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and Big Data Analytics



Addressing Data Fragmentation in Seismology

➢The Gap: Bridging two main divides:

       Shallow site conditions and seismogenic depth processes.

       Observational Earth sciences and fundamental physics.

➢Data Integration: Combining diverse observations to provide the exact data 

needed for complex physical models.

➢Methodological Need: Moving from isolated data points to collaborative, AI-ready 

frameworks.

➢Objective: Building a structured testbed for experimental validation and regional 

hazard assessment.



Seismotectonic Setting: The Eskisehir Fault Zone (EFZ)

▪ Kinematic Boundary: A 

major fault system within 

the dynamic Anatolian 

block. 

▪ Transitional Regime: 

Bridging the extensional 

Western Anatolia and 

strike-slip Central Anatolia. 

▪ The "Natural Laboratory": 

Complex boundary 

conditions ideal for testing 

physical and structural 

models.

Hubbard, J. and Bradley, K., 2023



EstuNet Seismic Network

EstuNet

▪ Since 2003

▪ 18 Accelometers 

(5TCDE)

▪ 8 Seismometers 

(3T-6TD)

▪ Guralp Systems



EstuNet / Borehole Seismometer

Borehole Seismometer

▪ 2025

▪ Depth: 100m

• GaiaCode

• Alpha sensors in one 

borehole unit allows for 

the recording of seismic 

signals over a wide 

frequency range, from 120 

seconds to 100 Hertz for 

the broadband sensor and 

DC to 350 Hertz for the 

Sigma accelerometers.

GONAF (Geophysical Observatory at the North 
Anatolian Fault) Project, 2025 (GFZ-AFAD-ESTU)



Seismogenic Depths: Moment Tensors and Source 
Parameters



Focal Mechanisms

Mutlu, 2023

• Beachballs tell us exactly how the fault 

moves at depth

• Spatial distribution of our 109 focal 

mechanisms. As you can see, the 

seismic events are clearly grouped 

along the different active segments of 

the fault zone.

• The different shapes and colors of 

these 'beachballs' reveal a highly 

complex tectonic regime. They show us 

the exact mix of normal and strike-slip 

faulting occurring at seismogenic

depths.



Near-Surface Characterization: Shallow Geophysics

▪ Active Seismic Profiling: High-resolution primary data acquisition.

▪ Near-Surface : Dynamic soil parameters

•Active Seismic Profiling: High-resolution primary data acquisition.

•Near-Surface Heterogeneity: Constraining shallow physical parameters.

❑Seismic Reflection 

and Refraction

❑Microtremor

❑MSAW

CG-5 microgravity



Near-Surface Characterization: Shallow Geophysics

Uninterpreted 

Seismic 

Reflection 

Profile

Structural 

Interpretation 

& Shallow 

Faulting



The Methodological Core: A Multi-Layered Spatial 
Geodatabase

▪ Shallow Site Characterization

▪ Microtremor (HVSR) data

▪ Dynamic soil parameters (Vs30)

▪ Shallow Site Characterization

▪ Microtremor (HVSR) data

▪ Dynamic soil parameters (Vs30)

▪ Regional Stress Field Modeling

▪ P-wave polarities and hypocenters

▪ Moment tensor ‘beachball’ diagrams



GIS Integration and Data Interoperability

▪ Layered Architecture: 

Superimposing deep 

seismogenic mechanisms with 

shallow potential field 

anomalies.

▪ Standardization: 

Harmonizing multi-scale 

spatial data to ensure physical 

consistency.

▪ Dynamic Correlation: 

Linking dynamic soil 

parameters with localized fault 

kinematics.



Transitioning to Big Data Analytics



The Intersection: Bridging Earth 
Sciences and Fundamental Physics (W5)

The W5 Bridge

Observational

Earth Sciences
Fundamental
Physics & AI

EFZ
Testbed

Geodatabase as shared language between domains

➢Experimental Data Screening:
A controlled environment to 
analyze complex precursory 
signals and structural 
anomalies.

➢Cross-Disciplinary Synergy:
Fostering the integration of 
Earth data with broader physical 
paradigms.



The EFZ: A Systematic Foundation for Future Research

➢ A Unique Laboratory: The 

Eskişehir Fault Zone is fully 

parameterized from the 

surface down to 

seismogenic depths.

o Ready to host multi-

disciplinary theoretical 

tests and AI-driven 

predictive modeling.

EFZ: Fully Parameterized Laboratory

SURFACE GIS layers • Remote sensing • Topography

SHALLOW HVSR • Vs30 • Microgravity • Active seismic

Seismogenic 
Depths

Moment tensors • Stress field • Hypocenters

→  Integrated via Multi-Layered GIS Geodatabase



Conclusions

BRIDGING INTEROPERABILITY AI-READY DATA

➢ Deep seismotectonics and shallow 
geophysics successfully bridged via GIS.

➢ Data interoperability achieved across 
multiple scales of observation.

➢ The developed geodatabase aligns with the 
big data and AI integration objectives of 
modern multidisciplinary networks.



Thank You for Your Attention

Sunay Mutlu

sunaymutlu@eskisehir.edu.tr
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