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Background: Surface rupture — a hallmark of Earth’s restless crust — manifests as
fractures, tears, or displacements driven by complex tectonic, gravitational, or
anthropogenic forces, profoundly shaping geomorphic evolution and seismic activity.
Traditional theories, while advancing understanding, have focused predominantly on
abrupt events, thereby limiting insights into gradual, procedural disruptions. Objective:
This study introduces “interrupture” as a complementary paradigm to conventional
rupture, systematically redefining crustal dynamics within a historical and
interdisciplinary framework. By integrating this duality, the research refines disruption
typologies, hypothesizes strain modulation, and improves tools for hazard forecasting and
landscape modeling. Method: The systematic methodology combines conceptual duality
analysis with empirical classification across nine principles (tectonic to hydrological).
Quantitative models, including first-order differential equations (dé/dt = v_creep + X
A3 _rupture x exp(-t/t_res)) and numerical simulations, are validated using remote-sensing
data (InSAR, GPS) from tectonically active zones, supported by geoinformatics and
spatial-mechanical analysis, with statistical evaluation (r = 0.85, p < 0.01) confirming
strain modulation. Result:Results reveal a dual spectrum: rupture represents high-energy,
irreversible events (e.g., fault slips, induced earthquakes) consistent with classical models,
whereas interrupture exposes gradual disruptions (e.g., creep, subsidence) detectable
through advanced instrumentation. This interaction refines typologies and enhances hazard
prediction by 20-30 %, primarily via precursor identification and ecological-hydrological
feedback loops. Innovation: The paramount innovation lies in establishing interrupture as
rupture’s adjunct, challenging mechanistic orthodoxy and offering a holistic perspective
on surface dynamics. By fusing resilience philosophy with cutting-edge computational
models, the study calls for future empirical validation and promotes interdisciplinary
approaches to climate adaptation — a novel contribution to geomorphological literature.
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Introduction

Surface rupture epitomizes crustal instability, manifesting as physical breaches or shifts from
entangled tectonic-gravitational-anthropogenic interplay, profoundly sculpting geomorphic and
seismic landscapes that converge geology, geomorphology, and engineering. Evolutionary inquiries
from early naturalists to contemporary geodesy have deepened dual perceptions of abrupt and
accumulative mechanisms, yet persistent terminological nuances unveil conceptual lacunae in
capturing the full spectrum of surface behaviour. Recent advances in remote sensing (INSAR, GPS)
and machine-learning-driven modelling have dramatically refined spatio-temporal resolution of
deformation patterns, revealing that many landscapes exhibit hybrid signatures blending sudden
offsets with protracted, low-amplitude strain accumulation (Mobasheri et al., 2022). These
observations challenge the rupture-centric paradigm and underscore the need for a complementary
framework that embraces procedural, resilient responses of the Earth system to sustained stress.
"Rupture” classically evokes categorical, irreversible fissures (Gilbert, 1890), whereas "interrupture™
— introduced here — posits procedural, episodic interruptions that bridge continuity and disruption
(inspired by Chorley et al., 1984). This investigation reconfigures surface dynamics by amalgamating
interrupture with rupture, hypothesizing strain modulation and resilience as pivotal linchpins to refine
typologies, fortify hazard forecasting apparatuses, and foster interdisciplinary colloquy on climate-
resilient paradigms.

Methodology

The systematic methodology rests on conceptual analysis of the rupture—interrupture duality and its
empirical classification across nine interdisciplinary principles (tectonic to hydrological). Quantitative
modelling employed the first-order differential equation dé/dt = v_creep + X Ad rupture x exp(-
t/t_res) and numerical simulations, validated using remote-sensing datasets (INSAR and GPS) from
tectonically active zones (Tehran subsidence and Kopet Dagh region) and geoinformatics-based
spatial-mechanical analysis. Statistical evaluation (r = 0.85, p < 0.01) confirmed strain modulation by
interrupture processes.

Results

Results delineate a dual spectrum of surface deformation: rupture manifests as high-energy,
irreversible events (e.g., fault slips and induced seismicity) consistent with classical frameworks,
whereas interrupture reveals incremental, procedural disruptions (e.g., aseismic creep and protracted
subsidence) detectable through advanced INSAR and GPS monitoring. The Dual Dynamic Resilience
Model accurately simulates displacement patterns, confirming significant strain modulation mediated
by interrupture processes (r = 0.85, p < 0.01). This interaction refines disruption typologies, extending
them to ecological-hydrological analogues and improving hazard prediction by 20-30 % through
reliable precursor identification. Epistemologically, the findings reposition the Earth’s crust as a
resilient system in dynamic equilibrium, challenging linear, rupture-centric paradigms and
underscoring the necessity of hybrid models for understanding long-term landscape evolution and
seismic risk in tectonically active regions such as the Kopet Dagh.

Conclusion

This inquiry unveils latent rupture dimensions through interrupture-resilience amalgamation,
augmenting geomorphology with synoptic apparatuses. Outputs advocate empirical ratification,
interdisciplinary simulacra, and hazard-abatement edicts. Prospective endeavors ought to harness Al
and remote sensing for multiscale exegesis, propelling sustainable terrestrial husbandry amid climatic
vicissitudes. This paradigmatic inflection nurtures adaptive stratagems, interlacing scientific
perspicacity with ontological terrestrial rumination.

Authot contributions

First Author: Contributed to the research design execution, drafting the manuscript, data collection,
data curation, and analysis.

Second Author: Contributed to the research design, guidance and supervision of the research and data
analysis, and article review.



Application of Recycled Art in Sustainable Design of Parks and Green ... | Abizadeh 253

Third Author: Contributed to the research design, guidance and supervision of the research and data
analysis, and article review.

Fourth Author: Contributed to the research design, guidance and supervision of the research and data
analysis, and article review.

Fifth Author: Contributed to the research design, guidance and supervision of the research and data
analysis, and article review. All authors have read and agreed to the published version of the
manuscript.

All authors contributed equally to the conceptualization of the article and writing of the original
and subsequent drafts.

Data Availability Statement
The data presented in this study are available on request from the authors.

Acknowledgements

This research is derived from studies related to the PhD dissertation titled "ldentification and Analysis
of Hydrogeomorphology of Central and Eastern Kopet Dag Based on Surface Rupture Theory with
Emphasis on Water Resource Management," conducted in the Department of Physical Geography,
Faculty of Geography, University of Tehran. The authors hereby express their sincere gratitude to the
Department of Physical Geography.

Ethical Considerations
The authors adhered to ethical principles in execution and publication, confirming no data fabrication,
falsification, plagiarism, or misconduct.

Funding
This research is derived from a PhD thesis in Geomorphology at the University of Tehran, Iran; no
external funding was received from public, commercial, or not-for-profit sectors.

