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1. Introduction

Tectono-sedimentary basins represent fundamental geological units
that record the interaction between tectonic forces and sedimentary
processes over geological timescales. Accurate classification and

comparative analysis of these basins are essential for understanding

ABSTRACT

In this study, a data-driven framework has been developed for the introduction and classification
of tectono-sedimentary basins, implemented using the Python programming language in the form
of a specialized software tool named TSBP (Tectono-Sedimentary Basins Program). The primary
objective of this software is to provide an interactive platform for understanding the characteristics
of 32 basin types situated within five principal tectonic settings: divergent, convergent, intraplate,
transform, and miscellaneous—hybrid. The basin-related data compiled for this purpose encompass
structural, geochemical, and petrological characteristics, sedimentation rates, mineral resources,
and schematic diagrams. These data have been systematically gathered from reputable scientific
sources and organized into machine-readable, processable file formats. The TSBP software has been
designed utilizing specialized Python libraries and offers functionalities such as interactive search,
scientific data visualization, multi-basin comparative analysis, and data-driven diagram generation.
Performance validation through benchmarking tests and expert feedback indicates that this tool can
effectively serve as an educational, research, and exploration platform in the Earth sciences. The
integrative approach of this research—bridging geology and data science—lays the groundwork for

accelerating the identification and classification of sedimentary basin types across diverse regions.

crustal evolution, resource distribution, and geodynamic processes.
Traditional approaches to basin analysis often rely on qualitative
descriptions and static diagrams, which limit their capacity

for systematic and interactive comparisons. To address these
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limitations, this research introduces a computational framework
based on Python programming, aiming to provide an interactive
and flexible tool for classification, visualization, and comparative
study of tectono-sedimentary basins.

The main objectives of this study are as follows:
1. To design and implement a Python-based software framework
2. To compile geological, geochemical, structural, and
sedimentological data from reliable scientific sources and structure
them into a unified dataset.
3. To facilitate interactive classification and comparison of basin
types across five tectonic settings: divergent, convergent, intraplate,
transform, and hybrid/miscellaneous regimes.
4. To enhance the integration of geosciences with data science

through a modular, user-friendly computational tool.

2. Research methodology

The TSBP software was developed using Tkinter for graphical
user interface (GUI), Pandas for data processing, Pillow for image
visualization, and python-docx for document handling. A dataset
of 32 basin types was compiled, each characterized by multiple
geological attributes such as crustal thickness, subsidence rate,
lithology, geochemistry, volcanic activity, and mineral potential.
Data were extracted from peer-reviewed articles, geological
surveys, and textbooks, and organized into Excel tables, symbolic
figures, and reference files. Validation was performed by comparing
software outputs with original datasets and through feedback from

geoscientists and educators.

3. Results

The developed framework provides users with an interactive
environment where tectonic settings and basin types can
be selected via intuitive menus. For each basin, detailed
information—including structural processes, lithological and
geochemical data, depositional characteristics, and economic

potential—is displayed alongside symbolic figures. The program

also enables simultaneous comparison of multiple basins,
visualization of morphologies, and retrieval of references for
further study. Validation confirmed the accuracy and reliability
of data integration, while expert feedback emphasized the tool’s
usefulness for teaching, research, and preliminary exploration

studies.

4. Discussions

The integration of computational tools with geological data
represents a significant step forward in basin analysis. Compared to
traditional methods, TSBP offers:

* Higher efficiency and accuracy through automated data handling.
» Flexibility and scalability due to its modular Python-based
structure.

» Educational and exploratory value by supporting interactive
visualization and comparison.

However, the current framework also faces limitations, such
as dependency on input data quality and lack of advanced three-
dimensional or time-dependent modeling. Future enhancements
could include automated chart generation, machine learning-based
basin classification, and synchronization with global geoscience

databases (e.g., OneGeology, EarthChem).

5. Conclusion

This study demonstrates the successful development of TSBP, a
Python-based software for the classification and characterization
of tectono-sedimentary basins. By combining geological expertise
with modern programming capabilities, the framework enables
accurate, interactive, and comparative analysis of basin types. The
results confirm that the tool can significantly improve educational,
research, and exploration processes. With its modular and extendable
architecture, TSBP sets the stage for future advancements such
as Al-assisted basin classification and real-time geoscience data
integration, making it a valuable resource for students, researchers,

and industry professionals in the field of Earth sciences.
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Table 1. Classification of sedimentary basin types based on their tectonic setting.

The Excel file named "table.xlsx" contains 32 sedimentary basins categorized ac-

cording to five tectonic regimes: divergent, intraplate, convergent, transform, and

miscellaneous-hybrid settings.

Tectonic setting

Basin type

Divergent
Divergent
Divergent
Divergent
Divergent
Divergent
Divergent
Intraplate
Intraplate
Intraplate
Intraplate
Convergent
Convergent
Convergent
Convergent
Convergent
Convergent
Convergent
Convergent
Convergent
Convergent
Convergent
Convergent
Convergent
Convergent
Convergent
Transform basin
Transform basin
Transform basin
Miscellaneous basin and hybrid basin
Miscellaneous basin and hybrid basin
Miscellaneous basin and hybrid basin

Nascent ocean basin
Oceanic basin
Passive margin
Proto-oceanic troughs
Rift basin
Aulacogen
Continental platform (shelf)
Continental sag basin
Dormant oceanic basin
Intracratonic basin
Intraplate continental margin
Accretionary complex
Back arc basin
Fore-arc basin
Foreland basin
Peripheral foreland basin
Retro-arc foreland basin
Collision broken foreland
Hinterland basin
Intramontane basin
Intra-arc basin
Obducted slabe
Piggy back basin
Trench-slope basin
Trench
Successor basin
Transtentional (strike-slip) basin
Transpressional basin
Transrotational basin
Impactogene
Halokinetic basin
Bolide basin
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Figure 1. An example of the illustrations used to depict different types of
sedimentary basins, representing a transtensional basin formed within

a transform tectonic setting (Wu et al., 2009). Similar figures have been

prepared for each of the sedimentary basins categorized in this study.
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Welcome to the Tectono-sedimentary Basin Program (TSBP)!

This program is created by M.R. Sheikholeslami, Research Institute for Earth Sciences, Tehran, Iran,
in collaboration with Copilot. It classifies tectonic basins and presents their key characteristics.
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Figure 2. The main interface of the program, including an introduction and the primary

menus. In this example, the Intraplate tectonic site is selected.
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Welcome to the Tectono-sedimentary Basin Program (TSBP)!

This program is created by M.R. Sheikholeslami, Research Institute for Earth Sciences, Tehran, Iran,
in collaboration with Copilot. It classifies tectonic basins and presents their key characteristics.
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Figure 3. The stage of selecting the sedimentary basin type to access basin information, symbolic
representation of the basin, and the sources used for basin classification. In this example, the

Intraplate tectonic site is selected.
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Figure 4. Displaying the characteristics of the selected sedimentary basin by pressing the “Show Basin
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his program is created by M.R. Sheikholeslami, Research Institute for Earth Sciences, Tehran, Iran,
in collaboration with Copilot. It classifies tectonic basins and presents their key characteristics.
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Figure 5. Displaying the characteristics of the selected sedimentary basin by pressing the “Show Symbolic Figure”

button.
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