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Accepted: February 29, 2022 earthquakes. In view of the concept that macroseismic intensity enables us to

categorise the extent and severity of damage to buildings and structures caused
by an earthquake, this study aims to compile a macro-seismic intensity-based
catalogue of earthquakes in Ecuador, characterise the epicentral macroseismic
intensities associated to seismogenic sources and perform a comparison with
the National Seismic Hazard Map. This paper is the first that presents a cata-
logue of earthquakes with macroseismic intensities >VII and a series of maps
of earthquake epicentres according to intensity, focal depth, data and magnitude
of seismic events in Ecuador, based on the study of historical and instrumental
records from 1900 to 2021. The obtained data shows that 95% of the territory of

Ecuador has a PGA > 0.1 g, which corresponds to seismic intensities greater than
VII, while regions with seismicity >VIII (ag = 0.2 g) constitute 86%, and 3.8%
of the territory of Ecuador has very high seismicity (>IX), where the PGA ex-
ceeds 0.5 g. This information suggests that the normative National Seismic Ha-
zard Map of Ecuador underestimate the hazard mainly in the south-east and in
the Central Andes of Ecuador, and require an actualization.
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Karanor 3emiierpsicenuit IxkBaaopa,
OCHOBAHHBbIH HA MAKPOCEHCMUYECKO HHTEHCHUBHOCTH

JI. Kaxamapka-Cynura»*(0%, 0.B. Ka6anues?”, K. Mapun!

' Kamonuueckuii ynusepcumem 2opoda Kysuxu, Kysuka, Pecnybnuxa Dxeadop
2Hayuonansnuiii uccredosamenvexuti Mockosckuii 20cyoapemeenivlii cmpoumensiwlil ynusepcumem, Mockea, Poccutickas Dedepayus
B cajamarca.zuniga@gmail.com

Hcropus cratbu AnHortauus. Karanorn Marautyn 3eMyIeTpsICeHUI M KapThl MUKOBBIX YCKOPEHUH
IMocrynuna B penakuuto: 21 HosOps 2021 1. rpyHTa (IIVT, anri. PGA) ans Pecny6auku DKBagop MOXKHO HalTH BO MHOTHUX
Jopaborana: 12 ¢espans 2022 r. HCCIICIOBAHUAX, OJHAKO Pa0bOThI, MOCBSIICHHBIC XapaKTEPUCTUKE SMUIICHTPANb-
IMpunsra k my6aukanuu: 29 despans 2022 r. HOM MaKpOCEHCMHYECKON HHTEHCHUBHOCTH, CBSI3AHHOM € 3€MJIETPSICEHUSMH, BCTPE-

YaloTCs peaKo. B cBs3M ¢ TeM, 4yTo MakpoceiicMuuecKas HHTeHCUBHOCTD MO3BOJISET
KJIacCU(UIMPOBATh CTENEHb U TSKECTh yliepOa, HAHECEHHOTO 3eMIIETPSCEHHEM
30aHUSM U COOPY)KEHHUSM, LIEJISIMU JAaHHOTO MCCIEI0BaHMs CTalIH: 1) cocTaBieHe
Karajora 3eMJeTpsCeHUH B DKBaJope HA OCHOBE MaKpOCEHCMHYECKOW MHTEH-
CHUBHOCTH; 2) XapaKTEePUCTHKA AIUIEHTPATIBHBIX MAKPOCEHCMUYECKUX WHTEHCHB-
HOCTEH, CBsI3aHHBIX C CEHICMOTreHHBIMH UCTOYHHMKaMH; 3) cpaBHeHue ¢ Hanmonaib-
HOW KapToW CeHCMHUYECKOl ormacHOCTU. BriepBrie mpencTaBieHbl KaTaunor 3emiie-
TPSICEHUH C MaKpOCEHCMUUECKONW MHTEHCUBHOCTBIO >VII U cepust KapT 3IuleH-
TPOB 3eMJICTPSCEHUI B COOTBETCTBHHM C MHTEHCHUBHOCTBIO, INIyOMHOH odara,
JAHHBIMU M MarHUTY/I0H CEHCMUYECKUX COOBITHH B DKBaJlOpe, OCHOBAHHBIX Ha
W3yYEeHUN WCTOPHYECKUX W WHCTPYMEHTANbHBIX 3amucedd ¢ 1900 mo 2021 r.
[TonydeHHbIe aHHBIC MMOKA3bIBAIOT, 4TO 95 % TeppuTopuu DKBaIopa UMEIOT

