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Authors' responses to RC1
(AR) = Authors Response
(AC) = Authors changes being made in the manuscript
General comments

"In its current form the draft reads not very waalid its major points are not clear and convincimgugh. It
needs a major revision to be worth publicationstraf all, | think that this manuscript could sificatively
benefit from an overall restyling. | recommend a@@l and thourough improvement of the English (see
Technical issues) and a more organized, concisefansed presentation of the method and results. Th
authors should be clerer in presenting and jusiifyiheir initial assumptions and stress out theialg
(which is the final message and why is it significan this context?). In this study the authorsudtidoring

into focus with more enphasis the specific analgsid result interpretation, which represents tinevative
part of the study. Their results should be sigatfie and presented in a convincing way. The metlogy

and the numerical code used for the static stretds@&imation are indeed already quite well knowrihe
literature and do not represent novel tools."

(AR) First of all, we acknowledge that the chosemanclature for faults might not be the most appabe.

In the manuscript both "mapped" and "receiver" teaukfer to the same faults (Main, East 2 and 4, an
Montsia family), as opposed to the "source" fa(disrived from Focal Mechanisms, FM, solutions). éjer
we will only use the terms “previously mapped” (lWmogeologic faults in the area, which do not stipur
modeling), and FM-derived or just FM (which do ¥liaults to refer to them.

The manuscript's main goal is to assess the ra@ efarthquake triggering mechanism known as staiss
transfer, during the seismic sequence of intei®geécifically, we try to answer the questions "wtic
stress transfer significant?" and "could it bgoesible for the experienced events on its owngal(d). In
addition, and as a result of the computed streasgds, we evaluate 2) which of the previously mdppe
faults is/are more likely to have slipped basedttmm computed stress changes, and 3) if the expeden
events would have shortened the occurrence ofd@arthquakes in the Main Fault.

To perform such an analysis it is necessary to ktioevorientation of the fault planes that hostegl th
earthquakes. FM's were computed for the 8 strongestts and thus are a usable source of information
Hence, our first assumption is that the 8 strongmsnts occurred on planes derived from the FM
information (strike, dip, rake and location accaglio the solution). Computed FM depths for thogents
(beneath the reservoir) agree with the latest stadysing on earthquake location in the seriestéGeti al.,
2016), but not with the previously mapped faultsthie area, which are shallower. Thus, the prewousl|
mapped faults are used here as faults that rese®es only. The second assumption refers to theechslip
plane, out of the 2 given by the FM solution. Weossh all nodal planes to maximi2&CS during the
sequence (each time checking, for the selectedistjiplane of event A, which of the two nodal plauod
event B had, as a result, greater (posithM@p and choosing that one). We model each of thesdaults in
COULOMB according to the previous reasoning. Thigcpdure intrinsically presupposes that earthquake
static stress transfer could indeed be responfiblihe sequence, as we model the source planed basits
influence.(The remaining underlying assumptionthefanalysis will be introduced accurately in teeised
section of what is now #2).

However, owing to the fact that location has uraiaty, we cannot neglect the fact that (some af)dhents
could have responded to slip in the one or moith@here named previously mapped faults, shouletiam

in locations and FM solutions exist; because of,thaee provide assessment on which of the previously
mapped faults would have been more likely to $lased on obtaineCS.



As very well pointed out in this first comment,sttrue that the method (analysis of Coulomb streséisg
Coulomb Failure Function) has long been establisiezhdy and thus the important and new parts ®f th
manuscript are the obtained results and specialiynierpretation. Because of that, sections dilt®sand 5
(discussion) were clearly separated in our firsftdrThe goal of section 4 is to describe the figdi
accurately so that they are well understood byrédaalers (because of that its subsections exist),iran
section 5 we proceed to interpret the relevancthefresults and argue our standpoint based onaalail
references. Subsections were chosen to address z8ahppropriately (the influence of static stiteansfer,
the hosting faults, and the shortening of the seisycle).

We developed subsections 2.1 and 2.2 to be syotfggtheral method and formulae, very well known and
documented already, e.g. King et al., 1994, fo},2vhereas 2.3 and 2.4 contribute to increaseedhgth of
section 2 because they are particular of our samtwe believed them necessary to justify our aggro
(2.4).

(AC) See next.

