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Abstract.

Remote sensing and field data suggest distributed right-lateral faulting at the northern edge of the Quito-Latacunga mi-

croblock in northern Ecuador and southern Colombia. Off the west coast of Ecuador and Colombia, oblique subduction of the

Nazca Plate beneath the South America plate induces northeastward motion
:::::::::
NE-motion

:
of the Northern Andean Sliver rela-

tive to stable South America. Recent geodetic studies show this sliver comprises several independent microblocks, with strain5

accommodated at each of their boundaries. The Quito-Latacunga microblock, located in the densely populated Interandean

:::::::::::
Inter-Andean valley, shows approximately 3 mm/yr of right-lateral strain at its northern boundary. However, which structures

accommodate this deformation is unclear. Using available digital terrain models (DTMs), local DTMs derived from Pleiades

satellite stereo-imagery, InSAR, Google Earth imagery, and field surveys, we demonstrate deformation at the northern bound-

ary is distributed across several northeast-striking
:::::::::
NE-striking

:
right-lateral faults in Ecuador and Colombia. InSAR shows10

that a recent 2022 M 5.7 earthquake resulted in line-of-sight displacement of 5 cm to 13 cm along one of the east-northeast

striking
:::::::::::
ENE-striking, right-lateral faults. Offset sediments and glacial features indicate recent earthquakes on two other faults

(the Reservoir and Polylepis faults) north of and subparallel with this rupture. Displaced glacial landforms along the Reservoir

fault show slip rates between 0.8 and 6.1 mm/yr, suggesting geologic slip rates that could be higher than geodetic ones. Expo-

sures of the Reservoir fault also show evidence for at least three surface rupturing earthquakes with magnitudes between M 6.315

and M 7.0. Inflation at the nearby Chile-Cerro Negro volcano may influence earthquakes on these faults, enhancing slip and

earthquake rates. The Polylepis, Reservoir, and July 25th earthquake faults all overlap with the proposed area for the August

15, 1868, M 6.4-6.8 El Angel earthquake, indicating they could be associated with this damaging event.
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1 Introduction

Geodetic block models help show where crustal strain is concentrated, and thus have been used to delineate fault systems
:::::
faults20

and help determine seismic hazard in regions where active faults are difficult to map (e.g., McCaffrey et al., 2007; Allmendinger

et al., 2009; Benford et al., 2012; Evans, 2022). The high strain regions between geodetically defined elastic blocks, however,

vary in width and either can be composed of discrete structures
:
a

:::::
single

::
or

:
a
::::
few

:::::::
discrete

::::::::
structures,

:
or distributed deformation

over
::
on

:::::
many

::::::::
structures

::::::
across a wider area (e.g., Loveless and Meade, 2011; Elliott and Freymueller, 2020). These different

boundary types can be considered in earthquake source models for seismic hazard assessment as area sources if fault locations25

are very uncertain, as single through-going faults capable of hosting very large earthquakes, or as many smaller structures,

which may limit rupture size. Given the spacing of Global Navigation Satellite System (GNSS) stations in many parts of the

world are often >>10 km (e.g., Mothes et al., 2013; Geirsson et al., 2017), the block models alone cannot predict whether

deformation it is focused or more distributed, and where it is focused onto faults. Thus, while highly useful in targeting areas

where crustal deformation is occurring, other methods are required to further characterize shear zones
::
the

::::::::::
distribution

::
of

:::::::
faulting30

:::
that

::::::::::::
accommodates

:::::::::::
deformation

::
in

:::
the

:::::
upper

::::
crust.

A geodetic block model of north-western South America has shown that the Northern Andean forearc Sliver (NAS), which

moves NE relative to stable South America, actually comprises several independently moving tectonic blocks (Fig. 1, Jar-

rin et al., 2023). In the northern Andes of Ecuador and southern Colombia, one of these independent blocks, the Quito-

Latacunga microblock, is defined on
::::
parts

::
of

:
its western and eastern boundaries by mapped fold and thrust belts and oblique35

shear zones (Eguez et al., 2003; Alvarado et al., 2016; Marinière et al., 2020). However, the structures that accommodate

deformation predicted at northern
:::::
Which

:::::::::
structures

:::::::::::
accommodate

:::::::::::
deformation

::
at
::::

the
:::::::
northern

:::::::::
boundary,

::::::::
however,

::
is

::::
less

::::
clear.

