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ABSTRACT

A seismo-tectonic map depicting the principal structural elements of the northern Central
American region has been meticulously crafted to characterize the tectonic setting and the
individual seismo-tectonic structures of this area. This region is subject to heightened
seismic activity, with a large number of medium-high Magnitude occurrences transpiring
annually. This map is presented alongside an informative dataset wherein fault trace
locations, geometry and kinematics descriptors and other available metadata have been
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stored. Therefore, the map offers a detailed and up-to-date depiction of the brittle
deformation across the region, serving as a valuable resource for a comprehensive
assessment of the seismo-tectonic framework. Moreover, the map and its accompanying
database summarize fault characteristics for seismic hazard analysts and for civil protection
workers, proving to be useful instruments in pinpointing areas where urgent fault research

should be conducted from a seismic risk standpoint.

1. Introduction

Central America is characterized by an exceedingly
vigorous tectonic and volcanic activity, resulting in
repeatedly natural disasters (earthquakes, volcanic
eruptions, landslides, tsunamis) that have frequently
led to substantial loss of life and extensive damages
to civil habitation and infrastructure.

These catastrophic occurrences are the product of a
fervent and widespread tectonic deformation, stem-
ming from the intricate interplay amongst five litho-
spheric plates: the Caribbean plate, the North
American plate, the Cocos plate, the Nazca plate and
the South American plate (Figure 1A).

The interaction between these plates is of the
transcurrent type along the boundary connecting the
North American and Caribbean plates, as well as
along a segment of the boundary separating the latter
from the South American plate. Additionally, these
displacements take on the convergent form (‘B’ sub-
duction) along the boundary between the Cocos
plate and the Caribbean and North American plates
(Figure 1A). The relative movements and subsequent
interactions between these three plates continuously
accumulate tectonic stresses along the boundaries,

giving rise to an intense seismic activity (Figure 2)
that renders Central America as one of the most seis-
mically active regions worldwide.

The regional seismicity can be divided into three
different types (Benito et al., 2012): (i) earthquakes
of strong energy and high hypocentral depth (h>
60 km), closely connected to the subduction motion
of the Cocos Plate beneath the Caribbean Plate; (ii)
earthquakes of intense energy and comparatively shal-
lower hypocentres (25 <h <60 km), still associated
with the subduction zone, but more specifically, with
the interface between the plates; (iii) earthquakes of
moderate energy and superficial hypocentres (h <
25 km), predominantly resulting from upper crustal
tectonic or volcanic activity (Figure 2; Benito et al.,
2012).

Notably, the most powerful earthquakes, with a
magnitude close to 8 and hypocentres reaching depths
of approximately 200 km, are situated along the sub-
duction plane that extends beneath the Central Amer-
ican Trench (CAT; Figures 1C and 2). On the other
hand, the intraplate regions are characterized by wide-
spread seismicity, with an average magnitude < 6.5
and medium-low hypocentre depth (Figure 2; Benito
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Figure 1. (A) Simplified structural map showing the main tectonic features related to the current plate tectonic setting of the
Caribbean area (Central America region). The dashed rectangles represent the areas illustrated in Figures 5 and 6. (B) Study
area geographical framework. (C) Location of the Chortis Block, Central American Volcanic Arc (CAVA) and Central American

Trench (CAT) within the study area.

et al., 2010); nevertheless, even small magnitude seis-
micity can generate considerable damage of social
impact. In fact, the most destructive earthquakes
known to us were primarily caused by the shallow
hypocentral depths (<10 km), compounded by the
susceptibility of the civil structures.

In recent decades, the crustal seismicity has given
rise to the most devastating occurrences: the earth-
quake linked to the Motagua fault (Mw = 7.6), which
resulted in 22,000 deaths in Guatemala in 1976; in
1972, an earthquake measuring magnitude Mw 6.2
struck Managua city (Nicaragua), claiming the lives
of 10,000 individuals; in 2001, El Salvador experienced
two separate events, measuring magnitude Mw 7.7
and 6 respectively, within a month’s time, resulting
in the loss of 1200 lives. Conversely, seismic events
with epicentres in the subduction zone, characterized
by significant magnitude and depth, have often caused
minimal damage.

Moreover, these upper crustal earthquakes fre-
quently triggered extensive and catastrophic landslides

near the epicentral areas, exacerbated by the lithology
of rocks composed of volcanic sediments, tephra and
weak ignimbrites. Furthermore, documented evidence
(e.g. Cox et al.,, 2008) reveals that large-scale earth-
quakes occurring in offshore areas generated intense
shaking along the coastlines and gave rise to destruc-
tive tsunamis.