PGA > 0,1 g, 94TO COOTBETCTBYET celicMuyeckoi mHTeHCUBHOCTU Oonee VII,
peruonsl ¢ ceiicmuunoctrio >VIII (ag = 0,2 g) cocrasiusiror 86 %, a 3,8 % tep-
puTopuE DKBaopa UMEIOT OYeHb BBICOKYIO cericMmaHOCTh (>1X), tme PGA mpe-
BoimaeTr 0,5 g. DTo cBUAETENHCTBYET O TOM, 4TO HOpMaTuBHas HanumonanbHas
KapTa CeHCMUYECKOHN OMAaCHOCTH DKBAZopa HE YYHTHIBAET ONMACHOCTh B OCHOBHOM
Ha 0ro-BocToke U B LleHTpanbHbix AHIax DKkBagopa 1 TpeOyeT akTyaau3aluu.
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Introduction

The greatest earthquakes are known to occur at the tectonic plate interface of subduction zones. Ecuador is
located at the northwest interface of the South American tectonic plate whit the Nazca tectonic plate. This zone
is part of the Rim of Fire, which is the world’s most seismically active region. In this region about 90% of all
earthquakes and about 80% of the strongest earthquakes have occurred' [1]. The Andes are one of the highest
seismic activity regions in the world, accounting for around 20% of the Earth’s total released seismic energy [2].
About 90% of continental territory of Ecuador presents high seismic hazard. The subduction of the Nazca tectonic
plate and the complex system of active geological faults generates mostly shallow earthquakes in Ecuador, where
the 7th world’s largest earthquake was registered in 1906 (Mw = 8.8) [3; 4].

The definition of seismic hazard is fundamental to study the influence of the seismicity of a given region on
earthquake-resistant structural design. In this work we present a catalogue of macroseismic events with intensities
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greater than VII based on the study of seismogenic sources of Ecuador and its relation with the epicentres of historical
high intensity earthquakes in order to compile a catalogue and maps of epicentres of earthquakes by intensities, years,
depth and magnitudes, and compare the seismic events with the normative National Seismic Hazard Map of Ecuador.

To compile this catalogue, we reviewed pre-instrumental and instrumental information from several local,
regional, and global sources such as IG-EPN, CERESIS, EHB, ISS, ISC, CENTENNIAL, NEIC, GCMT, USGS,
and from other scientific works.

Based on the compiled catalogue, we have developed some maps of earthquakes locations according to
registered intensities. In this paper, we also present the maps of epicentres of earthquakes by their intensities,
years, depth and magnitudes, as well as comparison of the seismic events with both the normative National
Seismic Hazard Map of Ecuador and the latest map of seismic hazard developed by the Ecuadorian Institute of
Geophysics of the National Polytechnical School issued in 2021.2

Geodynamics of Ecuador and seismogenic sources

It is established that in the Equatorial latitudes the subducting process of the Nazca plate beneath the
South American tectonic plate (55-75 mm/year) is the main and most evident geodynamic process in the north-
western region of South America and in the territory of Ecuador (Figure 1) [5-8].

Plate Motions v R aCaribbeancsy . Plate
Glodal Model ) N /ﬂ\i N
NUVEL-1 i \ Q;\r . 5 s
(De Mets et al.. 1990) TR ™\ \g | N
GPS — RO B \g
(Keliogg and Vega, 1995) . O TRl = \9
Yo e
Cocos /'North
Rl 50 Andes }i
6-7 T, :,;;,/ s R Block
emia &7 SN Q¥ 4N
cma Y\)f\—’\.\»- 4 AR - ) t
q "2'0-;1’:_ _~r‘ "‘;- .. 15 e 7
i ﬂé_“;_ 1200 L . 3,
‘} ’ &_ 2N
i 2ok ST 4
\,-,\2\/
Galapagos (AT S 0
Islands 7
Explanation l Brazilian
2's
"\ SubductionZone 4 Active Voicano Shield
Thrust Fault % Mangrove Swamp
| Spreading Center “{) Drainage Basinw.
H (active) \_om~mo¢uon +4'S
| Spreading Center
= ugacm'lor? f.+] Oceanic Plateau
! J (2500 m contour)
4}' Transiom) D g s
/ Strike Slip Fault ™~ o m
.- Inferred Fautor 3 Magnetc
~" Subducted Structure U g
5SW 0'W s'wW

Figure 1. Tectonic setting, major faults and relative plate motions in Ecuador. Locations of the 1906 earthquake (Mw = 8.8, black star);
from north to south the 1979, 1958, 2016, 1942, 1901, 1953 earthquakes (M > 7.8, red circles)

Source: edited after Gutscher et al., 1999 [7].