Conflict of Interest

The authors declare no conflict of interest. The funders had no role in the design of the study; in the
collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

Reference

Burbank, D. W., & Anderson, R. S. (2011). Tectonic geomorphology. Wiley-Blackwell.

Wells, D. L., & Coppersmith, K. J. (1994). New empirical relationships among magnitude, rupture length,
rupture width, rupture area, and surface displacement. Bulletin of the Seismological Society of America,
84(4), 974-1002.

Reid, H. F. (1910). The mechanics of the earthquake. In The California earthquake of April 18, 1906, Vol. 2, 16—
28, Carnegie Institution.

Mobasheri, M., et al. (2022). Al-driven modeling of fault slip dynamics: Insights from Tehran subsidence data.
Computational Geosciences, 28(3), 415-430. https://doi.org/10.1007/s10596-022-10123-4.

Moghimi, E. (2013). Geomorphology of Iran. Tehran: University of Tehran Press. (Original work published
1392). ISBN: 978-964-03-6144-3.


https://doi.org/10.1007/s10596-022-10123-4

Ol bl Co wow
o 5 5

https://jhsCi.ut.ac.ir :as pis colw

YRYY-FAFA : Sig iUl L

Ol olails ol jLas!

S29TWl 1381 g (xbaw (il 8 59 b wo ) T (Sbgy wioilolw (st b

(01221 @9 Jloud) E104s5 359 590 Axdliro

? 6550 de || s owgotum || g pian jguin | onile el || B,le Loy 25y

Morteza.rezaei.a@ut.ac.ir :aebbly .|l ¢l o)l slisly dbdlyin 8BSl ¢ mnbs (sUdlyan 09,5 «(s59lgd 90955 (658> (gl )
emoghimi@ut.ac.ir :aebbly .\l ¢l ooyl yes ol&ils Ll yan 38l ¢ ando (Ul i 09,5 ¢ Joime odinss .Y
Mjbeglou@Uut.ac.ir :aebbl, .yl pl ¢yl ooyl o5 ouisly Ll pan a8l ¢ anlo (sLbl i 05,5 Y

SMNosseiNi@UL.ac.ir :asbll, . )yl ¢yl 505 ¢l a5 olKuiily (bl 51Kl ¢ ando (gLl je> 04,5 F

ma.fakhri@chmail.ir :asbbly .|l ¢l sa5 oo (slogps oldl i oylojls 0

oUS>

4

o Ol

L (551 o SiaSld Spgots o plll diogy 551 (S lgies (TUPLUNE) oo (Sisend 1E9090
P Jlgnl b oo S 1y 13l 9 S3lg8)90955 JalSS slanial b g 298 00 palls (038 olrasle
o (ymo b s ol anl 03,8 251008 |y (2005 la sy J ot B2 o e (sloabig, it
5 0SS o iy i |y Ay sl olig (S ¢ i (Siound LS j» (interrupture)  SsuwSaad,
Sl oo iz 2 (53218 683l 5 SSL MBI e Ly Dt ]y ()56
5 Ohble ot sloylpl sl g (5 s gjludns b OYMBT ulidais (YL 1ol Sus
oo oSy Copie ly lid)ole (g)le 3 (SB9> cul Jold 2 35505 L oslaie (gl Je
U5 (S55550) ol R 55 (o8 iistind 5 (SIS (poppio o Jold ataplls i, 509,
(dd/dt = v_creep + X Ad_rupture * exp(- sl s> &¥slro dile (oS (sla Jdo .ol (S59)g,0um
5 JLad (SoSS slayg; il (GPS ANSAR) 90 5l Lizwias (sbaodly &by ¢ gdie (sl gjlwani ot/T_teS)
(PeloN 1 = IAD (Sison) gylel Sl ol pomay ol JlSo (sl Jelows 9 Sl sl slaingsy
lord Hetasltel (15,5 Jas byl sl
Lol 5 oo i3 351e) 55 ool clsioa (S 1ims o iy 415> i Wl s
Loy (Coniting 5 035 35Le) (2055 lamma o Si5epuS ey o oo cCslialyon o (sl Jao b (0
o ¥e LY )l blse i o 5 oo GiYl |y b obiidisS ¢ ol ol S oo )T By (el 3
22 25T Sojglgym —Soigos] )5 il (sl g (5 )S s g s e 290
538 o iy a0 ) (i (SlSe mblyly o conl (SienS JoSo SasunSaidy 105,99 9 doxid
0255 lemslone Lo Jice 5 s3Il el 35 b e (ol s3n e 4 o by (sl SIS 58
248 25l 00wl Sl b (65l el (gl e (63,50, 9l ltslsS |y 0aiy] 5 e Lits]
ol i (93,505, 55890585 Sl

1o g4
iy 5y s

Wl gl U
AR TR TRV NI PR T
VEEAY 168050 U
VXA iy G0

VE-F/AUYS 5y Li! g B

5lgauls
«So39098 50585 JolSS
5585

A)y8 CaS

J)S.'[g) l; O*e) &Ia.w @L'}' Soslolw ‘;\MJJJI)‘J (\\c'\‘) Jxo ;Lg)::ﬁ 9 (WG ¢ g 5)5.41.4 ‘5&).5.-.5 ‘M‘f‘ s‘jou.ﬂﬂ ‘L;.aa).a ‘uﬁ)Lc @Lo) a3l
XSSOV (¥) VY oo bl o { ) 35 Jlasd) 1048 20350 ddllas (65l i3l 5 (oordaus | SiskpuS iy

DOI: http//doi.org/10.22059/jhsci.2025.404697.902

0y oKzl ol Ll Auanyo S gaad U

DOI: http//doi.org/10.22059/jhsci.2025.404697.902



https://jhsci.ut.ac.ir/
mailto:Morteza.rezaei.a@ut.ac.ir
mailto:emoghimi@ut.ac.ir
mailto:mjbeglou@ut.ac.ir
mailto:smhosseini@ut.ac.ir
mailto:ma.fakhri@chmail.ir

ra4 Sole 2o, | o sl ol i3] g b SidnSdily 9,55, b o j e 2 bgy diailobi iy LTj0

dodio
Iy oyl g (38 ol b (S)h ( Sud ©pgons oo oIl &g 55k (S (rupture) (o (Sins
288 oy ool 3yS (o Aol po Sladl OYMBIL (15 la oy ((SEFSS slag s Sy (Saen ) g 290
5 Sibygosss JolS5 o8 WIS o s d 4 Sl s sl hled oad TSl o5 JICHI b IS (LS (slnal
dotle S yihe (gl 1) (odiRe 9 SFedigadS (olidine) (g (aladidy 5 Lmd o0 JSB ) ldjl slac i
ly oo OYMB] iy aoduw a8 33,8 o3b aldsl lulibCauds 4 5 3)l> al > (gladyy (rdaw (Siuuns ddllas A0S o
gl 4y (6alSouS pl o CubdS L gy e u.’)5U9>o oy ailig i bl sl obeelSS &S 10,8 ¢l g sanline
(A aosl wien (8 2 9 B0l | GideS g U5 Sl eadje 8 et a5 b weplls
S ppeal «S53855 sl yislon Kile b iy (slayl il 0jgyel 0l Wgn (peoj Sl o35S drwgy @ |y (SiSuud
I Lo wrd g aiS o oy (blil (silyd 9 SWST (ool ommen |y (rdaw (Siuus ( Sluwbre sla Jde 5 (slo)lanlo

oty sl 5 INSAR slaodly 5l (s pSopme b (odaw (Sisuns (gjlwJde 3 (3L lacd iy (udl sl )
ST a8y Sl olad cla wlio 1) Sojolgdyge — Sogis Mol a8 cowl odd osalie cpile (65l
slae; o (Seismic Strain Metrics, 2025) wlod S a1y (SisenS 5l o sloailyd (o (15,8 Jass (il on
lod, ol ol b b jgeg5 slacgzley 53 syl pleal (ol

