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Abstract: This study takes Shandong Institute of Petroleum and Chemical Technology as a
case example to explore teaching reforms for the "lIgneous and Metamorphic Petrology"
course within the Resource Exploration Engineering program. With the rapid advancement
of geological exploration technologies, the discipline has imposed higher demands on
fundamental geological education, particularly in the study of igneous and metamorphic
rocks, which are integral components of geological science. These demands necessitate
pedagogical innovations to cultivate students' practical competencies and innovative
thinking. To enhance teaching quality and align it with contemporary geological exploration
requirements, this paper investigates reform measures implemented in the instruction of
igneous and metamorphic petrology for resource exploration engineering majors. The study
critically analyzes existing deficiencies within the current pedagogical framework, including
the disconnect between teaching content and practical work requirements, outdated teaching
methodologies dominated by theoretical instruction, and insufficient practical components
in curriculum design. To address these challenges, strategic recommendations are proposed,
such as incorporating cutting-edge geological exploration technologies into classroom
instruction, systematically updating course syllabi to reflect industrial advancements,
substantially expanding the proportion of laboratory experiments and field internships, and
actively promoting student engagement in scientific research projects. These interventions
aim to strengthen students' operational capabilities in geological identification and enhance
their capacity to apply theoretical knowledge to practical geological problem-solving
scenarios.

1. Introduction

Igneous and metamorphic petrology constitute indispensable domains within geological sciences,
critically enabling the elucidation of terrestrial interior architecture, plate tectonic dynamics, and
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crustal evolution mechanisms. The petrogenetic processes of igneous systems unveil
physicochemical regimes governing Earth's mantle-crust interactions, while metamorphic lithologies
provide diagnostic records of crustal reworking under variable P-T gradients (e.g., granulite facies
transformations at 700-900<C/0.5-1.2 GPa). Such petrological investigations not only decode
paleogeodynamic signatures but also bear practical significance in multiple frontiers: 1) probabilistic
forecasting of seismic hazards through magmatic plumbing system analysis, 2) strategic mineral
exploration leveraging metamorphic ore-forming processes (e.g., skarn-type Cu-Mo deposits in
contact metamorphic zones), and 3) environmental remediation via engineered mineral carbonation
utilizing ultramafic rock weathering pathways!*-,

Despite the pivotal role of igneous and metamorphic petrology in geological sciences, their
pedagogical delivery confronts multifaceted challenges. Primarily, these disciplines inherently
involve intricate petrogenetic frameworks (e.g., Bowen's reaction series nonlinear crystallization
pathways) that necessitate advanced cognitive abstraction capacities among learners. Secondly, the
petrographic identification protocols—requiring synoptic integration of field lithostratigraphic
observations with laboratory analytical techniques (e.g., micro-XRF spectrometry for metamorphic
mineral zoning)—are increasingly compromised by diminishing experiential learning opportunities
in modern curricula, a trend exacerbated by institutional resource allocation shifts toward
computational modelling!!. Furthermore, the exponential growth of technological innovations (e.g.,
machine learning-assisted geochronology) imposes an imperative for dynamic curricular updates to
incorporate emergent research paradigms, thereby creating systemic pressures on both instructional
competencies and textbook currency—particularly evident in lagging adoption rates of phase
equilibria modeling software (<35% of surveyed geology programs)®®!.

In light of the aforementioned challenges, the need for curricular reform in the "lgneous and
Metamorphic Petrology" course is particularly pressing. Taking Shandong Institute of Petroleum and
Chemical Technology as a case example, this paper explores potential directions for reform. These
include updating the course content to incorporate the latest research findings and technological
advancements, thereby enhancing the course's modernity and practical relevance. Additionally,
increasing the proportion of practical teaching components, such as fieldwork and laboratory
exercises, can facilitate a deeper understanding and mastery of theoretical concepts among students.
Furthermore, the adoption of diversified teaching methods, such as case-based studies, interactive
learning, and online resources, can stimulate students' interest in learning and enhance their self-
directed learning abilities and critical thinking skills. Through these reform measures, the teaching of
igneous and metamorphic petrology will be better aligned with the current and future demands of the
geological sciences, cultivating a greater number of professional talents equipped with innovative
capabilities and practical skills.

2. Basic Course Content

"Igneous and Metamorphic Petrology™ is a mandatory course for second-year students in the
Resource Exploration Engineering program, utilizing the fourth edition of A Concise Tutorial on
Petrology by Xiao Yuanfu, Zheng Rongcai, and Deng Jianghong. Spanning 32 class hours (22 hours
of lectures and 10 hours of laboratory sessions), the course is divided into two parts: Igneous
Petrology and Metamorphic Petrology. The former covers magma and magmatic processes, material
composition, textures and structures, occurrence and facies of igneous rocks, with a focus on
classification, nomenclature, and major rock typest®. The latter addresses metamorphic rocks and
processes, fundamental characteristics, types of metamorphism, metamorphic zones and facies, and
their tectonic relationships. This course is crucial for developing students' academic research
capabilities and professional skills, providing a robust foundation for further studies in geology and
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related fields, enhancing laboratory skills, and equipping students with essential knowledge for future
careers in geological exploration and mineral resource developmentl.

