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ARTICLE INFO ABSTRACT

This study aims to quantify seismicity parameters and characterize the spatiotemporal
evolution of earthquake activity in Northwestern Iran (35°-39° N, 44°-47° E), a region of
significant seismotectonic importance due to its active fault systems. Utilizing the Iranian
Seismological Center (IRSC) catalog for the period 2006-2025, we determined the
magnitude of completeness (Mc=1.9) and calculated the b-value using the Gutenberg—
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and potential stress accumulation. Conversely, regions intersecting major fault systems,
such as the Tabriz and Sofian faults, demonstrate negative Z-values, reflecting persistent
seismic activity. Additionally, the analysis of seismic energy release from 2006 to January
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Gutenberg-Richter relationship, ~ future seismic ruptures. These findings provide critical evidence for refining seismic
Seismotectonic, hazard assessments and developing more accurate regional earthquake forecasting models
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Introduction

her Iranian plateau is characterized by high seismicity driven by complex active tectonics, particularly
in the Northwestern region. Addressing a gap in integrated seismic analysis for the Lake Urmia zone,
this study employs a multi-parameter framework—incorporating b-values, Z-values, and seismic
energy release—to analyze IRSC catalog data (2006-2025), thereby elucidating spatiotemporal
seismic dynamics and refining regional seismic hazard assessment.
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Materials and method

This observational study analyzes seismic activity using secondary instrumental data from the Iranian
Seismological Center (IRSC). The dataset comprises >22000 events (0.5<Mw<6.) recorded between
January 2006 and September 2025 in the Lake Urmia region. The catalog includes 52 events with
M>4.5M and 24 events with M>5. Spatial mapping and statistical computations were performed using
ZMAP, MATLAB, ArcGIS, and Surfer. Fault structures and seismic distributions were integrated to
assess regional seismotectonic behavior. The b-value and its uncertainty (sb) were estimated using the
Maximum Likelihood Estimation (MLE) (AKi, 1965, 1984) based on the Gutenberg—Richter law. TO ensure
unbiased results, the Magnitude of Completeness (Mc) was determined as the threshold for a 100% detection
rate within the catalog. Statistical Rate Changes: The Z-value analysis was employed to quantify
spatiotemporal variations in seismicity rates. This method allowed for the identification of statistically
significant periods of seismic quiescence or activation by comparing mean seismicity rates and their
standard deviations. Cumulative seismic energy release was calculated for four five-year intervals using
the moment magnitude (Mw) relationship (log E=4.8+1.5Mw). This facilitated the mapping of stress release
patterns and the evaluation of regional rupture processes over time.

Conclusion

The statistical analysis of the Lake Urmia region yields a magnitude of completeness (Mc) of 1.9,
which, despite a temporary increase during the 2012 Varzaghan sequence due to network saturation,
has stabilized in recent years to ensure catalog reliability. The calculated mean b-value of 0.79 is
significantly lower than the global average, indicating high tectonic stress and active crustal
deformation across the study area. Spatio-temporal Z-value analysis identifies distinct positive
anomalies (seismic quiescence) along the North Tabriz and Tasuj faults, which, combined with
localized b-value decreases, suggests significant strain energy accumulation. Furthermore, the
cumulative seismic energy release exhibits a step-like pattern, showing a marked decline in the
northern and northeastern sectors; specifically, logE values have dropped from a peak of 21.2 (2010—
2015) to approximately 13.6 in the 2020-2025 period. This pronounced quiescence in the north,
contrasted with the dispersed micro-seismicity in the southern and southwestern sectors, strongly
supports the hypothesis of intensified stress accumulation on the faults north of Lake Urmia,
potentially signaling a preparation phase for future seismic events.
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