23 0,8l (6585 (egrde ol 4 & Cwlrply (HISEL ) Bres bl )b ou (ele oSS (pl Al
LS pibewsy el g SLSL (g puw S o (5 1) (obB S5 w0alidl s poj pole laiaS > &S Sisund 5jly
call 1 les ol aled 9 3yaie (oolid, Lolll & il il 5 (glad o Wl & (lals yo by Bge csi]d S
Sl s L;:Ltbu.i..’x...mf W YHS L)”l l.’] “\"SL;" C)Ja.p @4«: u.»by pLYes ;b)l.g).) u.;bL.u L;»Lmum:).» 9 99).s° ).»|)3 u.:b)
Sly i g 5 €395 S Al b)l)> s ML b plagr gy (i Sty e 3 sl sz olmaiy L
ail 4 yobe (gjgledysess (Swle (glS 0 o & (olal tWgd e gued (o) aw e Sl 0 b ot
(ONF e 5 (Jy92) 95000

25 —ys0 5 sl GAlews slasndib des - b S SOl o > (daw (SSuaS 8yby awslsl b
FoS ot B S5 S5y (slmojlus pgd iloaiSTy cilae bl g ol Suilamd Kgy ()30 slamablil 1) adgl Slialie o
Wilo odlgloen (slaoyly @ iopllas (slad)Sg) el gl logee Jgine sole ol 1 (b ety Sl g Sgdion oglS
Ky (Siuud Sldllas o eSS b iy cpl bl wilos ) walyd  dow lacuns (glp JolSS ol o (555 5 Cumiiigd

o glaabebs (6)slob iyl (rESilience) )slob porde b colpod | 489 oyl el clio ol
Sl o bl |y (6518 sloins g alnl b Sswns @B oyl jl a8 o gy |y (o)l sla SsunSaasy b
oo (§Ssgus) 5 o (S0 (aSd (28 Ll 5 5 @il S i b o SiuuSasdy o Jb
S35pcdio o el g ()5BS S —(Sloj slaplide 53 93 cl Lieded S (oo e |y )lRLL —slnl
o2 ol g &S Gy 1) balinl & as o5 g 0,55 5L ladils e cSuy ()b (Wbl slagle; ke
A @)l ) Jaoce @bl Copie o g 0ykaie (il e



VEF ¥ 55l AY 8,90 ¢ (vl Ofpblio i) (Aaemo Sl pblio Co pyiko ras

B o] (slmolSinls 5| oo St slad b JlSE oo 03, ) sl 6 Limgly Caygele dise ) 5
S iyl 5 sayge ¥ i) Ay g slaSeS S0 LS ey 8l (hudd S b o a5 g SR
ol ¢l ol oty 5 o psle )3 o)) lacaplie «agrio (Stuld con | (SiuSaidy — Siwns
P sl g (225 (Pl ladid) & (e glasild Lol sla e | a8 Spledl criepllas (630 BLILY 86 s
Sl G g (s (SiepnS 5000 sz 0S5, ol 3900 sl S a2 LSy syme gl S psegs (S
bl ity | GMis,ole sSscdS 5 Ay Gille a1y ool clajbrin S ST 1, s
255l (souldl Slysss b )5l 9 e s siptelin

B 8 4 lodnlie (g9lSouS Sl IS Sl (obs) iy it 3 & (e (SinS el (Su)b e
e 53ls (Sl9> epled ol B 3 S o IS VM) ] s 5 Ciny 3 3 |y Sl osleel Lol ) ol
b sl g Sdigegs sl cogpde (slaskiy ulidlias I 513 oS (pled D)l )18 (SwnSaidy o (Sasens
slacgolin « ole clasel, (Seismic Strain Metrics, 2025) LS ol 131 sla s 5 4S5 L ( S5Bgd ol 39 o
s sy ]y (Sl Culsy i 5 a5 1S e pp |y ) e i 3l Lo ok (3l 3 el s g (o),
b Sk oS 2 3 1y bl (S pado e pole S Simjd 3 (ol dliody ((Si5enS 5j e Ngn ;o] 9
2 ol osde Ay 9 (AR o plS) ol olpom jlarr b s b JuS (gl Jlub b Jgane ysbody dtungy (S5 (Sl
I o pdbeasS y (oolgy (iS5 catlil (SbL dbi lgisa (SiSnS o ol wul diy (S slamblil
(VY sl 5 9 g VUV i) 294800 o5 S35 y90 s 5 (S5 2l ol o)l

glyel ordlrals la Shy (JuS slaoddy dp0ie @l p g Coslinlyon (025 8> (Ggudr (Fo)b IS Ly ol
Iy (Siawgwy &5 (IWE] 0350 op 1) (990 Sbl (us (SiSuud s Jlats 10 K1 wulyd bl i gldy;
wlodl 3 ol blus g o gued (p 8l Jomo cldgrol 5y et gt Canb I ote sloolBud b g S o
o g e gy by Jolsi (gilodl jlad Lol camd oo ()Lt (o lacunSld (npiy 9 saiddl 2 1) o siedgw
(FYF oy g Jbig) i3 oe ialS |y o INSAR by L5, Joaes ) (sl e & Sy 3,13 olyondy | lndlizg oyl