The segment of the Northern Andes where both thrust faulting and crustal shortening are observed coincides
with the subduction zone of Carnegie Ridge. Along the subandean zone and the eastern cordillera of Ecuador, a large
system of thrusts, as well as strike-slip and transpressive faults is located [9; 10]. Three main seismogenic sources af-
fect the seismicity of Ecuador. The subduction of the oceanic Nazca plate beneath the continental South American
plate is the major geodynamic process which controls the tectonic setting of this region and originates two other seismo-
genic sources: the subduction and collision of the Carnegie Ridge (CR), and the segmentation and “escape” of
the North Andean Block (NAB) with an intricate strike-slip fault system [11]. The Ecuadorian Andes mainly defines a
compression zone featured by reverse faults in the foothills essentially orthogonal to the plate convergence vectors and

2 Catalogue of earthquakes in Ecuador. Mapa digital interactivo de peligro sismico para Ecuador. Instituto Geofisico de la Escuela
Politécnica Nacional (IG-EPN); 2021. Available from: https://www.igepn.edu.ec/mapas/sismicidad/mapa-peligro-sismico (accessed: 23.09.2021).

CEVCMOCTOMKOCTb COOPY)XEHMM 163



Cajamarca-Zuniga D., Kabantsev O., Marin C. Structural Mechanics of Engineering Constructions and Buildings. 2022;18(2):161-171

slip faults as the Dolores-Guayaquil Megashear (DGM) [12; 13] and the Chingual-Cosanga-Pallatanga-Puna (CCPP) fault
system [8; 14], which are segments of the Guayaquil-Caracas Continental Megashear (GCM).

The subduction of the Carnegie Ridge controls the locations of large earthquakes and the clusterisation of
seismic activity along the northwest coastline of Ecuador, as well as the evolution of the foothill basins of Borbon
and Manabi, the uplifting of both the coast region and the Pastaza-Napo region at the Amazon basin [15-17].
The schematic geological cross-section of the subduction process at the collision zone of Carnegie Ridge be-
tween latitudes 1°N-2°S suggested in [18] shows geological events related to this process (Figure 2).
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Figure 2. West-East cross-section of Ecuador at 1°11'S,
showing geological events related to Carnegie Ridge subduction [18]

In the collision zone of the Carnegie Ridge, the orientation of crustal faults changes from north-south to
northeast-southwest along the subduction margin [15; 19]. The morphology of the Ecuadorian subandean zone and
its strong tectonic activity can be attributed to a major geody-
namic event, such as the subduction of Carnegie Ridge. The bull-
dozing effect associated to the subduction of the CR has contribu-
ted to uplift of the coastal ranges at rates of 0.30-0.50 mm/year
for the Peninsula of Manta [20], and generates the northeast-
ward displacement of the NAB along the Guayaquil-Caracas
Continental Megashear [21].

To understand the geodynamic scheme of Ecuador, it is
necessary to consider the movement of North Andean Block
as a detaching “mini-plate” sliding through the northwest cor-
ner of South America on a large right-lateral strike-slip fault.
This tectonic block is bordered on the north by the South Ca-
ribbean deformed belt, on the west by the Colombia-Ecuador
trench and Panama Block, and on the east by the Guayaquil-
Caracas Continental Megashear. As a result of this process
the NAB is being ejected to the northeast following the front
of the Eastern Cordillera along a transpressive system of
faults [22-25]. According to recent studies [8; 23; 24; 26],
the NAB is migrating relatively fast, just as the Nazca Plate
is subducting to the east relative to the Amazonian Craton,
the NAB is migrating to the north-east in relation to the South

Figure 3. Chingual - Cosanga — Pallatanga — Puna (CCPP) ~ American plate at 6-10 mm/year. The Guayaquil Gulf opens

fault system [8] at the southern junction between two fracture zones (the Co-
lombia-Ecuador Trench and the GCM) that isolate the NAB [22]. The east Andean front fault zone starts east of
the Gulf of Guayaquil as the dextral Pallatanga Fault [27-29]. Northern this fault continues as the Chingual-La

—
NZPISAP

78°W
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Sofia Fault [5; 8; 27; 28]. The motion of the North Andean Block “produces a complex system of active faults
that generate shallow-focus earthquakes on the eastern front of the Andes” [21; 26].

The Chingual-Cosanga-Pallatanga-Puna fault system (Figure 3) is the most developed fault system in
the territory of Ecuador and defines the NAB eastern tectonic border in Ecuador, where several shallow earth-
quakes have been registered [27]. The CCPP fault system extends from Guayaquil Gulf in Ecuador to the eastern
“Cordillera Real” on the border between Ecuador and Colombia [8], then continues into Colombia as the Algeci-
ras Fault [24]. It should be noted that multiple large earthquakes have occurred in the north-south trending seg-
ments of the CCPP fault and in the Carnegie Ridge collision zone. The shear zone of CCPP accounts for high
cortical seismic activity in the central-northern Andes Cordillera of Ecuador.

