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Abstract Tsunamigenic earthquakes pose a large hazard in subduction zones, but it is currently
unclear in which - if any - tectonic setting they preferentially occur. Here, we compile the global
Subduction Nature & Interconnected Tsunamigenic earthquake Characteristics (SNITCH) database
with parameters on subduction geometry, tectonics, and megathrust seismicity, and 329 tsunami
events caused by earthquakes that were recorded in subduction zones between 1962 and 2018. We
aim to identify potential correlations between tsunamigenic earthquake behaviour and subduction
zone characteristics. We first use a bivariate regression analysis to find first-order correlations
between the normalised number of earthquake-generated tsunami events N; and the megathrust
seismicity and tectonic parameters characterising a subduction zone. We confirm self-evident
correlations between N; and the number and magnitude of earthquakes and subduction kinematics.
We then apply a multivariate Fisher analysis to see which combination of tectonic parameters best
distinguishes subduction zone segments in which relatively many and few tsunami events caused
by earthquakes have occurred. Despite the scarcity of the tsunami data, we consistently find that
the type of margin (i.e., erosional or accretionary), the trench-normal component of the subduction
and convergence velocity, the amount of trench sediments, and the roughness of the incoming plate
are related to the number of earthquake-generated tsunami events. Our results therefore suggest
that tsunamigenic earthquakes may occur more frequently in tectonic settings where plates subduct
relatively fast beneath a sediment-starved, erosional margin with a complex, shallow subduction

interface, characterised by multiple faults and fractures.

Tsunamigenic earthquakes are defined as earthquakes
that cause tsunamis and usually occur on thrust
faults in subduction zones. In the past decades,
tsunamigenic earthquakes have greatly impacted society,
with the most notable events being the 2004 M, 9.1-9.3
Sumatra-Andaman earthquake and resulting Indian
Ocean tsunami, and the 2011 M, 9.0 Tohoku-Oki
earthquake and tsunami (e.g., Lay et al., 2005; Titov
et al., 2005; Fujii et al., 2011; Ozawa et al., 2011).
During these large events, the megathrust typically plays
the most important role, as it provides the largest
potential slip area, and is therefore capable of producing
the largest earthquake with an accompanying tsunami.
However, other faults than the megathrust, such as
normal faults in the outer rise or splay faults in the
imbricate thrust system in the subduction wedge, likely
play an important role in tsunamigenesis as well (e.g.,
Fukao, 1979; Sibuet et al., 2007; Waldhauser et al., 2012;
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Hubbard et al., 2015; von Huene et al., 2016; Fan et al.,
2017; Sladen and Trevisan, 2018). Since these faults have
steeper dips than the megathrust, they can accommodate
more vertical displacements for similar amounts of slip
(Wendt et al., 2009; Hananto et al., 2020; Van Zelst et al.,
2022). However, it is difficult to determine whether an
earthquake ruptured along the megathrust or a splay
fault, due to the uncertainty in earthquake and tsunami
source localisation (Sibuet et al., 2007; Waldhauser et al.,
2012).

The large megathrust earthquakes responsible for
generating the largest tsunami events are typically
associated with a smooth incoming plate and a large
trench sediment thickness (Ruff, 1989; Heuret et al.,
2012; Wang and Bilek, 2014; Scholl et al., 2015; Brizzi
et al., 2018; Van Rijsingen et al., 2018). Similarly, a
buried megathrust (Carvajal et al., 2022), slip depth
(Carvajal et al., 2022), structural features on the
incoming plate, such as subducting fracture zones and
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MTT2 TH i2WASBW/V i?2 b2/BK2Mi i?B+FM2hd ciU2%ii2MivT 2 QAVSE C;BMV i?2 b?2Q ir p2H2M;i?
Rk ky FKV "QmR2M2bH/ i?22 i'2M+?@MQ K H +QKTQM2Mi Q7 ViR & UMV /iR 2 iiB DWH P BH\DG B vH + Q K
Q7 i?2 +QMp2 :2M¥R2 P2MRQUBWi?2 HQM: r p2H2M:i? UBX2X- Ry XLy +H2KAQ | Q2T ?2b2bib QM2 Q
ek bm#/m+iBQM xQM2 b2;K2MibX *Q 2p@BQIn 2R 2{2 BAMBL M/ 7Q #Qi? i?2 aT2 'K M M/ S?2
h?2 M K2b Q7 i?2 bm#/m+iBQM xQM2 b2;K2Mib 2 BM/B+ i2/ 7Q  BbQH i2/ TQBMib BM i?2 b-
KmHiBp "B i2 M HvbBb Bb BM/B+ i2/ #v i?2 #Hm2 “2+i M;H2X ## 2pB iBQRKb 7Q T > K2i2'b

