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The active tectonics of eastern Iran, resulting from the convergence of the
Arabian and Eurasian plates and numerous active faults, has caused high stress
concentration, as evidenced by major historical earthquakes such as those in
Tabas (1978) and Bam (2003). This study aims to conduct a fractal analysis of
seismicity parameters and investigate crustal stress heterogeneity in eastern Iran.
To this end, an earthquake dataset of historical and instrumental events with Mw
>4 (1900-2024) was compiled from the ISC and NEIC databases. After filtering
and declustering, the data were analyzed using ZMAP and ArcGIS. The b-value
(an indicator of stress level and the probability of large earthquakes), the D-value
(the geometrical complexity of faulting), and the D/b ratio were calculated
simultaneously and mapped spatially. The results show that the b-value ranges
from 0.8 to 1.1, and the D-value ranges from approximately 1.6 to 2.3. Regions
with low b-values and high D-values, especially along the Nehbandan and Dasht-
e Bayaz faults, indicate high stress concentrations and an elevated likelihood of
larger earthquakes. The total seismic moment of the cataloged earthquakes is
estimated at 3.5x102 N-m, yielding an average annual seismic moment rate of
2.7x10%® N-m/yr (calculated by averaging over the available catalog years). The
D/b ratio, regarded as an index of stored energy and stress heterogeneity, exceeds
two in these zones and exhibits a strong correlation with areas of a high rate of
seismic moment release. This pattern implies that an increase in fault geometrical
complexity coupled with a decrease in the b-value signals the crust’s approach to
the rupture threshold. Thus, by emphasizing the significance of the D/b ratio, the
present findings offer a quantitative approach to mapping stress states, fault
structures, and the potential for significant earthquakes in eastern Iran.

Introduction

and Ali, 2024; Zarei et al., 2019) . Due to the Lut

The seismotectonic setting in eastern Iran is
dominated by the active convergence of the
Arabian and Eurasian plates, which is part of the
Alpine-Himalayan orogenic belt. This collision
results in significant crustal deformation, as
evidenced by a network of active faults,
including the Nehbandan, Dasht-e Bayaz,
Doruneh, and Nayband systems (Abdelrahman

Block, which is encircled by these fault zones,
eastern Iran ranks among the country's most
seismically active and structurally complex
regions. Historical and instrumental seismicity
records indicate that accumulated tectonic
stresses in this region have repeatedly been
released through destructive earthquakes, such
as the Tabas (1978, M_s 7.4), Ghaen (1979, M_s
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7.1), and Bam (2003, M_w 6.6) events
(Berberian et al., 2000). These catastrophic
earthquakes underscore the region's high seismic
potential and the urgent need for a thorough
seismotectonic assessment (Berberian et al.,
2000). Fractal analysis of earthquakes has
emerged as a powerful tool for investigating the
heterogeneity of stress fields and underlying
faulting mechanisms. Fractals are characterized
by self-similarity over multiple scales and
provide a quantitative means of analyzing the
spatial and temporal distribution of earthquakes
(Turcotte, 1997). Earthquake fractal dimension
(D) describes the degree of seismic
heterogeneity, and Gutenberg—Richter b-value
reflects the stress state of the crust and the
frequency-magnitude relationship of
earthquakes (Gutenberg and Richter, 1944).
Numerous studies have shown that a decrease in
fractal correlation dimension is commonly
associated with increased stress levels and the
occurrence of large earthquakes (Turcotte, 1997;
Wilson et al., 2002). In addition, recent research
on geomagnetic and electromagnetic precursors
suggests that certain pre-seismic signals can be
detected days or even weeks before moderate
earthquakes, emphasizing the predictive
potential of fractal-based approaches.

Materials and Methods

This study uses historical and instrumental
earthquake records from the eastern lIran as
itsmain data source. Data were systematically
collected from the two main authoritative
international  databases: the International
Seismological Centre (ISC) and the National
Earthquake Information Center (NEIC) for the
period from 1900 to 2024 with a minimum
magnitude of Mw > 4. The raw catalog was
carefully declustered to exclude aftershocks and
foreshocks, ensuring that only background and
main seismic activities were represented. The
magnitude of completeness (Mc) was
determined to ensure adequate statistical
reliability of the analysis.

