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1. Introduction

Themodelsbased onexploration features include the mineralization
properties. One of these essential layers is geochemistry. In the
scale of reconnaissance or regional exploration, the proper data

that could be used is the stream sediment samples to analyze

ABSTRACT

In this systematic exploration, Python and Python-GIS programming environments serve as
valuable tools for developing automatic algorithms for analyzing and processing discovery layers.
In this study, a fractal-wavelet classifier was designed in the Python environment and subsequently
implemented as a plugin in QGIS. The geochemical data of stream sediments, and in some cases Lith-
geochemical data from the metallogenic area of the Tarom zone in northwest Iran, are used as input to
identify potential areas promising for REE mineralization, particularly in the form of iron apatite. The
program pre-processes and analyzes the geochemical layer within the GIS environment to delineate
and classify these potential zones from the background. Additionally, it generates fractal diagrams,
calculates breakpoints, and saves the results in user-specified formats such as images and Excel
files. The fractal output diagrams display breakpoints related to the threshold boundaries between
anomalous and background populations, aiding final classification. To optimize threshold selection,
the relevant values suggested by experts are provided for application in the final classification, along

with possible troubleshooting steps.

elements’ mobility and concentration behavior in a catchment
basin. Therefore, suits of nominated elements based on the
exploration model and the target mineralization apply to classify

the anomalous catchment basin from the background. All this
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progress is performed on the spatial data on stream sediment
samples in the catchment basin. So, it should be used as the layer
in the GIS environment. The mathematical calculation, statistical
process, fractal analysis, signal processing, and other steps should
be performed on the data during the classification process to
prepare the result as an exploration feature for the exploration
model. These steps make the progress more complicated.
Hence, as a modular programming environment that should be
compatible with GIS programs, especially QGIS, the Python
program helped make the progress automatic and comfortable.
The algorithm Implementation program as Python codes based
on proper libraries could be used in an independent and unique
GUI or as a Plugin in QGIS. The main algorithm performed in
this study program was a fractal wavelet, already used to detect
geochemical anomalies.

The Tarom district is part of Zanjan province (NW Iran), a
part of the Tarom-Hashtjin metallogenic belt by an NW-SE trend.
The outcrops of this region are primarily Tertiary intrusive and
volcanic rocks. This mountain range is associated with layers such
as pyroclastic and volcanic rocks. Most rock types are andesite
and rhyolite, with low volumes of basaltic units. (Nabatian et
al., 2012; Shahbazi et al., 2021). In this area, Eocene volcanic
masses were intruded by a 3—5 km wide and 10-15 km long NW-
SE trending intrusions of Upper Eocene quartz-monzonites to
quartz, monzodiorites, and monzogranites. The plutonic bodies
are metaluminous I -type granitoids with calc alkaline affinity
(Nabatian et al., 2014). There are iron oxide-apatite (IOA) ores,
including Sorkheh-Dizaj, Aliabad, Morvarid, Zaker, Golestan
Abad, Zarnan, Chorehnab (Figl). These deposits are hosted by

quartz-monzonites, volcanic, and volcanoclastic rocks.

2. Research methodology

In this study, 753 stream sediment samples were collected based
on a stream network sampling (Fig. 2) in Tarom area 1:100000
sheet located in the Zanjan province (NW Iran) and analyzed for
42 related elements using the ICP-MS and XRF methods by the
geological survey of Iran Laboratory. The location of the collected
samples was depicted in Fig 3, overlayed by the nominated geo
units. The program performs the fractal calculation on all input
elements. Still, for the detection of REE minerals anomalies in the
Iron apatite mineralization type in this study, the geochemical suit
related to the exploration model of Iron-apatite includes 14 REE
elements (Ce, La, Nb, Sc, Y, Zr, U, Th, Ti, V, Fe, P) nominated and
studied. The FFT/IFFT has been utilized in signal processing and
time series analysis (Cheng et al., 1999; Zuo, 2011; Chen et and
Cheng, 2016; Zuo and Wang, 2016; Afzal et al., 2017). Functions
for density of spectral energy demonstrate the distribution of

power spectrum in a frequency domain. The advantage of this

operation is that some complex processes in a spatial domain for
correlation analysis, transformation, and filtering can be simplified
in the frequency domain (Cheng, 2007).

