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' Knowledge-driven

' Data-driven

¥ Hybrid

¥ Continuous

® Logistic functions

* Discretization

¥ Exploration bias

* Geological complexities
* Improveved neuro fuzzy network
' Mathematical functions
" Random Forest (RF)
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' Prediction-area (P-A) plot
' Receiver operating characteristic (ROC)
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' Atmospheric and topographic correction (ATCOR)
" Internal Average Relative Reflectance

¥ Band ratio

¥ Principle component analysis (PCA)

® Ninomiya index
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' Aqua regia

" Inductively coupled plasma optical emission spectrometer (ICP-OES)
" Normalized density (Ng)

¥ Area under curve (AUC)
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' Particle swarm optimization (PSO)
¥ Synapses
¥ Multilayered perceptron neural network (MLPNN)
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' Supervised learning

" Unsupervised learning
¥ Training

¥ Learning

® Generalization

* Prediction
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' Neural network architecture
¥ Activation function

¥ Input layer

¥ Output layer

® Hidden layer
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' Feed-forward networks

¥ Feed-backward (recurrent) networks

¥ Single layer perceptron

¥ Radial basis function neural network (RBFNN)
® Competitive networks

* Kohonen network

¥ Hopfield network

* Bias (offset)
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' Activation function
¥ Transfer function
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' Cell body
¥ Soma

¥ Dendrite
¥ Axon
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¥ Batch

¥ Cost function

¥ Error function

® Mean squared error (MSE)
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¥ Test dataset
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¥ Mean squared error (MSE)
& Over fitting

* Early stopping
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Base

Xcoord
526434.98
526405.22
526404.54
526393.82
526389.07
526366.96
526340.05
526346.47
526351.90
526345.65
526336.07
526318.04
526350.88
526365.14
526363.89
526376.48
526377.54
526381.71
526386.84
526389.00
526382.01
526397.45
526413.86
526412.75
526412.38
526413.97
526417.43
526416.73
526435.51
526434.98
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Ycoord
4031670.18
4031670.05
4031709.64
4031732.23
4031761.75
4031776.67
4031793.45
4031822.68
4031836.32
4031854.54
4031874.27
4031882.40
4031884.94
4031894.12
4031914.89
4031901.92
4031874.54
4031857.55
4031841.51
4031823.91
4031804.22
4031787.71
4031772.99
4031763.50
4031736.21
4031727.60
4031704.77
4031683.16
4031690.96
4031670.18

Elevation
2519.414
2513.781
2511.479
2514.650
2516.774
2518.704
2525.047
2525.359
2524.829
2525.641
2532.451
2537.560
2521.359
2511.308
2497.263
2500.853
2500.906
2499.604
2499571
2498.726
2498.821
2500.225
2501.161
2501.691
2502.440
2502.936
2505.276
2507.982
2509.958
2519.414

Gravity Obs.
5339.313
5340.419
5341.154
5340.445
5339.053
5339.369
5337.926
5337.869
5337.843
5337.459
5335.072
5334.446
5338.170
5340.472
5343.843
5343.111
5343.114
5343.431
5343.442
5343.640
5343.443
5343.251
5343.162
5342.993
5342.665
5342.543
5342.023
5341.272
5340.952
5339.044

S.D.
0.004
0.005
0.007
0.007
0.003
0.005
0.008
0.008
0.010
0.012
0.008
0.023
0.010
0.025
0.006
0.008
0.007
0.006
0.012
0.004
0.011
0.017
0.013
0.009
0.005
0.020
0.017
0.007
0.004
0.004

Time
09:13:54
09:19:46
09:24:53
09:30:07
09:33:02
09:36:13
09:39:40
09:44:29
09:48:21
09:53:49
09:57:24
10:03:04
10:12:42
10:17:15
10:26:13
10:28:57
10:32:49
10:35:53
10:38:46
10:42:00
10:44:55
10:48:41
10:50:12
10:52:44
10:55:45
10:57:56
11:01:29
11:04:16
11:07:08
11:12:21

Y-

Drift Rate
-0.1363
-0.1363
-0.1363
-0.1363
-0.1363
-0.1363
-0.1363
-0.1363
-0.1363
-0.1363
-0.1363
-0.1363
-0.1363
-0.1363
-0.1363
-0.1363
-0.1363
-0.1363
-0.1363
-0.1363
-0.1363
-0.1363
-0.1363
-0.1363
-0.1363
-0.1363
-0.1363
-0.1363
-0.1363
-0.1363

