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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, Al-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
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EstuNet Seismic Network
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EstuNet / Borehole Seismometer

Borehole Seismometer

= 2025

i } LT | 4! I I p = .7 s —= /.‘, = u Depth: 100m
i  GaiaCode

sﬂnﬁﬁ
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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
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processed via ISOLA software.
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Focal Mechanisms

- 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.

Mutlu, 2023




. Near-Surface Characterization: Shallow Geophysics

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

» Near-Surface : Dynamic soil parameters

microgravity




Near-Surface Characterization: Shallow Geophysics
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The Methodological Core: A Multi-Layered Spatial
Geodatabase

Near-Surface Dynamics Subsurface Geometry Seismogenic Mechanics
= Shallow Site Characterization = Shallow Site Characterization = Regional Stress Field Modeling
» Microtremor (HVSR) data = Microtremor (HVSR) data = P-wave polarities and hypocenters

= Dynamic soil parameters (Vs,,) = Dynamic soil parameters (Vs;;) = 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.

Fully interoperable framework
synthesizing 2003-2024 heterogeneous
data via vertical spatial integration.

Near-Surface Characterization:

Master’s research microtremor ———e &

(HVSR) points and dynamic soil
parameter (Vs30) heat map.

Subsurface Geometry; —— e
Gravity anomaly mapping of basin
foundation geometry.

Seismogenic Depth & Mechanisms: —e
PhD research moment tensors
(‘Beachballs’) and seismic catalog
hypocenters.

WG2: Feeding accurate
planetary and stellar
physics models

WG3: Delivering Al-ready
Big Data and machine
learning streams

WG4: Providing empirical
validation for experimental
observations

WG5: Enabling full
interdisciplinary integration
with theoretical physics




Transitioning to Big Data Analytics
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Data Synthesis. . . . . .|. . . . . . Accessibility . . . . . .| . . . . . . Scalability .
Transforming isolated local - - - |- - Creating a transparent geodatabase - -|: - - Designing a-framework that can

. observations into a continuous, - - .|. . . . .optimized for external. . . . .|. . incorporate future multi-parametric.
structured dataset.. . . . . .|. . . . .computational queries.. . . . .|. . . . . . . measurements.

Core Objective: The ultimate goal of this database is to transition from isolated, raw observations into a
highly accessible ‘big data’ format, completely ready for advanced computational analytics.




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

»Experimental Data Screening: The W5 Bridge
A controlled environment to
analyze complex precursory

signals and structural Observational Fundamental
Earth Sciences Physics & Al

anomalies.
EFZ

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

Geodatabase as shared language between domains



The EFZ: A Systematic Foundation for Future Research

> A Unique Laboratory: The EFZ: Fully Parameterized Laboratory
Eskisehir Fault Zone is fully
pa ramete rlzed frOm the SURFACE GIS layers ¢ Remote sensing  Topography

surface down to

seismogenic depths.

SHALLOW HVSR e Vs30 e Microgravity  Active seismic

. Ready to host multi-

disciplinary theoretical , ,
j Seismogenic
tests and Al-driven Depths

Moment tensors e Stress field ® Hypocenters

predictive modeling.

-> Integrated via Multi-Layered GIS Geodatabase



Conclusions

. 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 Al integration objectives of
modern multidisciplinary networks.

=

BRIDGING INTEROPERABILITY
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Seismology Database

(SVT)

i | Konumsal Nesne Veri Kiimesi (Feature Dataset)
Geophysics Layer

_l_'

Nokta Nesne Sinifi (Point feature class)
Mikrotremor (H/V-SPAC)

Cizgi Nesne Sinifi (Line feature class)

Seismic Reflection

Nokta Nesne Sinifi (Point feature class)
Seismic Cone Penetration Test (SCPT)

Cizgi Nesne Sinifi (Line feature class)
Seismic Refraction

Poligon Nesne Sinifi (Polygon feature class)
Spatial Estimation Maps

Al-READY DATA
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Sunay Mutlu
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