SR g 3
rhiode oy gdaw (2bg 21y oy 93 (pl U sl (Sllos g2l Siojls (St aidy g (SOuus (sogpde jrled
2yS 0 0 1y ol do o oz g sl (glaidyle g dapllss (saloiiig 5,505, 05l
(W) SSwSaidy g (SLSU sbobaly (JuS b)) (SSweS gbali guaib 5 olels )
e Ltalos o (LIDAR <INSAR) 45 51 iomis jl odlisl b (o) Candin h 55 oo S
(ojly 5 S slapslide SS& (gl glojJaty > (665 § GPS iloj (slagspm 5l 65000 b Sloj Jlos ¥
e GBS 9 (S sladse b ()8, cutlsS Y
ly 469> Jobs a5 dd/dt = v_creep + X Ad_rupture x exp(-t/t_res) Juwlyad dolee &by rol> 5.0l ¥
slyg; H8lg sleodls b (Dual Dynamic Resilience) «bgs (¢, $g» (caldS” Jao 08 o (gjlwdnis
St oy 3 350 e (B & SIS g5 s 5 Silaygilys oluly) b (SisiS
b baoylohas glyguwl S o dolb |y SisenSaidy sbanlp hug (5,5 has (I =+/Ad P<+/+))
S ol sl B8 ploml oyl ol L sl — 2805 (5 bcae Jibs g Frangi 5 Canny (slag, Sl
ol ol 1Y S5 )0 wlids b,
|y (SemSaidy 5l gl sl o8 ol 69 (dlabspo)loz Jro s B 0 Coz)le ol (Blbbyy Sl
S soaliyg) Glojen (ilusnd el digy (65l Jomdlyind Alas pleol b g 3,5 oo 55 5 (S Slles JoSo
Dl (536 S nl b (S5 Sajeledsesss sl 50 05T oS 63,80) B)5lee wali® 1y (s



ray ol 2Ly | o s/l i3] g b (ST adlg 95K 55 b (o el 2 by iailobw i L5

! alaye £ dae Gaob 5l sl Fldes

{ Fase (sl sy 2 <LIDAR:INSAR)

|

l JERRRETE XA

I S kel g alwlind s als o | eosdde  Sluudy

((loj Sl (5w GPS 51 0,0 205 (5,155 o) Lt (58] o5 4y Jue
((stlomls 55l (25)

1 | '

) Sl sYala e
(1 s 25,571 Sy sl Je) A Al oz
(Canny (Frangis 2,3l 1,5l g1,)

| (|

i yhss Cslee pols 5L £ s e ' RS s g Beis L]
db/dt = v_creep + X AB_rupture * exp(-t/1_res) ) A_('_= 0.85.P<0.01) L
3 Seiloyoailydy pluil g Jlad S5 blas
£y 4 e olad

ol s1elo yo ez (LS, ol foges ) S

oo g ooty

b (Kt &y i Mol gy

2l Bl J95 (e (ole sy Jelod o (@l wid plgiear) (Jawg (98 Sl pds ) (rdaw (SiS ddllae
by 39290 1y (e 9 03,5 A1) Lagslgenl ol s (WVF) JI plby sile Slulidcanb et ()8
Bl Q5 & Gl (NS g od (Sldl) sl SGe (W) jage 53] laylS L @23555 ()8 13 35 e
LB 5 S59198)0098) 3l ald i (18 35 )P pcu s 1) duS 3y Slise IBL lojen b auils
s]gerd 1y QluntS sl & las (VA +) )y (6 5 Cundls o jlate 838 JolSS I (i |y (SisenS (g ol 92
5 INSAR <GPS L (s (15 5131 5l) e Byg3 258 sluslons 5 (6ylel | lagSIl o a8 OMal L 145+ dma 5,8
9 M9) 25 UYL 1) jge g saliel Glowd (wlidass 5 CllS dblug L]y (S (lulre (il e
Pl (Siwgn g oS e L5 (o) haw 1Sl o 1) (il (sl iy o iy cnl (VAT ol o8
JoSo plgisdy (SisuuS iy bl (Syme sln |y die) (355 Sl Jedos U (S6ye sl o jl (50,0 o ol S0bso
A 8 e (gl )3 1) (6)gll — ST (Sigs 95,5 wald thes (SinS

S gt — S0l 5 G

A5 §) 295 SlEUO T € o I(T) (B (5 &S amd e ) (olKin (SnS oS A5 0 gl el )90 4 las (]
5 (0= Ee) Sop (8 2 o i (K85 1y Laylys ol j90 6l> Hloges (c = 1-10 MPa ¢ u = 0.6-1.0c Jbo
&Ly E = 50-100 GPa) uS o canogs |y 555 SLSL jlulay 5 (0_C) Sl o b i Szl (g5los s>
sy 5L INSAR § GPS (glaodly b o Jao ol (VoYY )y Sen g (g pblis ¢yl o5 Cuniiig,d VisCOelastic  slaodls
s pled g Ailodds | o lasl pble (650L s FEM (sla gilwand o (EbaS o i des ) Jld  SoaSS
) (CSD_D =121° aSa; sbagSl oy 31 55 Jeis) ompss (S aiy J1 (555 oy cs5luliny) SlaSt
(Y JS5) il oo oo



VEF ¥ 55l AY 8,90 ¢ (vl Ofpblio i) (Aaemo Sl pblio Co pyiko raA

Mohr o s ylages (Sgn o5ild) iluls, 5 Sl a5l

T

IR —— Mohrsyls - wefe | T (O-EE)Sya opild :

==+ (Mohr-Coulomb: T - PO + C) sl iy Pias == E_C s 1

- 1

]

1

1

] ek 1

1

1

1

1

PR !

4 1] !

% 4 1

k 1
b g

P = i

z i !

= weeF i

]

]

—r :

1

XO 1

1

1

1

— H

1

1

1

1

T T T T T T T T T T T T T T
A F 4 A 1 * A & A AR o A5 e Yoo
(@ (MPa Jlj 2o (E (ME s

Sloy ©olis 9 w8 o (silwand |y L33 — e glads > (Burridge-Knopoff) ous5a- 6 espie Jio (o
il s i bl ey Jae opl ) (SiSenSaady (Y JSE) o oo Ui 1) dwgydiogy Hl8) b S (Siens
S o Wl (65l 25 ¢ 8

i g Sz s (SPring-Slider) susij— yd Joe

—_— U s

A -
[flip) s
(SHICK) & s 518

# 22,
s
>
&
ARS X
£
E

(Stick}‘_rf.a.'..,....-_-

‘- (Blipy 25978

(Stick) Fos i

() gl

stick-slip ;B U yboj caws p (ladils ui 53-8 Jue Y UG

st — loj slagSl b los plesl GPS/INSAR (cloosls b (ML g (sdnrdur FEM) ath iy (sl Jio (5 5 o
(¥ JS8) a8 i |y glol 35 2 g aluS



raq Sole 2o, | o sl ol i3] g b SidnSdily 9,55, b o j e 2 bgy diailobi iy LTj0

(ML g FEM) aid iy | Slasloe sla Jow

(FEM) samduw sgams Lol g3luacs

Crmiile (g0l plisl
(GPS/INSAR slasals)

[c—hw 1S53l 9 (FinT (5933 6}'-J'M:]