Analysis of Fractal and Seismicity Parameter
The outgoing earthquake catalog was
examined by the ZMAP software package that
was developed for handling seismicity analysis.
The key parameters calculated were: The
magnitude of completeness (Mc) was
determined using the b-value stability method,
where b-value is calculated by progressively
removing smaller events until stability is
achieved, resulting in Mc = 4 (Wiemer and
Wyss, 2000). Additionally, to remove
aftershocks and foreshocks and isolate
mainshocks, declustering was performed using
the Epidemic-Type Aftershock Sequence
(ETAS) model within the ZMAP software. This
algorithm operates based on magnitude-
dependent spatio-temporal windows and non-
stationary earthquake occurrence rates.
e b value: Calculated through a Maximum
Likelihood Estimate method, often in a
moving spatial window to map the variations
in stress (Scholz, 1968).
e D-value (Fractal Dimension): Calculated
using the Correlation Dimension method,
which measures the spatial clustering and
complexity of the earthquake hypocenters
(Perez and Tuckwell, 1993).
o D/b Ratio: This composite parameter was
computed at each grid point as an integral
index of seismic hazard potential, taking into
account both the level of stress and the
structure of a fault. The spatial variations of
the Db-value, D-value, and D/b ratio are
visually mapped using the ArcGIS
environment, enabling a direct comparison
to be made with major active fault segments
and known historical rupture zones of the
region.
e The comparison of seismic and geodetic
moment rates provides a robust framework
for evaluating tectonic activity and crustal
deformation in active regions. The seismic
moment rate (SMR) quantifies the rate of
elastic energy release through recorded
earthquakes and is calculated by summing
individual seismic moments over a given
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time period within a defined area. It therefore
reflects the portion of tectonic strain that is
released coseismically along active faults,
but its accuracy is inherently limited by
catalog completeness and the relatively short
duration of instrumental observations. In
contrast, the geodetic moment rate (GMR) is
derived  from  crustal  deformation
measurements obtained through geodetic
techniques such as GPS and represents the
rate of ongoing strain accumulation across a
region. Unlike SMR, geodetic estimates
integrate  both seismic and aseismic
deformation, including  fault  creep,
distributed shear, and elastic strain stored on
locked faults. Consequently, discrepancies
between these two rates provide critical
insight into strain partitioning, seismic
efficiency, and the potential for future
earthquake occurrence.

Results and Discussion

Spatial analyses of seismicity parameters in
eastern Iran reveal a heterogeneous crustal stress
regime. The computed b-values range from 0.8
to 1.1, indicating moderate to high differential
stress throughout much of the region. In contrast,
the D-values display greater variability
(approximately 1.6-2.3), highlighting
significant differences in fault-zone structural
complexity and fracture distribution. Two major
zones emerge where b < 0.9 coincides with D >
2.0; these zones align with the Nehbandan and
Dasht-e Bayaz fault systems. Their spatial
correspondence with high-strain fault corridors
suggests that these structures are currently
undergoing substantial tectonic deformation.
From a physical standpoint, a low b-value
generally reflects increased differential stress
and a greater tendency for the system to fail via
fewer, larger earthquakes rather than numerous
smaller ones. Conversely, higher D values
indicate a more fragmented and heterogeneous
medium, which is favorable for strain
localization. Therefore, the co-occurrence of low
b and high D in eastern Iran marks the presence

of critically stressed crustal volumes that have
undergone extensive micro-cracking. The D/b
ratio, a combined index, shows particularly
diagnostic behavior. In this study, D/b > 2.0
consistently delineates the same high-strain
zones identified by the individual parameters.
Furthermore, regions with elevated D/b values
coincide with areas of increased seismic moment
release rates, where rates of 101°-10%° N-m/year
have been reported. This convergence of
indicators reinforces the interpretation that the
crust within these corridors is approaching a
rupture threshold. From a seismotectonic
perspective, this pattern represents the evolution
of pre-failure criticality: increasing stress lowers
b, progressive fault-zone damage raises D, and
the D/b ratio increases as the crust approaches
instability. The spatial correlation between high
D/b regions, mapped fault damage zones, and
historical rupture areas further validates this
interpretation. Thus, the present findings
strongly support the use of D/b > 2.0 as a robust
quantitative marker for identifying locations
with the highest potential for large-magnitude
earthquake nucleation in eastern Iran.