"The authors are studying the role of static stredsstribution due to earthquake mutual interangtiduring
a seismic sequence that is probably induced bynfbetion of cushion gas for gas storage. In theialysis
they are ignoring any influence that could comed(amuld probably be significant) from the triggegin
effect of pressure changes caused by the injecTibis. is a limiting but possible assumption if floeus of
the study is on the role of earthquake interactarig (e.g. Baisch et al. 2009; Schoenball et @1.22 Catalli
et al. 2013). However, the authors have to stressnore clearly their specific goal and strong agstion
from the beginning and touch the general issuadiiced seismicity to give an overview on all thegible
triggering mechanisms involved in such a case.f€bkng after reading the text is that they comntaetr
assumption of ignoring any other triggering efféating the final sections Discussions and Conchsand
it sounds like the study is incomplete due to stgwtof data more than having a different initiah.di

In our analysis, the only way to introduce the @ffef fluid pressure is by varying the effectivéction
coefficient (1") in the Coulomb Failure Function (CFF), somethihgt was done according to table C1. It
can be understood from the Mohr-Coulomb failurdgecion as the influence of a fluid within the fault
(failure surface) with regard to the maximum sh&tagss that can be endured (slip threshold is lovithr
greater fluid pressure). However, as very well fairout, this accounts for a static undrained damrdiand
not for fluid flow. We are indeed ignoring the iméince of gas injections because 1) our goal istess the
influence of a specific earthquake triggering medsra other that pore pressure increase and 2)aieil
information regarding gas injections is almost isgent. According to your comment, we believe tkis
limiting but possible approach.

We aimed to note our assumption (study of statesstredistribution on its own) in the introduct{gi) and
provide a short comment on the induced seismiopyctin general in the shortcomings section (#5/M¢.
nevertheless did not develop it further in ordeavoid introducing uncertainty and convolution lte study,
which intends to focus on earthquake static stresssfer only. We agree that further discussiomhentopic
of the involved mechanisms should especially canpere pressure generation.

Our goal is to transmit our findings regarding $ipecified triggering mechanism (case of study).r@lge of
data is only noted as a fact.

(AC) The manuscript is being restyled accordingpecifically #1 Introduction (regarding the objees and
assumptions made), #2 Method (reorganized to baresleand further developed), # 4 Results and #5
Discussion (Focusing our text in the particularlgad the analysis, and introducing a general dismn on

the topic of induced seismicity and triggers preéserhe series), and #6 Conclusions (presentingnoost
significant results in a concise and convincing Wwakach sentence will be revised to assure its
comprehension in English (according to Technicaliés). A Figure with a vertical profile of all mdieel
faults will be introduced so that the reader camdig distinguish the sources (FM) and previouslgpmed
faults.

Specific comments

"I think that in this study there is an importaoinéusing point: the calculation oACFS made both on the
source fault planegsection 4.1) and on theapped fault plane&ection 4.2). Is this distinction worthy and



why? | would avoid to sapurce faultsvhen they are used thereafter also as receiveditidnally, it is not
clear which are the source planes used for estigpACFS on the mapped faults; are also the mapped fault
contributing to the cumulativéACFS as sources? The authors should be cleareplaiirg which are the
sources/receivers for each different case theyeptesd list all relative information, as for exdenjm Table

B1. It is very difficult to interpret Figure 11 witcurrent information; in particular, one does easily know
the time evolution of ruptures relative to the faur fault’s patches. Did for example the Easaultfslipped

at the beginning or in the middle of the sequencepaybe at the end? Which are the sources cotitripto

the cumulative CFS estimated on top of the Edatit? How doe€\CFS on this specific fault evolve with
time? This would help undertsanding its negafiG#S."

(AR)We believe the distinction between the FM-ded\and the previously mapped faults to be of pymar
importance, and thus appreciate your comment anighue. To understand the results and its intetioa,

it is essential that we (the authors) manage tusirét the differences between them and our reagdoin
doing it.

First, the source faults are based on FM inforrmatialy. Their dimensions and geometry correspond to
magnitude and FM solution of each of the 8 modeleehts. They are deeper (mostly between 5 and 8 km
beneath the seabed, according to the FM solutipedoh event) than the previously mapped faults¢hwh
only reach 3 km at most. The FM-derived faults hal # 0, because they correspond each one to one
seismic event. Thus, they transmit a stress chamgbe neighboring regions, and during the sequence
(before and after slipping) they are structures ¢aa also receive stress changes from all FMda@@h the
other hand, the previously mapped faults do NOf isliour modelling. So, in our model, the Main, Eas
and 4, and Montsia family faults do not slip, amtlyaeceive stress due to slip in the FM-derivadtfa

After the fault model in COULOMB with all FM-derigeand previously mapped faults is built, the folemv
procedure consists in introducing the appropriéifeis FM 1 (to generate the first of the studieceets),

while all the others have slip 0. Afterwards, stadue in FM 2 is changed from 0 to its correspogdialue,

and thus we analyze the results after the secoawlt éaow both FM 1 and 2 with sl 0), and so on until
all 8 FM have slipped. Slip in the previously magdaults is always 0 and they do not contributAGS.

