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The Mindat open data service, encompassing data from over 6,000 mineral species and 400,000 localities, 
has big potential to support the work of mineral exploration by providing insights into mineral 
associations, paragenetic modes, and visual network analyses through labeled photographs. These tools 
enable geologists to identify indicator minerals, understand mineral formation sequences, and visually 
assess mineral assemblages. Mineral association analysis highlights minerals commonly found together, 
while paragenetic studies offer clues to formation environments. Visual networks of mineral relationships 
provide rapid identification references. Together, these resources raise new opportunities to enable data-
driven strategies that eventually enhance the efficiency and accuracy of mineral exploration.  

 
 

INTRODUCTION 
  

The Mindat open data service (Ma et al. 2024) has become an important resource for the study of 
mineralogy and mineral associations, offering a global perspective on minerals, their properties, and their 
occurrence in various localities. Originating as a public-access mineral database, Mindat now supports 
advanced scientific research by aggregating and organizing data from over 400,000 localities worldwide. 
This scale enables more than just a comprehensive catalog of minerals approved by the International 
Mineralogical Association; it now supports complex analyses of mineral associations, paragenetic modes, 
and visualizations of mineral networks. These capabilities provide valuable insights into the distribution, 
formation, and relationships of minerals, making the database an important tool for mineral exploration. 
The following sections delve into the core components of some of Mindat’s recent work—mineral 
association analysis, paragenetic modes, and mineral association visualizations based on labeled 
photographs—and discuss how these tools can enhance mineral exploration by enabling data-driven 
approaches to locate economically valuable resources. 

  
  

MINERAL ASSOCIATION ANALYSIS 
  

Mineral association analysis in Mindat provides a systematic way to study minerals that commonly occur 
together across diverse localities (Morrison et al. 2023). By examining mineral co-occurrence data, this 
analysis identifies patterns of mineral associations that might reveal the presence of specific geological 
conditions favorable for mineralization. The process involves analyzing vast datasets to determine 
statistically significant associations, which indicate that certain minerals have a natural affinity or 
tendency to form in the same environmental settings. 

This type of analysis has immense potential in mineral exploration. Identifying indicator minerals 
that are commonly associated with economically valuable resources, such as precious metals or rare earth 
elements, can serve as a guide to uncovering new deposits. For instance, specific sulfide minerals often 



co-occur with gold, and their presence could indicate potential gold deposits nearby. By focusing 
exploration efforts on areas where these associations are well documented, geologists can optimize 
resource allocation, reducing the time and cost of exploration campaigns. 

  
  

PARAGENETIC MODES OF MINERALS 
  

Paragenetic mode analysis (Hazen and Morrison 2022) in Mindat allows researchers to study the 
sequence and conditions of mineral formation in a given locality. By understanding the paragenesis of 
minerals—how different mineral phases develop in relation to each other and to environmental 
changes—geologists gain valuable insights into the formation history of mineral deposits. Paragenetic 
analysis examines primary, secondary, and tertiary mineral phases and identifies mineral assemblages 
associated with specific stages in geological evolution. 

In mineral exploration, paragenetic modes can help geologists understand the potential economic 
value of a deposit. For example, primary mineral phases crystallizing from magma might indicate the 
presence of igneous ore deposits, while secondary phases resulting from hydrothermal alteration could 
suggest the likelihood of secondary enrichment. This knowledge allows geologists to identify which 
minerals in an assemblage are likely to be economically valuable and which serve as indicators of certain 
ore-forming processes. The capability to determine paragenetic sequences for thousands of mineral 
occurrences across the globe (Mindat contained approximately 1.57 million occurrence records by 
October 2024) is thus a powerful asset in focusing exploration on promising geological environments. 

 

 
Figure 1. A network visualization for the frequency of mineral species co-occurrence amongst all the 
specimens found at Newry, Oxford County, Maine, USA. 

 
 



MINERAL ASSOCIATION VISUALIZATION USING LABELED PHOTOGRAPHS 
  

The mineral association visualization tool in Mindat offers a unique way to study mineral relationships 
through labeled photographs of samples from localities (e.g., Ralph 2024). This approach combines 
visual and spatial data to create network visualizations in which minerals are depicted as nodes connected 
by edges representing observed associations. These networks allow geologists to quickly identify 
relationships among minerals as they naturally occur, highlighting both common and rare associations in 
a given locality (Figure 1). 

For mineral exploration, these visualizations can act as a reference framework that explorers use to 
match observed field samples with known mineral associations. For example, a field geologist can 
compare a new sample with a visual network of similar mineral assemblages, identifying promising 
associations that may suggest valuable resources. This process enhances exploration accuracy by 
providing immediate visual confirmation of mineral relationships that are known to correspond with 
certain types of deposits. Additionally, since these networks incorporate labeled photos, they offer a high 
degree of visual fidelity, reducing the likelihood of misidentification and improving confidence in field 
assessments. 
 
 

CONCLUSIONS 
  

The Mindat open data service has scaled up mineral association analysis, paragenetic mode studies, and 
mineral association visualization to encompass more than 400,000 localities worldwide, making it one 
of the most powerful tools for mineral research and exploration. By enabling systematic analyses of 
mineral co-occurrence, formation sequences, and visual relationships, Mindat supports data-driven 
exploration strategies that can pinpoint indicator minerals, predict formation environments, and guide 
field decisions with greater accuracy. These capabilities offer significant potential for reducing 
exploration costs, improving discovery rates, and ensuring more efficient use of resources in mineral 
exploration. As the work of mineral exploration continues to face challenges in discovering economically 
viable deposits, resources like the Mindat database provide invaluable data that enhances understanding 
of global mineral diversity and geological history. Moreover, we have been working on several other 
data analysis tools that might be useful for mineral exploration (e.g., Que et al. 2024). Through the 
powerful integration of large-scale mineral data, visualization tools, and insights into mineral 
associations and paragenetic sequences, Mindat paves the way for a new era of exploration driven by the 
strength of open data. 
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