Conclusions

The findings of this study provide a coherent and
detailed picture of stress conditions and seismic
behavior in eastern Iran, an area long recognized
for its active tectonics and history of destructive
earthquakes. A combined analysis of the B-
value, D-value, and their ratio, D/B, reveals that
seismicity in this region does not follow a
uniform or predictable pattern. Rather, it reflects
the intricate interplay of regional stress
accumulation, fault geometry variations, and
crustal damage disparities. Along segments of
the Nehbandan and Dasht-e Bayaz fault systems,
the simultaneous decrease in B and increase in D
indicate that the crust is progressively
weakening through microfracturing and moving
closer to mechanical instability. Elevated D/b
ratios in these zones reinforce this interpretation,
indicating areas with an increased likelihood of
large earthquakes. These findings are
strengthened by their clear consistency with
geodetic deformation rates and high seismic
moment release zones previously identified by
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independent datasets. The agreement between
fractal metrics and geodetic observations
suggests that the crust in parts of eastern Iran is
transitioning toward a critical state. Therefore,
integrating fractal parameters with seismic and
geodetic indicators is a powerful, reliable
approach for identifying regions with heightened
seismic hazards. This combined framework
provides actionable insights that can inform
regional hazard mitigation, urban planning, and
the design of earthquake-resilient infrastructure
in one of Iran’s most tectonically active regions.
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Fig. 2. Active fault density map derived from Kernel Density Estimation
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Fig. 3. Gutenberg-Richter frequency-magnitude relationship for the study area (Mw>4)
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Fig. 4. Spatial distribution of b-value in eastern Iran (IDW interpolation, power = 2)
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Table 1. Fractal dimension (Fractal dimension) of fault systems in seismic zones of eastern Iran

D Value D Value D Value
1 1.4136 12 1.503 23 1.6963
2 1.4288 13 1.7213 24 1.4601
3 1.0095 14 1.3847 25 -

4 1.47 15 1.5308 26 1.051
5 1.7088 16 1.585 27 0.8557
6 1.4703 17 1.7088 28 1.4347
7 1.3308 18 1.7966 29 1.7329
8 1.2721 19 1.8476 30 1.5423
9 1.798 20 1.8755 31 1.5686
10 1.5077 21 1.0703 32 0.71
11 1.5632 22 1.7557 33 0.7966

D Value D Value
34 0.817 45 0.47
35 1.5724 46 1.1492
36 1.3422 47 1.3247
37 1.6421 48 1.2422
38 1.1288

39 1

40 0.47

41 1.6585

42 1.5177

43 1.3136

44 1.2943
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Fig. 5. Spatial distribution of fault fractal dimension (Fractal dimension) in eastern Iran (IDW interpolation, power
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Table 2. Fractal dimension (Fractal dimension) of earthquake distribution in seismic zones of eastern Iran (IDW

interpolation, power = 2)

D Value D Value D
1 0.9737 12 1 23
2 0.6 13 1.3584 24
3 1 14 1.2271 25
4 0.9585 15 1.318 26
5 0.9807 16 1.2271 27
6 0.934 17 1.6963 28
7 1.6941 18 0.8492 29
8 1.2721 19 1.2744 30
9 1.3322 20 1.0966 31
10 1.6963 21 1.0732 32
11 1.3584 22 1.4984 33

Value D Value D Value
1.5686 34 1.1188 45 1.0585
0.7703 35 0.9807 46 1.051
1.2271 36 0.8755 47 1.0222
0.7755 37 1.8924 48 1.0422
1.0322 38 1.704

1.3043 39 1.0222

1.5806 40 0.817

0.7755 41 1.1755

1.7773 42 0.7966

0.817 43 1.0288

0.9807 44 1.2101
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Fig. 6. Spatial distribution of earthquake fractal dimension (Fractal dimension) in eastern Iran. (IDW interpolation,

power = 2)
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Fig. 7. Spatial distribution of D-value/b-value ratio across eastern Iran. (IDW interpolation, power = 2)
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Fig. 9. Seismic moment rate zonation map of eastern Iran (IDW interpolation, power = 2)
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Table 3. Calculated seismic moment rates at GPS stations in the study area.