++°2iBQM v Q  2°QbBQM HV 2 /2T2M{2MV Q3b & Hib @iMR 3 Qi =HBEQ/MBz2 2Mi b2ib Q-
bH ;2 b2/BK2Mi i?B+FM2bb Bb mbm HBHATmibD + K222 MBVR " i?2 6Bb?2° M HvbBb.
++°2iBQM v K ;BMb-r?2"2 b bK HH b2QFKRWTmiIB+FK2kb b-i?2°2Bb QM2 HBM2 °
BbiviIB+ HHv bbQ+B i2/rBi? 2°QbBQM H KBMBAKmMKhMHNRID D7KE i KRIKBMBKBb2b
r2 "mM i?°22 /Bz2 2Mi i2bi + b2b, QM2iBM27B®+? #¥QRQTiBK H HBM2 ~ +Q8M8M iF
T K2i2'b "2BM+HmM/2/ M/ irQr?2°22 6@T2 «2iM HvbBb- r2 miQK iB+ HHv /2i2+
Bb BM+HmM/2/ b2T * i2HvX h?2 b K2 2 BIGMBM + Q@HBM7I@QM r?2M i?22°"Q  “2/m+
i?2irQ K2 bm 2b Q7 BM+QKBMRJF H M2 " QKQ?M2bbK2i2 b BMiQ i?2 M HvbBb #2+QK?2
RwX g2 /QTi DbBKBH "2 bQMBM; 7Q rBi2 p2HQR+Bi®2i®2 BMBiB H 2 Q" BM i?2 +
Ven -Ven - #mMi r2 HbQ BM+HmM/2 i?2 QTiB@WH@ @QWMH/2K2i2 X >2M+2-r2 2M/ mT rB
#Qi? p2HQ+BiB2b 7 QK i?2 HBM2 ° +QK/BBW2 iBOVKH#BM iBOM 7Q° 2 +2 Q7 i?2 je |
i?2v +QmH/ TQi2MiB HHvV "2H i2 iQ i?2 HBKB i2J 2BKR2Mi MBQI7i?2 HBM2 ~ +QK#BM iE
Q#b2 p iBQMb BM //BiBQM iQ T?vbB+ BKK237% MBBIQZ hTBbK2i2  BM i?2 +QK#BM
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+Q "2H iBQMb BM i?2 #Bp "B iRXWK Hw2B b L
+QK#BM iBQM Q7 i?2b2irQ T * K2i2 b Bb
HBM2 ~ +QK#BM iBQM b /2}¥RhB™M 22 0B Q
Bb M K2Hv “2/m+2/ i?2 KQbi rBi? “2bT2+i
KQmMi Q7 72 im 2b "2[mB 2/ iQ /BpB/2 i?2