In-depth analysis of the geological hazard in the
Central American region constituted one of the pri-
mary objectives of the ‘Escenarios de Riesgo en Centro
America’ (RIESCA Project; https://www.youtube.
com/watch?v=RCNJdmLNZQY). This collaborative
endeavour, spanning from 2016 to 2021, was under-
taken through the cooperation among various aca-
demic and research institutions from Italy and
Central American countries, including El Salvador,
Guatemala, Honduras and Nicaragua. The Project
facilitated and advanced scholarly and investigative
endeavours in the field of seismic, volcanic, and
hydrogeological hazard. The research activity illus-
trated in this paper was aimed at mapping and
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Figure 2. Depth distribution pattern of seismic hypocentres across the Central America region related to the hypocentre depth.

characterizing the main seismo-tectonic structures of
the northern Central American region, with the pur-
pose of offering a more dependable evaluation of seis-
mic sources and associated hazard. The main achieved
outcome is the regional-scale seismo-tectonic map
showing the pattern of the brittle deformation.

2. Regional tectonic setting

The Central American region is situated within the
Caribbean Plate, composed of both continental and
oceanic lithosphere. Presently, it is superimposing
the Pacific (to the West) and Atlantic (to the East)
oceanic lithosphere, thereby generating the arc-trench
systems of the Central American Isthmus and Lesser
Antilles, respectively (Figure 1). Since the Early Cre-
taceous period, the northern and southern boundaries
of the Caribbean plate have corresponded to two
extensive shear zones, hosting as sites for large-scale
strike-slip faults that remain active and act as sources
of seismic activity.

Within this regional geodynamic framework, the
study area, encompassing the states of Guatemala, El
Salvador, Honduras and Nicaragua, predominantly
corresponds to the Chortis Block (Figure 1C), a
roughly triangular-shaped continental mass. This
block is comprised of a Palaeozoic basement, overlain
by Mesozoic marine sediments and volcanic materials
generated from the subduction process associated with
the CAT. Along the exposed portion of the Chortis
Block, the thickness of the crust progressively

increases from 22 to 26 km along the coasts of the Car-
ibbean Sea and Pacific Ocean, to approximately 40 km
in two distinct depocentres situated in the states of
Guatemala and Honduras, respectively (Figure 3).

Moreover, the Chortis Block is bounded by
deformed marginal belts resulting from interactions
with the adjacent Nazca, Cocos and American plates
during the Late Jurassic up to the Quaternary periods
(Figure 1; Giunta & Orioli, 2011).

Since the Late Cretaceous period, the convergence
process between the Caribbean plate and the Cocos
and Nazca plates gave rise to an extensive arc-trench
system characterized by highly vigorous tectonic and
volcanic activity. Stretching over a distance exceed-
ing 1200 km along the active Pacific boundary
from Costa Rica to Guatemala, the Central America
Volcanic Arc (CAVA; Figure 1C) abruptly termi-
nates at the Polochic fault, within a region where
the triple junction of the Cocos, the Caribbean,
and the North American plates occurs (Guzman-
Speziale et al., 1989; Lyon-Caen et al., 2006; Plafker,
1976).

The CAVA, which demarcates the boundary
between the Central America fore-arc and the Carib-
bean continental crust, is distinguished by the pres-
ence of 75 closely spaced basaltic to dacitic
volcanoes that have remained active during both the
Holocene and historic epochs. As inferred from earth-
quake focal mechanisms and geodetic data, the predo-
minant type of tectonic deformation along the arc is
primarily strike-slip motion (Burkart and Self, 1985).
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Figure 3. Isobaths of Mohorovicic discontinuity in Central America region. The crustal thickness values were generated using the

‘GEMMA Crustal Model’ illustrated in Sampietro et al. (2014).

The boundary separating the North American and
Caribbean plates is regarded as a left-lateral shear zone
since the Late Jurassic-Early Cretaceous period, pre-
sently exhibiting a displacement rate of 15-21 mm/y
(Mann et al., 1990; Dixon et al., 1998), accompanied
by high seismic activity. This shear zone corresponds
to the Motagua-Polochic fault zone (Figure 4), which
exhibits a clear association with the Cayman Trough
located in the eastern offshore region (Figure 1).

Overall, the prevailing structural trends across Cen-
tral America encompass both NW and NE orien-
tations. One of the more prominent features is the
Guayape fault, which runs along a N35°E direction
and significantly affects the entirety of the Chortis
block across Honduras. Another noteworthy tectonic
characteristic at a regional scale is a series of structural
lows trending approximately NNW-SSE, situated in
the Central America Highlands between the Mota-
gua-Polochic fault zone and the CAVA (Figure 4).
The most prominent structures within this system
include the Guatemala City Graben and the Ipala Gra-
ben in Guatemala, and the Honduras Depression,
which encompasses the Sula and Comayagua grabens
in Honduras (Figure 4).

3. Data and methods

Between 2016 and 2021, researchers from various
countries gathered geological and seismological data
on tectonic structures within their respective

countries, drawing up on the scientific literature avail-
able. Regular joint meetings were conducted to discuss
fault-finding criteria and data entry methodologies for
the GIS project, ensuring a consistent representation
of the study area. These meetings also included semi-
nars by experts on different geological hazard topics in
the Central American region. Civil protection repre-
sentatives collaborated to determine the most relevant
information for inclusion in the GIS Project.
Additionally, field observations were conducted to
gather detailed geological and kinematic parameters
for select tectonic structures.