Results and discussion

The main seismogenic source in Ecuador is the subducting process of the Nazca tectonic plate beneath the South
American continental plate. In the background of this process, is important to consider two factors: the influence of the Car-
negie Ridge, which causes a “ploughing” effect (expression suggested by D. Cajamarca-Zuniga) on the shoreline and deep
seismic activity in the Pastaza-Napo region at the Amazon basin, and the northward drift of North Andean block, which ge-
nerates an intricate system of active strike-slip faults and generates shallow-focus earthquakes along the CCPP fault system.

The shoreline of Ecuador experienced large and great megathrust earthquakes along the northern flank of
Carnegie Ridge collision zone: 1906 (Mw 8.8, intensity 1X), 1942 (Mw 7.8, intensity IX), 1958 (Mw 7.7, intensi-
ty VIII), 1979 (Mw 8.2, intensity VIII), 2016 (Mw 7.8, intensity 1X) [3; 30].

The central-north Andean region of Ecuador shows high crustal activity and registers multiple large histo-
rical earthquakes along the NNE-trending zone of CCPP fault system. Earthquakes with epicentral macroseismic
intensity > VIII have occurred in 1541, 1557, 1575, 1587, 1645 (Mw 7, intensity 1X), 1698 (Mw 7.7, intensity 1X),
1755, 1757, 1797 (Mw 8.3, intensity XI), 1834, 1868 (Mw 7, intensity 1X), 1923, 1926, 1938 (Mw 6.3, intensity
VII), 1949 (Mw 6.7, intensity X), 1996 (Mw 5.5, intensity VIII) [10; 31], mainly along NE-SW fault systems
governed by the Guayaquil-Caracas Continental Megashear.
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Figure 4. Location and years of earthquakes with macroseismic
intensities >VII from 1900 to 2021. Here we can see the major
seismic intensity at the collision zone of the subducting
Carnegie Ridge (CR), as well as along the CCPP fault system

Figure 5. Plane and cross-sectional locations of 130-300 km
depth earthquakes, that show the inferred 400 km prolongation
of Carnegie Ridge beneath the territory of Ecuador

The sub-Andean zone at the Amazon basin shows an intermediate-depth seismicity in the Pastaza-Napo region
and a high shallow-focus activity to the south, between the Macas and Quito-Napo fault systems: 1961 (Mw 6.6,
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intensity VIII), 1971 (Mw 7.4, intensity VII), 1987 (Mw 6.4, intensity 1X), 1995 (Mw 6.5, intensity VIII),

2019 (Mw 7.5, intensity VII)® [32; 33].
In the Figure 4 we present a map developed in ArcMap software and show the epicentres and years of
earthquakes with macroseismic intensities > VII from 1900 to 2021, where we can see the major seismic intensi-

ty at the Carnegie Ridge collision zone, as well as along the CCPP fault system.
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Figure 7. Location and years of earthquakes with intensities >III from 1900 to 2021 (a)
and location, depth, intensity and magnitude of earthquakes with intensities >III from 1900 to 2021 ()

3 United States Geological Survey. Earthquake catalog. USGS. Earthquake Hazards program. Available from:
https://earthquake.usgs.gov/earthquakes/search/ (accessed: 30.07.2021); Catdlogo Homogenizado 1587-2011. Sismicidad. Instituto
Geofisico de la Escuela Politécnica Nacional (IG-EPN). Available from: https://igepn.edu.ec/mapas/sismicidad/mapa-catalogo-

homogenizado (accessed: 30.07.2021).
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Catalogue of 1900-2021 Ecuador earthquakes with macroseismic intensities >VII

