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Extended Abstract

Introduction

Modeling the spatial distribution of grade and reserve estimation are the most important issues and the main
goal of exploration operation. This kind of modelibgpending on the amount, type and method of carried

out exploration works and available exploration information, is performed using various methods. In the
following situations, underground exploratory works such as exploration tunnels are carriedvetticél

or steep slope mineral deposits,ni@ountainous geomorphology with high altitudes and rough topography,

3- difficult or impossible situation of drilling, and-4ery high thickness or volume of overburden on the
mineral deposit. In fact, in suclrditions, for the most of mineral deposits there is continuity in the vertical
direction whereas the changes are mostly along the horizontal surfaces. In the present research, block
modeling and geostatistical reserve estimation of the EmarahRlepodilocated in the Markazi province

have been carried out using lagging method with a different approach and a delicate technique. To
achieve the goal, firstly, processing, modeling and geostatistical estimation of tefal Bfsay data
obtained from eploratory tunnels drilled at the various elevation levels were performed adinvemsional,
separately. Then, using the gained results, tieensional estimation process for whole of the deposit was
done. Such an approach for geostatistical estimatiorm deposit grade and reserve discovered by
underground exploratory works, has not been reported in any research before.

Materials and Methods

Study deposit and available exploration data

The Emarat P{Zn deposit is located about 45 km southwest of Atiik between longitudes 49°30' to
49°45' East and latitudes 33°45' to 34°0' North, in an area with the altitude of 2,180 m above sea level. The
topography of the Emarat region is very uneven. Uniform stratigraphy, severe folding, absence of igneous
rocksand stratibanding are the geological characteristics of the region, with the strike of folding conforming

to the trend of the Zagros folding. The EmaratAapbdeposit is located on the Sanar8ajan tectonic zone

and the Malayeisfahan lead and zinc rredlogenic belt. The geological units of the region are generally
carbonate, shale, and marl sedimentary units from the Jurassic to Cretaceous periods, with folding and
faulting, which are composed of steep slopes. In general, the EmaZatddposit is aynclinorium trending
northwestsoutheast, with a length of 1.5 km and a width ranging from 250 to 850 m. In the Emarat deposit,
lead and zinc minerals are located within a calcareous siliceous layer interface of a dark gray massive
limestone band in thimotwall and a Cretaceous shale layer in the hangialy This formation belongs to

the lower or middle Cretaceous.

Citation: Ahmadi R. and AhmadiM.S., 2025. Estimation of crossectional kriging for modeling and evaluation of ore
reserve Res.Earth. Sci:16(1), (82-103) DOI: 10.48308/esrj.2024.236155.1229

* Corresponding authoE-mail addressR_ahmadi@ Arakut.ac.ir

@ ® Copyright: © 2025 by the authors. Submitted for possible open access publication under the terms and conditions of the Creative
BY Commons Attribution (CC BY). licensehftps://creativecommons.org/licenses/by/4.0/ ).


https://doi.org/10.48308/esrj.2024.236155.1229
http://orcid.org/0000-0002-3353-9235
https://creativecommons.org/licenses/by/4.0/

AY ] soesl g soe! S 0,3 bl g gildas jshaie 4 ablie o S pess

In the Emarat PIZn deposit, many activities containing drilling of horizontal explorat@xploitational
tunnels and crosscuts with a total length of 11,000 m in six elevation levels with adiégyetce of about
10 m have been carried out, whereas 1,23Z®hssay data of samples taken from the tunnels are available.

Cross-sectional kriging method

From the dimensional viewpoint, in the case of mensional acquisitioned data, such as adgsag of

surface samples, processing operation and geostatistical estimation with Kriging method is done as two
dimensional. There are also cases in which, although the data acquisition-githeasional, it is better to
perform the geostatistical estition first on twedimensional surfaces, then the estimation results obtained
from different levels are combined with each other and the final-tireensional model is produced. This

type of kriging estimation is called cressctional kriging, which cahe done along a series of horizontal

or vertical sections. Of course, its use in horizontal sections is more logical and desirable. Since in such cases
there is practically no sample and consequently no data in the gap between two consecutive adig@esnt sur

and all processed and estimated data is related to samples taken fraimemsional surfaces, therefore,

the distance and spatial relationship of the data at each level is higher. So that the continuity of the deposit
is better revealed at eactvég.