As part of the RIESCA Project, a georeferenced
dataset was compiled to identify the main tectonic
fault structures in the Central American region. This
dataset was used to create a structural map at a scale
of 1:1,200,000 (see Main Map), encompassing the
countries involved in the project: Guatemala, El Salva-
dor, Honduras, and Nicaragua.

The map provides a concise representation of the
brittle deformation framework in the region. The
dataset includes 986 fault trace locations and attributes
for 86 selected structures, such as fault geometry, kin-
ematics, slip rates, seismological parameters, and bib-
liographic references. QGIS, a free open-source GIS
software, was utilized to map the faults based on a
Digital Elevation Model (DEM) with a spatial resol-
ution of 30 m. The DEM was generated using photo-
grammetric, LIDAR, or regular classic topographic
data.
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Figure 4. First and second order tectonic structures defining the brittle deformation pattern of northern Central America region
(first order highlighted in red; second order highlighted in black). The figure also shows the tectonic structures, numbered from 1

to 17, mentioned in the text.

The Main Map in the RIESCA Project showcases
fault traces obtained from geological and morpho-
structural surveys, paleo-seismology investigations
and tele-detection observations illustrated in scientific
literature over the past few decades. The fault lines on
the map are drawn by considering the topography of
the field surface.

The map aims to represent all major, active and
non-active faults, providing an overall setting of the
brittle deformation pattern in the region, in order to
understand the geological framework in which specific
tectonic structures can generate crustal earthquakes.
In this paper we define as seismogenic, faults with tec-
tonic activity associated with documented seismicity
by instrumental data or paleoseismological investi-
gations or macroseismic studies, and active, faults
that have experienced displacement within the past
million years, aligning with the existing strain field.
Our approach is heavily influenced by the technical
guide TAEA TECDOC 1767 (https://www-pub.iaea.
org/MTCD/Publications/PDF/TE-1767_web.pdf).
The kinematics of active and seismogenic faults has
been stored in the GIS project from paleosismological,
geodetic and morphostructural analyses carried out by
many researchers during the last decades (Alonso-
Henar et al., 2014; Canora et al,, 2012; Corti et al,,
2005; Garibaldi et al., 2016; Staller et al., 2016 among
others). In the related WEB-GIS dataset, one can
find the attributes and references associated with

each fault (https://giovannacilluffo.github.io/geomap/
#7/14.195/-88.473). For the extensively studied and
significant faults in the study area, we have also com-
piled a detailed and up-to-date attribute table (Table
1A,B). This table summarizes the geometric, kin-
ematic, and seismological indicators necessary for
assessing seismic hazard.

4. Results: overview of main seismotectonic
structures

In the framework of the brittle deformation affecting
the mainland Caribbean region, the structures can
be classified into two categories: main (first order) tec-
tonic structures, which are directly influenced by the
displacements along the lithospheric plate boundaries,
and secondary (second order) tectonic structures,
which result from the distributed deformation occur-
ring within the Chortis Block (Figure 1C). In the
upcoming paragraphs, we will discuss the most signifi-
cant and seismically relevant first and second order
tectonic structures, starting from the North.

4.1. The Caribbean - North America plate
boundary

The Motagua-Polochic fault system, spanning over
300 km (White, 1984), represents the primary segment
of the North American-Caribbean plate boundary in
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Table 1. A-B: the table shows the geometric, kinematic and seismological values of the main faults identified in the study area. The faults are numbered from 1 to 86 (id column); for their location, refer
to the figures available as supplementary material.