::::::
Active

:::::
faults

:::::
have

::::
been

:::::::::
identified

::
in

::::::::
southern

::::::::
Colombia

:::::::::::::::::::::::::::::::::::::::::::::::
(e.g., Tibaldi and Leon, 2000; Rovida and Tibaldi, 2005)

:::
and

:::::::
northern

:::::::
Ecuador

::::::::::::::::::::::::::::::::::
(e.g., Alvarado, 2012; Veloza et al., 2012).

:::::::::::
Nonetheless,

:::::
these

::::::::
structures

:::
are

:::
not

::::::
aligned

::::
with

:::
or

:::
that

:::::
close

::
to

::
the

::::::::
predicted

:::::::
location

:::
of

:::
the

:::::::
northern edge of the Quito-Latacunga

:::::::::
microblock

::
or

:::::
their

:::
slip

::::
rates

::::
and

:::::::::
earthquake

::::::
activity

:
have40

not been well constrained
::::::::
confirmed

:::
on

::::
them

::::
with

:::::
field

::::::
studies. This region, centered on the Ecuador–Colombia border,

:
has

hosted destructive historical earthquakes (Beauval et al., 2010) , and also contains several active volcanoes (Hall et al., 2008).

Therefore, mapping active structures is important for hazard assessment and for exploring the interactions between crustal

deformation, inherited structures, and arc-volcanism .

On July 25, 2022 a Mw5.7 right-lateral strike-slip earthquake ruptured a WSW to ENE striking fault close to the northern45

boundary of the geodetically defined (Jarrin et al., 2023) Quito-Latacunga microblock (IG-EPN, 2022)
:::::::::::::::::::
(Fig. 1, IG-EPN, 2022)

. In this study, we used InSAR to investigate the coseismic surface deformation of this surface rupture and we used field

studies to place it in a tectonic context with nearby faults and volcanic centers. By using a combination of remote sensing

and field data, we show that the earthquake ruptured one of several parallel right-lateral strike slip faults south of the Chiles-

Cerro Negro volcanic complex, which cross-cut glacial moraines. We use cosmogenic dating to estimate the formation ages50

of the moraines and right-lateral slip rates of one of the faults. Excavations across one of the faults parallel with the recent

rupture , reveals at least three Holocene earthquakes offsetting volcanic soils. These faults lie within the proposed epicentral
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Figure 1. Tectonic setting of the Quito-Latacunga microblock (QL); and GNSS velocities, geodetic block model boundaries, and strain rates

from Jarrin et al. (2023). QL boundaries with geologically constrained slip rates are the Quito fault system (Q), the Latacunga fault system

(F), the Pallatanga fault (P), the Reventador thrust faults (R), and the Cayambe-Afiladores-Sibundoy fault system (CAS). The inset shows the

broader tectonic context of the Northern Andean Sliver (NAS) and its main eastern boundary fault, the Chingual-Cosanga-Pallatanga-Puná

fault system (CCPP) and the CAS faultsystems. Location of Figure 2 at the northern boundary of the microblock is also shown. Hillshaded

DTM in main figure is a Copernicus 30-m DTM from https://dataspace.copernicus.eu/.

area , and could be responsible for the 1868 M 6.8 earthquake that damaged the city of El Angel. By placing this study

::::
these

::::::
results in context with parallel right-lateral faults in Colombia

::::::::::::::::::::::::::::::::::::::::::::::
(e.g., Tibaldi and Leon, 2000; Rovida and Tibaldi, 2005)

and regional deformation revealed by InSAR (Marconato et al., 2024a), we show that the northern boundary of the Quito-55

Latacunga microblock is a wide
::
an

::
up

::
to
::::::::::::
�70-km-wide

:
zone of distributed deformation.
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2 TectonicSetting
:::::
setting