3. Issues in Teaching Igneous and Metamorphic Petrology
3.1 Incoherence in Course Content Integration

Metamorphic petrology is a field that spans a significant portion of the foundational concepts in
geology, requiring students to have a solid grasp of basic knowledge from various disciplines,
including crystallography and mineralogy, igneous petrology, sedimentary petrology, and structural
geology. This breadth of required knowledge often leads to difficulties in integrating the related
concepts of igneous, sedimentary, and metamorphic rocks. Students, having recently concluded their
study of igneous and sedimentary rocks, are particularly challenged when it comes to understanding
the restoration of protoliths in metamorphic rocks and the division of metamorphic rocks into five
major chemical types.

3.2 Disconnection between Theory and Practice

Despite the explicit emphasis on the significance of practical training and laboratory work in the
curriculum of Igneous and Metamorphic Petrology, the practical components often fail to receive
adequate attention in actual teaching due to limitations in class hours and insufficient laboratory
conditions. Students are thus deprived of ample opportunities to engage in hands-on observation and
description through field and laboratory exercises. This deficiency hampers their ability to genuinely
comprehend and recognize rocks, thereby resulting in a disconnection between theoretical knowledge
and practical application.

3.3 Insufficiency of Innovative Pedagogical Approaches

Igneous and metamorphic rocks constitute the two major categories of rocks in geology,
encompassing a diverse array of types with distinct characteristics. Although textbooks attempt to
provide comprehensive coverage of these rocks and their features, the lack of clear focus hampers
effective alignment with the specialized profiles of individual academic institutions and students'
future training programs. This situation may adversely impact students' academic interest and
professional competitiveness.

Textbooks and teaching methods primarily rely on textual and graphical presentations, which fail
to provide an intuitive depiction of the evolutionary processes that rocks have undergone throughout
geological history. Consequently, students may struggle to develop a profound understanding of the
dynamic changes in rocks. Moreover, the absence of hands-on experience and interactive engagement
may impede students' ability to connect abstract geological concepts with real-world phenomena.
Traditional textbooks and teaching approaches may not fully leverage modern technological tools,
such as virtual reality (VR), augmented reality (AR), and multimedia interactive platforms, which
can offer more vivid and intuitive learning experiences. Additionally, the lack of interdisciplinary
integration may prevent students from understanding the connections between rock evolution and
other realms of Earth sciences, such as interactions with climate change, biological evolution, and
plate tectonics. Finally, this teaching modality may not provide sufficient opportunities for students
to engage in scientific inquiry and critical thinking, thereby affecting their comprehension of the
scientific method and process.
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4. Curriculum Reform Components
4.1 Adjusting the Course System and Syllabus

To address pedagogical challenges, targeted adjustments to the instructional framework and
syllabus should be implemented, prioritizing optimization of credit hour allocation to ensure
sufficient knowledge assimilation periods for core petrological competencies. A tiered curricular
structure is recommended, differentiating between compulsory foundational courses and specialized
electives. Foundational modules must emphasize fundamental petrological principles and core
conceptual frameworks (e.g., phase equilibria, lithostratigraphic relationships) to establish robust
theoretical foundations. Specialized electives should advance into domain-specific investigations,
such as formation mechanisms of migmatites, taxonomic methodologies for metamorphic facies
series, and quantitative analysis of rock physicochemical properties (e.g., rheological behavior under
varying P-T conditions), thereby catering to heterogeneous learning trajectories. Furthermore,
systematic integration of cutting-edge research findings (e.g., machine learning applications in
protolith reconstruction) and industry-relevant case studies (e.g., metamorphic core complex analysis
in ore exploration) is critical to bridge theoretical-practical divides. This curricular restructuring
demonstrates efficacy in stimulating intellectual engagement through problem-based learning
paradigms while cultivating innovative problem-solving competencies essential for geological
fieldwork and resource assessment scenarios.

4.2 Transformation of Instructional Practices

The pedagogical approach should adopt an integrated teaching model combining didactic lectures
with problem-based seminars, supplemented by problem-driven case studies to stimulate student
engagement while developing autonomous learning capabilities, problem-solving skills, and critical
thinking. Multimedia tools such as 3D animations and microstructural visualization videos should be
systematically implemented to dynamically illustrate petrogenetic processes, enhancing students’
spatial cognition and conceptual understanding. Structured team competitions involving collaborative
geological mapping exercises and peer discussions should be organized to reinforce petrological
knowledge application. Online open educational resources (OERs) and MOOC platforms should be
integrated to expand self-directed learning opportunities, complemented by virtual petrographic
simulations and VVR-based experimental platforms for replicating metamorphic phase transitions (e.g.,
isograd analysis in Barrovian sequences)®l. Furthermore, establishing institutional partnerships with
accredited geological laboratories through memoranda of understanding (MOUSs) will provide hands-
on access to advanced analytical instrumentation (e.g., cathodoluminescence microscopy) and field
internships, bridging theoretical knowledge with technical proficiency in mineral exploration
contexts.

