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In this study we test the FERMI (Fault nEtwoRks Modelling) approach on 5 faults of this region (based on accessible data through Quaternary Active Faults

In regions characterised by low-slip rate faults, the incorporation of faults into seismic hazard
Database, QAFI) [2] and analyze the resulting seismic hazard for sites located at 2 different distances from the closest fault, respectively.

~ ~ o 2 ~ o] models is primarily relevant in areas surrounding the considered faults. For this reason, site-
FERMI is a tool that contains GEM’s latest solutions for modelling multi-fault ruptures in complex fault systems. It allows creating ruptures in a fault Vandellos NPP~2 km to El Camp fault (Fault n22) Asc6 NPP ~15 km to Pla de Burgar fault (Fault n23) specific studies may be more appropriate in these contexts to assess the impact of active faults.
network spanning subfault to multifault scale. The tool is inspired by the OpenSHA tools (e.g. Milner and Field, 2024) [3] and SHERIFS Chartier et al. (2019) In such cases, the parametrisation adopted in FERMI becomes particularly important, as it is
[4] approaches to earthquake rupture modelling but with some added flexibility. A fault network is broken into sections of uniform length, where each Hazard curve — PGA Hazard curve — SA(1.0) : - - Lo .
PP g P g Y- gth, Vandellos NPP: lon=0.8652° lat=40.9508° Asco NPP: lon=0.5685° lat=41.1997° necessary to ensure that the desired MFDs are obtained for each individual fault, especially for
section becomes a node in a graph. Then, using graph theory, all possible ruptures in the network are defined with an adjacency matrix, where further 10-11 T i e T

those located near the site of interest. For the five faults investigated in this study, the optimal
solution is achieved only by constraining the individual fault MFDs for both single-fault and multi-
fault ruptures.

However, other parametrisations may be more suitable for fault systems with different
characteristics (e.g., longer faults or higher slip rates).
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rupture plausibility constraints can be applied. Fermi can also determine rupture rates through inversion, offering options to fit these rates using slip rates =
and MFDs, either for individual faults or the entire fault system, with a variety of iterative solver options available. ' '

For FERMI workflow visit: https://gemsciencetools.github.io/oq-mbtk/contents/fnm_docs/tutorials/atf fermi_tutorial.html
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Another important consideration in such slowly deforming regions is the inclusion of faults in