Station Name Longitude Latitude VN (mm/yr) VE (mm/yr) Geodetic Moment Rate
(mm/yr)

Khur 55.081 33.769 11.35 -0.75 3.75148E+17
Tabas 59.95 33.603 9.79 -1.62 3.75148E+17
Birjand 59.255 329 7.36 -0.26 3.75148E+17
Ferdows 58.181 34.03 8.23 -2.31 1.70793E+18
Qaen 59.176 33.74 5.73 0.01 1.70793E+18
Gonabad 58.683 34.373 6.47 -1.18 1.70793E+18
Khuf 60.158 34.584 1.46 -0.52 3.6437E+18
Kashmar 58.472 35.27 5.69 0.26 3.6437E+18
Fariman 59.842 35.696 2.44 -1.17 3.6437E+18
Kadkan 58.878 35.591 2.92 -3.26 3.6437E+18
Nehbandan 60.038 31.541 8.39 1.96 3.6437E+18
Haji-Abad 60.009 33.604 2.74 -0.66 1.29921E+18
Torbat-e-Heydarieh 59.218 35.346 3.96 -0.62 1.29921E+18
Torbat-e-Jam 60.564 35.294 2.82 -0.82 1.29921E+18
Dehsalm 59.297 31.196 6.24 1.33 1.29921E+18
Ab-Garm 58.319 32.484 7.09 0.77 1.29921E+18
TOTI 58.531 33.019 7.4 -0.68 9.35701E+17
Sarbisheh 59.955 32.578 491 1.06 9.35701E+17
Nowghab 59.937 32.988 4.62 0.86 3.35701E+17
CMCV 57.76 30.537 8.2 -0.36 7.35701E+17
Hajat 60.502 31.573 1.64 1.02 5.35701E+16
Shah-Rakht 60.296 33.654 1.58 -0.38 6.35701E+15
Nayband 57.397 32.492 8.81 -0.92 9.35701E+15
Kerman 57.119 30.277 14.9 0.36 7.35701E+14
Abgin 57.046 31.206 10.9 2.3 8.35701E+17
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Fig. 10. Geodetic strain rate zonation map of eastern Iran derived from GPS velocity data. (Derived from

continuous GPS velocities, 2015-2023)
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S5 slog) 4O Wged plprsar adl (SSlaire; b
oo lis ol Ked cpl i o dalaie (o o8 o S
‘U"‘ » 05)LC | ).'v‘)bila (s ‘;ol.ww) le.m;ﬁ:JL!ﬁ
S S e glols 6l Sogss sesls o
el 03,8 o158 5531, o o] sl 54 el sl
9 S S8,y siledse o wilgiee Sldbl ()l
sl ade [l G';T slojy) slacodled oo ion
ol aS das e s Doy b layall olas s
hol GoJus x5z 5 S5ike b ladiins ol is
byl polie b Boes iy o8 ale o o
4 umdg tailelea D-value VL ,olie gvalue

S0 5 (0,6 sleabe) loj) jsliaS 25 anoli
Col oo Sialeal oo ylis g5 ,» )0 (Gﬂ slrals)
oSt 5ot Glie 5 &9 50 Dol b s j5boay o5
b slaggy wile lagygy 5l (P n j ol Ly
IS & 5 gy JuS g il oS i Lol sla oS
el (gl ) olesS & 5 5l YL (s ol joboay SC30953
3,18 0,Lil o ygy cml jo 13 s (65,50 mezs a4y B (]
s b bl glgieas bl opl .ol oais o] 540 a8
S0 diblie o wilead olulid wad slaal; ogall
S gl Ko 22 lau 4 S003 slagyg; asile
Sl oo o5 09d o0 0saline SI0g3 9 sloj ) slag 5

Sloj) cudlad Sy 65,8l (2,05 o ol3T sasms lis



¥ o)Lo..,.'f: AR 0,99 s‘sw..x..e‘.c ‘SNL.N )