4.3 Augmenting Practical Engagement

Curriculum optimization necessitates the expansion of practical laboratory contact hours,
accompanied by enhanced infrastructural provisioning to facilitate hands-on observational analysis
of rock specimens, thereby enabling authentic comprehension of lithological characteristics.
Concurrently, field-based pedagogical practicums should be systematically implemented to bridge
theoretical constructs with empirical geological contexts, elevating students' technical competencies
and field readiness. Through structured geological excursions, learners gain direct exposure to in situ
lithological configurations and geodynamic phenomena, thereby consolidating classroom-derived
petrological schemata. Furthermore, undergraduate research initiatives should be institutionally
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promoted, engaging students in laboratory-based investigations employing petrogenetic analytical
protocols (e.g., thin-section petrography, X-ray diffraction mineral identification), which cultivate
methodological rigor in petrological inquiry. These immersive pedagogic interventions not only
operationalize theoretical knowledge through applied geological problem-solving but also foster
research-oriented mindsets and innovative capacities. Ultimately, such experiential learning matrices
empower students to proficiently deploy petrological expertise in future academic pursuits or
professional geological consultancies.

4.4 Research-Informed Teaching

In higher education, research-informed teaching serves as a critical pathway for enhancing
pedagogical quality. Primary strategies include: 1) systematic curricular modernization through
incorporation of cutting-edge research outputs and exploration technologies (e.g., high-precision
gravity-magnetic-electrical methods and 3D seismic exploration technologies in geological sciences),
ensuring textbooks demonstrate contemporary relevance and practical applicability while stimulating
students' intellectual curiosity and innovative capacities; 2) institutional incentivization of faculty
research engagement, mandating the translation of investigative outcomes into instructional content
through evidence-based case studies that elucidate research contexts, methodologies, and
implications, thereby expanding students' academic horizons and cultivating research literacy; 3)
establishment of synergistic teaching-research mechanisms via interdisciplinary colloquia and
collaborative curriculum committees, enabling continuous optimization of course materials to
maintain disciplinary currency and scientific rigor. This integration facilitates a virtuous cycle where
scholarly inquiry directly informs pedagogical innovation, ultimately cultivating a cohort of
innovation-capable graduates equipped to address evolving societal and technological challenges
through scientifically-grounded solutionst®,

4.5 Evaluation System Reform: Standards Revision and Framework Strengthening

The conventional assessment paradigm, predominantly focused on summative examinations
supplemented by formative coursework evaluations, yields fragmentary representation of students'
comprehensive competencies. Emerging evaluative frameworks necessitate prioritized assessment of
applied proficiency, recognizing that theoretical knowledge achieves cognitive internalization only
through practical implementation. Therefore, assessment reform must emphasize problem-solving
competencies in authentic contexts rather than mere theoretical content mastery. A multidimensional
evaluation matrix should be instituted, incorporating project-based deliverables, analytical laboratory
reports, oral defense presentations, and collaborative discourse simulations to holistically measure
interdisciplinary capabilities.

Concurrently, the integration of structured peer evaluation protocols and criterion-referenced self-
assessment rubrics fosters metacognitive development, enabling learners to cultivate critical
reflection and self-regulated learning strategies. Such transformative assessment architecture
demonstrates enhanced ecological validity in quantifying learning outcomes while stimulating
intrinsic motivation through competency-based achievement milestones™™®. This paradigm shift
establishes robust foundations for professional readiness by aligning academic evaluations with
workplace demands for adaptive problem-solving and iterative improvement capacities.

5. Conclusions

This case study, centered at Shandong Institute of Petroleum and Chemical Technology,
investigates the pedagogical reforms implemented in the "Igneous and Metamorphic Petrology"
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course within the Resource Exploration Engineering program. Driven by the rapid advancements in
geological exploration technologies, the reform initiative prioritizes enhancing teaching quality to
meet contemporary demands in geological prospecting. A systematic diagnostic analysis reveals
critical deficiencies in the current instructional framework, including: 1) disconnect between
curricular content and operational requirements in exploration workflows, 2) outdated pedagogical
approaches over-reliant on theoretical dissemination, and 3) insufficient practical components in
course design. To address these issues, a multipronged reform strategy is proposed, encompassing
curriculum modernization, expansion of practical modules (e.g., thin-section analysis laboratories
and field mapping intensives), implementation of diversified instructional methodologies (flipped
classrooms and GIS-based scenario simulations), updating of instructional materials with latest
lithological classification standards (e.g., IUGS metamorphic facies schematics), and assessment
mechanism reforms incorporating competency-based rubrics. These interventions are collectively
aimed at fostering students' operational proficiency in petrographic identification and innovative
problem-solving capabilities.

As a foundational discipline in geological sciences, the pedagogical transformation of Igneous and
Metamorphic Petrology holds critical significance for advancing professional competencies among
students while exerting profound implications on the technological evolution of mineral exploration
industries. We posit that the proposed reforms will cultivate cohorts of Resource Exploration
Engineering graduates equipped with a solid theoretical foundation, exceptional practical skills in
lithostratigraphic analysis, and adaptive thinking capacities, thereby contributing intellectual capital
and technical expertise to national resource exploration and sustainable development initiatives.
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