Length MW
Fault name Fault system Country  Strike DIP (km) Fault type Lateral slip rate Activity (max) References ID
(A)
Ahuachapan E ESFZ Western N 22 70 7.369  Normal Seismogenic 6 Alonso Henar et al.,, 2013 1
segment
Ahuachapan W ESFZ Western SV 30 70 10.8 Seismogenic 6.22 Alonso Henar et al.,, 2013 2
segment
Apaneca ESFZ N 3N 90 11501  Normal 1.5 mm/y Active Alonso Henar et al.,, 2013, 3
2018
Ayagualo ESFZ Western N 299 80 9.447  Strike-Slip Seismogenic 6.2 Alonso Henar et al.,, 2013 4
segment
Berlin ESFZ Berlin N 278 80 12.579  Strike-Slip Active 6.4 Alonso-Henar et al.,, 2018 5
segment
Boqueron N ESFZ SV 140 7.229 Active This paper 6
Charanga ESFZ SV 184 70 5.191  Normal 0.5 mm/y Active 5.08 Alonso Henar et al.,, 2013 7
Chilanguera ESFZ SV 300 80 6.156 0.5 mm/y Seismogenic 5.9 Alonso Henar et al., 2018 8
Coatepeque W ESFZ SV 18 70 4972 Normal Active This paper 9
Comecayo ESFZ Western SV 96 70 17.45 Strike-Slip 3 mm/y Seismogenic 6.6 Alonso Henar et al.,, 2013, 10
segment 2018
Conchagua ESFZ SV 189 70 12.85 Normal 0.5 mm/y Seismogenic 6.3 Alonso Henar et al., 2013, 11
2018
El Caracol ESFZ Lempa N 271 90 6.269 1 mm/y Active Alonso Henar et al.,, 2013, 12
segment 2018
El Espino ESFZ SV 288 70 10.893  Strike-Slip 1 mm/y Seismogenic 6.6 Alonso Henar et al., 2013, 13
2018
El Pulguero ESFZ Lempa N 106 70 12.645 3 mm/y Active Alonso Henar et al.,, 2013, 14
segment 2018
El Tecomatal ESFZ Lempa SV 132 70 14719  Normal 1 mm/y Seismogenic 6.5 Alonso Henar et al.,, 2013 15
segment
El Tigre ESFZ Western N 31 70 10.31 Normal Seismogenic 6.2 Alonso Henar et al.,, 2013 16
segment
El Tigre E N 190 65 7.494  Strike-Slip Active This paper 17
El Tigre W SV 283 86 7.304  Strike-Slip Active This paper 18
El Triunfo SV 94 70 25.928  Strike-Slip Seismogenic 6.7 Alonso-Henar et al., 2018 19
El Zacamil SV 359 70 13.262  Normal Active Alonso Henar et al., 2013, 20
2018
El Zapote SV 185 70 14.988  Normal Seismogenic 6.4 Alonso Henar et al., 2018 21
Guachipilin ESFZ SV 116 70 21.269  Normal Seismogenic Alonso Henar et al., 2018 22
Guaycume SV 108 80 35789  Right-lateral 9+-3mm/y Seismogenic 6.9 Alonso-Henar et al., 2018 23
strike-slip
llopango S ESFZ SV 302 65 10.298  Strike-Slip Active This paper 24
Intipucd N 288 70 27.627  Strike-Slip Seismogenic Alonso Henar et al. 2018 25
Jucuaran SV 322 70 9.473  Normal Seismogenic Alonso Henar et al., 2013 26
La Joya ESFZ Lempa SV 315 70 5.877  Normal 1 mm/y Active Alonso Henar et al.,, 2013 27
segment
Laguna del Llano ESFZ Western N 18 70 14.135  Normal Active Alonso Henar et al.,, 2013 28
segment
Las Brisas SV 7 70 2959  Normal Active Alonso Henar et al., 2013 29
Lempa S N 277 80 12.386  Strike-Slip 1 mm/y Active 30

IV LIILVOYW () 9



ESFZ Berlin
segment

Alonso Henar et al., 2013,
2018

Olomega Y 318 70 13.236  Normal 0.5 mm/y Active Alonso Henar et al. 2013, 31
2018
Opico ESFZ Western N 138 80 6.164  Normal Active Alonso Henar et al.,, 2013 32
segment
Pacayal Y 102 80 8.742  Normal Active This paper 33
Palo Pique ESFZ Western SV 10 70 9.479  Normal Active Alonso Henar et al., 2013 34
segment
Panchimalco ESFZ Western N 287 80 8.345  Strike-Slip 1.5 mm/y Active Alonso Henar et al., 2013 35
segment
Rio Grande SV 309 70 15.877  Strike-Slip Active Alonso Henar et al. 2013, 36
2018
San Miguel ESFZ SV 94 85 47.644  Strike-Slip Seismogenic Alonso Henar et al. 2013, 37
2018
San Salvador E SV 105 84 8.209  Strike-Slip Active This paper 38
San Salvador W N 2 89 5572 Strike-Slip Active This paper 39
San Vicente ESFZ N 88 70 18.683  Strike-Slip 7+-1 mm/y (1) Seismogenic 6.6 February 2001 Alonso Henar et al., 2018 40
4 mm/y
Santa Ana E ESFZ SV 163 70 10.91 Normal Seismogenic 6.2 Alonso Henar et al., 2018 1
Santa Ana W ESFZ SV 344 70 15417  Normal Seismogenic 6.4 Alonso Henar et al., 2018 42
Sensuntepeque E N 193 60 10.85 Normal 0.5 mm/y Active Alonso Henar et al. 2013, 43
2018
Sensuntepeque W SV 177 60 11.887  Normal 0.5 mm/y Active Alonso Henar et al. 2013, 44
2018
Teotepeque ESFZ Western N 275 90 5443  Strike-Slip 1.5 mm/y Active Alonso Henar et al., 2013, 45
segment 2018
Victoria N 193 20 7.02 Normal 0.5 mm/y Active Alonso Henar et al. 2013, 46
2018
Zapotitan ESFZ Western N 94 80 27.321  Strike-Slip 1 mm/y Active Alonso Henar et al.,, 2013 47
segment
(B)
Aeropuerto W Managua NI 180 9.927 <5 mm/y Seismogenic 1650-1810 Cowan et al., 2002 vertical slip rate 48
Graben 0.3-0.9 mm/
Ciudad Dario W NI 170 7494  Normal Active This paper 49
Cofradia Managua NI 4-13 33.641  Normal 0-5 mm/y Seismogenic Cowan et al., 2002 age of most recent 50
Graben movement <5
Estadio NI 220- 4.1 Left-lateral Seismogenic This paper 51
180 strike-slip
Las Nubes NI 25 17.717  Normal Active This paper 52
Marabios NI 125 144.342  Strike Slip-dx Active Turner et al.,, 2007 53
Mateare NI 165 31.787  Normal Active This paper 54
Nejapa NI 180 19.816  Normal Seismogenic This paper 55
Nicaragua Depression NI 160 345.709  Normal Active This paper 56
Boundary
San Rafael NI 160 56.268  Normal Active This paper 57
Sebaco E NI 180- 16.691  Normal Active This paper 58
190
Sebaco W NI 180- 41.307  Normal Active This paper 59
210
Segmento Sur Este CV NI 125 97.208  Strike Slip-dx Active This paper 60
(Continued)
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Table 1. Continued.