We get the static stress changes after each @ #iages (the first corresponding just to theahstudied
event, the last one cumulated after the 8 felt syeand thus can analyze its evolution and fitetlesand
generate figures 7 to 11, the latter being the dative result at the end.

Due to the fact that we aim to assess the impaetaricstatic stress transfer as an earthquake trigge
mechanism, it is very important to study its eviolutduring the sequence on the FM faults (whichthes
sources in our modelling). At the same time, itportant to note the evolution of Coulomb strealksigs on
the previously mapped faults so as to observe @leyant increase or decrease, but more importattiese
faults is their final stress state: we wahto know if there is any evidence that could supplip on one of
these faults during the sequence, dihdo quantify the shortening of the seismic cycletiom Main Fault.
Regarding poingt), we are looking for generalized negative valuem@lall fault patches. Because none of
the previously mapped faults is allowed to slipur modeling, a generalized negative value on drtleem

(as in East 4) results from a close FM-derivedtfaith similar geometry and location. Taking intccaunt
that source faults are placed at the exact locatidhe FM solution and that they have locationartainty,

our reasoning is that such a result provides eciel@s to why one of the previously mapped faules(E2)
could indeed have been the one that slipped, teirgglthe cause of the last event (FM 8). Due to the
different uses of analyzing stress variation on fiM-derived and on the previously mapped faults, we
advocate for their distinction throughout the aseyas in sect. 4.1 and 4.2).

(AC)The method section should be able to answer gaestions (in the draft, sections 2.3.2 and 2023
this goal), and thus we agree we should rewrite it.

"Another crucial problem regards the interpretatibmesults in terms aiCFS: the authors conclude that the
fault named East 4, which shows a negative cunweltCFS at the end of the sequence (Figure 11), is
therefore most likely to have slipped. However,thao possible interpretation could be that theuierfice in
terms of cumulativeACFS of all the previous events on the fault Eass Aegative, i.e. the fault is not



favored to slip by the cumulative stress redistidou The stress drop on the fault might indeedehlagen
caused also by its own slipping phase, but for tteb@&nderstanding of this point one needs to kitlosv
fault’s stress state before and after the timawslipping in relation with the other events ie tfequence
(time evolution). In other worddCFS on the East 4 fault is negative before or dtfseswn rupture? This is
also not clear from Figure 10. All these aspectukhbe clarified for a proper interpretation ofués.
Moreover, the fault is only partially visible indtire 11."

(AR) We cannot formally exclude the fact that ihidden structure exists at exact location whereRiie
fault was placed, then the East 4 fault could Ivehéa from rupturing; but, given the proximity ashilar
characteristics, we believe our argument to be d@nd the most likely given the geological investiigns
around the Castor UGS. Based on the modeled FNisfatie plane corresponding to the last event f th
studied sequence is very similar, and closer irthddp the East 4 fault (see figure 7, subploti@ table
B.1). It is mainly because of the occurrence of thient that the resolved stress change onto thtedHault

at the end of the sequence is negative in natows; tve argue that this event could indeed hawentalace
as a result of slip in the East 4 fault (each paiicthe East 4 fault is large enough to producapure of
magnitude Mw 3.6).

(AC) Figure 10 will be modified so that the evotution the East 4 fault is better appreciated, agdré 11
will be plotted so that all patches on fault Easaré easily seen. Section #5.2 in the discussidnbei
rewritten to clearly answer why we believe the Eafgult could be the one that slipped.

"Referring to Figure 12, how are the best estinmstiof the parameters caculated/assumed? Why do the
authors limit the analysis to just four paramefetgke, dip, rake and apparent friction)? Why de authors
perform this analysis referring to the mapped faaoli not also the the so called source faultsathle that
describe free parameter variations (now Table Chijchv describes all parameters involved in the
methodology) should be a dedicated table for timsigeity analysis. Why do the authors vary thekstrof

the sources and not of the receivers? | think lathe to be randomly perturbed within 20 degrees for
understanding the sensitivity to the strike angiie 6ame for dip and rake). They might reproduseviay a
large number of realizations for a more probahkdisased sensitivity analysis. The same conceptidvou
apply also for the nodal plane, depth and frictioefficient."

