conducted to estimate the reserve, and based on that, the
grade distribution of the studied elements, such as copper and silver, was checked through the grade
histogram. Then, the related statistical parameters were calculated. There was a significant
correlation between copper and silver; as a result, due to the low grade of silver, further studies
were conducted only on copper, and the grade trend was investigated in the X, y, and z directions.
Consequently, no trend was observed in this section. The out-of-order values were checked to
reduce the estimation's relevant effects. As a result, no out-of-order data was found. Considering
that most of the samples were 1 meter long, in order not to take average and make the quality of the
samples unrealistic, no composite was created. Geostatistical studies were carried out by drawing
unidirectional variograms. Using a fixed ellipse to estimate the blocks is wrong due to the presence
of slope changes and local extensions in the veins. In this deposit, due to the extreme changes in the
grade of the samples and to separate the boundaries of ore and waste better, the dimensions of the
estimated blocks were considered equal to 1 meter in each direction.

Reserve estimation was carried out using search ellipse specifications, optimized estimation
parameters, and block model, as well as by applying the geostatistical ordinary kriging and inverse
distance square methods. The related results were presented based on the appropriate results of the
ordinary kriging method. From the specific weight tests on the taken ore samples, the average
specific weight of 2.7 tons per cubic meter was obtained for the ore. In order to check the reserve
estimation results, vertical sections were also used to calculate the reserve estimation.
Consequently, its results confirm the estimation accuracy using the geostatistical ordinary kriging
method. The oxide zone was separated based on the copper oxide grade, considering the oxide ratio
of 30%. The estimated geological reserve is 4.4 million tons, with an average copper content of
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0.74%. Of this amount, 1.3 million tons with an average copper grade of 0.75% are the reserves of
copper oxide type, and 1.3 million tons with an average copper grade of 0.73% are the reserves of

copper sulfide type.

The measured reserve (definite reserve) is 3.2 million tons with an average copper grade of

0.77% (the copper oxide part is 2.2 million tons with a copper grade of 0.78%, and the copper
sulfide part is 950 thousand tons with a copper grade of 0.75%).
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4~ Summary Statistics 4 |~ 'Summary Statistics