Date, Time, Intensity, Magnitude Scale Depth, Location Latitude, Longitude,
dd/mm/yyyy UTC MM km ° °
1587 VI 6.3 Mw 20 km NNE of Quito. Ecuador 0.00 -78.40
1645 IX 7 Mw 11 km E of Riobamba. Ecuador -1.68 -78.55
1674 VI 6.3 Mw 17 km WbS of Riobamba. Ecuador -1.70 -78.80
1687 VI 6.3 Mw 39 km ENE of Ambato. Ecuador -1.10 -78.30
1698 IX 7.7 Mw 15 km ESE of Banos. Ecuador -1.45 -78.30
1736 Vil 6.3 Mw 25 km WNW of Latacunga. Ecuador -0.80 -78.80
1749 Vi 6.3 Mw Loja, Loja. Ecuador -4.00 -79.20
1755 Vi 6.3 Mw Quito, Pichincha. Ecuador -0.21 -78.48
1757 Vil 7 Mw 7 km S of Latacunga. Ecuador -1.00 -78.60
1786 Vi 6.3 Mw 6 km WNW of Riobamba. Ecuador -1.65 -78.70
1797 X1 8.3 Mw 15 km WbS of Barios. Ecuador -1.43 -78.55
1859 VI 6.3 Mw 26 km W of Otavalo. Ecuador 0.20 -78.50
1868 IX 7 Mw 10 km SW of Ibarra. Ecuador 0.30 -78.20
1868 VI 6.3 Mw 7 km WSW of El Angel. Ecuador 0.60 -78.00
1896 IX 7 Mw 4 km S of Canoa. Ecuador -0.50 -80.45
31/01/1906  15:36:10 IX 8.8 Mw 20 22 km NW of Atacames. Ecuador 1.00 -80.00
1911 Vil 1 Mw 6 km WSW of Riobamba. Ecuador -1.70 -78.70
1913 VI 6.3 Mw 31 km NW of Loja. Ecuador -3.80 -79.40
1914 VI 7 Mw 30 km S of Quito. Ecuador -0.50 -78.50
1923 VI 6.3 Mw 30 km S of Quito. Ecuador -0.50 -78.50
1926 Vi 6.5 Mw 20 km W of Tulcan. Ecuador 0.80 -77.90
1929 VI 6.3 Mw 19 km SSW of Quito. Ecuador -0.40 -78.55
02/10/1933  15:29:27 Vil 6.7 Mw 15 43 km N of Santa Elena. Ecuador -1.83 -80.85
1938 VI 6.3 Mw 15 km SE of Quito. Ecuador -0.30 -78.40
14/05/1942  02:13:27 IX 7.8 Mw 20 10 km SW of Pedernales. Ecuador 0.01 -80.12
23/10/1944  23:40:09 Vi 6.7 Mw 20 35 km NNE of Quininde. Ecuador 0.61 -79.32
05/08/1949  19:08:52 X 6.7 Mw 15 20 km NE of Bafios. Ecuador -1.25 -78.32
12/12/1953  17:31:29 VIl 7.3 Mw 25 14 km NNE of Zorritos. Peru -3.55 -80.64
11/05/1955  11:04:04 \ll 6.5 Mw 15 42 km SE of Cayambe. Ecuador -0.23 -77.88
20/07/1955  21:00:47 Vi 6 Mw 15 14 km W of Cotacachi. Ecuador 0.30 -78.39
16/01/1956  23:37:45 Vil 7 Mw 20 7 km NNE of Tosagua. Ecuador -0.73 -80.21
19/01/1958  14:07:28 VI 7.6 Mw 275 19 km ENE of Esmeraldas. Ecuador 1.01 -79.49
19/01/1958  14:43:30 Vil 6.8 Mw 27.5 23 km NE of Esmeraldas. Ecuador 1.15 -79.54
14/04/1958  21:32:34 Vi 6.8 Mw 25 30 km SE of Esmeraldas. Ecuador 0.80 -79.43
28/07/1961 01:05:31 VIl 6.6 Mw 1421 47 km E of Taisha. Ecuador -2.29 -77.04
19/05/1964  23:03:40 Vil 6.2 Mw 35 7 km WSW of Calceta. Ecuador -0.86 -80.23
09/02/1967  15:24:49 IX 7 Mw 55 162 km NNE of Florencia. Colombia 2.85 -74.80
19/06/1968  08:13:35 Vi 6.8 Mw 15 49 km NNW of Moyobamba. Peru -5.61 -77.09
10/12/1970  04:34:41 IX 7.2 Mw 25 15 km SE of Cainaveral. Peru -4.03 -80.54
27/07/1971  02:02:49 Vi 7.4 Mw 120 103 km ESE of Sucua. Ecuador -2.84 -77.32
02/10/1974  02:54:59 Vi 5.7 Mb 5 48 km SW of Sechura. Peru -5.91 -81.09
09/04/1976  07:08:47 VI 6.7 Ms 9 25 km SW of Esmeraldas. Ecuador 0.78 -79.80
06/10/1976  09:12:38 VI 5.7 Mb 33 16 km NW of Saquisili. Ecuador -0.75 -78.78
24/03/1978  12:31:22 Vil 5.3 Mb 42 9 km E of Lagunas. Peru -5.22 -75.59
12/12/1979  07:59:03 Vi 7.7 Ms 24 68 km WNW of San Lorenzo. Ecuador 1.60 -79.36
31/03/1983  13:12:52 VI 5.5 Mb 222 8 km WNW of Popayan. Colombia 2.46 -76.69
12/04/1983  12:07:54 Vil 7 Mw 104.2 92 km NNE of La Peca. Peru -4.84 -78.10
22/11/1983  14:21:03 \ll 6.6 Mw 54.9 21 km SE of Muisne. Ecuador 0.48 -79.88