(AR)Regarding the previously mapped faults, we rhdte strike and dip (best estimation) from the
references cited in 2.3.3, and needed raké\@® modelling is inferred from FM solutions as weuase
those events to result from faults slipping acangdb the regional stress. To estimate the rake;al@uilate
the mean value for each of the two nodal planelfasnftwo main strike directions, see Fig. 13b) asdign
the resulting mean rake to each of the previousipped faults according to their strike (best ediona
Regardingy', the recommended value (best estimation) fokestlip or unknown faults is 0.4 (Stein et al.,
1992; Toda et al., 2011).

We include strike, dip, rake and effective frictigplus depth for the Main Fault) in the sensitivétiyalysis,

as they are ones subject to greater uncertainbuinstudy. We consider both the Young's modulus and
Poison ratio to be well constrained, and the regjiosiress value does not influence the performed
calculations (except for Fig. 13a), which focustba stress changes between faults with previolesiyed
characteristics (King et al., 1994). Backgrouneésdrinformation is however included in table C.dause it
appears in the discussion (section 5 and Fig. 13a).

The sensitivity analysis was performed as welltiigr so called source faults (FM), but calculatedatians
were equal or smaller than the ones reported whemarameters on the previously mapped faults were
varied. Moreover, due to the fact that the previpusapped faults have to be somehow simplifiechtduide
them in COULOMB (it was done according to explamasi in 2.3.3) we believe the study of variations on
their parameters to be more necessary than orothieesfaults.

Our goal with the sensitivity analysis is to addrescertainty by providing quantitative evidencehmw
results change when the main parameters are vaitieth likely ranges (magnitude of the variatioahd on
which parameter the analysis is most sensitiveAte.varied the rake + 20° instead of + 10° because w
believe its value to be less well constrained. \&es@er a variation of £ 20° for the strike and thibe too



large (e.g. a fault that is reported to dip 50° Mowary from 30°, which is a gentle dip, to 70°f far from
being sub-vertical). We agree that a complete poitibic analysis would be interesting but we rebdrto
be out of scope in this study.

"Can the authors explain why the fact that the medme in the East 4 fault is near -0.1 bar,supgpthit idea
of this structure to have slipped (section 4.21&4i22-24)?"

(AR) Because none of the previously mapped fadtaliowed to slip in our modeling, a generalized
negative value (most patches) on one of them (&agt 4) has been observed to result from a closes
fault with similar geometry. Taking into accounattsource faults are placed at the exact locatidgheoFM
solution and that they have location uncertainty, asoning is that such a result provides eviglerscto
why the nearest previously mapped fault (here Epsbuld have been the one that slipped.

"The final message about static stress transferiggering mechanism is not enough convincing {sact
5.1): what is the take home message? The facthhadtatic stress acted only as a partial triggefidictor is
not a strong finding itself. The conclusions argpérsive."

(AR)Based on our findings, we believe that statiess transfer would have promoted the occurrehtieeo
studied events. This is supported by posifi@S found on source fault planes, which are roughl§.1 bar

in magnitude for the last 3 events (earlier studi@ge shown that values of this magnitude can ptemo
seismicity). Thus, static stress transfer coulddsponsible, alone, for the occurrence of the3astents, but
resolved values on the planes corresponding toptiegious events are too small, according to cited
references. Because of this, further comments esdead.

First, we investigated the orientation of the Ogailign Oriented Fault Planes, and found that theyvary
similar in orientation to the ones obtained from BMutions. This advocates for the studied evemtsaive
occurred according to background stress, and thaeeims logical that faults that moved were in &omut

to move before the sequence and the injectiongic@ly stressed). It supports the fact of a small
perturbation already triggering the events. Andosdby, because the pore pressure generation dileido
flow did most likely influence the sequence (altbuwour modeling cannot account for it), we thinktth
static stress transfer acted as a triggering meéstmatogether withpore pressure increase. This reasoning is
what the manuscript tries to transmit in sectioh @and the reason why we referAGS only as a "partial
trigger", although it reaches values near the asduimreshold of positive 0.1 bar for certain events

(AC) As stated before, we will be more resolute andcise in our comments in the discussion (#5nt) a
conclusions.

