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Fig. 1. Location map of exploration boreholesin the North-Narbaghi copper deposit on topographic-geological map with
the scale of 1:1000
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Fig. 2. Location map of selected exploration profilesin the North-Narbaghi copper deposit.
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Fig. 3. Cross-section of A: lithology, B: alteration, and C: assay data for profile AA" with 7 boreholes from Figure 2 in
the North-Narbaghi copper deposit
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Fig. 4. 3D lithology model of the North-Narbaghi copper deposit
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Table 1. Theresults of reserve estimation for the North-Narbaghi copper deposit by blocking method using RockWorks

software
Cutoffgrade  Average grade Weight of categorized mineral deposit (ton)
(ppm) (ppm) Measured reserve  Indicated reserve  Inferred reserve
1000 8409.2 477496.8 1247586.8 4574264.8
1500 11874 370337.0 1054236.5 3936773.5
2000 13462 334098.5 975862.0 3843460.3
2500 16370 306836.8 916171.5 3784067.0
3000 19133.7 281926.8 859759.8 3735903.5
3500 21215.5 258143.3 806825.3 3691317.0
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Fig. 10. Tonnage-grade diagram of the North-Narbaghi copper deposit by blocking method through 1-Data menu in

RockWorks
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Fig. 11. Gridding depict of A: 2D, and B: 3D thickness of the North-Narbaghi copper deposit for cut-off grade of 2000ppm

with the reserve estimation method of 2D (Grid Model)
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Table 2. The results of reserve estimation for the North-Narbaghi copper deposit by 2D (Grid Model) method in

RockWorks software
grade grade of mineral of mineral -
(ppm) (ppm) deposit (m3)  deposit (ton) Measured Indicated Inferred
reserve reserve reserve

1000 8409.2 937282 2483799 520554.4 1143332.9 819913.6
1500 11874 813570 2155963 418656.2 1014841.2 722466.5
2000 13462 751565 1991648 338094.7 948258.1 705296.9
2500 16370 728489 1930497 305264.3 941516.4 683717.4
3000 19133.7 682672 1809083 276614.4 920596.7 611873.0
3500 21215.5 637323 1688908 254930.0 891174.3 542804.5
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Fig. 12. Tonnage-grade diagram of the North-Narbaghi copper deposit with 2D (Grid Model) method in RockWorks

software
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Histogram of the Length of Narbaghi Cores
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Fig. 13. Histogram of drill core length of the North-Narbaghi copper deposit (in meter) with the relevant statistical

parameters
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Fig. 14. A: 2D and B: 3D mineral deposit accumulation map of the North-Narbaghi copper deposit for the minimum
acceptable value of grade and accumulation equal to 0.1% and 0.01m% respectively
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Fig. 15. A: isopach and B: accumulation maps of the North-Narbaghi copper deposit (up to down respectively) for cut-
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RockWorks
Table 3. The ore reserve parameters of the North-Narbaghi copper deposit calculated for the various cut-off grades
through 2D GT method in RockWorks

Weighted Weighted Weighted Vol f  Netweight of
el e el e olume 0O et wel 0
Parameter Cut off g J mean ) . ’
mean mean grade . mineral mineral
grade (%) ) accumulation L )
Estimation thickness (m) (%) (M%) deposit (m®)  deposit (ton)
category
Measured
(0-50m) 237 0.316 0.75 63437.8 255.081
0.1
Indicated
(50-130m) 1.27 0.121 0.154 4894.3 14.876
Measured 239 0.352 0.842 414423 223.636
(0-50m)
0.15
Indicated
(50-130m) 13 0.142 0.185 2056.9 7.651
Measured
(0-50m) 24 0.375 0.901 33260.3 206.803
0.2
Indicated
(50-130m) 1.42 0.16 0.227 568.9 2.402
Measured 0.25 0.978 0.405 242 25156.9 185.880
(0-50m)
Measured 0.3 242 0.42 1.017 221865 176.243
(0-50m)
Measured 0.35 245 0.442 1.081 18764.8 162.533
(0-50m)
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Tonnage-grade curve of Northern-Narbaghidepositby 2-D GT method
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Fig. 16. Tonnage-grade diagram of the North-Narbaghi copper deposit by 2D GT method in RockWorks software
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Fig. 17. Striplog of a number of exploration boreholesin the North-Narbaghi copper deposit
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Introduction