Annual probability of exceedance
Annual probability of exceedance

Creation of Fault traces are expanded down-dip to 3D surfaces, and then broken into smaller, atomic ¢ Based on 5 faults, 15-30 km length, 12km depth. - ESHM20 SingleFault ruptures seismic hazard models at lower magnitudes, rather than considering them only for M > 6.5. As
: . , : e . _ Solution =500 yr: PGA = 0.07 MultiFaul ! =
subfaults units called ‘subfaults” that are capable of independent ruptures. The individual subfault < 2x2 km subfaults have been modeled (equivalent 1077 o SZGEZE zloooyryr; PGA=0.14gg : E:ch./l:;truptures : shown by our disaggregation analyses, in these regions a significant proportion of the hazard
ruptures are the smallest on-fault ruptures in the fault source. toa M ~4.5 rupture). —®— Solution ~2500 yr: PGA = 0.26 g ] Solution ~500 yr: SA(1.0) = 0.01 g \\ associated with faults may arise from small-to-moderate magnitude events. However, this
10-64 —® Solution =5000 yr: PGA = 0.40 g 10-74 —®— Solution =1000 yr: SA(1.0) = 0.02 ¢ : ] . . . .
O ile]al ol 111 =0 | Single-fault ruptures are composed of one or more subfaults. Ruptures with more than one * Default rupture aspect ratio bounds ] I §°'9ti°2”0:51°f7050 Y :GG/f =(())'5’57 9 E I 2":”30” z?ggg £ zﬁg'g; = g'gg 9 11 % influence is only significant around the considered faults.
) ] pain . yr: =0.05g¢g 5] olution = yr: .0) =0.06¢g \
fault ruptures subfault are rectangular groups of contiguous subfaults. 10-7{ —@— Spain 2015. 975 yr: PGA = 0.08 g b L 1071 _e— solution ~10000 yr: SA(1.0) = 0.08 g ' S
Creation :f multi | —@— Spain 2015. 2475 yr: PGA = 0.14 g \ | —®— Spain 2015. 475 yr: SA(1.0) =0.01g \
» | Multi-fault ruptures are created by joining single-fault ruptures that are separated by a ¢ Max rupture jump distance considered: 15 km ——— ———— — — 1070 — ————— S mmans —
fault ruptures [N Y Joining single-iautt Tuptures ¢ T > Acknowledgements
jump’. This is done through graph theoretical methods: a N x N distance matrix is created ¢ Limiting multi-fault ruptures to be combinations PGA (9) SA(1.0) ()
(where N is the number of ruptures) and then this matrix is pared for distances greater than of full-fault single-fault ruptures (rather than all We thank Richard Styron for his valuable support and collaboration in helping the team to understand the
the Jum? distance, creating an ac.:IJacency matrlx.. Then, all .the unique .sets of adja.cent subfa.ul.t.rupjcure.s) Seismic Hazard Disaggregation - PGA Seismic Hazard Disaggregation - PGA Seismic Hazard Disaggregation - SA (1.0) Seismic Hazard Disaggregation - SA (1.0) workflow and functions of “EERMI”.
ruptures is found through a depth-first search algorithm operating on the adjacency matrix * Plausibility filtering: not used PoE = 0.01% %g;zzngéRin 10000 years) PoE = 0.01% Q’zzgzngéRJPi 10000 years) PoE = 0.01% pegyea)rN(:g ~ 10000 years) PoE = 0.01% pegyea)rN(FI}; ~ 10000 years) This work is funded by the Spanish “Ministry of Science and Innovation” through the NSOURCES research
SCO SCO q
Optional: Plausibility filtering of multi-fault ruptures. From FERMI solution. Single fault ruptures From ESHM20 solution. On-fault M = 6.5 From FERMI solution. Single fault ruptures From ESHM20 solution. On-fault M = 6.5 project (PID2020-119772RB-100).
Determine the annual occurrence rates of each rupture, through an inversion of geological ¢ Seismic fraction: 1.0 The Ph.D. candidate has benefited from a predoctoral grant “Fl-Joan Oro™ funded by "Agencia de Gestio
Rupture rate _ _ u .u _ upture, .ug _ g .g T D’ajuts Universitaris i de Recerca” (AGAUR); a predoctoral “PREDOCS-UB” grant funded by University of
inversion and seismological constraints, such as fault slip rates and magnitude-frequency distributions. < Fault MFD b-value: 0.89, Barcelona; and a predoctoral grant “FPU” funded by Spanish Ministry of Universities.
This happens through the creation of a system of linear equations which represent the ¢ Regional MFD b-value: 0.89 z | T T 25 | T 40 | would also like to thank ASNR for hosting me during a three-month predoctoral research stay, during which
constraints, that is solved using a non-negative least-squares solver developed for this ¢ fit MFD to the total moment rate of the faults o o o 8 354 this work was carried out.
. . e 25 | == o 20 + o :
application. a a a a 3.0
PP % 20 + % % 15 %‘ 2.5
Solving for the Based on a non-negative projected-gradient weighted least-squares solver, which is an ¢ Magnitude-frequency (MFD) constraints for all of % .| — e ':é. ':':_ 1 N '-é_ o References
rupture rates iterative method that offers rapid convergence. the faults involved as well as for the region. 5 ol 15,25 5 e g 10 M 505 g 15 278
There are a variety of data types and constraints that can be used to solve for the rupture ¢ Constraints tested in this study: 5 ] m \1E 25 5 mz;g 5 < E mZZE 5 1.0 - E mz;g [1] Masana, E., Villamartin, J. A., Sanchez Cabafiero, J., Plaza, J., and Santanach, P., 2001. Seismogenic faulting
. . : 2 5 - 2 : Q Q . : . . L .
rates: -Combinations using Absolute and Relative yy M 6.75 3 RS = 054 i M 675 in an area of low seismic activity: Paleoseismicity of the EI Camp fault (Northeast Spain). Netherlands Journal
o ite | Site | —ceER © - .
-Absolute: an MFD, which has absolute rates (frequencies) for each magnitude bin. regional MFDS. —— Fault traces M7.25 0 N e 0:; ; Ll e — M7.25 of Geosciences (3-4), p. 229-241.
. . . . . . . ' S Tornek SERRSS il . . ; - “ "
-Relative: only the shape (the relative rates) of the MFD is used, i.e. there is a b-value but no -Explored different weights 425 {aﬁ‘?‘%“‘g‘%‘% i St [2] IGME (2022). QAFI: Quaternary Active Faults Database of Iberia. Accessed “20/04/26", from IGME web
a-value Truncated Gutemberg-Richter MFDs el %%%%%S s | S site ihttps.)/info-igmees) QA
. . - | 3 . . . q q q
A ¢ weichts is derived f h inties for the sl g % * B B =ag§%§§§§§é§§§%§§§%§%\§ §§§§§§‘ = [3] Milner, K. R. and Field, E. H. A Comprehensive Fault-System Inversion Approach: Methods and Application
= = = 41 o =9 - ) - . . . . .
n .err vect?r or weig tSt Is derived from the un.certamtles or the slip rates, and more 5 g S s0g WUHEVREMVEED to NSHM23. Bulletin of the Seismological Society of America, 114(1):486-522, 2024.
arbitrary weights for the bin rates and other constraints. » Tested 10000 iterations s ° s ° . 20 25 [4] Chartier, T., Scotti, O., and Lyon-Caen, H. SHERIFS: Open-Source Code for Computing Earthquake Rates in
. . 05 1.0 . . : - - ..
I [f1ily-4 0 1ok 151t 1=1| The rupture rates are saved as an OpenQuake fault source. 0.5 Longitude 0.5 L ongitude 395 _10 -05 o.o‘_owit‘w‘e igul‘;igs/tgzr;;zlaggéoznstructlng Hazard Models. Seismological Research Letters, 2019. doi:



https://info.igme.es/QAFI

	A seismogenic modelling approach for rift-basin fault systems in slow-deforming regions: application to the western margin of the Valencia Trough