"The three first lines of Conclusions are confusifog the East 4 fault a negati®CFS meant possible slip
(see before), while here a positk€FS resolved onto 7 of the 8 FM means possiblealiigiation. It looks

like the authors are changing their point of viefatlte same process. They should be clearer and more
consequential."

Bearing in mind thaACS = 0 before the first studied earthquake, heat ahSeptember 34 we observe a
positive ACS on 6 of the 7 remaining events (from second$t).| For example, after the fifth earthquake,
the plane that moves in the sixth event is positileaded (see figure 7, subplot 5), and thus statslized

by the previous five events. Then, after it slipdhias negativéACS, which means it is far from slipping
again (see subplot 6 in figure 7). Regarding thet Bdault, it has negative values at the end efséguence
(far from slipping again) mainly due to the facatlhe FM fault of the last studied event was ckse with
similar geometry; that is the reason why we beligveould have hosted at least one of the events,
presumably the last one. We therefore think thatlme of reasoning is the same throughout the erhol
analysis (positive stress changes = promote sfigative stress changes = prevent slip).

Technical issues

Some examples of intricate, hard to understandeseas: p.2, lines 16-16; 22-23; 27-29 (here thbaast
seem to justify the fact that they use FM solutiaassources of Coulomb stress change. Why do theg n



it? This is a very common assumption in the litergt, p.3, lines 18-19 (explain which error is miided
and how). P.4, lines 4- 5: reduction of what? tnbe clearer; lines 11- 13: explain better thiscem of
conservative or non-conservative assumption andtwaii the two you are following. P. 5, lines 3-4.

We highlighted the fact that FM solutions are uasdources diCS because we work with the hypothesis
that the faults that hosted (part of) the earthgaatould be unknown up to date. And to introduee the
known faults around the reservoir only receh@sS.

We cannot provide any other reply to the fact that English and writing style are not clear enougther
than that we will work our best to improve them.

(AC)We will explain which errors is minimized andwa in p.3 lines 18-19. Rewriting lines 4-5 and Bl
p.3 and 3-4 in p.5.

"Section 2 is probably too long and confused. | ld@uggest to respect the order resources/avaitkdte-
methodology description — Coulomb model assumptibissiggest to create a section on the methodology
(Coulomb and seismic cycle) and one on the modriraptions (sources and receivers). The sectiontabou
uncertainties should be independent and self-ctamgid think that the factors of uncertainty aggeral and
regard both the methodologies involved in this gt(tle Coulomb stress estimation and the impadhen
recurrence time). The authors should list themrbleand explain why do they analyse only some @inth
and how."

(AR) In this section we tried to limit its lengtls amuch as possible without compromising the undedshg
of the methodology and underlying assumptions. Méeght it could be adequate to organize it stamtith
the equationsACS and shortening of the seismic cycle), and follith the modeling of faults and
uncertainty in the assumptions and performed aizal®wever, we agree with your suggestion to impro
its comprehension and make the manuscript more thgetpoint.

(AC)We are reorganizing it as advised.

"Section 2.1: the authors allude various criteria to determine failure conditions and then theydo not
mention any of them. In general, if one refersriassue, then one should at least spend a few veordisat

or omit it at all. Equation 1: why do the authose uhe primes for ando? The simpler notation, the better.
Later in equation 3 the prime disappearsfforand appears (correctly) far(but this causes confusion for
the reader). CFF is defined but CS (line 7) is Miaire generally on this section, it looks like tkfz¢ authors
are jumping from a formula to another for descigbine concept of Coulomb failure criterion but tHiesget

to give to the reader some simple elements for nstateding a quite intuitive concept. If they wamntstart
from the Mohr-Coulomb theory, they could then shaviigure with a general description of the Mohr-
Coulomb diagram. This would also be a good expéd@ndescribing the possible effect (even though
neglected in this study) of a pressure increase."

(AR)In equation 1, to introduce the Mohr-Coulomiiiuiee criterion, we chose the typical notation used
soil and rock mechanics, selecting ' to indiczftectivestresses instead tiftal stresses. We believe it to be
appropriate given the fact that it is the effectsteess that governs the behavior of geologic &yeithe
crust. We agree that it may be better to writeithout primes, introducing the fluid pressureas follows
(regarding Eq. 1):

T=c+ uloc—u)

In the previous equation, the telfa — u) equals thes' appearing in the manuscript version. It is trioet t
our modeling can exclusively account for the eff#fcin undrained stress increase in the pressiimately

by introducing the effective friction coefficienp’). Thus, we should make it clear that fluid flosvnot

considered and so, pressure change by injectiong isf scope.

