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ABSTRACT

This review synthesizes the historical development, research methodologies, and current scientific
issues of tectonic physical simulation experiments, while also looking forward to future research
directions in the field. Since the early 19th century when James Hall first simulated fold formation,
the field has undergone a transition from qualitative studies to quantitative analysis. We analyze key
research and technological advancements across the early exploration, mid-term development, and
late maturation stages, with a particular focus on the introduction and application of the similarity
principles, as well as the incorporation of Particle Image Velocimetry (PIV) technology. Despite
significant progress, challenges remain in the selection of experimental materials, precise application
of similarity principles, and experimental precision. Future research should explore new materials,
interdisciplinary collaboration, and the application of big data technology to enhance the accuracy
and reliability of simulation experiments.
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1. INTRODUCTION

Geological structures, as direct manifestations of the Earth's surface morphology and crustal
movements, are central to the study of geology in terms of their formation and evolution processes.
To deepen our understanding of these complex natural phenomena, tectonic physical simulation
experiments have emerged as an essential tool for exploring the mechanisms of geological structures.
This paper aims to review the development history, research methods, and current scientific issues of
tectonic physical simulation experiments, as well as to look forward to future research directions in
the field.

Tectonic physical simulation experiments provide an intuitive and controllable means of research by
simulating the geological structure processes in nature. They not only assist scientists in validating
theoretical models but also reveal the intrinsic mechanisms of geological structure formation. With
technological advancements, modern simulation experiments can more accurately replicate
geological conditions, providing valuable experimental data for understanding crustal movements.
This review covers the three main developmental stages of tectonic physical simulation experiments:
early exploration, mid-term development, and late maturation. We will analyze key research and
technological progress in each stage, particularly the introduction and application of similarity
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principles, as well as the significant role of Particle Image Velocimetry (PIV) in simulation
experiments.

2. LITERATURE SEARCH METHOD

This study aims to comprehensively collect academic literature related to tectonic physical simulation
experiments to ensure the depth and breadth of the research review. We have taken the following
steps for literature search:

Database Selection: We have chosen multiple comprehensive and professional databases for the
search, including but not limited to Web of Science, Scopus, ScienceDirect, and Google Scholar.
These databases were selected for their extensive coverage and high search efficiency.

Search Terms and Strategy: Based on the research topic, a series of keywords and phrases were
identified, such as "tectonic physical simulation experiments,” "geological modeling," "particle image
velocimetry (PIV)," etc. Boolean logic operators were used in combination with these keywords to
construct search expressions to improve the accuracy and recall rate of the search.

Time Range and Language Limitation: Considering the historical development of tectonic physical
simulation experiments, a time range from the early 19th century to 2024 was set. In addition, to
ensure the quality of the literature, the language of the literature was limited to English to avoid
information loss in the translation process.

Literature Screening: Preliminary screening was based on the relevance of titles and abstracts,
excluding literature that was not closely related to the research topic. Subsequently, full-text review
of the screened literature was conducted to assess its scientific rigor, originality, and contribution to
this study.

Citation Criteria: Citations were selected based on the academic impact, rigor of research methods,
and relevance to this study. Special attention was given to studies that have pioneering or milestone
significance in the field of tectonic physical simulation experiments, such as the works of Hall (1815),
Willis (1894), and Dobrin and Milton (1941).

3. CURRENT RESEARCH STATUS

Tectonic physical simulation experiments, as an important branch of geological research, have made
significant progress over the past two centuries. From early qualitative simulations to modern
quantitative analysis, the development of this field has gone through several stages.

Early Exploration and Foundation Laying: Early tectonic physical simulation experiments mainly
focused on qualitative research in morphology. James Hall (1815) first used cloth and wool felt to
simulate the formation of folds, laying the foundation for subsequent simulation experiments.
Subsequently, scholars such as Navmann (1849) and Gilbert (1878) further explored the mechanisms
of rock fracture and deformation and the erosion process of geological bodies using different
materials like kraft paper, clay, and sandstone.

