GEOSCIENCE & MINERAL ENGINEERING

Comprehensive Geoscientific Analysis and Mineral
Engineering: A Technical Framework for Northern Thailand

Published: July 23, 2026 | Index ID: #209

The geological landscape of Northern Thailand, particularly within the Chiang Mai basin and its surrounding
mountainous corridors, presents a complex tapestry of metamorphic evolution, hydrogeological diversity, and
mineralogical wealth. For practitioners in mining engineering and geosciences, understanding the intersection of
mineral classification, ore grade evaluation, and geochemical modeling is paramount. This article provides an
exhaustive technical exploration of these domains, drawing on research from Chiang Mai University and broader
geoscientific principles to establish a robust framework for resource management and engineering application.

1. Theoretical Framework of Mineral Classification

Minerals are the fundamental building blocks of the Earth's crust, defined as naturally occurring, inorganic solids
with a definite chemical composition and an ordered internal structure. The classification of minerals is not merely a
taxonomic exercise but a critical step in determining the economic viability and engineering requirements of a
mining project.

The Chemical Taxonomy of Minerals

Minerals are primarily classified based on their dominant anion or anionic group. This system, widely utilized in
geoscientific research, categorizes minerals into several key classes:

« Silicates: The largest group, characterized by the [SiO4]4" tetrahedra. These are further divided into
neosilicates, inosilicates, and phyllosilicates based on the degree of polymerization.

¢ Sulfides: Often the primary source of metallic ores (e.g., Galena, Sphalerite). These are chemically sensitive
to oxidation, which is a critical factor in environmental engineering and tailing management.

e Oxides and Hydroxides: Formed through the weathering of other minerals or primary crystallization, these
include vital ores like Hematite and Magnetite.

e Carbonates: Defined by the (CO3)2" ion, these minerals are central to understanding hydrogeological scaling
and carbon sequestration.

In the context of the Chiang Mai University Journal of Natural Sciences, research often highlights the specific
alteration signatures of these mineral classes in the presence of hydrothermal activity, where primary minerals
transform into secondary clay minerals or carbonates.

2. Ore Grade Evaluation and Mathematical Modeling

In mineral engineering, the Ore Graderepresents the concentration of a valuable component within a rock mass. It
is a decisive metric for the economic feasibility of extraction. Calculating the average grade and the cutoff grade
requires a sophisticated understanding of spatial distribution and geostatistical modeling.

The Cutoff Grade Formula

The determination of the cutoff grade ($g_c$) is essential for distinguishing between ore and waste. It is generally

modeled as:

gc=C/((P-S)*R)



Where:

e C: Total cost of mining, milling, and administration per ton of ore.
e P: Market price of the metal per unit.

e S: Selling and refining costs per unit.

e R: Proportion of metal recovered (recovery rate).

Quantitative analysis of ScienceDirectdatasets indicates that for high-grade units in provinces like Lampang and
Tak, the variance in mineralized distribution necessitates high-density sampling to avoid the "nugget effect,” where
localized high concentrations skew the overall resource estimation.

3. Hydrogeological Characterization: Aquifers and Hot Springs

The hydrogeology of Northern Thailand is characterized by two distinct systems: porous rock aquifers and jointed
massive rock aquifers. The Chiang Mai and Chiang Rai aquifersserve as primary examples of these systems,
where groundwater storage and transport mechanisms differ significantly.

Comparison of Aquifer Characteristics



Aquifer Type Geological Matrix Permeability Mechanism Engineering Challenge

Porous Rocks Unconsolidated sand, Primary intergranular High susceptibility to
gravel, and silt. porosity. surface contamination.
Jointed Massive Rocks Granite, Gneiss, and Schist. Secondary fracture and Highly anisotropic flow
joint porosity. paths; difficult to model.

Thermal activity in the region further complicates these systems. The classification of hot springs in Thailand
typically places them in the medium enthalpy category. These geothermal resources are not only energy sources
but also complex chemical reactors where geochemical modeling of scale formationis required to prevent the
clogging of extraction infrastructure.

4. Geochemical Modeling of Scale Formation

Scaling occurs when minerals precipitate out of geothermal fluids due to changes in temperature, pressure, or pH.
In the geothermal fields of Northern Thailand, calcium carbonate ($CaCO_3$) and silica ($SiO_2$) are the primary
culprits.

The Saturation Index (SI)

Geochemical engineers use the Saturation Index to predict the likelihood of mineral precipitation:
Sl =log(IAP / K_sp)
Where:

« IAP: lon Activity Product of the mineral's constituent ions in solution.
¢ K_sp: Thermodynamic solubility product constant at a specific temperature.