(AC)In section 2.1, we will provide examples oheit criteria to determine failure conditions onk®or
omit them. In equation 1 we are introducing thep@nnotation avoiding primes whenever possible.afée



defining ACS in this section as well (it was first introdugegage 2, line 25). We will develop the transitio
to equation 3 more accurately to avoid any confusio

"The authors should be more careful in explainrggrecise conditions under which equation 4 iglyak.
the pressure effect is taken into account only utite undrained condition (no fluid flow is congied) and
the solely contribution to the pressure is giverths compressional terms of the stress tensor. $heyld
remind that the pressure change due to the infedistill completely neglected in equations 3 drahd in
general in their study."

(AC)We are proceeding as indicated.

"Why do the authors think that working with the teaire Coulomb 3.3 allows to deal with tridimensiona
complexity and not with other numerical modelsttd Coulomb stress redistribution? How do they fusti
their choice of calculating the stress change &mHepth (line 22, p.3)? From table B1 one cartlsaethe

8 major events used as sources/receivers areadlbwier than 5.9 km with an ecception of an everg.Q
km. Additionally, Figure 5b does not help makinglaar picture of the depths of the receiver faultse
depth of calculation AACFS plays a significative role and should be disedswith greater attention."

(AR)We did not intend to say that other numericabdels are not suitable, but that COULOMB is
appropriate. We justify our choice on the fact it deepest source is located at 11 km, respondittge
FM solutions in table B.1. We should probably haveicated it better. The used depth in our modeling
corresponds to the FM solution depth (column 7alid B.1), and not to the depth of the input laratWwe
prefer the depth of the FM solution given the fanett it adjusts all waveform instead of the depthhe
earthquake location (used as input), which is bameghase picking and is not very well constrained
because of seismic network distribution in the area

(AC) We are ensuring that the chosen depth forcgsuis noted clearly in the text and table caption.

"Section 2.2: | would add some more explanationd emmments referring to equations 5 and 6. Both
equations imply the assumption of the concept efdharacteristic earthquake. This is a strong astsom
and it is worth some more discussion. Equation plies that the average stress drop is released &rom
characterstic earthqake only, so that/T, corresponds with the regional stressing ratepther possible
phenomena of stress release are ignored. Equatiom &he other hand implies the existence of a
characteristic length for the source of a charatterearthquake. | think that the authors shouliefly
comment on these hypotheses (why do they thinlkethggotheses are realistic in their context? Whatlse
limitations?)"

(AR) Our main focus in this part is to quantify thlgortening of the seismic cycle for the greatesthguake

a particular fault (the Main Fault) can host. Besmaof that, our goal is to quantify the relativgportance of
the computedACS on that particular fault, regarding a particitarthquake (characteristic tremor). We
ignore other possible phenomena of stress relsast s smaller earthquakes during the expectaotlpar
strain accumulation) based on our goal, which igimm the magnitude of the perturbatiohQS) in the
context of the characteristic earthquake stressasel (as previously done in Baisch et al., 2008téan
example). Indeed, In Equation 6 the assumptioraoft fgeometry has its importance (greater lengthte
same rupture area results in lower stress drop).

(AC) We are working on a better justification okthse of equations 5 and 6, commenting the underlyi
assumptions and limitations.

"In general, | find that sometime in this draft leéerences to other studies for justifying or exghg some
assumptions are ambigous. For example, equatign 8; neither inHarris (2000) nor inBaysch et al.
(2009) | can explicitly find any reference to tkiguation but solely hints to the idea that a stcbssige can
affect the recurrence time of large earthquakesould find a reference as for example to the stafly
Parsons (2005) and references therein much more focusedeoproblem™



(AC) We are reviewing our given references and owjrg them whenever needed, specifically in this
section 2.2 and generally throughout the whole. té¢ will try to avoid any ambiguity by using the
appropriate citations.

"The Main Fault cited for the first time in correspondance of doum9 and then in Figure 9 should be
clearly defined. Please also deffaR."

(AC) Proceeding as indicated.
"Section 2.3.1 can be merged with Data and Ressurce
(AC) Proceeding as indicated.

"Section 2.3.1: rather than giving information cetalls about the input/output data of the methodNIBMR
used for FM estimations, | would focus on the apploitself and the reliability of the methaiCFS
estimations are indeed very sensitive to the FMitemis used for sources and receivers and theitivel
hypocentral distance. Why do the authors decidedst FM solutions obtained via FMNEAR? Why did
they not use solutions already published in thedditerature Frontera et al.(2013);ING (2013) andCesca
et al. (2014)? How sensitive are their results to théed#t solutions?"