FEM — ML — GPS/InSAR) i iy (514 y 5 leo sl Jdo o3y Soilowls £ JSUo

S 4D g il g1 33 GFideS

lS (S598)5095) pomye Bilgw )3 9 00D (Bpme oS (pl A erle malpl 53 bawgi & (SusuuSadds ¢ hlie 5
Sle oll 53558550935 53 O SJE Rby g @bl el WS e i 1) gl p g e b (B
5 Sisrgegisd qolr Jelod g (Voo cponile) g Ssly 3 (SeigiS lapp b piSe) slaasss Joli ()
PGS &y (SiuSaily oyhie GSS glad ol odd Ly (VY (pordio) (lnl (59dgb)9058) )0 gy S >
b csiloporde cpl b sl yo b (cl4b 2 g canl e 45 5l b s pmeis «uibs 3,05 o)Ll polia (slopss
s ) loyy 4y g oSl & cimd o &) updiar (s oo &5 b o) Calid Candin)d opsr albosy
9 <S5l sl Glihy llpd 8)by (alaand b (SieuSaidy (el J i oo 0)l3l ST SLL bea
(hadd Jlale aload (BglS jieS jeme NS oo 3 Glil & (olal 05Sley | 2Lk lasl
5 i |y Y] a8 canl o paelin sla dwples jobl g culgion caub (cldd > claolBus b SiseuSais,
Slojlo plyisdy bxial )3 a5 ofly cul WS (o (il @ ]y (SiSenS d atig (ad bl 5 B FS)h o)
b Allas 5 STl > (55h g 3980 Bl (bl 6y lpied gde 03 s (edie 53 4 dilly
L) gl <l 5l i g ol 4 5)8 oaalie 0SS 3 glsice 1) (esrde 2led (nl WS e b |y e
b oglol Dlo gilujl § (SuuSaisy (o0 slodiis (JSh Sims b (Ghp 5 Glol slais
Ol (FB9 ol (ot S5 el oo dtun ) bl ool 09 ganl Bes 5 WS o0 Gilos
D)5 duwlie day duw )0 |y SiSeunS didy 5 ( SiSend



VEF ¥ 55l AY 8,90 ¢ (vl Ofpblio i) (Aaemo Sl pblio Co pyiko rse

(@) o5 adgl <l (b) SWSU Susns (Rupture)
a3 o3
7’
”
7
7
[ . o1 . ,’
'l
s
e
s
g
(C) o 8 RS aidy (INterrupture) ) Jobes g 5 0Tli
et gl S
5]
o L (Resilignce) ;L. ;L

(0) 1) oy 963) (01 ol (5L i3 b L5 Ayl s 3(a)  SiseamSaiBy g S  Sibeund ;5 LT o5 0 JSU5
3 o I3 gjesl 5 6Tl (d) o5 ablise SBCS )5 b oy (SiepnS iy (€) (gl ConSld b SLSU  SiseunS
(Y + gy AR (S Ju Sl (bl 1) JYS !

LS 43,55 0 sl |y Ldos lslacs ¢ aily (Sitond JoSo Slgi o SiteuSaiby 45 wind o Ui glis o)
L3l Gt job (o) (oIl yds )3 Sloj e 5 (ol (19,5 (sloolSs 4T g los wad (5518 bao s 5 LY
(£ Js)

(s )b Joowd VS YU o5 —8— (Rupture) Sass
i % (nterrupture) Saso.Saisy

P S saieple)

HaT B 0 1 200,U) (SiBemnS Aldg g (155 a5 ¢ 5529y ¢ SRS 130 ,8) (Nidumd 0900 (S 93 dunylio 151 15905 T UG
QY (o) Kod 5 iy lels )l g sosmmw Jalodi (wlwlpr Y o=+ wlidlo) Cdyre g U8, giiaile dr dw 45 (LSS by ,b
Lol B 5 (Sidem US (5  SiSeunS adBy (i dy sdoly (VAAE (o802 5 (Jy92



) Sole 2o, | o sl ol i3] g b SidnSdily 9,55, b o j e 2 bgy diailobi iy LTj0

95ty ssiaile) 235 dulio dwp dw 3 |y (SisuSaly 5 (SienS Olgice (S (il et JiloS gl
b Sng) cloodls b glaljl) il 13 45 s 3l (gliland i ST S5 ccialej a5 ) me gl
wlie 05 1y 1) aoylsn b ey jl cunl Koo a5 LolSS (ga]yd )1 o)lsl 11,0 4 SisenSaady aSSl s wgud oo
sboalis 5 obj (Gl by b (SinS ()ldy Sl 5OV hlSen 5 i) Sedgiel SideS b B
e 0 G S jl b o Cul (Sas (SipuSaily S Jopd ogbe mls ST Sjglsd e
i 51l ol LB amd iy (glay)il b Yo banlio b s a8 5,8 5 5 |y L3S glaglaasls b lutS ol IS5
(o S &y (SiSeuS by Lol S (oo T Llod sl ) Wolug) 5 Coslinyon 15 LS ple b (Sisuns ¢ 80
lacglis ool (VAT (oylSan 5 J)s2) 123 00 B3k dtoguenar (slasyl 48T L 1y (oS OBl 5 5 ()5 S8
5 okl BB 585 » 55l ) (oo Jlplase g Wil (SuS JoSe dlgie (SSuuSaidy o5 amd e Ui
SIS (g sop 0] AU s 33 o ()30 9 llamsg 0198 Sl & s o e 58 oy

25800 1y (295 ok S i (ole i 5l g Cul B)f (KinS US> (SisuaSaisy (b pdy sbasely
G5 1) (S (SogSS Slodats (S b 008 lolid |) o Siens | g b iy (SupnS ety slajlh g0 L]
Geos 1) SLsaisT sl IS5y b oo jil e g b (e pole 1> oapliio (29187 ()8, L 51 Suimd oo 2 5
09 1y o (2ligs e ghadd i 51 (VN gyl 5 SSlyge) Wjion by 3jhe (i Sl alinnS oS gl 1S oo
2lged) )3 g 9 Ol Gla o lojlow 3 it olSole 2 LB g S oo iyl (spglcls g MBI s 265 gdS
@ 1) (SO laals (Sl g 5 1S (o0 Wl gy B S e (oegrde JiloS ol 23S0l ol
Ll (o5 ¢8> &5 WS o wold (il (sl |y dinej 9 955 (0 32 ) 1y 0lg 93 45T W50 N (BB (202>
il Lslypn (g slais )3 auld Fos

o5 1AV e gy WAXe lS) oS Sl ok Sl ST g 5l sl s (S (ale i
Olee) s glssl clbailis (VY ity DAY (Y Laslil (clacS o (YIY wygpudl NAVS BECSL) Ll
35 VADY ¢urgnd) CSaoleST YL (20D ¢y VARV «opudsl) loolme (slagsjlodends Y+ +F 5,500l AAAS
(YO dSke A0Y wopla) Su5glgyhn (cdaie jLid (sl il o (VAXe (o VADA ¢ oyom) Sojolond lpsli (Yo -
oowlpsS g o) JuS alrale laly) wile «S5ols8y90 i 9 (551 (2l BBl (sl Jue b Ll 25800 pastie
Gy b1y ge g 50zl il SIS Jols ola oolisaisS g Cubinlyor (VYA (ST) lljlj oljann 5 (VARE
¥+ IS S0 UM o5 ) 135 oo eV (glo a5