q?2M i?B°/T ° K2i2  2Mi2 b i?2 HBM2 * +1
i?72 mTT2' TH iUBS BIMMTB+F2/ #v i?2 6Bb
M HvbBbX M Qp2 'B/BM; TH i2 i? |
6B:m" 2 8_2T 2b2Mi iBp2 6Bb?2° M HvbBb Z@KIM2HEBQM Bb bbQ+B i2/ rBi? K Mv ib
BMTmi T K2i2'b UHBDI2/ 122 iQTVX q?2MaBKmMRZIM28mbHy- 122 HQM; r pRy B i?
BM+Hm/2/ BM i?2 HBM2 ~ +QK#BM iBQM- ?/BQ_\FKz#/QjM%MzBﬁQI?q')Z bm#/m+iBQM p2HQ +1
T T hhatE o nﬁjbz BMQKBM: TH i28b bbQ+B 12/
17 1 ; m | + | +
6Q‘/Bb+‘2riJZT‘K2i2‘b-H2ii2‘b BM/B+i2i’>§< b Mlﬁﬂ l%(&EZMle
b2iiBM: 7Q" +H bb k EWR2hP2HB:2i T M2H b?@Bi? 7Qm" T ° K2i2 b- i?2 mTT2 TH i2
122 2°°Q "2/m+iBQM r?2M KQ'2 T ' K2i2'b '21@Qip2Im/Z/Q8M i22 HBM2 ° +QK#BM iBQM-

i?72 HBM2 ° +QK#BM iBQMX h?2 QTiBK H HB 2o b+2Q/'B#<82\MiB|©HeJJlQM2bBZ IBbi M+2 #2ir22
r?B+? 1?2 2°°Q" Bb K tBK HHv “2/m+2/ 7Q" i73 4

Q7 72 im 2b BM+HmM/2/ BM i?2 HBM2 * +QK#BM '?Ejgﬁb WEE, i2) M/ iDgc freéaM +72
) i i i?
SH +F HBM2bX B DEW B TH A #2 C2H 12/ iQ i?2 /E

Q7 bH #- rBi?Dkk wen #2BM; DbbQ+B i2
rBi? KQ2 b? HHQrHv /BTTBM; bH #-

hQ bvbi2K iB+ HHv /2i2 ' KBM2 r?B+? 1Q3ziB2Mi BM i?2 HBM2 = +QK#BM iBQM
|92 KQbi BKTQ'i Mi 7Q° ;2M2 iBM; ibril WBRMQBRT #2ir22M b? HHQrHv /BT

|')[m F2b-r2 HQQF ii?° 9)2”92 bm+QE§Q3\/I |’>[m F2@ 2M2° i2/ ibmM KB 2p2MIbX |
|7 i T K2i2'BbTB+F2/BMi?2 #2bi HBMR 2" P&MIM 18 0MP2/BKEMiLBR+BM2bBE 2" 2
7Q° 6Bb?2° M HvbBDbr?2M Bi B(m)T|7izQ7ri3>'2'?E§<M'\’ﬂYr1|EmM B 2p2Mib Bb BM HBM2 rB|
MQ' 'K HBb2/ p2° :2+Q2{+B2MiQ7 T  KKi2:BMpizZy hRb rQMbBbi2MiHvV T 2b2Mi BM
6Bb22° M Hvb2b 7Q° r?2B+2 Bi Bb BM+HmY /K& R Yo bBOMPNEM2 °
+QK#BM (iB)QMZ K tBKmK 7° +iBQM Q7 +QdwbbBpiZMIi N T ° K2i2°b 2 BM+Hm/2/ BM
bB;M UBX2X- TQbBiBp2 Q" M2; iBp2V QiQiRZBMRiBOMZIMh®+72 Bb i?2Q 2iB+ HHv T
T K2i2°iQ ++QmMi 7Q " i?2 "Q#mbiM2bhpyQBi32 22@KITQ%/iQ i?2 #2bi HBM2 * +QK
i?72 T~ K2i2" BMi?2 HBM2 "~ +QK#BM iB Q@BMMBH /ZBN2 i BM+HmM/BM; KQ 2 T * K2i2'b
K2 bm 2 Q7 "2H iBp2RBIQIQ T MK2i2" b i2HK#BM iBQM /Q2b MQi M2+2bb "BHv BKT"