Length MW Last recorded

Fault name Fault system Country  Strike DIP (km) Fault type Lateral slip rate Activity (max) earthquake References Note ID

Tiscapa Managua NI 35 80- 6.635  Left-lateral <5 mm/y Seismogenic 5.6 (6.2) 23 December Ward et. al., 1974 61
Graben 90 strike-slip 1972

Valle de Jalapa NW NI 190 37.347  Normal Active This paper 62

Guayape N HN 30 90 48.088 Active (?) Gordon & Muehlberger, 1994 63

Guayape S HN 30 90 80.802 Active (?) This paper 64

La Ceiba HN 85 90 96.425 Seismogenic 2009 Rogers & Mann, 2007 65

La Esperanza HN 70 90 76.339  Normal Active Rogers & Mann, 2007 66

Atitlan GT 0 16.077 Active This paper 67

Ayatza GT 0 14.027 Active This paper 68

Graben de Guatemala GT 180 32.213  Normal Seismogenic February 1976 (1)  Plafker, 1976; Guzman- (1) linked to Motagua 69

(Mixco) Speziale, 2001 event
Graben de Guatemala GT 180 11.529  Normal Active Guzman-Speziale, 2010; 70
(Pinula) Franco et al., 2012
Ipala GT 175 22.56 Normal Active Styron et. al 2020; Guzman- 71
Speziale, 2001

Ixcan E Motagua- GT 90 36.436  Strike-slip Seismogenic 12 October 1971 Guzman-Speziale, 2010 (1) M=5.7 72
Polochic (1)

Ixcan West Motagua- GT 95 49474  Strike-slip Seismogenic 12 October 1971 Guzman-Speziale, 2010 (1) M=5.7 73
Polochic (1)

Jalpatagua GT 110 72.289  Right-lateral 1.4-7.6 mm/y Active Authemayou et al., 2011; (1) Ellis et al., 2019 74

strike-slip (1) Garnier et al., 2020
Jilotepeque GT 175 36.42 Normal Active Styron et. al 2019; Guzman- 75
Speziale, 2001

Jocotan Motagua- GT 85-90 95.093  Left-lateral Active Gordon & Muehlberger, 1994 76
Polochic strike-slip

Laj Chimel - EI Chol GT 90 28.408  Left-lateral Active This paper 77

strike-slip

Motagua Central Motagua- GT 75 122405  Left-lateral 0.45-1.88 cm/y Seismogenic 7.5 4 February 1976 Plafker, 1976; Guzman- 78
Polochic strike-slip (3) Speziale, 2010

Motagua E Motagua- GT 80 60.553  Left-lateral 0.45-1.88 cm/y Seismogenic 7.5 4 February 1976 Plafker, 1976; Guzman- 79
Polochic strike-slip (3) Speziale, 2010

Motagua N Motagua- GT 80 184.397  Left-lateral 0.45-1.88 cm/y Active 7.5 4 February 1976 Plafker, 1976; Guzman- 80
Polochic strike-slip 3) Speziale, 2010

Motagua S Motagua- GT 90 46.253  Left-lateral 0.45-1.88 cm/y Active 7.5 4 February 1976 Plafker, 1976, Guzman- 81
Polochic strike-slip (3) Speziale, 2010

Motagua W Motagua- GT 95 89.517  Left-lateral 0.45-1.88 cm/y Seismogenic 7.5 4 February 1976 Plafker, 1976; Guzman- 82
Polochic strike-slip (3) Speziale, 2010

Polochic E (a) Motagua- GT 75 14269  Left-lateral Seismogenic This paper 83
Polochic strike-slip

Polochic E (b) Motagua- GT 75 15358  Left-lateral Seismogenic This paper 84
Polochic strike-slip

Polochic N Motagua- GT 90-75 272328  Left-lateral 4.8+-2.2 mm/y - Seismogenic  7.5-7.7 22 July 1816 White, 1984, 1985; 85
Polochic strike-slip 2-4 Authemayou et al., 2012

Polochic S Motagua- GT 90-75 163.001  Left-lateral Active Guzman-Speziale & Molina, 86
Polochic strike-slip 2022

IV IIILVOYW () 8



the continental crust. It extends across almost all of the
Central American isthmus and connects to the Swan
Island transform faults in the oceanic crust to the
east (Figures 1A and 4). Both the Motagua and
Polochic faults are several hundred kilometres long
and exhibit a slightly northward concave, east-west
orientation on the map. Between these faults a moun-
tainous territory (Sierra de las Minas) lies, except for
the eastern sector, towards the Caribbean Sea, which
features a flat area hosting Lake Izabal, interpreted as
a pull-apart basin (Lyon-Caen et al., 2006).