25/12/1983  05:32:40 Vi 5.4 Mb 33 49 km SSE of Saquena. Peru -5.09 -73.36
06/03/1987  08:14:48 Vil 6 Mw 8.5 24 km E of Cayambe. Ecuador 0.02 -77.93
06/03/1987  01:54:50 \ll 6.4 Mw 14.1 49 km SE of Pimampiro. Ecuador 0.05 -77.65
06/03/1987  04:10:41 Vil 7.2 Mw 10 29 km SSE of Pimampiro. Ecuador 0.15 -77.82
22/09/1987  13:43:37 IX 6.4 Mw 10 26 km W of Tena. Ecuador -0.98 -78.05
22/09/1987 16:21:35 Vi 6 Mw 10 36 km WSW of Tena. Ecuador -1.08 -78.13
30/05/1990  02:34:05 Vi 6.6 Mw 242 28 km E of Moyobamba. Peru -6.02 -77.23
02/09/1990  04:26:48 Vi 6.6 Mw 14.2 34 km SW of Pedernales. Ecuador -0.14 -80.28
04/04/1991  15:23:20 Vi 6.5 Mw 20.7 4 km ENE of Rioja. Peru -6.04 -77.13
05/04/1991  04:19:49 Vi 71 Mw 19.8 11 km NE of Rioja. Peru -5.98 -77.09
06/06/1994  20:47:40 IX 6.8 Mw 121 23 km E of Toribio. Colombia 2.92 -76.06
03/10/1995  12:44:58 Vil 6.5 Mw 16.7 50 km SE of Sucua. Ecuador -2.78 -77.85
03/10/1995 01:51:23 Vil 7 Mw 24.4 45 km SE of Sucua. Ecuador -2.75 -77.88
07/10/1995  21:28:03 Vi 5.8 Mw 12.3 52 km SE of Sucua. Ecuador -2.78 -77.82
25/08/1996  14:09:03 Vil 5.5 Mwc 50.7 10 km WSW of Salcedo. Ecuador -1.08 -78.67
28/10/1997  06:15:17 \ll 7.2 Mwe 112 51 km N of Barranca. Peru -4.37 -76.68
04/08/1998  18:59:20 Vil 7.2 Mwc 33 3 km E of Bahia de Caraquez. Ecuador -0.59 -80.39
21/01/2005 13:45:14 Vi 6 Mwb 10 21 km WSW of Montecristi. Ecuador -1.13 -80.83
24/01/2005 23:23:26 \ll 6.1 Mwb 16.9 23 km W of Jipijapa. Ecuador -1.36 -80.79
26/09/2005 01:55:37 Vi 7.5 Mwb 115 39 km NW of Yurimaguas. Peru -5.68 -76.40
16/04/2016  23:58:36 IX 7.8 Mww  20.59 27 km SSE of Muisne. Ecuador 0.38 -79.92
20/04/2016  08:35:10 Vi 6 Mwb 10 10 km N of Muisne. Ecuador 0.71 -80.04
22/04/2016  03:03:41 Vil 6 Mww 10 34 km NNW of Bahia de Caraquez. Ecuador -0.29 -80.50
18/05/2016  07:57:02 Vi 6.7 Mww 16 32 km SE of Muisne. Ecuador 0.43 -79.79
18/05/2016  16:46:43 Vi 6.9 Mww  29.95 24 km NW of Quininde. Ecuador 0.49 -79.62
11/07/2016  02:11:04 Vi 6.3 Mww 21 33 km NNW of Quininde. Ecuador 0.58 -79.64
19/12/2016  07:11:39 Vi 5.4 Mwr 10 11 km SSW of Esmeraldas. Ecuador 0.88 -79.71
18/04/2017  17:49:55 Vil 5.9 Mww 14 151 km NE of Alianza Cristiana. Peru -2.71 -75.30
30/06/2017  22:29:45 Vil 6 Mww 13 35 km NNW of Bahia de Caraquez. Ecuador -0.28 -80.49
03/12/2017  11:19:05 Vil 6.1 Mww 17 18 km NE of Bahia de Caraquez. Ecuador -0.47 -80.31
22/02/2019  10:17:23 Vil 7.5 Mww 145 115 km ESE of Palora. Ecuador -2.19 -77.05
26/05/2019  07:41:15 VI 8 Mww  122.57 78 km NE of Navarro. Peru -5.81 -75.27
30/07/2021 _ 17:10:19 Wil 6.2 Mww __ 32.66 9 km ESE of Sullana. Peru -4.93 -80.60
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The geodynamic and seismic activity in the territory of Ecuador suggest that the prolongation of the CR
and the geological expression of its subduction beneath Ecuador requires about 400 km from the Colombia —
Ecuador — Peru trench. In the Figure 5 we show the locations of depth earthquakes epicentres according to data
from the IG-EPN earthquake catalogue.* Also, we suppose that the eastern interface boundary of the Carnegie
Ridge under the territory of Ecuador may be a triple junction of the Nazca tectonic plate with the Farallon plate
and the Amazonian Craton, which probably controls the intermediate-depth seismicity in the Pastaza-Napo re-
gion at the Amazon basin.