Y0

CMWF) (glog ) gloools Lo sl (gl 5 ol
ax g b-value ol polis a5 ols olas (VR - -Y- VY
sl S slazel s bawe (Fractal dimension) s s
S S 03 0l &5 At 55 pete g9 (>le g JUsd
ey Jeily g loojJome) wad ganadss L
Lo eyl cal 5WL ool (blie o ol )5 sloal )5
S35 9 (bl 5 vz Jls>) Jlod Glaize 5o
im0 oo Gl ) (65568 AB g FeSen g D) S ok
YL &5 L ool D-value gb-value b sble Jligea
o bLI| oanSanl gloj,) olias gslusls
Egorme ;S Lawl JUb (SgiSS ol b JUS 3 sSeals
Sdld g anaia b (JBS S slapall (olad e
Ol Wlgioo g )18 (SlyFen aihaie Lol la S
3 sloy) b Glaay plulid Glp S5 pasls

gl a8 )5 54 ol pl G0

18 yud

g 58015 aslul sl pleal; g bioles 5l alwg pay
38 )b gl olRals jo 993 slagh ol
dlosowo 50,5 2len 1) Lo bosls o 6)516“?
oald laolly 4w yiwd Sl pized oS o (Sl ,08
0218 1, iag, ool ol azen) 45 sale ilie 5 (sl )
2 Kol izl

References

Abdelrahman, K., & Ali, S. M. (2024). Analysis of
the fractal dimension, b-value, slip ratio, and
decay rate of aftershock seismicity following the
6 February 2023 (Mw 7.8 and 7.5) Turkiye
earthquakes. Fractal and Fractional, 8(5), 252.

Asghari, H., Khatib, M. M., Gholami, E., & Bagheri,
S. (2024). Analysis and comparison of paleo
stress variations using structural pattern and slip
data inversion methods in the southern part of
the East lranian Tectonic Belt. Journal of
Tectonics.

2SS, Ry Sy R3S ped eaadlas
gy b ofcr glbdus (hlie o sl JuS 4l
G (i (S Pl Sebs il ()8 Sy
FS o ewgmze jeba o] 0 D laie 5 aims oo plis
Jols aSNE-SW LI 55 a3, b SLalS 531l ol
0392 553l el Lol gl 5 iy yo Azt 50 ol Sen
Gla, sl slatal o a5 5 5,8 oS ol o] Sl
LS, nl Gliges 35 oo (slu dome (swiin Gl
Jiei LQAJAJDij‘MJJ.DQGAuL»JL;ILSP =L
Bele po wolis 5l bl asly s 25 SSeals
o gy S S e gl s g il

il e
Sl gaedyyl Hlpl bl g aiss cpl (IS jsba
5 polie slacslon; Lk Wiy Jhs Copoe
s oo &l St gble 3 ot sl
S 50 Slos g Sogss (oS slaesls 5l g pSe e
Ol g ools zolsal o cm i <dd (Sl gany9)

el 65,5 wal 1) o bl gluls

5 Wlesadl anpaS 50 6,518 o 4 oll 5,
Lo dewlysl 5 iy o Slmiao ol ,Son 5| Li5 wis
FIolael slaJus 00 2 Codled g oz (25 m)

Wigyd (ol Cudbo laigd i) 0 S g o Sl

Barton, C. C. (1988). Fractal analysis of scaling and
spatial clustering of fractures. Geophysical
Research Letters, 15(5), 375-378.

Berberian, M., Jackson, J. A., Qorashi, M., Talebian,
M., Khatib, M., & Priestley, K. (2000). The 1994
Sefidabeh earthquakes in eastern Iran: Blind
thrusting and bedding-plane slip on a growing
anticline, and active tectonics of the Sistan
suture zone. Geophysical Journal International,
142(2), 283-299.



7Ys

e 5 oyt | st )l 5 s3ees ) sle )l JUS S Sl

Liu, C., & Kagan, Y. Y. (2025). The characteristics
of seismicity in East Anatolian Fault Zone.
Journal of Seismology, 29(1), 45-68.

Grassberger, P., & Procaccia, I. (1983). Measuring
the strangeness of strange attractors. Physica D,
9(1-2), 189-208.

Gutenberg, B., & Richter, C. F. (1944). Frequency of
earthquakes in California. Bulletin of the
Seismological Society of America, 34(4), 185-
188.

Hanks, T. C., & Kanamori, H. (1979). A moment
magnitude scale. Journal of Geophysical
Research: Solid Earth, 84(B5), 2348-2350.

