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Historical & Geo Data

• Rich sources of information
– understanding human & environmental systems
– describing human & natural activities

• Labor-intensive to analyze across time & space
– e.g., economic viability, physical changer, geo-related characteristics

• Often require grounding & additional contextual information
– e.g., demographics, geology, stratigraphy, etc...

Mining reports

Tables with geo-data

Web

Geospatial databases (e.g., mining sites)



KGs

• Knowledge Graph (KG)?
– Graphs are natural way to encode data
– Using semantic concepts & relationships

• Semantic Network = Knowledge Graph

• Why use KG?
– Combine expressivity, interoperability, & standardization in the Semantic Web stack

• Semantic Web?
– Extension of WWW, enabling the Web of Data (aka “Linked Data”)
– Encoding of semantics with the data
– Linked Open Data principles // FAIR
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Balmat (Edwards District) Mineral Site

is a



Geo & Spatio-Temporal KGs
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• Spatio-Temporal KGs
– Contextual (what)
– Spatial (where)
– Temporal (when)

• Geo-semantics
– Representation, annotation, & reasoning
– Modeling & ontology development
– Integration & interoperability



Intro: Spatio-Temporal KGs
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• So, what’s so special about them?
– Spatial analysis
– Temporal analysis
– Spatio-temporal aggregations
– Geographic QA
– Environmental & social science
– Urban planning
– Transportation
– etc...

figure from https://terminusdb.com/blog/human-history-knowledge-graph/

figure from Szwoch, G. (2019). Combining road network data from openstreetmap with an 
authoritative database. Journal of Transportation Engineering, Part A: Systems, 145(2), 04018085.
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Research Problem
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• How can we transform & link unstructured digitized & historical geo-data into 
structured, semantic, & queryable spatio-temporal KGs?

• Objectives:
– Auto KG construction & entity resolution (ER) from various historical geo-data sources
– Semantic enrichment by linking (EL)  to additional sources on the web
– Adherence to Semantic Web principles

• shared, accessible, visualized, standardized across-domains, & scalable for easy use by 
downstream tasks for easy analysis & expressive integration



Goals
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• Integrating geo-referenced textual & historical data with quantitative 
information into a comprehensive, dynamic, & spatio-temporal KG
– capture data & entity semantics, entity resolution, & accurate data modeling

• Demonstrate via a KG of historical mining data
– Historically takes months of work; geologists describe it as a “soul crushing exercise”

Extracted 
Textual & 
Vector Data

Data understanding & 
KG construction



Transformation & Aggregation
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material or primary 
agricultural product

naturally occurring solid material
usually mixtures of minerals and other materials 
(bauxite = ore of aluminum; hematite = ore of iron)

natural occurrence of 
minerals (geological 
formations)

deposit

commodity

inventory



One desired output: Grade-Tonnage model
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• For a given commodity/deposit type/location/time-range:
– Construct grade and tonnage models from the data on existing mines
– Compile rich mineral site data
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Approach
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• Step 1. Semantic Modeling & URI assignment (Data Representation)
– Transform & materialize the data (construct KG)

• Generate entities (URIs) based on unique identifiers
• Provide a useful semantic representation supporting downstream tasks

– Construct a meaningful semantic model
• Follows W3C & OGC standards (GeoSPARQL)



GeoKB as a Target KB for EL
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Approach – cont’d
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• Step 2. Entity Linking
– Link the generated entities to a domain data-rich vocab (i.e., GeoKB)

• Determine similarity by textual similarity (i.e., Jaccard)
• Directly within SPARQL

Jaccard



Approach - cont’d
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• Step 3. Triplify!

predefined 
entities

output triples

Entity 
Generation

ER

Mineral Site Data
Mineral Reports Data
Archive & Report Data

Namespaces
Entities

internal (within the KG)
external (w GeoKB)

Ontology
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Evaluation & Discussion
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• Data completeness (SHACL)
• Entity linking
• Query performance
Data: 2.4m triples // 135 commodities // focus on 2 critical mineral: nickel, zinc
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Spatio-Temporal Analysis via 
GeoSPARQL
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1st aggregation:
tonnage computation

2nd aggregation:
total grade & tonnage

computation
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Related Work
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• General geo KBs (Zhu 2017, Brodaric 2020)

– Mostly encompasses conceptual knowledge & data
– Does not address: quantitative data integration

• GeoKGs related to mineral data (Qun 2023)

– Tailored for geochemical data
– Does not address: quantitative data integration

• Information extraction for geo KGs (Wang 2018)

– Focus is on the data extraction
– Does not address: data integration & entity linking
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Future Directions
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• Advanced data modeling
– More modalities (remote sensing)
– More data (e.g., rapidly changing geographies)
– Uncertainty & probabilistic modeling

• Enhanced embedding techniques for ER & EL
– Expand integration of textual data
– Utilize subword information & deep learning attention mechanisms

• KG expansion
– Extend KG linkage to additional KBs & LOD
– Apply & integrate with additional domains like archaeology & environmental sciences

• Dynamic semantic modeling
– Create more sophisticated & evolving semantic models for accurate representation 

across multiple domains

figure from Essentials of Geographic Information Systems, Ch 7, Saylor Academy, 2012
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Conclusions
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• Presented a method for the construction of a spatio-temporal KG from geo-
referenced spatial entities in archive report

• Contributions
– pipeline for building a KG from extracted quantitative, spatial & semantic information 

from historical mining data archives
• automatically, incrementally, follows LD & SW principles, linked to web

– method to identify & retrieve instances of a given type from a publicly available KG
• specifically, entity matching commodities with GeoKB

– spatio-temporal queries to automatically generate grade-tonnage models
– publicly available resulting KG in the form of linked data covering two critical minerals: 

Zinc & Nickel
• queryable RDF via a (Geo)SPARQL endpoint

https://minmod.isi.edu/
https://github.com/DARPA-
CRITICALMAAS/ta2-minmod-data/

https://minmod.isi.edu/
https://github.com/DARPA-CRITICALMAAS/ta2-minmod-data/
https://github.com/DARPA-CRITICALMAAS/ta2-minmod-data/