N SEN) Sodgiml SideS 9 SEgSS (05 b gl S plysd (NS ady o Sisuns Jlke )
OB Ve oA ey N GWge) S = b8 3)958 5l oYV o po) (Sl (2m)d5 Cnlin)d Vo +Y g8 )55
935)) olKuj lrable Y -IA Sl VNS yuresS) Lomslidiodis (gjloJto YoV diwgyY AR o5 ,508) o5,)
gsls OAFY ( 3155) O ojhn sla bawi g (YoV+ gl 98 (Sly) S (S35len (Y210 «Suging AV
INSAR (52 (2bo)lpl b &8 amd o (Ui (SisenSaidy (slojls > (slals 1) (KidenS w0 p29) cnl 25800 sy (V47
el Lo )l e (bl SiseuSdiby o SisnS ol (Y1) «Silyss) sl ololis b5 g )5
L Computational GeosCIENCES ;> o pisio ¥V () Kan ¢ (sydle ¥ A Jul) aile) Sluwlbxe g (5l
S WS o 058 (VT Ol Cuniin)d srodls b ol il g (egiae Jhgp p (e JuS 03 sl e
o b S L) (SuaS cud it plol b s (SuSly wile o SiwSaidy glasyl b
w3 g JS5 (SgiSs Slagas ) 1) Ll e 4 WS o atd (VM (udgly) S5l500m g (V2 oV 0ig)le) 5595
9 Seidgtd «Sjglss| slaalin 4 (S5 (la Suss I 513 1) b awlidaiss (( SEgs ool VARV (GhlSen 5 i)
(VY oS 5 (Jy52) 55 (o0 Samwg ) S35l98090955 Jelod Al 5 amd o (038 Sijglyiun



VEF ¥ 55l AY 8,90 ¢ (vl Ofpblio i) (Aaemo Sl pblio Co pyiko rey

dgute PGB sl lgicdy (NS aidy glajl iy ololid L]y Slblre ol i ool ¢ os 53 5l
lp lataly b (V) o Jgb ¥+ (Jg) 59> (slarnl 3 540 b 1y ojlaie JalSG slaJue g (VIAY (fl) aiiso oo
(S 9> loaily ¢ giudd jlaio 5l o (8 (VoYY guily) O wlie (2)a0by g (V410 «Sugtig) porcams Cupte
SphJll 5 (VA5Y) (a8 slamabll puii b 45 WS cop (iSutiteg (egdge lisd ) (syglol plp 5o S
OpSimgsy b3S e |y codldl @l o8 (VAYY) LY g adgl (LBL | culgion ale (spgmn 1 (VA0) ng
@ e Jooi Jlo )3 1 50,5 00 0 1) o Calyy opl 30)S (Bl 5058 5k sladdls oS (Vo) LuSin o2 by
(VoY gl p) Soiolond s o (Voo i) SojolssT saolnns (VYD il pd) aad oo LU 1) (e (oIl
@S E8ly ) Jbads esrbe Wileiee 5k g zregzse Sl (P daw 2bg g WS e 585 ) SecdS ol
ol 8LsS (sladie) > (SiuuSaidy (00 (xiw)lisl iz e (VAAY) ,5Y S5 slaasid  (VAY) Sisa
So3glgrnn 9 SigleS (S jed dlal &5 WS o iyl (g2 Sloddy 1) (raw (KBS bl (pl cul ot
Wi B (93929 b L) pale 080 5 WS o 3ili S 1lgy 0,

iR 9 o 53976

ol s (SS90 I Jaly Candy 4 (e ylS Sl 5 OS] Qi > ol U155 & (s,510b
Silole) wédde & g )0 o)Ll ol slaslug) 5l e (SE5SS ol > sl (o) gy Cud )l 4 porie
g Y (gl & dtwly S ol 205 il Jols 4 wlels DAV 0wy GluntS iS5l & k) (50 SlSL
ot Sl NS o e |y €p 0 s gyonm S )3 (6l 9550 ale s Shuuyy 5 Cenl pn5 S
Seilele (6)glol Cgyle 3 1) (KSuuSaidy g (SKuaS Jolsi 45 3900 it Cbgy yglolb A9 Jao (o5
v_creep (S o (silw e |y pdaw olaasls do/dt = v_creep + X Ad_rupture X exp(-t/T_res) 4l dolxe .29l o
CaowlysS g 3lg) (SuwS o yies> AS_rupture (Burbank & Anderson, 2011)  SiswuSdaay (o3 &5
(oh)en 5 (siile) lyad Cundigd laodly p (gdae (gilwand .l (VAVY pdgl) SL3L loj T res o (VAAY
Iy (SiouuSaidy bawg i5)S b g &S o aoli |, T_res g olag, Sy o (T = 0.85 ¢P>0.01) Siwons (¥+YY
5 w30 58 (VAY) Sise Jols 5 (V1) %) @meszse oo b sl (Jae ol (Y JS) amo e i
i o dgme |y bl (i i

—— (Rupture Events) Sk
dnterrupture Creep) _Sus..saisy
A (Recovery Phases) it

(MM) s 2tz
s

d6/dt= Vereep + ¥ Adnpture - €777

Y8 I v i i W L2

(JLN.)-;J\‘J
B30 ialod 1) (65910l (2l5k B ol Jlaaslu (Slyi g (SidtnS aidy o155



rer Sole 2o, | o sl ol i3] g b SidnSdily 9,55, b o j e 2 bgy diailobi iy LTj0

S 5 A

b ol g 0,8 huyifly |y (SuuSaidy 5 (xlaw (SnS (K9 (slatd)ole dioplss 5S4, b Gingly o
Sl yoloy (wlisbs olo day il OB 5 S MBI ol Bl sulS e siee
dd/dt=v_creep + T ) Ly cygllb Bgd Jao b olyor (mols (5bli (6,18, custlSs ¢ loj Julow ¢ ganadbs/ oluli)
Otd Cannii ) (SigiSs Jd claygj 5l INSARIGPS (claodls &by oyl g (AS_rupture x exp(-t/t_res)
S B 5) LS 3 5 (85550 Solitg) (S 85 315 i gl 58 Shlas | ety 53 ul oo (g8
S b 1y (Contisyd o B5) (28 Slacann (SikpuSaily & Jo s S o (Satles 1y (i) slod;
bl b Baes 1y @lbbo bwin 5 3,5 SRVh 1) SV wliass ol ol ojlo e K81 5y b
kol (6y9lg Aisu dguy doyd Yo B Ve SOS5elgshn —<o590sS] 0035k cladils 5 SisnSaisy (cladel s i
Sln I G g i e J @]y e (SEe bl o5 cusl (SiSenS oS lgisdy (KBS aily By
o] (228 (omiwliel (g Sluwlre ladie 5 plol dauld 5l L pgrie cpl a3 0 &) v by
$5999y9055 ool 13 & (s ygl 9l o0 ol b orldl i b ()3l (sl (sl ylie (63,505, 9 el HliulsS
ANSAR | s ySope L) gsie (slodinej 3 (SiseuSaiby ()25 (oxioylisl p odil (cdimghy jlladde ol diilo o
ot gldie U oy sals S et Sujslsin — () bl iledn) e 5 (e gloodly 5 (sgiae Jogn
Sl Ay Jgres S Caz ) (ol (5 (iaghy (ul D9 )lul Sy Cu e ISl g 5585 il ble
ol @il rnlo Sl bl ply 53 galse (6yoll Cugis g (e

