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ABSTRACT

One of the main objectives of mineral exploration is the identification of anomalies within various geological
datasets, including geochemical data. Anomaly detection can be achieved through multivariate analysis. This
objective can be realized using anomaly detection algorithms in data mining approaches. While many of
these algorithms are effective for smaller datasets, they encounter challenges regarding memory allocation
and computation time when applied to large datasets. The Isolation Forest approach addresses this issue by
isolating sample points. This study utilized the Isolation Forest method as an anomaly detection algorithm to
isolate and differentiate anomalous populations in 149 surface soil samples from the Northern Dalli area.
Additionally, by applying the fractal (grade-area) method to geochemical halos of gold and copper, several
populations with threshold values ranging from 1633 to 2717 ug/g for copper and from 22 to 734 ug/g for
gold were identifiable. The performance of the Isolation Forest model in detecting gold and copper
anomalies was evaluated using the area under the ROC curve, and favorable results were obtained. The
outcomes of this method exhibited significant overlap with magnetic potential areas and geological factors
previously noted in the region. Therefore, the isolation forest method modeling can effectively produce high-
accuracy mineral potential maps.
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1- INTRODUCTION

Identifying geochemical anomalies has always been fundamental in mineral exploration as it
helps delineate target areas for detecting various mineral deposits. Consequently, the processing of
geochemical data is deemed critical [1,2]. Many statistical methods for identifying geochemical
anomalies typically require specific ideal assumptions, such as a normal distribution [3]. However,
due to the complex geological processes occurring at various spatial and temporal scales, high-
dimensional geochemical patterns exhibit non-linear characteristics [4]. Therefore, classical
methods hinder the direct recognition of geochemical anomalies.

Over the past few decades, extensive efforts have been made to discover complex, non-linear
geological and geochemical data patterns for mineral potential mapping. These efforts include the
application of supervised classification algorithms such as random forests, support vector machines,
and neural networks [5]. The isolation forest algorithm offers a method for detecting anomalies
based on a set of trees [6]. Building a model to describe the geochemical background for anomaly
detection is challenging due to geological complexities. The isolation forest method effectively
extracts multivariate anomalies from large volumes of high-dimensional geochemical data with
unknown population distributions [7]. Considering the complexities and non-linear relationships
among the available data, this study employed the isolation forest method to model geochemical
data and identify geochemical halos in the northern Dalli exploration area.

2- METHODS
2-1- Study Area

The study area is within the Urmia-Dokhtar magmatic arc at 50°19'E and 34°16'N. The host
rocks for mineralization range from diorite to quartz diorite porphyry [8]. To analyze the
distribution of gold and copper concentrations, 149 surface soil samples were collected from an
800%900-meter grid. The ICP-MS method was used for sample analysis and concentration
measurements.

2-2- Isolation Forest

In statistical analysis, if the samples of a region are considered a collection of cells, anomalous
cells correspond to outliers within the population, which can be identified using data mining
techniques. The anomaly intensity of each cell is directly related to the likelihood of mineralization
in that area. Therefore, generating an anomaly intensity map by identifying outliers can be a
potential map for the region [9]. Generally, ensemble algorithms are more popular and widely used
than non-ensemble algorithms due to their higher efficiency. Ensemble algorithms are categorized
into two main groups: Bagging and Boosting. Bagging, short for Bootstrap Aggregating, involves
repeated sampling with replacement from a single dataset. The isolation forest algorithm belongs to
the Bagging category. "isolation" refers to "separating one instance from others." This method
measures how isolated a data point is from the rest, with anomalies having the highest isolation
scores. Anomalous data points possess two characteristics: (a) they behave differently from most of
the data, and (b) they are rare within the dataset. Based on these properties, separators are used for
anomaly detection. A separator is created by randomly selecting a variable and then randomly
choosing a value between its minimum and maximum. A tree structure can represent separators
(nodes). In the isolation forest model, two parameters are critical: the subsample size (p) and the
number of trees (t). Empirical research shows that a subsample size of 256 provides sufficient detail
for detecting anomalies across a broad range of data, while an average path length for t = 100
achieves good convergence. Hence, these default parameter values are commonly used, as validated
by Wu and Chen (2018) in their study on geochemical anomaly detection [10].
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2-3- Fractal Method

Traditional methods based on classical statistics were long considered the sole approach for data
analysis. However, these methods have limitations, such as requiring normal distribution
assumptions, discarding some data as outliers, disregarding spatial distribution, and failing to
capture the geometric nature of anomalies [11]. These shortcomings led to the adoption of fractal
geometry to better represent the complexity of nature, using accurate data to distinguish populations
without statistical preprocessing, such as data normalization, which alters the data’s nature. Thus,
fractal modeling offers a more realistic representation [12].

The presence of geochemical anomalies generally increases the fractal dimension of geochemical
variables, enabling the distinction of various stages of element distribution based on fractal
dimension differences. This approach identifies anomalous populations, threshold values, and
background levels within a region. Multiple methods, including grade volume, grade area, grade
perimeter, power spectrum area, grade distance, and grade number models, are used to determine
the fractal dimension of geochemical patterns for separating anomalies from the background.

2-4- Grade-Area Model

This model describes the inverse relationship between grade and cumulative area for each grade
and higher values, as expressed in Equation .(1)

A(~ p)oop™” @

A(>p): The cumulative area is enclosed by contour lines where grades exceed a given concentration
p. D represents the fractal dimension for different ranges of p. By plotting the logarithmic

relationship of grade versus area, points where the slope of the curve changes indicate population
shifts, reflecting changes in geological conditions, particularly mineralization [13].

2-5- FINDINGS AND ARGUMENT

Using the isolation forest algorithm, model parameters were determined, and anomaly scores and
outliers for scores greater than 0.5 were identified using MATLAB programming. Figure 1 illustrates
the anomaly score distribution maps for gold and copper based on the isolation forest model.
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Figure (1): Anomaly score distribution maps for (a) gold and (b) copper based on the isolation forest model.

Logarithmic grade-area plots for Au and Cu were generated for anomaly separation using the
fractal method, and threshold values for each population were identified. Using the fractal
(grade-area) method to geochemical halos of gold and copper, several populations with threshold
values ranging from 1633 to 2717 pg/g for copper and from 22 to 734 ug/g for gold were
identifiable. Geochemical maps for gold and copper based on the fractal grade-area model are
shown in Figure 2.
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Figure (2): Anomaly score distribution maps for (a) gold and (b) copper based on the fractal grade-area model.

The ROC curve was utilized to evaluate the performance of the isolation forest method. In Figure 3,
the area under the curve (AUC) for gold and copper scores indicates that the isolation forest model
demonstrates acceptable performance compared to the fractal grade-area method. Thus, the
isolation forest model can be applied to generate mineral potential maps.
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Figure (3): ROC curve for isolation forest anomaly scores for Au and Cu.

3- CONCLUSIONS

The isolation forest and fractal grade-area methods were employed to separate anomalous
populations from background levels in surface geochemical data from the northern Dalli region.
The results show significant overlap between anomalies identified by these methods and andesite
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and quartz diorite porphyry rocks. Geophysical studies in the area also align well with the identified
halos. Ultimately, the isolation forest and fractal grade-area methods produced results consistent
with previous studies and the geological context of the mineralized zone.
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