The wavelet thresholding filtering is routinely applied as
an approach to threshold coefficients by comparing them with
a predefined threshold value, motivated by the compression or
sparsity property of Wavelet Transformation (WT) that, for most
signals, a few large wavelet coefficients can capture a significant
fraction of the signal energy (Donoho and Johnstone, 1994; Mallat,
1999). The power-law model is generally supposed to lie at the
origin of fractals. It has been proven that fractals/multifractals
are an effective physical mechanism for explaining and modeling
the singular distribution of nonlinear processes (Cheng, 1999;
Turcotte, 1997).

The wavelet-fractal analysis was applied to geochemical data
from the Ipak area in 2021 using the Sym8 wavelet. In 2022, the
same method was employed to classify alteration zones in the
Tarom area based on Landsat 8/OLI images. Following these
studies, the original MATLAB codes were converted and developed
into the Python environment to create a unified program, enabling
its widespread application in GIS environments, particularly as
a plugin for QGIS. Initially, the codes were used to generate a
standalone program with a PyQt graphical user interface (GUI),
as illustrated in Fig. 4, and subsequently integrated into QGIS as
a plugin. The front-end (GUI) of the program is shown in Fig. 4.

3. Results and Discussions

The program used stream sediment data analysis as a standard
sheet form in Iran’s Geological Survey and Mineral Exploration
(GSI). The sheet file should be in the format of CSV or XLS. A
sample of standard sheets and their column titles is shown in Fig
4. The algorithm of the Fractal-Wavlet-Classifier (FWC) based on
Python for the GIS environment also has an option to calculate
the fractal process, drawing the fractal plots using the Matplot
Python library and then calculating the fractions using suitable
periods and proposing the line of populations. The algorithm
didn’t work correctly on pipe fitting to the fractal plot, and the
population lines didn’t provide suitable. So, we must develop
significantly in drawing the fitted population lines to fractal plots.
However, the fractions were calculated accurately and satisfied
the results. The results were also checked manually. Some of the
fractal results plots drawn by the FWC-Python are depicted in Fig
6. Also, another option was added to the FWC-python program for
the final results of thresholds and cut of grades of elements to save
in a CSV file with all necessary values and pair values of actual
grades in the same folder of output plots. The program was also
added to QGIS using an executable link from the FWC-python.
The Plugin is named as FWC.
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4. Conclusion

The result of the program calculation and outputs were checked
by applying the thresholds to the geochemical anomalies map,
and then end member rock samples were collected during
the field anomaly checking operation overlaid in the QGIS
environment. The samples were collected from high-potential
Iron-Apatite as the main mineral target, such as mines, ore
deposits, and high-grade indexes. The Correlation between

FWC-python program results and anomaly checking/Iron-
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Apatite samples (Fig 8). The results show high correlation
and the suitable accuracy of the automatic FWC-python

algorithm.
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Figure 4. The face of the program front-end Graphical User Interface (GUI).
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Figure 6. Flowchart of the fractal-wavelet classification algorithm execution process.
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Figure 7. Single-element maps related to the generation of a two-dimensional image model of single-element values for REEs belonging to the

selected elements group: A) element Ce, B) element La, C) element Nb, D) element Sc, E) element Y, F) element Zr,
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Continued from Figure 7. Single-element maps related to the generation of a two-dimensional image model of single-element values for REEs

belonging to the selected elements group: G) element U, H) element Th, I) element Ti, J) element V, K) element Fe, L) element p.
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Figure 8. A) Some of the fractal results plots drawn by the FWC-Python for a number of elements, B) The

final results of drawing fractal diagrams.
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locations for sampling. NE Zanjan Province.
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Figure 10. The Correlation between FWC-python program results and anomaly checking of iron-apatite

samples, NE Zanjan Province.
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Table 1. The anomaly checking results for validating the study process results.
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