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B Lt T PR P P TR PR Y YY RN T T INTRODUCTION AND MAIN RESULTS

This work presents a probabilistic framework for seismic event classification from -
moment tensors. Uncertainties are represented as probability densities on source-type
diagrams, and modeled with Gaussian mixtures around canonical source types
(explosions, earthquakes, collapses, CLVDs). This is applied to North Korea and USA
nuclear tests, earthquakes, and collapses, with implications for decision pipelines.
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Introduction

What is the probability that a given seismic events is a
nuclear explosion, an earthquake, or a collapse? How
confidently can we make such determinations, and how
can they inform verification workflows? We present a
method that estimates these probabilities using moment
tensor posteriors and translates them into operationally
meaningful classifications

Moment tensors and source-type diagrams
Seismic sources such as nuclear explosions and
earthquakes are routinely modelled with moment
tensors, which map into diagrams such as the Tk plot or
source-type lune. These representations naturally
separate mechanisms and provide a basis for
classification.
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Probabilistic Classification Method

We introduce a probabilistic framework that classifies
seismic sources based on the posterior probability
density of the moment tensor. Each posterior is
modeled as a Gaussian mixture over source-type
regions: explosions (+ISO), collapses (-1SO),
earthquakes (DC), and CLVD. Probability mass outside
these defined regions is assigned a residual term,
signaling model mismatch or atypical events.
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While the source-type lune provides physical insight,
computations are performed on an equivalent
rectangular (v,w) Cartesian grid for numerical
integration.

Results P2.2-580
The framework is applied to nuclear tests at Punggye-
Ri (DPRK) and the Nevada National Security Site
(USA), alongside regional earthquakes and collapses.
It enables robust probabilistic classification using
moment tensor posteriors and is designed for
integration into verification pipelines.
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Main Takeaways

Classifies seismic sources by integrating posterior
probability over defined source-type regions.
Compatible with additional discriminants (e.g., P/S
ratios, depth, magnitudes, location) in operational
monitoring pipelines.

Enables threshold-based, reproducible decision-making

with confidence levels
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DPRK nuclear tests from 2006-2017, a collapse on 2017, NNSA nuclear tests HOYA, COSO, P42-580
and the 2016 Gyeongju earthquake in S. Korea Earthquakes Little Skull main & aftershock
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