Regarding the influence of earthquakes on buildings and structures, the only magnitude of an earthquake
does not allow us to understand the level of damage to the structures, as it depends on other factors. For under-
standing the effects of an earthquake on buildings and structures, it is important to know and understand
the macroseismic intensity of earthquakes. This concept enables us to categorise the extent and severity of earth-
quake-related damage to structures. Below we present information and maps related to earthquakes in Ecuador
from 1900 to 2021 according to the intensity, focal depth and magnitude of each event. The proposed maps were
developed in ArcMap software for geospatial data processing.

In the Figure 6 we show the epicentres and depth of earthquakes with intensities >VII from 1900 to 2021.
The Figure 7, a presents a map of earthquake epicentres with intensities >III and the corresponding year of each
event from the 1900 to 2021. In the Figure 7, b we present a map that shows the depth, intensities and magni-
tudes of earthquakes with intensities >III from 1900 to 2021.

In the Table we present a catalogue of earthquakes with macroseismic intensities >VII based on historical
and instrumental records from 1900 to date’ [2; 5; 14; 31; 32].

We provide a comparison intensity-based map of earthquakes with both, the National Seismic Hazard
Map of the Ecuadorian Building Standard NEC-SE-DS 2015 (Figure 8) and the latest (non-normative) probabi-
listic seismic hazard map issued by the Institute of Geophysics of the National Polytechnic School of Ecuador
in 2021° (Figure 9).

84°W 82° W 80°wW 78°W 76" W 84°W 82°w 80° W 78°W 76° W
X " . . — . . . —
2°N A 2°N  2°N 2°N
Intensity r, k IV 8\“ o Intensity n- F IV &” ov
(EMS-98) A ;If r“} 3 (EMS-98) A df l“} 3
e 3 ,.;Iw pnO cgv o7 ® 3 ,4‘ pnO &v oz
® 4 o 4 Colombia
® 5 ® 5 &
Q6 @® s
0° ® 0 0 % 7 Ho
® s @ s
® o @ o 0.11-0.
@® ®
@ @
205 Crustal Fault 2°g 28 Crustal Fault 0.21-0‘3 / g
—— CCPP fault system 5 — CCPP fault system E;
Seismic hazard - LA vy ov Seismic hazard (IG-EPN)| -
(NEC-SE-DS 2015) |5 Y PGA: [%g] Tr=475yr |
PGA: [% g] Tr=475-yr B 0.05-0.10 | elv e
0.15 0.11-020 G:
4° s 0.25 Laes  aos] 0.210.30 [ QVOVI 4°s
0.3
0.31-0.40 ov O Vv om
0.35 0.41-0.50
e 0.51-0.60 o ov i 2
. 510, Vi
[ 4 Qv
B 0.5 Ovio I 061055 v sk oy Svio
T T T T
84° W 82" w 80° W 78° W 76" W 84° W 82° W 80° W 78° W 76" W

Figure 8. Comparison of earthquake epicentres by intensities >I11
with the Normative seismic hazard map of Ecuador
(NEC-SE-DS 2015)

Figure 9. Comparison of earthquake epicentres by intensities >I1I
with the non-normative seismic hazard map issued
by the Institute of Geophysics of the National Polytechnic School

of Ecuador (IG-EPN, 2021)

4 Catalogue of earthquakes in Ecuador. Mapa digital interactivo de peligro sismico para Ecuador. Instituto Geofisico de la Escuela
Politécnica Nacional (IG-EPN); 2021. Available from: https://www.igepn.edu.ec/mapas/sismicidad/mapa-peligro-sismico (23.09.2021).

5 United States Geological Survey. 20 Largest Earthquakes in the World. USGS. Earthquake Hazards. Available from:
https://www.usgs.gov/natural-hazards/earthquake-hazards/science/20-largest-earthquakes-world?qt-science_center_objects=0#qt-
science_center_objects (accessed: 20.02.2020); Catdlogo Homogenizado 1587-2011. Sismicidad. Instituto Geofisico de la Escuela
Politécnica Nacional (IG-EPN). Available from: https://igepn.edu.ec/mapas/sismicidad/mapa-catalogo-homogenizado (accessed: 30.07.2021);
Catalogue of earthquakes in Ecuador. Mapa digital interactivo de peligro sismico para Ecuador. Instituto Geofisico de la Escuela
Politécnica Nacional (IG-EPN); 2021. Available from: https://www.igepn.edu.ec/mapas/sismicidad/mapa-peligro-sismico (23.09.2021).

¢ Catalogue of earthquakes in Ecuador. Mapa digital interactivo de peligro sismico para Ecuador. Instituto Geofisico de la Escuela
Politécnica Nacional (IG-EPN); 2021. Available from: https://www.igepn.edu.ec/mapas/sismicidad/mapa-peligro-sismico (23.09.2021).