The Motagua-Polochic fault system, which encom-
passes parallel sinistral faults like the Los Amates fault
and the Ixcan fault, plays a significant role in the
region. The Los Amates fault is situated south of the
Motagua fault near the border with Honduras, while
the 190 km long Ixcan fault stretches about 80 km
northward from the Polochic fault (Figure 4).

Geodetic investigations have measured a slip rate of
approximately 20 mm/y for the central segment of the
Motagua fault (Franco et al., 2012; Lyon-Caen et al,,
2006), which closely matches the total North Ameri-
can — Caribbean relative plate velocity (DeMets
et al., 2010). This highlights the regional importance
of this large-scale crustal structure. The Polochic
Fault, located around 45 km north of the Motagua
Fault, exhibits a similar direction and extends over a
hundred km further west. Its estimated slip rate is
about 4-5 mm/y (Authemayou et al., 2012; Franco
et al., 2012; Lyon-Caen et al., 2006).

Both structural geology and seismological investi-
gations have extensively studied and documented the
tectonic activity of the faults in Guatemala (Guz-
man-Speziale & Molina, 2022; Plafker, 1976). These
faults have been responsible for at least 25 destructive
earthquakes since 1530. The Motagua fault, in par-
ticular, was the main fault along which the devastat-
ing Guatemala earthquake of 1976 occurred. This
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earthquake, with a magnitude Mw =7.5 (Bucknam
et al., 1978; Plafker, 1976) claiming the lives of
23,000 individuals (Husid et al., 1976; Olcese et al.,,
1977), resulted in a maximum horizontal displace-
ment of 325 cm along the Motagua fault (Bucknam
et al., 1978) and the reactivation of numerous sec-
ondary faults (Plafker, 1976). Both the Motagua
and Polochic faults exhibit left-lateral strike-slip kin-
ematics, as indicated by earthquake fault plane sol-
utions (Figure 5; Guzman-Speziale et al, 1989;
Caceres et al., 2005; Lyon-Caen et al., 2006). Based
on focal mechanisms (Guzman-Speziale, 2010), the
Ixcan fault also shows a left-lateral strike-slip
kinematics, and to the east of it, there is an 80 km
long fault trending ENE-WSW near the village Las
Conchas that has experienced earthquake activity in
recent decades (Styron et al., 2020).

To the south of the Motagua fault, the Jocotan-
Chamelecon fault system (Figure 4) is another impor-
tant regional structure. Studies by Schwartz et al.
(1979), Ferrari et al. (1994), and Ellis et al. (2018,
2019) have not found any field or geodetic evidence
of recent displacement along this fault system. How-
ever, it is possible that during the Miocene, the Joco-
tan-Chamelecon fault system was part of the broader
Motagua-Polochic fault zone, as suggested by Gordon
and Muehlberger (1994).

4.1.1. Northern Honduras and its borderland

The northern coastal belt of Honduras is influenced by
additional tectonic structures associated with the Car-
ibbean — North America plate boundary. Within the
Nombre de Dios range and the Aguan Valley, there
is widespread oblique-slip faulting, characterized by
active left-lateral river offsets and uplift of stream
reaches (Rogers & Mann, 2007). Among the numerous
faults in this dense grid, the most prominent and lat-
erally continuous ones include the La Cieba fault, La

89°.0 W
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Figure 5. Seismo-tectonic setting of the Highlands and the northern Honduras border with focal mechanism coloured according

to the different magnitude for the main earthquakes.
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Esperanza fault, and Rio Vejo fault (Figure 4). These
features trend ENE and exhibit a combination of nor-
mal and left-lateral transtensional offset mechanisms
(Figure 5; Rogers & Mann, 2007).

Off the coast of the western Caribbean Sea, there is
a wide area spanning over 100 km known as the Hon-
duran borderlands (Figure 1A); it is characterized by
active submarine faults that impact the shelf-to-slope
region (Case and Holcombe, 1980; Mann et al., 1991).
The primary tectonic structure in this area is the
Swan Islands fault zone (Figure 4), which was the site
of a tsunami event in August 1956. Additionally,
there are currently active normal faults with a north—
south orientation in the Roatan Islands (Figure 1A;
AvéLallemant and Gordon, 1999). These faults have
caused recent uplift and tilting of coastal features in
that area (Cox et al., 2008).