Hooker, S. J.,, & Johnson, D. A. (1995). Fractal
dimensions of fractures in carbonate reservoirs.
Journal of Structural Geology, 17(7), 993-1003.

Johnston, A. C. (1996). Seismic moment assessment
of earthquakes in stable continental regions —
I1l. New Madrid 1811-1812, Charleston 1886
and Lisbon 1755. Geophysical Journal
International, 126(2), 314-344.

Kagan, Y. Y. (2002). Seismic moment-frequency
relation and seismic energy release. Geophysical
Journal International, 149(2), 319-329.

Kanamori, H. (1977). The energy release in great
earthquakes. Journal of Geophysical Research,
82(20), 2981-2987.

McCaffrey, R. (2005). Block kinematics of the
Pacific—-North America plate boundary in the
southwestern United States from inversion of
GPS, seismological, and geologic data. Journal
of Geophysical Research: Solid Earth, 110(B7).

Mohajer-Ashjai, A. & Nowroozi, A.A. (1978),
Observed and probable intensity zoning of
Iran.Tectonophysics, 49, 149-160.

Oncel, A. O., Wilson, T. H., & Nishizawa, O. (2001).
Size scaling relationships in the active fault
networks of Japan and their correlation with
Gutenberg—Richter  b-values.  Journal  of
Geophysical Research: Solid Earth, 106(B10),
21827-21841.

Perez, R., & Tuckwell, G. (1993). Fractal geometry
and the distribution of fractures in reservoirs.
Journal of Petroleum Science and Engineering,
10(4), 299-311.

Ramesh, A. (2025). Precursory seismic patterns
preceding major earthquakes: A case study from
Northern Himalayas. Tectonophysics, 850,
229756.

Scholz, C. H. (1968). The frequency-magnitude
relation of microfracturing in rock and its
relation to earthquakes. Bulletin of the

Seismological Society of America, 58(1), 399-
415,

Scholz, C. H. (2019). The mechanics of earthquakes
and faulting. Cambridge university press.

Slemmons, D. B. (1982). Determination of design
earthquake magnitudes for microzonation. In
Proceedings of the Third International
Earthquake Microzonation Conference (pp.
119-130).

Soltani, M., & Tavakoli, B. (2013). Fractal analysis
of fractures in the Zagros region, Iran.
Geophysical Journal International, 192(2), 667—
678.

Tatar, M., & Javad, A. (2012). The role of tectonics
in the seismic activity of the Zagros and Alborz
Mountain ranges, Iran. Journal of Geophysical
Research: Solid Earth, 117(B6), B06402.

Turcotte, D. L. (1997). Fractals and chaos in geology
and geophysics (2nd ed.). Cambridge University
Press.

Walker, R., Jackson, J., & Parsons, B. (2011). Active
tectonics and earthquakes in central and eastern
Iran. Tectonics, 30, TC5010.

Wiemer, S., & Wyss, M. (2000). Minimum
magnitude of completeness in earthquake
catalogs: Examples from Alaska, the western
United States, and Japan. Bulletin of the
Seismological Society of America, 90(4), 859-
869.

Wilson, A., Oncel, A. 0., & Dixon, T. H. (2002).
Space-time correlations of seismotectonic
parameters: Examples from Japan and from
Turkey preceding the izmit earthquake. Bulletin
of the Seismological Society of America, 92(1),
339-349.

Yadav, R. B. S., Gahalaut, V. K., Chopra, S., & Shan,
B. (2012). Tectonic implications and seismicity
triggering during the 2008 Baluchistan, Pakistan
earthquake sequence. Journal of Asian Earth
Sciences, 45, 167-178.

Zarei, S., Khatib, M. M., Zare, M., & Mousavi, S. M.
(2019). Evaluation of seismicity triggering:
Insights from the Coulomb static stress changes
after the 30 August 1968 Dasht-e-Bayaz
earthquake (Mw = 7.1), Eastern Iran.
Geotectonics, 53, 601-616.

Zarifi, Z., Nilfouroushan, F., & Raeesi, M. (2013).
Crustal stress map of Iran: Insight from seismic
and geodetic computations. Pure and Applied
Geophysics, 171, 1219-1236.