168 SEISMIC RESISTANCE



Kaxamapka-CyHuea [., Kabanues O.B., Mapu K. CTponTensHast MexaHuka UHXeHEepHbIX KOHCTPYKLMA 1 coopyxeHnit. 2022. T. 18. Ne 2. C. 161-171

80° W 78° W 76° W 74°W
L L L '

0.21-0.30 Colombia

A=6329 km?

¥
Al v
? '

/4

z o

.-0.41-¢.50g 0.51-0.60g

2
4

}fﬁms A=6575 km?
,‘ s
2° 5 i rs
1 3 0.41-0.50g
A=21111 km?
g oloiboy Seismic hazard (Tr=475-yr)
k. (IG-EPN 2021)
- PGA: [% g] ; Area: [km?, (%])]
0.05-0.10g; 11378 km? (4.6%)
4° 5 0.11-0.20g; 24325 km? (9.8%) | 4 5

0.21-0.30g; 40664 km? (16.4%)
0.31-0.40g ; 118741 km? (47.9%)
0.41-0.50g; 43630 km? (17 6%)
051-060g; 8815 km? (3.6%)

Dot 40 £00/km I 061-086g: 572 km? (0.2%)

- —

. , T T
80°W 78 W 76° W 74°W

Figure 10. Areas of seismic regions, km?, and their respective percentages in relation to the continental surface of Ecuador based on
the non-normative seismic hazard map of the Institute of Geophysics of the National Polytechnic School of Ecuador (IG-EPN, 2021)

Based on the IG-EPN seismic hazard map for a return period of 475 years,” we calculated the area of seismic
regions and their respective percentages in relation to the continental surface of Ecuador, and prepared the map (Fi-
gure 10). The analysis of this map shows that 95% of the territory of Ecuador has a PGA > 0.1 g which corresponds to
seismic intensities greater than VII [34-36], while regions with seismicity >VIII (a; = 0.2 g) constitute 86%, and 3.8%
of the territory of Ecuador has very high seismicity (>1X), where the peak seismic acceleration exceeds 0.5 g.

The analysis carried out in this research shows that the Normative Seismic Hazard Map of Ecuador under-
estimates the seismic hazard in the Central Andes and in the south-eastern region of the country. For instance,
this paper shows that earthquakes up to X—XI intensity have been registered in the Central Andes of Ecuador,
with an equivalent PGA above 0.5 g, while the Ecuadorian building standard (NEC-SE-DS 2015) specifies a PGA
0f 0.30—-0.40 g for these zones.

Conclusion

Several scientific works present databases of magnitudes and maps of seismic activity in Ecuador, how-
ever, this paper is the first that provides a catalogue of earthquakes with macroseismic intensities greater than
VII based on historical and instrumental records from 1900 to 2021. The studied events correspond to earth-
quakes of very strong and higher intensity levels, according to macroseismic scales MSK-64, MMI or EMS-98.
Additionally, we have proposed a series of maps of earthquake epicentres according to intensity, focal depth and
magnitudes that allow us to understand the actual effect of Ecuador’s seismic activity on buildings and struc-
tures. The availability of this information in addition to the seismic hazard is relevant to study the influence of
the seismicity of Ecuador on buildings and structures.

The main seismogenic sources in Ecuador are linked to the subduction process of the Nazca plate beneath
the South American Plate. However, in this process, the convergence of the Carnegie Ridge, on one hand causes
a ploughing effect resulting in shallow-focus earthquakes on the shoreline and deep seismic activity in the Pastaza-
Napo region at the Amazon basin, and, on the other hand, the oblique collision of CR generates the northward drift of
the NAB, which produces high seismic activity and shallow-focus earthquakes along the Central and Northern Andes.

The shoreline of Ecuador experienced large and great megathrust earthquakes mainly along the northern
flank of Carnegie Ridge collision zone. The central and north Andean region of Ecuador shows high crustal ac-
tivity and registers large historical earthquakes along the CCPP fault system. The sub-Andean zone at the Ama-
zon basin shows an intermediate-depth seismicity in the Pastaza-Napo region and a high shallow-focus activity
to the south, between the Macas and Quito-Napo fault systems.

7 Catalogue of earthquakes in Ecuador. Mapa digital interactivo de peligro sismico para Ecuador. Instituto Geofisico de la Escuela
Politécnica Nacional (IG-EPN); 2021. Available from: https://www.igepn.edu.ec/mapas/sismicidad/mapa-peligro-sismico (23.09.2021).
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The National Seismic Hazard Map of Ecuador underestimate the seismic hazard, mainly in the south-east of
Ecuador and in the Central Andes region related to CCPP fault system, where events with macroseismic intensi-
ties up to X—XI (PGA > 0.5 g) have been registered. The obtained results suggest that the normative seismic ha-
zard map of Ecuador deserves an actualization.
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