If SI > 0, the solution is supersaturated, and scaling is likely. If SI < 0, the solution is undersaturated. Modeling
these shifts is a core component of the curriculum in Mining and Mineral Engineering Programs at Chiang Mai
University, where students analyze thin sections to characterize mineral textures and their alteration history.

5. Metamorphic Petrology of Northern Thailand

The metamorphic rocks of Thailand provide a record of the tectonic evolution of Southeast Asia. High-grade
metamorphic units in Chiang Mai, Lampang, and Lamphunare characterized by complex mineral assemblages
including garnet, sillimanite, and biotite, indicating high-pressure and high-temperature conditions during their
formation.

Petrographic Analysis Procedures

1. Sample Acquisition: Systematic sampling across strike-parallel traverses.

2. Thin Section Preparation: Cutting rocks to 0.03mm thickness for polarized light microscopy.

3. Mineral Characterization: Identifying optical properties such as birefringence, pleochroism, and extinction
angles.

4. Texture Analysis: Observing porphyroblastic vs. granoblastic textures to determine deformation history.

These studies are vital for engineering projects, as the foliation and schistosity of metamorphic rocks significantly
impact the mechanical stability of tunnels and open-pit mine slopes.



6. Agricultural Geoscience: Nitrogen Mineralization and Soil Dynamics

While often viewed separately, the mineralogy of the soil directly impacts agricultural productivity. In the Repelén
irrigation districtand similar agricultural zones, the classification of mineralized nitrogen is essential for optimizing
fertilizer application. The bulk density (ranging from 1.1 to 1.6 g/cm3) and mineral composition determine the soil's
cation exchange capacity (CEC).

Starch Synthase and Mineral Nutrition

Research into cassava root starch, specifically the starch synthase type IV (SSIV) gene, shows that the
bioavailability of minerals in the soil matrix can influence gene expression and subsequent crop yield. This
highlights the need for an integrated approach to geosciences that encompasses both the lithosphere and the
biosphere.

7.Technical Implementation: A Field Guide for Mineral Characterization

To effectively implement the theories discussed, engineers must follow a standardized workflow during field
exploration and laboratory analysis.

Step-by-Step Mineralogical Assessment

e Step 1: Geological Mapping. Define the spatial boundaries of the mineralized zone and the host rock lithology.

e Step 2: Geophysical Surveying. Use resistivity or induced polarization (IP) to identify subsurface anomalies.

e Step 3: Core Drilling and Logging. Extract physical samples to confirm the depth and orientation of the ore
body.

e Step 4: Geochemical Assay. Perform X-ray Fluorescence (XRF) or Inductively Coupled Plasma (ICP) analysis
to determine elemental concentration.

» Step 5: Mineralogical Validation. Use X-ray Diffraction (XRD) to identify the specific mineral phases present.

8. Environmental and Operational Challenges
The integration of mining activities into the northern Thai landscape faces several operational hurdles.
Microplastic contamination(PE, PP, PS) in groundwater and soil—as noted in recent environmental recipes

involving 1/10NA and 1/10PDA media—is an emerging concern for mineral engineers who must ensure that
extraction processes do not exacerbate environmental degradation.

Troubleshooting Common Scale Issues in Geothermal Wells



Observation Potential Cause Technical Solution

Sudden drop in flow rate. Rapid Carbonate scaling at the flash Installation of a scale inhibitor
point. injection system.
Increased silica in discharge. Supersaturation due to cooling. Maintain discharge temperature

above the silica saturation limit.

Corrosion of casing. High sulfide or chloride acidity. Use of corrosion-resistant alloys
(CRA) or pH adjustment.

The holistic study of geosciences in Northern Thailand requires a synthesis of ancient tectonic history and modern
engineering challenges. From the metamorphic peaks of the Thanon Thong Chai Range to the thermal springs of
San Kamphaeng, the region serves as a living laboratory. For the Department of Mining Engineering at Chiang
Mai University, the mission remains clear: to develop the technical expertise necessary to harness these mineral
resources sustainably, ensuring that economic development is balanced with environmental stewardship and
technical precision.

As we move toward 2030, the role of geochemical modeling and advanced petrography will only increase in
importance. The ability to predict how minerals will behave—whether in a deep-seated aquifer, a high-temperature
geothermal well, or an agricultural plot—is the hallmark of modern technical geoscience. By leveraging the data
presented in the Chiang Mai University Journal of Natural Sciencesand other technical repositories, the next
generation of engineers can ensure that Thailand remains a leader in mineral and resource management.
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