4.2. The CAVA fault system

The CAVA (Figure 1C), home to 18 active volcanoes,
separates the central American forearc from the Carib-
bean continental crust. This region exhibits significant
transcurrent tectonic activity along an extensive fault
system that runs parallel to the volcanic arc. The faults
in close proximity to the volcanic arc experience dex-
tral shear of up to 10-15 mm/year (Canora et al., 2010,
2012; Martinez-Diaz et al., 2004), while there are also
conjugate faults with left-lateral offset (Carr, 1976).

Starting from the North, the main component of
this regional fault system is the Jalpatagua fault (Figure
4), which stretches for about 70-80 km and exhibits
right-lateral strike-slip movement. The displacement
rate along this fault ranges from 1.4 to 7.6 mm/y
(Ellis et al., 2019), increasing as it moves southeast
across Guatemala towards the El Salvador border.

To the southeast of this border lies a very relevant
seismo-tectonic structure, known as the El Salvador
Fault Zone (ESFZ; Figure 4). It spans 150 km in length

87°.0 W

and 20 km in width, comprising a series of discon-
nected faults with dextral strike-slip to transtensional
characteristics (Figure 6). These faults affect deposits
from the upper Pleistocene to the Holocene, with a
fault trace trending at approximately N90°-100°
(Canora et al., 2012).

The ESFZ exhibits several distinct segments, particu-
larly noticeable to the east of San Salvador: the San Vice-
nte segment, the Berlin segment, and the San Miguel
segment (Figure 4). The ESFZ features E-W strike-slip
faults, accompanied by smaller structures that show
varying orientations, such as WNW-ESE, NW-SE, and
NNW-SSE to N-S. The overall arrangement of major
and minor structures within the ESFZ can be attributed
to an E-W dextral shear couple, along with the presence
of Riedel fractures (Corti et al., 2005).

In the main segments of the ESFZ, slip rate values
have been estimated to be as high as 11-12 mm/year
(Corti et al., 2005; Staller et al., 2016). Overall, the
deformation related to trench-parallel strike-slip dis-
placement in the upper crust is estimated to be at
least 8 mm/year (DeMets et al., 2007), resulting in
high seismic activity. The faults within the ESFZ are
significant sources of upper crustal seismic activity
and have been responsible for numerous M-6 earth-
quakes in El Salvador during the twentieth century,
including events in 1917, 1919, 1951, 1986, and 2001
(Alonso-Henar et al, 2018; Martinez-Diaz et al.,
2004; White & Harlow, 1993).

Moving southward to the Gulf of Fonseca area
(Figure 1A), seismo-tectonic activity is more parti-
tioned, with strike-slip focal mechanisms characteriz-
ing seismic events occurring throughout the gulf
(Figure 6; Funk et al., 2009; Alvarado et al., 2011).
The Nicaraguan depression is a graben that stretches
over 500 km in length and approximately 60 km in
width. It is bounded by WNW-ESE trending faults
and extends from the Gulf of Fonseca to the Caribbean
coast of Costa Rica (see Main Map).
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In this sector, the Managua Graben (Figure 4) is a
significant feature characterized by a disruption in
the alignment of the volcanic chain. Various hypoth-
eses have been proposed regarding the kinematic
relationship between the graben and the driving
plate-boundary forces (see Cowan et al., 2002 with
references therein). The graben area is affected by
north to north-east oriented strike-slip and oblique-
normal faults (Figure 6), with the Tiscapa, Aeropuerto,
Cofradia, and Estadio faults being the most notable
(Cowan et al., 2002). Morpho-structural investigations
have documented Holocene tectonic activity along
these faults (Woodward-Clyde Associates, 1975). In
Nicaragua, the focal mechanism (Figure 6) from
1972 Managua earthquake (Ms 6.2) originated along
the Tiscapa fault with a sinistral slip (Brown et al,,
1972) and, in 1931, an M 6.0 earthquake originated
from a rupture along the Estadio fault, located
1.5 km west of the Tiscapa fault (White & Harlow,
1993).

To the south, there is a zone of dextral strike-slip
deformation across Lake Nicaragua, where normal
faults have been reactivated as strike-slip faults,
according to Funk et al. (2009).

The CAVA spans across Guatemala, El Salvador,
and Nicaragua, and serves as a boundary between
the Central America forearc sliver and the Caribbean
plate (Styron et al., 2020). This extensive fault system
experiences strain and seismicity, primarily localized
on E-W dextral strike-slip faults (Figure 6), as well
as on transtensional zones where the fault system
forms releasing bends.

The Marabios Range is also affected by seismic
activity, with focal mechanisms (Figure 6) indicating
dextral slip (La Femina et al., 2002), which is further
supported by geodetic data (Styron, 2008).