Log-Kriging method

If the statistical distribution of the used data is not normal, linear kriging estimation methods cannot be
employed, because in this case, there wi berrelation between variance and mean and psaugmtropy

appears in the strike variograms. In such conditions, it is better to normalize the data with a suitable
transformation method such as logarithmic so that linear methods can be used for estiNetio the
estimation operation is applied on the logarithm of data with the ordinary (or simple) kriging method, and
then the estimated values are converted to real values with an inverse transformation.-lilsndériging

method is called logriging.

Results and Discussion

Based on the statistical processing of total#ibassay data for the elevation levels of 2032, 2024, 1998,
1988, 1978 and 1961968 m separately, data distribution was known lognormal, normalized with two and
three parametelsgarithmic transformation. Also, plotting standard deviation against the totzhRissay

data of the various elevation levels revealed dependence of the variance with mean. To analyze the spatial
structure of the region, horizontal strike variogramshveizimuths ranging from 25 to 135 degrees were
drawn for each elevation level separately, as well as two better horizontal variograms in perpendicular
directions were selected. Due to the lognormal distribution of the assay data, to avoid the appearance of
pseudeanisotropy, the variography was performed for the transformed total lead and zinc assay data. All
theoretical variogram models fitted over empirical variograms are spherical type, and strike variograms in
various directions have the same sill buffedlent ranges. Therefore, the studied area has geometric
anisotropy. Using variography of the different elevation levels and determination of ellipse search radii,
grade of each elevation level was estimated with geostatisticatseotienal logkriging method for 10 by

10 m blocks as well as isograde map from estimation process was drawn. According to the isograde maps at
most elevation levels of the Emarat-Pb deposit, the mineral deposit grade in the eastern half is higher
than the western part. #frward, the estimation process was validated through-gedskation approach

with the weltknown jackknife method and kriging estimation error maps of each elevation level. In such
validation method based on the variogram model, each time one of thtedaa (known) is estimated
through the Kriging method using neighboring samples around that sample, while the estimated values are
compared with the actual ones. In other words, any known data is estimated by assuming that its value is
unknown. In this egard, the determination coefficient of regression between actual and estimated grade
values in all cases except elevation level of 2024 is more than 0.5, indicating good correlation between the
data. Thus, the estimation has a good validity.

To create blok model of the deposit, a prototype grid model with size of 1110x530%x265 m, cell size of
10x10x10 m and estimated assay data of different elevation levels through the advanced inverse distance
weighted (AIDW) algorithm, was used. The size of blocks watcs€0*10*10 m based on the size and
extension area of mineral deposit in each elevation level, as well as distance of the elevation levels. In AIDW
algorithm, it is possible to weight the distance with different powers in various directions. In this case
weights of two and one were assigned to the data in the horizontal (exploration tunnels at each elevation
level) and vertical directions (distance between different elevation levels) respectively, due to greater variety
in the horizontal direction. At thend, different categories of proven, probable and prospected reserves were
determined for seven coff grades of 4, 4.5, 5, 5.5, 6, 6.5 and 7 percent.
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According to the tonnaggrade diagram of the total deposit for different categories of proven, jeotad
prospected reserves, the proven reserve and related average grade diagrams reveal little changes for various
cut off grades locating a short distance from each other. The low changes and almost horizontal state of both
two graphs are due to the higptal grade of lead and zinc in the proven reserve category, discovered using
more exploration activities with less estimation error.

Conclusion

In this research, a new approach was used for geostatistical estimation of grade and ore reserve rmtthe Ema
Pb-Zn deposit. To achieve the goal, based on data mining of different elevation levels of the deposit, first a
2D geostatistical estimation was carried out using the «essonal logkriging method for each elevation

level, separately. Afterward, 3Block model of the deposit was created. In fact, in this study, the exploration
data available on horizontal surfaces at the different elevation levels of the Em&tatdeiposit were
generalized to 3D space through variography and 2D geostatisticaagsti, by creating block model. The
results of the research show that in some cases according to the conditions of the studied deposit and type of
carried out exploration activities, modeling and estimation of ore reserve is possible more simply with
optimal accuracy through the relatively new and accurate geostatistical methods. This scenario was
performed by the approach of dimension reduction of estimation space and then converting the estimation
space from two to three dimensions. The results of dssarch will be useful for all earth sciences users,
including geologists, mining exploration and exploitation engineers.