Elapsed Time
0.0000
0.0978
0.1831
0.2703
0.3189
0.3719
0.4294
0.5097
0.5742
0.6653
0.7250
0.8194
0.9800
1.0558
1.2053
1.2508
1.3153
1.3664
1.4144
1.4683
1.5169
1.5797
1.6050
1.6472
1.6975
1.7339
1.7931
1.8394
1.8872
1.9742

Drift Correction
0.0000
-0.0133
-0.0249
-0.0368
-0.0435
-0.0507
-0.0585
-0.0695
-0.0782
-0.0907
-0.0988
-0.1117
-0.1335
-0.1439
-0.1642
-0.1704
-0.1792
-0.1862
-0.1927
-0.2001
-0.2067
-0.2153
-0.2187
-0.2245
-0.2313
-0.2363
-0.2443
-0.2506
-0.2572
-0.2690

Corrected Gravity
5339.313
5340.432
5341.179
5340.482
5339.096
5339.420
5337.985
5337.938
5337.921
5337.550
5335.171
5334.558
5338.304
5340.616
5344.007
5343.281
5343.293
5343.617
5343.635
5343.840
5343.650
5343.466
5343.381
5343.217
5342.896
5342.779
5342.267
5341.523
5341.209
5339.313
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Abstract

Due to the presence of several small to large chromite mines and its favorable geological
makeup, the Sabzevar Ophiolitic Belt is one of the best endowed chromite belts in Iran.
This study used and adapted mineral prospectivity mapping technology to better define and
understand the spatial distribution of podiform chromite mineralization at the regional
and local scales. The first step in achieving these aims was to translate all features
related to chromite mineralization into separate data layers and combine these in
the geographical information systems environment using a variety of techniques. Since
random and systematic errors resulting from expert judgment and exploration bias cause
uncertainty and low reliability of prospectivity models, this study adopted continuous
and improved data-driven methods to identify exploration targets. To this end, regional
and local exploration criteria were identified based on a mineral systems analysis of
the podiform-type chromite deposits as well as a review of the available exploration
data. Next, the predictive patterns related to chromite mineralization were elicited and
weighted continuously. At the regional scale, receiver operating characteristics curves and
prediction-area plots were employed to measure the degree of spatial association between
continuously-weighted evidence maps and chromite mineralization. The results indicated
that the evidential maps used in this study are significant predictors and play an important
role in the generation of the overall mineral prospectivity model. In addition, the predictive
patterns related to chromite mineralization were weighted discretely, for comparison with
continuously-weighted predictive patterns, and evaluated after integration of the layers.
Data-driven neuro-fuzzy network and random forest methods as well as mathematical
functions were utilized to integrate continuously-weighted evidence maps at the regional
scale. Moreover, discretely-weighted spatial evidence values were also integrated using
a neuro-fuzzy network approach. The results of this study demonstrate that the performance
of the neuro-fuzzy targeting model, generated with continuously weighted spatial evidence
values, is superior to that of the neuro-fuzzy model, generated with discretely weighted
exploration evidence data. Amongst the regional scale prospectivity models, the random
forest model performed best and, thus, was deemed most appropriate for selecting a
chromite district for detailed prospectivity mapping at the local scale. Last but not least,
an improved prediction-area plot was developed for evaluating the performance of
spatial evidence maps and prospectivity models. The advantage of this new performance
evaluation tool over existing methods is its capability to simultaneously consider
three important input criteria, including (1) prediction rate of mineral deposit locations,
(2) prediction rate of non-deposit locations, and (3) area occupied by exploration targets in
the evaluation scheme. In this study, fuzzy gamma and geometric average operators were
utilized to integrate continuously-weighted evidence maps for determining the best suitable
collar locations for borehole testing of identified local-scale targets. Since chromite
prospective tracts derived from the geometric average prospectivity model are smaller than
those derived from the fuzzy model, the probability of boreholes intercepting chromite
mineralization is higher in the geometric average than fuzzy model.

Keywords: Sabzevar Ophiolite Belt, Podiform-type chromite, Mineral prospectivity
mapping, Improved prediction-area plot, Mineral system analysis, Neuro-fuzzy network,
Random forest.
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