KmHIiBTHB+ iBQM Q7 i?2b2i?°22 K2 bm~ 2bX o . .
HbQ MQi2 i? i i?2 T > K2i2'b +?Qb2M

jXk _2bmHib HBM2 ° +QK#BM iBQMb + M /Bz2" +QKT!
XKXRM BM@/2Ti? bim/v Q7 QM2 /Bz2 2Mi MmK#2" Q7 T ° K2i2 b Bb HHQr2/
’ 2T L A QK#BM iBQMX h?2 bB;M Q7 i?2 T K2

2T°2b2Mi iBp2 6Bb2° "M HvbBh; M:M7qQ° /Bz2 2Mi MmK#2°b Q7 T * K2i

2t KTH2 i?2 bB:M +QMbBbi2MiHv 2K BMb i?2 b K2
6B:m8B2Qrb i?2 "2bmHib 7Q° QM2 "2T 2bQK#BMY2i B2 M/ 6Bb?22° M Hvb2b- r2 /2
M HvbBbX h?2 BMTmi T ° K2i2'b mb2/iBMTi?2K2iBgi QM /BpB/BM; i?2irQ +H bb2b
BM/B+ i2/ ii?2iQT- M/i?2 "2bmHiIiBM; +Q Q7_| s s
HBM2 " +QK#BM iBQMb 7Q" /Bz2 2Mi Mm ;@ %,A%%Bvl\%g +Q}IK#ZBi/It |KBTQH|\/|2|SI?:t;¢22b|/
HHQr2/ BM i?2 HBM2 ° +QK#B@® 1B +2 #2ir22M i?2irQ +H bb2b rBi? i?2
BM/B+ i2/#vi?2+QHQmM bBM2 +2 "QrX 1Lb b Q7172 VT2 07 K -
Q7 122 HBM2 ° +QK#BM iBQM r?2M 2/|Byn|<## gIE’»fE&wa
BM i?2 "2H2p Mib[m 2X
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RyX8 b2;K2Mib Uk8XeWV i? i "2 +H bbB}2
+H bb ++Q°/BM; iQ i?72 QTiBK HHBM2 "~ +(
#2bi HBM2 ° +QK#BM iBQMb 7Q° 2 +? Q7
M Hvb2b i? i r2°2 "'mM 7Q° /Bz2 2Mi +QK
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p "B #H2b TT2 "iQbi M/ Qmi-bm+? bi?2i
U+QMbBbi2ZMiHv 2°QbBQM HV M/ i?2 bm
U+QMbBbi2ZMiHVY TQbBiBp2VX q2 bmKK "Bb
Q7 i?2b2 je M Hvb2bdBMV6EB H+@H iBM; i
"2H iBp2 BKTQ'i M+2 Q7 2 +? T ~ K2i2" b
a2+iBG@R

h?2 KQbi BKTQ i Mi T ~ K2i2'- rBi?
BKTQ i M+@86Q7Bb i?2 ivT2 Q7 K “;BM-

++°2iBQM ‘v Q' 2°QbBQM HX g?2M Bi Bb
BMTmi T ® K2i2'b Q7 i?2 6Bb?2° M HvbBI
958W Q7 i?2 iBK2 BM i?2 #2bi HBM2 ~ +
7i2° i? i- i?2 b2+QM/ KQbi BKTQ'i Mi T °
i?72i"2M+?2@MQ K H+QKTQM2Mi Q7 i?2 bm:
rBi? "2H iBp2 BKU&G-irAB2? Bb BRAW2/
Q7 i?2 iBK2X h?2 i?B°/ KQbi BKTQ'i Mi T
i?72 b2/BK2Mi i?B+RM2 byoX19i?r?B+? Bb TB+
8yW Q7 i?2 iBK2X h?2 HQM; r p2H2M;i? "(