4.3. The fault system in the Highlands

A region called The Highlands (Figure 4) is situated
between the Motagua fault and the volcanic arc fault
system. This elevated, wedge-shaped area is character-
ized by a series of more than 10 N-S trending grabens.
These grabens are defined by steep, fault-controlled
escarpments and are filled with deposits ranging
from the Late Miocene to the Quaternary. (Gordon
& Muehlberger, 1994). The Guatemala City graben,
located in the western part of the region, is considered
one of the most active structures, with an estimated
extension rate of 5 mm/y based on GPS data (Franco
et al., 2012). However, the slip rate on specific struc-
tures in this area has not been determined yet. Moving
eastward from the Guatemala City graben, another
significant feature is the Ipala Graben (Figure 4).
Further east, the large Honduras Depression com-
prises the Sula Graben, the Comayagua Graben, and
the transtensional Gulf of Fonseca to the south (Figure
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4), making it the most tectonically active system in the
region.

The current tectonic activity in the graben system is
associated with distributed extension. This strain
allows for approximately 10 mm/year of E-W exten-
sion (Caceres et al., 2005; Lyon-Caen et al., 2006;
Rodriguez et al., 2009; Franco et al, 2012). This
activity is believed to be responsible for the intraplate
deformation of the western sector of the Caribbean
plate (Guzman-Speziale, 2001). Over the past five cen-
turies, numerous historical and instrumental earth-
quakes have occurred in Central America, with
magnitudes ranging between 5.0 and 7.5, which can
be attributed to tectonic activity affecting grabens
(Guzman-Speziale, 2001).

5. Conclusive remarks

Central America is currently experiencing intense and
widespread tectonic activity due to its unique geody-
namic setting and evolution, characterized by high
relative motions at the plate boundaries. This has
resulted in the formation of major (first order) tec-
tonic structures along the boundaries of the Caribbean
and North American plates, as well as along the Cen-
tral American Volcanic Arc (CAVA).

The Motagua-Polochic fault zone, located to the
north, represents the mainland segment of the Carib-
bean-North American plate boundary. The fast, left-
lateral strike-slip-rate along this fault zone has led to
the occurrence of frequent high-magnitude earth-
quakes. Along this active fault system, an average
recurrence interval of 225+ 50 years between major
fault ruptures has been estimated (Alvarado et al,
2017) for events with magnitude Mw > 7.3.

In the western region, the CAVA area is character-
ized by the Jalpatagua — El Salvador fault zone, a right-
lateral strike-slip fault system that runs in an east-west
direction. This fault zone has been responsible for
earthquakes which are almost always devastating,
because they occur at shallow depths and near popu-
lation centres. The historic recurrence time for these
shallow earthquakes is of 30 years (Alvarado et al,
2017) for El Salvador where, according to Canora
et al. (2014), earthquakes up to M 7.2 could happen.

Additionally, there are some minor (second order)
fault systems in Central America, that equally pose a
considerable seismic hazard; (i) the system of north—
south graben-bounding normal faults located between
the Motagua-Polochic fault zone and the northern end
of the Jalpatagua-El Salvador fault zone, in the wedge-
shaped Highland sector. Extensive normal faulting in
this sector can be attributed to regional extension
occurring in response to eastward shift of the Caribbean
plate South of the Motagua-Polochic fault-zone; (ii) the
ENE transtensional fault system along the border of
Honduras, adjacent to the Caribbean Sea; (iii) the
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system of mostly north—south and NNW-SSE oriented
strike-slip and oblique-normal faults observed in the
Nicaragua depression. The origin of these seismo-
tectonic structures affecting the interior of the Carib-
bean plate could be local stress fields that are generated
by differential displacement caused by the interplate
interaction of the North American and the Caribbean
plates. These fault systems, although minor, are equally
dangerous in terms of seismic activity.

After analyzing seismological instrumental data
and conducting macroseismic and paleoseismology
investigations, numerous active seismo-tectonic struc-
tures have been identified in the Central American
region. To provide a comprehensive overview, we
have summarized the structural and kinematic charac-
teristics of these structures and created a georefer-
enced queryable Web-GIS map at a scale of
1:1,200,000.

This map, along with the GIS data-set, is the result
of a collaborative effort among researchers from four
Central American countries. The objective was to
establish a consistent representation of the brittle
deformation patterns in the region. The database
serves as a valuable resource for accessing information
on known seismogenic structures, aiding in seismic
risk assessment and facilitating future updates.

A deeper understanding of the regional seismotec-
tonic setting, as well as the kinematic and seismologi-
cal characteristics (e.g. slip-rate value, rupture surface
extension) of individual seismogenetic structures, can
significantly enhance the definition of seismic zona-
tion in the Central America region. This knowledge
also improves the reliability of results obtained from
probabilistic seismic hazard analysis (PSHA), which
are crucial for studying and mitigating seismic risk.
These activities play a vital role in preventing and
reducing the impact of earthquakes.

Software

The fault mapping was conducted using QGIS 3.22, a
free open-source and cross-platform GIS software.
The analysis was made on a Digital Elevation Model
(DEM) with a 30 m resolution, compiled from the
national DEMs provided by the various countries.

For the main map layout, we employed Adobe
Mustrator CC 2020. We integrated the 30 m resol-
ution DEM exported from QGIS, which contained a
comprehensive set of 986 fault vectors, into an AO-
sized canvas.
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