Mid-Term Development and Theoretical Proposal: From the late 19th century to the early 20th
century, tectonic physical simulation experiments began to shift from qualitative research to
guantitative analysis. Willis's (1894) experiments distinguished the deformation characteristics of
competent and incompetent rock layers and proposed that the properties of rocks affect the geometric
types of folds. At the same time, the introduction of similarity principles, such as the work of Dobrin
and Milton (1941) and Hubbert (1951), marked the entry of simulation experiments into a
multidimensional quantitative research stage.



Late Maturation and Technological Innovation: Since the 1980s, with the addition of new
technologies and the perfection of theories, tectonic physical simulation experiments have entered a
mature stage. The work of scholars such as Buchanan and Mcclay (1991) has demonstrated the
diversity of modern simulation experimental materials and their closeness to geological prototypes.
In addition, the experimental similarity principle has been further developed, considering not only
the similarity of materials but also the geometric parameters of the model, material properties,
experimental environmental conditions, etc.

Contemporary Research and Technological Application: In recent years, the application of Particle
Image Velocimetry (PIV) in tectonic physical simulation experiments has become increasingly
widespread. This technology was initially developed by Adrian (1991) in the field of fluid mechanics
and was later introduced to geotechnical experiments by White (2003) and Wolf (2003). Adam (2005)
further applied it to tectonic physical simulation experiments to quantitatively monitor the evolution
process of experimental models.

4. CHALLENGES AND ISSUES

Despite significant progress, tectonic physical simulation experiments still face some challenges. For
example, the selection of experimental materials and the precise application of similarity principles
remain key issues in research. In addition, how to further improve the observation accuracy and data
analysis complexity of experiments is also a problem that current research needs to address.

5. CONCLUSION AND REVIEW

Tectonic physical simulation experiments, as an important branch of geological research, have
experienced a transition from early morphological qualitative research to modern multidimensional
quantitative research. Through this review, we can see that since James Hall (1815) first used cloth
and wool felt to simulate fold formation, the field has achieved significant theoretical and practical
progress. Willis's (1894) experiments not only distinguished the deformation characteristics of
competent and incompetent rock layers but also proposed that the properties of rocks affect the
geometric types of folds, laying the foundation for subsequent research. With the introduction of
similarity principles, such as the work of Dobrin and Milton (1941) and Hubbert (1951), simulation
experiments began to enter a more scientific quantitative research stage. The introduction of Particle
Image Velocimetry (PIV) technology in recent modern times, as studied by Adrian (1991) and Adam
(2005), has greatly improved the observation accuracy and data analysis capabilities of experiments,
enabling tectonic physical simulation experiments to more accurately monitor and analyze the
evolution process of geological structures. In addition, the diversity of modern simulation
experimental materials and their closeness to geological prototypes, as described by Buchanan and
Mcclay (1991), provide more realistic geological conditions for experiments.

However, current tectonic physical simulation experiments still face some challenges. The selection
of experimental materials and the precise application of similarity principles require further research
and improvement. The observation accuracy and data analysis complexity of experiments, especially
in simulating large-scale geological structures, are still issues that need to be resolved.

Integrating the entire text, tectonic physical simulation experiments play an indispensable role in
geological research. They not only deepen our understanding of the formation and evolution
processes of geological structures but also provide experimental evidence for solving practical
geological problems. Through simulation experiments, researchers can verify theoretical models,
explore the dynamic behavior of geological structures, and provide scientific guidance for the
exploration and development of geological resources. Future research should continue to explore new
experimental materials and similarity principles to improve the accuracy and reliability of simulation



experiments. At the same time, interdisciplinary cooperation should be strengthened, combining
advanced technologies in fields such as geophysics, materials science, and computer science to
develop more complex and refined simulation experimental methods. In addition, the in-depth
analysis of simulation experimental data using big data and artificial intelligence technology is also
an important direction for future research.

The field of tectonic physical simulation experiments has achieved rich research results over the past
two hundred years. Through continuous technological innovation and theoretical development, the
field has made important contributions to the development of geology. We look forward to future
research overcoming existing challenges and further promoting the development of geology and
related disciplines.
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