(AR) We decided to select a method based on wawvefoodeling (rather than wave polarity) to improve
reliability, and one that is stable for moderatetrepuakes. This method seemed to fit well with our
requirements and its quick online service was a,pecially bearing in mind that finding a highmfidence
solution for events with magnitude less than 4sisally demanding.

We decided to generate new solutions based onatttetiiat the ICGC (Catalan Geologic Survey) had
published in its bulletin of 2013 (ICGC, 2015) tbarthquake locations for those events. Thoseitotat
had been found with a velocity model that worked wiéh registered waveforms, especially those frita
closest sensors. We thought that this informatices wmew, valuable and probably contained better
constrained locations (earthquake location is usethe FM computation). Moreover, FM solutions are
similar with the previous ones (see table B.1).

FM solutions are sensitive to input earthquaketlonaand computedACS depends on the FM solution. We
therefore selected the best FM solution for ea@neand did not include more than one FM solutimmaf
particular event in the analysis.

(AC) We are providing more insight in how sensitare our results to different FM solutions in tkeised
version.

"Section 2.3.2: in the first paragraph of this settthe English and wording needs a substantial
improvement. The method for selecting the nodah@las unclear. However, | do not agree/do not
understand the idea that the nodal plane is seleeterring to the highe&CFS. The authors need to justify
their assumption. An alternative idea could be uartify the difference when using a different noplaine
solution for each event or by using random extrafgol nodal plane solutions for a more probabilistic
approach. P.5 from line 32: are the authors exiplgihow do they estimate the slip of each event@shb
come from the magnitude? It is unclear.”

(AR) Based on the fact that we believe (hypothedigthe study) static stress transfer by neighboring
earthquakes to be able to generate new eventsheek ACS due to the previous event(s) on both nodal
planes of event X, and select the one on whichAB8 is greater (There is not any geologic infornmatid
the FM resolved depths, except for the last onéjgoriminate between nodal planes; and, both npldale
families are similarly oriented with regard to op#l orientations based on background stress).ld&atuse

of by doing that we needed to check each time botl planes, we could quantify the difference when
using the other nodal plane (this is noted at thgiriming of section 5.1, although only from a qgtadive
point of view).



Line 32 (P.5) and onwards: yes. We have the magmiti each event, so we can know the seismic moment
and therefore which is the value of slip neededjgoerate such a magnitude, given an area and shear
modulus (working equation 10).

(AC) We will make sure that line 32 in p.5 and ondgais clear.

"Section 2.3.3: what | would need to understandrtyehere is on which receiver planes do the asthor
estimateACFS and why. From this paragraph one thinks trat-i{l solutions are used as sources and the
geological faults as receivers. However, alreadénabstract the authors say tfiatthe evolution of static
stress is quantified both on fault planes deriviexinf focal mechanism solutions...and on the previously
mapped structures...The issue is touched then again in section 4 nktttiat the authors need to be more
concise and precise on this assumption from thenbeg and explain the reason of their assumptions.

(AR) This is, as indicated, an essential iSSNES are estimated both on the FM-derived and on the
previously mapped faults, along a sequence thehasacterized by the slip of each nodal plane (¢aoh

for one of the 8 events). The previously mappedidateceive stress only, and FM-derived faults both
transmit and receive stress. We estinds@s on ALL FM and previously mapped fault planeschEsource
fault has one patch, and the evolutiolAGS on each source plane is studied along the segy€ig. 8).
Each previously mapped fault is divided into vas@atches, and t&CS along the sequence is investigated
on every patch (figures 9 and 10).

The idea understood from this paragraph is corfedt:solutions are used as sources. However, beiute
after an event's occurrence on a particular FMt,favd do not remove it in our model, thus when haot
event (hosted by a different FM fault) strucks, titevious FM fault receives stress as well. Thathes
reason why FM faults act as both sources and rexgiwhereas the previously mapped faults are only
receiving stress after each event (they nevelirsigur computations).

The process works as follows: first, we generatenant model with 8 FM-derived faults (selected alod
planes) and the 7 previously mapped faults. Foligwislip is introduced along the first FM faultrgfi
earthquake takes place), ab€S is computed onto each one of the 15 modeledsfalihen, slip is
introduced along the second FM fault (second eaeke takes place), afxCS is computed onto all fault
planes, and so on until the 8 main events haventghace. The model always contains 8 FM and 7
previously mapped faults. We need the FM faultdhath generate and receive stress so as to test our
hypothesis of static stress transfer as an earkiequigggering mechanism in this seismic sequenoal (),

and the previously mapped faults to receive s{igsals 2 and 3).