Oblique subduction of the Nazca plate and collision of the Carnegie Ridge off the west coast of northern South America results

in 5.8 to 9.5 mm/yr of northeastward motion of the NAS with respect to stable South America (Fig. 1; e.g., Pennington, 1981;

Kellogg et al., 1995; Nocquet et al., 2014; Mora-Páez et al., 2019; Jarrin et al., 2023). This sliver motion was originally thought60

to be mostly taken up by large strike-slip and oblique-slipfault systems
::::
faults

:
along its eastern margin (Pennington, 1981); pri-

marily the Chingual-Cosanga-Pallatanga-Puná faultsystem(CCPP) in Ecudaor and the Cayambe-A�ladores-Sibundoy (CAS)

fault and Eastern Frontal fault (EFF) system in Colombia (Velandia et al., 2005; Tibaldi et al., 2007; Alvarado et al., 2016).

However, more recent work suggests that the NAS can be broken down into several smaller, independently moving, microblocks

accommodating strain along each of their boundaries (e.g., Audemard et al., 2014; Alvarado et al., 2016; Audemard M et al.,65

2021; Jarrin et al., 2023). These studies highlight several regions where unmapped active faults accommodating the strain

between the microblocks may be capable of hosting large damaging earthquakes.

2.1
:::::::
Geodetic

:::::
block

::::::
model

A region where the Jarrin et al. (2023) geodetic block model suggests substantial deformation is at the northern edge of the

Quito-Latacunga microblock near the border between Ecuador and Colombia (Fig. 1 and Fig. 2). The Quito-Latacunga mi-70

croblock is located at a large (� 250 kmnorth–south
:::
N–S) left-stepping section of the right-lateral eastern boundary of the NAS

(Fig. 1, Alvarado et al., 2016). The contractional left-stepping geometry results in� 2 to 3.3 mm/yr ofeast-west
::::
W–E compres-

sion along the more northerly trending eastern and western boundaries of the microblock and and� 3 to 6 mm/yr right-lateral

strain along the morenortheasterlytrending
::::::::::
NE-trending

:
southern and northern boundaries (e.g., Jarrin et al., 2023). Along the

western boundary, the Quito and the Latacunga thrust fault systems have been shown to accommodate much of the predicted75

compression (Tibaldi and Ferrari, 1992; Lavenu et al., 1995; Fiorini and Tibaldi, 2012; Alvarado et al., 2016; Marinière et al.,

2020). On thesouth-eastern
::
SE

:
boundary, 0.45 - 0.6 mm/yr of active right-lateral slip has been observed along the Pallatanga

fault (Winter et al., 1993; Baize et al., 2015, 2020; Harrichhausen et al., 2023) and faults along strike to
:::
the northeast that trans-

verse the eastern Cordillera of the Andes (Alvarado et al., 2016; Champenois et al., 2017). At the eastern boundary,� 10 mm/yr

of right-lateral slip has been observed along the CAS (a part of the CCPP), and� 4 mm/yr ofwest–east
::::
W–E

:
shortening has80

been observed on thrust faults near Reventador Volcano (Tibaldi et al., 2007). Along the northern boundary of the microblock,

where the� 3 mm/yr of predicted right-lateral strain is accommodated is not clear.Northeast-striking
::::::::::
NE-striking right-lateral

Quaternary faults have been documented near the city of Pasto and on the �anks of the Galeras volcano in Colombia (Rovida

and Tibaldi, 2005). Geologic and geomorphic studies of two of these structures, the Buesaco and Aranda faults, show 0.7to

1.6
:::
-1.6

:
mm/yr andAranda1.1to 2.6

::::
-2.6 mm/yr ofQuaternaryright-lateral reverse slip

:
,
::::::::::
respectively (Tibaldi and Leon, 2000).85

However, these faults are> 45 km north of the northern boundary of the Quito-Latacunga microblock (Fig. 2, Jarrin et al.,

2023). Historic and instrumental seismicity suggest active faulting further south in Ecuador as well, suggesting a wide zone of

distributeddeformation
::::::::::
deformation

:::::::::
distributed

::::::
across

::::::
several

::::
fault

:::::
zones.
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