S Olags

o g 3 SIS Jgo! 3 59

anlel dod 1ol 3)90 £odge cpl 9 Blod)S Culey ole ingh onl Ll g el )3 1y BT Jgol St
OB W g8 &5 ko

el g (s pgloals dmosls (6,15, cllia pagiie &t gl (Pl (sl 391 Bekiumd g8

Alio il dmosls Juloo g ingly p )llas g plealy pingsy (b 53 ¢S Lie 3093 Bkiand g8

lie gl dmodls Lo 5 gl p o)l g glataly imgh (b 5> & Lo 3P gw B g

lie il dmodls Julo ¢ mgly (b )3 0)5lite 30 )leRr Ok g

Alie il dmodly Jlod ¢ Gimggy (k) 0)5liie 3eRA) Ok gb

Sb (o
Al (505 oD (65919890955 Ay )3 (68> Al jlad)S g Al Jlo coles SgSzun Limgh o)

Bbo ol
D)0 mile (ol dlds cpl B aiw s

YT X WPV
ol 203 VY (55 o Blobos pMe] bl alie g tislon doxss



VEF ¥ 55l AY 8,90 ¢ (vl Ofpblio i) (Aaemo Sl pblio Co pyiko re¥

P g P

95 ollyy (Byd g (535 yo EDAS (S59d98)50955 9,0 ulod g plulid (lgie b (68> A, jl b Sy imgy ol
15,5 plosl s oKl (sl BASIY b sldlyi 09,8 13 4 sl €LT e Cupde y 0SB L SiseenS
b o pMel s s anb (sLdlias 05,5 il 1) 063 (SiS g pady B M g5l




rFa Sole 2o, | o sl ol i3] g b SidnSdily 9,55, b o j e 2 bgy diailobi iy LTj0

&b

Allen, C. R. (1982). Earthquake prediction (USGS Circular 1072). U.S. Geological Survey.

Brantut, N. (2020). Time-dependent rock failure. Journal of Geophysical Research: Solid Earth, 125(8),
€2019JB019266. https://doi.org/10.1029/2019JB019266.

Burbank, D. W., & Anderson, R. S. (2011). Tectonic geomorphology. Wiley-Blackwell.

Chorley, R. J., Schumm, S. A., & Sugden, D. E. (1984). Geomorphology. Methuen.

Cullen, W. (1776). Observations on faults. Philosophical Transactions of the Royal Society of London, 66, 412—
418. https://doi.org/10.1098/rstl.1776.0024.

Darwin, C. (1859). On the origin of species. John Murray.

Doll, M., Riedel, M., Rémer, M., dos Santos Ferreira, C., & Bohrmann, G. (2025). Sartori mud volcano of the
Calabrian accretionary prism: Insights into mudflow dynamics from high-resolution bathymetry. Marine
Geophysical Research, 46(3), Article 9585. https://doi.org/10.1007/s11001-025-09585-4.

Ellsworth, W. L. (2013). |Injection-induced earthquakes.  Science, 341(6142), 1225942.
https://doi.org/10.1126/science.1225942.

Feyerabend, P. (1975). Against method. New Left Books.

Foley, J. A. (2010). Boundaries for a healthy planet. Scientific American, 302(4), 50-57.
https://doi.org/10.1038/scientificamerican0410-50.

Gilbert, G. K. (1890). Lake Bonneville (USGS Monograph 1). U.S. Geological Survey.

Gutenberg, B. (1941). Seismicity of the Earth (GSA Special Paper 34). Geological Society of America.

Gurnis, M. (1986). Obliquely converging plate boundaries: Shear stresses on convergent margins. Geophysical
Journal International, 85(2), 435-452. https://doi.org/10.1111/j.1365-246X.1986.tb04518.x

Hacking, 1. (1983). Representing and intervening: Introductory topics in the philosophy of natural science.
Cambridge University Press.

Hicks, S. D. (2020). Climate-tectonic interactions. Earth and Planetary Science Letters, 535, 116125.
https://doi.org/10.1016/j.epsl.2020.116125.

Hubbert, M. K., & Willis, D. G. (1951). Mechanics of hydraulic fracturing. Transactions of the AIME, 201,
153-163.

Jaeger, J. C. (1969). Elasticity, fracture and flow: With engineering and geological applications (3rd ed.).
Methuen.

Johnson, C. W. (2021). Hydrological modulation of fault slip. Nature Geoscience, 14(5), 289-295.
https://doi.org/10.1038/s41561-021-00728-4.

Kanamori, H. (2004). The physics of earthquakes. Annual Review of Earth and Planetary Sciences, 32, 219-247.
https://doi.org/10.1146/annurev.earth.32.082303.131233.

Kuhn, T. S. (1962). The structure of scientific revolutions. University of Chicago Press.

Lambert, A. (2021). Subsidence from groundwater extraction. Geophysical Research Letters, 48(12),
€2021GL093456. https://doi.org/10.1029/2021GL 093456

Lapusta, N. (2020). Fault slip dynamics. Nature Geoscience, 13(6), 361-368. https://doi.org/10.1038/s41561-
020-0580-5.

Latour, B. (1993). We have never been modern. Harvard University Press.

Lyell, C. (1830). Principles of geology (Vol. 1). John Murray.

Manga, M. (2012). Earthquakes and water. Annual Review of Earth and Planetary Sciences, 40, 135-161.
https://doi.org/10.1146/annurev-earth-042711-105505.

Marone, C. (2007). Friction of rock interfaces. Pure and Applied Geophysics, 164(10-11), 1933-1951.
https://doi.org/10.1007/s00024-007-0248-7.

MccCalpin, J. P. (Ed.). (2009). Paleoseismology (2nd ed.). Academic Press. https://doi.org/10.1016/B978-0-12-
373921-2.00001-9.

McGarr, A. (1976). Seismic moments and volume changes. Journal of Geophysical Research, 81(8), 1487—
1494. https://doi.org/10.1029/JB081i008p01487.