Perhaps the problem comes from the chosen nomareldiecause the FM faults here both generate and
receive stress, as opposed to most studies whereatlrce fault merely generates slip and thé&s is
studied on another fault, namely the receiver one.

(AC) We are making it clear enough on the methatie to leave no room for doubts. We will add bleéa
with sources (FM) in one entry (e.g. rows), anceneers (both FM and previously mapped faults) inthar
one (e.g. columns).

"Section 2.4: this section is not complete. A reatkeds to understand which are the parameterayt p
which of these parameters influence uncertaintiesmost; how do the authors perform a comprehensive
sensitivity analysis and major findings. To be mooeacise, tha authors may merge section 2.4 djreutb
section 4.3."

(AC) We are revising it as suggested.

"Section 4.4: first line: the poor reader needscheck the two tables ahead and equation 5 behind to
understand what you are discussing about. Thegalle be merged together. The dasstshould be better
defined and justified. The tables are not easilmmehensible. Where atke results for the best estimate
plotted? There is no reference to a Fidure



(AR) The results for the best estimate (accordmgbst likely strike, dip, rake and) are shown in bold in
the tables. They are not plotted in any figure astiought the shortening is explained enough inf% o
shortening and in years shortened out of the eaatkajs recurrence time.

(AC) We are working on a figure to represent thersming and complement the table (tables 1 andll2 w
be converted into one as suggested). We will prighse a bar graph or a scheme.

"Section 5.2, the first lines are incomprehensible.
(AC) Our apologies for that. We are reformulatihgr.
"In Figure 1 would be interesting to see also tijedtion rate."

(AR)Yes, certainly. Nevertheless, the only reliablformation we have from scientific works compsse
both the duration of the third injection phase andestimation of the total introduced volume ofdiduring
this stage. Further discussion would undoubtedlfobtered if the injection rates and introducedued per
day were available.

"Figures 5 and 11 can be merged together into ajuarfigure.”
(AC) Proceeding as indicated.

"Figure 7 is not clear and one cannot follow thatree comments reported in section 4.1. ProjecAiGgrS
on the FMs can just give a rough idea of the stthasge (positive/negative) and information ondpatial
distribution is lost. Why do the authors decided tlus kind of presentation? Which is the messdgy t
want to give through this figure?"

(AR) We plotted this figure with the goal of cleadisplaying which nodal plane was selected (pin& bn

the FM), the relative location (on the XY planedaime of occurrence (FM number) of each earthquake
considered. Moreover, the goal is to provide & &proach to the nature of the resol€tiS onto the plane

of each event before it occurred, highlighting tia¢ure of the variation (positive or negative).\didwve it
compliments itself with the following figure, whids better for quantitative purposes.

(AC)The previously mentioned table will clear daibtgarding this figure.
"Figure 8: which are the events causiyGFS on the FM of the event occurred the 09/24?"

(AR) This is the first felt event in the series dahd first considered one in our study. Becaudhaif before
its occurrence thACS on either nodal plane is 0. We selected thelmatecaused great&CS on one of the
two possible nodal planes for the next event.

Before this first considered event, quite a remiblkaumber of earthquakes had already taken piateei
area (see figure 2), but no FM solution is avaédaior any of them (magnitudes are too small). Tlilis,
first event cannot be justified by our modelingtekfits occurrence, the 7 remaining events willadtice
some Coulomb stress variation onto its plane, thatlli be minor compared to the stress drop aftstipped
on September 24(negativeACS).

"Figure 11: report in the figure, close to the esponding patch, the identifying letter+number adse
reported in Figure 10."

(AC) proceeding as indicated.

"Tables B1 and C1 are fundamental for the integpi@d of the methodology and results, why are there
the appendix?"

(AR)Although the tables B1 and C1 are in fact neaggs and we agree they could be part of the neir
we think they are better placed in the appendiabse chosen FM solutions and ranges of parameaters a
already commented in the text. The tables provisewall lots of supporting information (previously
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published FM solutions or references in C1) whiagh make the manuscript less swift to read if planate
main text.

(AC) We will consider the option of placing themthne main text (in the revised version), bearingnind
the length of the manuscript.
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