Deposit modeling includes various types of
descriptive-genetic,  geometric,  geostatistical
modeling-simulation, economic, and mathematical
analyses (Erickson, 1992). In the present study, 3-
D geological, mineralization and ore deposit
mathematical modeling of the North-Narbaghi
copper deposit, Saveh were carried out using
various capabilities of the Rockworks software
package. The North-Narbaghi exploration area is
located in the northeast of the Markazi province,
~26 km northeast of Saveh city, at 1:100,000
Zavieh sheet. The monzogranite-
quartzmonzodiorite intrusive bodies are the main
host rocks for mineralization in the area. Two main
porphyry copper mineralization zones consisting of
phyllic and potassic alterations have been
recognized in the area by applying systematic
explorations including 23 boreholes (i.e., NNB1 to
NNB23) with the total depth of 2425 meters. Five
boreholes have been drilled in the eastern stock
whereas 18 boreholes are located in the western
part. The drillholes range in depth from 52 (e.g.,
NNB9 borehole) to 224 meters (e.g., NNBI1
borehole). A total of 558 drill cores collected from
different boreholes were analyzed for their copper
and associated elements. The ore grades typically
range from 2ppm to 12.2%.

Materials and methods
The RockWorks software package calculates the
volume of minerals in two ways; one through the

borehole manager window, the I-data menu, the
volumetrics submenu, and four other paths in the
utilities window called Ez-volume, 2D (grid
model), grade block model grade thickness (GT)
grid, and compute grade-thickness volume & mass
which comprise subsets of volumetrics main menu.
In all cases, the average density of the mineral was
considered to be 2.65 g/cm®. Also, the SGeMS
software (Remy et al., 2009) outputs were used in
order to obtain more accurate estimation of grade
and tonnage of the deposit, if required, for
estimation of parameters such as search radius. In
this research, the values of the search radius
corresponding to the measured, indicated and
inferred reserve categories were assumed to be 50,
130 and 433 m, respectively. For the North-
Narraghi copper deposit, six cutoff grades of 1000,
1500, 2000, 2500, 3000 and 3500ppm were
defined. In the 2D (grid model) method, the volume
of the mineral deposit was calculated by gridding
the thickness of the deposit. The cell size of
20*20*2m was selected and the number of data
involved to estimate each cell was chosen to be 3
based on the borehole distances and depth of drill
cores by trial and error.

To evaluate ore deposits, sometimes accumulation
parameter grade-thickness (GT) was used instead
of cutoff grade. In this operation, for each column
of cells within the primary grade model, the sum of
the GT values of the cells were calculated and
stored as GT values within the grid model. These
values of cellular GT are calculated by multiplying
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grade by thickness (height) of the cell. If the grade
value of a cell is less than the threshold value
defined by the user, the value for this cell will not
be taken into account in the total summation. If the
value of the final sum is lower than the threshold
defined by the user, the program will set the value
of the relevant grid to zero. The minimum
acceptable values for the studied ore grade for the
six defined cutoff grades of 0.1%, 0.15%, 0.2%,
0.25%, 0.3% and 0.35% and also, accumulation
threshold corresponding to the minimum
acceptable values of grade multiplied by the
minimum core length (0.1 m) was defined to be
0.01, 0.015, 0.02, 0.025, 0.03 and 0.035(m%),
respectively.

Results

The ore reserve calculated by 2D GT method
shows that the software output is slightly different
from that of other techniques. This method
calculates the net ore reserve for three categories of
"measured", "indicated" and "inferred" categories.
In this algorithm, reserve calculations for the study
area has not assigned any values for the "inferred"
reserve category. Moreover, no reserve has been
calculated for the "indicated" category by
increasing the cutoff grade value. In other words,
there is no reserve in the "inferred" category for the
various cutoff grades. There is no reserve even in
the "indicated" category for the upper limits cutoff
grade. This indicates the sensitivity of the applied
algorithm to the degree of reliability of the reserve.
Assay data modeling and ore reserve estimation
using the variety of methods that exist in
Rockworks for 6 cutoff grades of 1000, 1500,
2000, 2500, 3000 and 3500ppm show that in some
cases the results of various methods are very
different. In general, blocking through I-Data menu

and 2-D accumulation (2D GT) methods are more
accurate than the others available in Rockworks to
estimate the ore reserve of the study area. Overall,
reserve value was calculated about 500000 tonnes
with an average grade of 0.8% for cutoff grade of
0.1% (1000ppm) by averaging the ore reserve and
average grade of the deposit and using
conventional ore reserve estimation methods.

Discussion

The findings of the current investigation confirm
that the feasibility of achieving reasonable, valid,
and reliable results using a specialized software is
highly dependent on the knowledge and experience
of the user and the high degree of validity of results
is only obtained by the choice of appropriate
modeling methods as well as selecting suitable
parameters.

The results of this research study especially how to
select parameters in different parts of the software
can be generalized for modeling other metallic
deposits similar to the study area. However,
validation of modeling operation and the produced
models are highly dependent on the type and
amount of available exploration information.
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