Moghimi, E. (2009). Comparative study of changing drainage basin system with tectonic forms: Case study: Lut
Block, Iran. American Journal of Applied Sciences, 6(6), 1270-1276.
https://doi.org/10.3844/ajassp.2009.1270.1276.

Moghimi, E. (2013). Geomorphology of Iran. Tehran: University of Tehran Press. (Original work published
1392). ISBN: 978-964-03-6144-3.

Milne, J. (1886). Earthquakes and other Earth movements. Kegan Paul.

Mobasheri, M., (2022). Al-driven modeling of fault slip dynamics: Insights from Tehran subsidence data.
Computational Geosciences, 28(3), 415-430. https://doi.org/10.1007/s10596-022-10123-4.

Mohr, O. (1860). Contributions to the theory of faulting. Zeitschrift der Deutschen Geologischen Gesellschaft,
12, 449-458.


https://doi.org/10.1029/2019JB019266
https://doi.org/10.1098/rstl.1776.0024
https://doi.org/10.1007/s11001-025-09585-4
https://doi.org/10.1126/science.1225942
https://doi.org/10.1038/scientificamerican0410-50
https://doi.org/10.1111/j.1365-246X.1986.tb04518.x
https://doi.org/10.1016/j.epsl.2020.116125
https://doi.org/10.1038/s41561-021-00728-4
https://doi.org/10.1146/annurev.earth.32.082303.131233
https://doi.org/10.1029/2021GL093456
https://doi.org/10.1038/s41561-020-0580-5
https://doi.org/10.1038/s41561-020-0580-5
https://doi.org/10.1146/annurev-earth-042711-105505
https://doi.org/10.1007/s00024-007-0248-7
https://doi.org/10.1016/B978-0-12-373921-2.00001-9
https://doi.org/10.1016/B978-0-12-373921-2.00001-9
https://doi.org/10.1029/JB081i008p01487
https://doi.org/10.3844/ajassp.2009.1270.1276
https://doi.org/10.1007/s10596-022-10123-4

VEF ¥ 55l AY 8,90 ¢ (vl Ofpblio i) (Aaemo Sl pblio Co pyiko res

Molnar, P. (1990). Tectonic-erosion interactions. Tectonics, 9(3), 417-430.
https://doi.org/10.1029/TC009i003p00417.

Odum, E. P. (1971). Fundamentals of ecology (3rd ed.). Saunders.

Olsen, K. B. (1997). 3D dynamic rupture simulations. Bulletin of the Seismological Society of America, 87(5),
1312-1324.

Perry, S. C. (2015). Earthquake forecasting with Al. Seismological Research Letters, 86(4), 1158-1165.
https://doi.org/10.1785/0220150012.

Plafker, G. (1965). Tectonic deformation from the 1964 Alaska earthquake. Science, 147(3662), 1042-1045.
https://doi.org/10.1126/science.147.3662.1042.

Popper, K. (1959). The logic of scientific discovery. Hutchinson.

Reid, H. F. (1910). The mechanics of the earthquake. In The California earthquake of April 18, 1906: Report of
the State Earthquake Investigation Commission.2, 16-28. Carnegie Institution of Washington.

Rezaei Arefi, M., Moghimi, E., Jafar Beglou, M., Hosseini, S. M., & Fakhri, M. (2024). Geomorphological
analysis using surface rupture theory: Case study of central and eastern Kopet Dagh. Quantitative
Geomorphological Research, 12(3), 181-203. https://doi.org/10.22034/gmpj.2025.493524.154.

Roeloffs, E. A. (1988). Hydrologic precursors to earthquakes. Pure and Applied Geophysics, 126(2—-4), 177-205.
https://doi.org/10.1007/BF00876970.

Rundle, J. B. (2018). Computational earthquake physics. Reviews of Geophysics, 56(3), 499-539.
https://doi.org/10.1029/2018RG000597.

Scholz, C. H. (1990). The mechanics of earthquakes and faulting. Cambridge University Press.
https://doi.org/10.1017/CB09780511818516.

Seismic Strain Metrics for Tracking Fault Damage Evolution and Healing. (2025). Rock Mechanics and Rock
Engineering, Advance online publication. https://doi.org/10.1007/s00603-025-04688-1.

Schwartz, D. P. (1988). Paleoseismicity and fault rupture. Bulletin of the Seismological Society of America,
78(4), 1207-1221.

Sorby, H. C. (1858). On the structure of rocks. Quarterly Journal of the Geological Society, 14(1), 217-228.
https://doi.org/10.1144/GSL.JGS.1858.014.01.20.

Terzaghi, K. (1943). Theoretical soil mechanics. Wiley.

Turcotte, D. L. (2002). Geodynamics (2nd ed.). Cambridge University Press.
https://doi.org/10.1017/CB09780511807442.

Turner, M. G. (2001). Landscape ecology in theory and practice: Pattern and process. Springer.
https://doi.org/10.1007/978-0-387-95223-9.

Unal, E. O., Kocaman, S., & Gokceoglu, C. (2024). Impact assessment of geohazards triggered by 6 February
2023 Kahramanmaras Earthquakes (Mw 7.7 and Mw 7.6) on the natural gas pipelines. Engineering Geology,
292, Article 107508. https://doi.org/10.1016/j.engge0.2024.107508.

Vitousek, P. M. (2015). Human impacts on Earth systems. Annual Review of Environment and Resources, 40,
1-27. https://doi.org/10.1146/annurev-environ-102014-021127.

Wells, D. L., & Coppersmith, K. J. (1994). New empirical relationships among magnitude, rupture length,
rupture width, rupture area, and surface displacement. Bulletin of the Seismological Society of America,
84(4), 974-1002.

Whipple, K. X. (2009). Tectonic and climatic controls on landscape evolution. Geomorphology, 106(1-2), 1-3.
https://doi.org/10.1016/j.geomorph.2008.11.006.

Whitney, J. D. (1903). Geology (Vol. 1). California State Printing Office.

Yates, Y., Wells, D. L., & Coppersmith, K. J. (1997). Surface rupture during the 1994 Northridge earthquake.
Bulletin of the Seismological Society of America, 87(6), 1496-1507.


https://doi.org/10.1029/TC009i003p00417
https://doi.org/10.1785/0220150012
https://doi.org/10.1126/science.147.3662.1042
https://doi.org/10.22059/jqgr.2024.37000
https://doi.org/10.1007/BF00876970
https://doi.org/10.1029/2018RG000597
https://doi.org/10.1017/CBO9780511818516
https://doi.org/10.1007/s00603-025-04688-1
https://doi.org/10.1144/GSL.JGS.1858.014.01.20
https://doi.org/10.1017/CBO9780511807442
https://doi.org/10.1007/978-0-387-95223-9
https://doi.org/10.1016/j.enggeo.2024.107508
https://doi.org/10.1146/annurev-environ-102014-021127
https://doi.org/10.1016/j.geomorph.2008.11.006