Keywords: Crosssectional logkriging, Geostatistical estimation, Elevation level, Tunnel, EmaraZiPb
deposit
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deposit Melakpour, 2008
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Table 1 Statistical parameters of total lead and zinc assay data at different elevation levels.

Elevation Min Max Mean

Median

Mode

Variance S.D. C.V.

level Number (%) (%) (%) (%) (%) ® (%) (%) Skewness  Kurtosis
19641968 268 0.950 28.590 9.023 7.980 - 38.708 6.222  0.690 1.014 0.557
1978 304 0.440 26.020 9.133 7.765 - 32.605 5710 0.625 0.912 0.584
1988 282 0.230 30.880 8.281 6.400 - 36.450 6.037  0.729 1.194 1.064
1998 292 0.810 42.270 9.248 7.540 7.250 44.842 6.696 0.724 1.629 3.848
2024 68 1.280 26.430 9.429 8.275 - 32.274 5.681 0.603 1.164 1.081
2032 24 1.320 21.120 9.891 10.460 11.470 30.200 5495 0.556 0.333 -0.205
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Fig. 4: Histogram and cumulative probability distribution of total lead and zinc assay data for three elevation

levels of 19641968, 1978 and 1988 m.
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Table 2 Statistical parameters of converted total lead and zinc assay data

Elevation Number Min Max Mean Median Mode Variance S.D. C.V. Skewness Kurtosis
level (%) (%) (%) (%) (%) (G (%) (%)
11%6643; 268 -0.051 3.353 1.940 2.077 0.588 0.767 0.395 -0.402 -0.396
1978 304 -0.821  3.259 1.988 2.050 0.530 0.728 0.366 -0.714 0.603
1988 282 -1.470 3430 1.839 1.856 - 0.622 0.789  0.429 -0.542 1.047
1998 292 -0.211 3.744 1.976 2.020 1.981 0.537 0.733 0.371 -0.280 -0.049
2024 68 3.269 3.940 3.527 3.505 - 0.024 0.155 0.044 0.799 0.231
2032 24 4,148 4.420 4.272 4.283 4.297 0.006 0.076 0.018 0.159 -0.383
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Table 3 Characteristics of strike variograms of total lead and zinc assay data at different elevation levels.

Elevation Azimuth  Variogram Lag distance Angular tolerance Nugget effect Sill Range > RSS
level (Degree) model (m) (Degree) P) P) (m)
1964 45 Spherical 90 37 0.050 0.580 18 0.709 0.273
1968 135 Spherical 90 37 0.010 0.620 18 0.709 0.284
1978 45 Spher!cal 81 40 0.000 0.540 25 0.723 0.163
135 Spherical 81 40 0.030 0.470 21 0.751 0.154
1988 50 Spher@cal 40 40 0.001 0.590 12 0.810 0.249
135 Spherical 50 40 0 0.560 13 0.670 0.562
1998 45 Spherical 90 40 0 0.560 23 0.840 0.138
135 Spherical 90 40 0.040 0.555 23 0.840 0.146
2024 25 Spher!cal 70 40 0 0.024 28 0.450 0.00037
130 Spherical 50 40 0.004 0.030 20 0.494 0.0019

2032 110 Spherical 70 25 0.0005 0.0072 28 0.596 0.000068
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Table 4 Results of estimating different reserve categories of the Emaiab b posit for various cut off grades
based on the relative estimation variance criterion

Cut-off grade (%)

Proven reserve (ton) Probable reserve (ton) Prospected reserve (ton)

4 275596.893 130200.628 78893.097
4.5 275596.893 129822.075 63903.501
5 275596.893 129415.219 51808.521
5.5 275596.893 127658.374 36758.075
6 275596.893 118529.534 28846.896
6.5 275596.893 105156.689 20512.788
7 274781.894 90437.684 17195.272
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1-MississippiValley Type MVT)
2-Log-kriging

3-Indicator kriging
4-Disjunctive kriging
5-Determination coefficient
6-Residual Sum of Squares
7-Crossvalidation

8-Jackknife
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