Mean 0.18 Mean 0.07
N 3499.00 N 2999.00
Variance 0.28 Variance 0.06
Skewness 5.24 Skewness 7.56
Kurtosis 3333 Kurtosis 71.19
Minimum 0.00 Minimum 0.00
Maximum 645 Maximum 3.
Median 0.02 Median 0.01
Mode 0.01 Mode 0.00
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BH_ID X Collar Y Collar Z Collar DIP Azimuth DEPTH (m)
CBH 2 307345.544 3929244.866 1149.001 60 320 200.15
CBH1 307193.395 3929187.531 1155.055 60 320 306.95
CBH 3 307267.263 3929332.053 1150.078 60 140 266.30
CBH 4 306717.093 3929512.064 1176.398 60 160 200.00
CBH 8 307650.332 3929417.765 1137.480 60 130 347.30
CBH 6 307571.199 3929483.238 1139.549 60 140 485.65
CBH 14 307694.988 3929511.94 1135.099 60 147 221.25
CBH 15 307337.693 3929097.262 1150.752 60 290 287.15
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BH_ID X Collar Y Collar Z Collar DIP Azimuth DEPTH (m)
CBH 12 307105.462 3929296.515 1159.039 60 25 185.15
CBH 17 308575.676 3928115.416 1098.322 60 190 170.15
CBH 18 308652.601 3928143.571 1099.532 60 185 110.15
CBH 9 306925.682 3929042.243 1167.793 60 330 250.00
CBH 11 306851.833 3929059.013 1170.118 60 330 250.00
CBH 19 306791.159 3929073.745 1174.77 60 330 215.10
CBH 24 306838.664 3928990.917 1169.803 60 330 260.00
CBH 20 307710.559 3929349.618 1134.731 60 140 170.05
CBH 27 307568.79 3929420.536 1140.996 60 140 235.10
CBH 23 307565.17 3929356.37 1144.98 60 140 221.10
CBH 21 307638.854 3929347.373 1137.246 60 140 109.95
CBH 31 306712.389 3929009.205 1176.468 60 330 182.10
CBH 30 306813.604 3929133.284 1167.292 60 330 125.30
CBH 26 306778.962 3929000.663 1175.374 60 330 140.15
CBH 28 306882.176 3929124.779 1165.396 60 330 115.05
CBH 32 306649.093 3929013.076 1179.189 60 350 197.15
CBH 25 306909.205 3928970.526 1168.538 60 330 137.10
CBH 10 306628.169 3928948.11 1181.527 60 340 205.80
CBH 34 306708.341 3928947.138 1178.016 60 330 150.05
CBH 37 306548.332 3928988.989 1183.314 60 340 267.10
CBH 36 306761.723 3928858.81 1180.039 60 330 187.55
CBH 39 306500.661 3929013.981 1182.688 60 340 240.40
CBH 35 306524.570 3928901.992 1183.276 60 340 152.05
CBH 38 306579.415 3929042.015 1170.701 60 340 254.15
CBH 33 306527.873 3929070.998 1174.629 60 340 193.35
CBH 29 306721.835 3929079.921 1171.600 60 330 196.75
CBH 49 306623.527 3929112.113 1171.996 60 20 140.15
CBH 45 306569.453 3929134.918 1180.685 60 20 149.10
CBH 13 306474.313 3929117.404 1180.319 60 25 201.95
CBH 54 306812.160 3928911.685 1176.579 60 340 163.50
CBH 61 306748.376 3929029.284 1172.989 60 320 166.30
CBH5 306769.908 3928936.633 1175.537 60 330 149.15
CBH 52 307133.873 3929282.04 1158.67 60 330 219.70
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BH_ID X Collar Y Collar Z Collar DIP Azimuth DEPTH (m)
CBH 51 307257.703 3929178.322 1152.168 60 140 195.10
CBH 63 307959.428 3928013.044 1121.937 90 - 185.00
CBH 64 308021.953 3927885.697 1121.307 90 - 122.40
CBH 62 306591.847 3929099.917 1170.136 90 - 220.25
CBH 41 307372.061 3929365.537 1148.083 60 140 250.45
CBH 44 307310.125 3929384.687 1151.044 60 140 302.15
CBH 47 307225.883 3929330.49 1152.547 60 140 150.10
CBH 46 307244.407 3929406.153 1153.395 60 140 260.25
CBH 43 307358.109 3929290.64 1134.863 60 140 229.30
CBH 48 307281.014 3929245.131 1148.113 60 140 103.80
CBH 65 307444.662 3929359.714 1145.899 60 140 206.05
CBH 50 307209.227 3929264.208 1140.774 60 140 157.90
CBH 66 307395.899 3929439.972 1146.533 60 140 218.20
CBH 67 307491.575 3929438.582 1143.436 60 140 173.05
CBH 68 307325.501 3929457.449 1148.787 60 140 194.05
CBH 69 307168.376 3929122.344 1155.729 60 330 200.25
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Minimum lag distance

1l 6.00

Selected variable: C Nugget: | 0.4

Structure  Model Range X Range Y RangeZ Sil

1 Spherical  3.00 3.00 3.00 0.420
2 Spherical  50.0 50.0 50.0 0.129
Model: Spherical v
Range X: | 50 Angle Axis
RangeY: |50 First: 0
Range Z: | 50 Second: |0
Sill: 0.13

Third: [0 ‘
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SECTION | VOLUME | DENSITY | TONNES | CU%
S1-S2 181,982 2.7 491,351 0.65
S2-S3 107,396 2.7 289,969 0.8
S3-S4 136,618 2.7 368,869 0.75
S4-S5 256,244 2.7 691,859 0.82
S5-S6 142,578 2.7 384,961 0.73
S6-S7 362,850 2.7 979.695 0.68
S7-S8 276,348 2.7 746,140 0.66
58-S9 198,752 2.7 536,630 0.7
- 1,662,768 - 4,489,474 | 0.72
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