"2H iBp2 BKTQ O3R+®I/Qi?”P2 i " 2M+?2@ MQ "k
+QKTQM2Mi Q7 i?2 +QMp2 ; RN =2 ypdBY+Bi
h?2 Qi?2° T ~ K2i2'b b?Qr HQr K2 bm™2b
BKTQ'i M+RIrBiC1X >2M+2-i?2 6Bb?22° M
"2p2 Hb i?2 ;2M2° H T ii2°"M i? i 77QK RN
2 7i?[m F2@;2M2" i2/ ibmM KB 2p2Mib Q-+
7°2[m2MiHvBM bm#/m+iBQM xQM2b rBi? N
rBi? 72r b2/BK2Mib M/ "Qm;? BM+QKBM;

6B;m 2 eh?2 #2bi HBM2 ~ +QK#BM iBQM 7Q" 2 +? 6Bb?2°

M HvbBbX q?2M T K2i2° Bb BM+Hm/2/ BM i?2 HBM2 °
+QK#BM iBQM- "2/ bvK#QH BM/B+ i2b ?2Qr Bi T"TQKQi2b +H bb
k Nt 02VX >2M+2- THmb BM/B+ i2b i? i H *;2° p Hm2b

Q7 T K2i2° "2 bbQ+B i2/ rBi? +H bb kX 6Q° /Bb+2i2

T " K2i2 b- H2ii2°'b BM/B+ i2 i?2 KQbi 7 pQm’ #H2 b2iiBM; 7Q"
+H bb k Ub22RWX#HR7 T °~ K2i2°'b "2 MQi BM+Hm/2/ BM

i?72 BMTmi 7Q° i2bi-i?2 2 Bb /Qii2/X LQi2 i? ii?2 #2bi
HBM2 * +QK#BM iBQaVBQ BBIBHM22/ ?2°2 b r2HH M/
?B;?HB;?i2/ #v ?Q " BxQMi H #H +F HBM2b X

ijXR‘ﬁK#BMZ/ "2bmHib Q7 HH 6Bb?2"
Hvb2b

q?2M r2 +QMbB/2° HH je 6Bb?2° M Hvb2b- i?2 KQmMi

Q7 T  K2i2'b BM+HmM/2/ BM i?2 #2bi HBMB ; mMQK#BM2iBQM iBh2 BKTQ'i M+2 Q7 T °
QM p2° ;2 kXNX h?2 K tBKmK KQmMi QZ2Fip@b2+ H+mH i2/ 7 QK i?26Bb?2° M Hvb?
BM+Hm/2/ BM i?2 QTiBK H HBM2 ~ +QKBBMBEBQROBH eX2ik?R2rBi? "2H iBpRIBKTQ i |
2°°Q° bbQ+B i2/ rBi? i?2 #2bi HBM2 "02QIR#BAW iBQK BBM/B+ i2b ?Qr i?2 T *~ K2i2"
QM p2'0:2X h?Bb +Q "2bTQM/b iQ M KpMV ’22‘i@[7m F2@;2M2" i2/ ibmM KB 2p2Mib U+F
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L:.*fqg.a :HQ# H >BbiQ B+ H hbmM KB . i M/b2Q@#®Ip 2 rBi? 2tBbiBM; HBi2  im 2X
+QMi BM Qi?2° BM7Q 'K iBQM QM i?2 28b+miybismBs+ kKB B7 Mv i2+iQMB+ b2iiE
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i?2 /i BMi?2 LP L:.*fg.a :HQ# H >Bbi@®@ B+B/ MQi}M/ +Q "2H iBQMrBi?i?2 b2Bl|
hbmM KB . i # b2 Bb b+ "+2 7Q" 2 +? ibmRQKER1 w2TMBHR:i2 bX
i? i MQ" Q#mblbl iBbiB+b+ M#2 #mBHi 7Q  i?2b2 Hi2 "M iBp2
T K2i2'b + Qbbbm#/m+iBQM xQM2bX YXBRB'@Mi H2HV2 r™Mwm bT2+B}+ i2+iQMB+
p Hm2b "2 T 2b2MiBMi?2/ i # b27Q bT2+BI2rirBkR D 522" 2 KQ 2
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