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Abstract: Displacement estimates along the Atacama fault system (AFS), a crustal-scale sinistral structure that accommodated
oblique convergence in the Mesozoic Coastal Cordillera arc, vary widely due to a lack of piercing points. We map the
distribution of plutons and mylonitic deformation along the northern ¢. 70 km of the El Salado segment and use U-Pb
geochronology to establish the slip history of the AFS. Along the eastern branch, mylonitic fabrics associated with the
synkinematic c¢. 134-132 Ma Cerro del Pingo Complex are separated by 34-38 km, and mylonites associated with a
synkinematic c. 120—119 Ma tonalite are separated by 20.5-26 km. We interpret leucocratic intrusions to be separated across
the western branch by c¢. 16-20 km, giving a total slip magnitude of c¢. 54 + 6 km across the El Salado segment. Kinematic
indicators consistently record sinistral shear, and zircon (U-Th)/He data suggest dip-slip motion was insignificant.
Displacement occurred between c. 133—110 Ma at a slip rate of ¢. 2.1-2.6 km Myr™". This slip rate is low compared to modern
intra-arc strike-slip faults, suggesting (1) the majority of lateral slip was accommodated along the slab interface or distributed
through the forearc or (2) plate convergence rates/obliquity were significantly lower than previously modeled.
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Plate motion across most subduction zones is oblique (>22° from
normal to the plate boundary) and partitioned between slab
underthrusting and upper-plate lateral transport (Jarrard 1986;
Woodcock 1986). Lateral transport of forearc slivers may be
achieved through oblique underthrusting or partitioned between
underthrusting, distributed forearc deformation, and/or along
crustal-scale strike-slip faults (Fitch 1972; Beck 1983). Strike-slip
faults dominate at margins where interplate coupling between a
subducting oceanic slab and overriding continental plate is strong
(Fitch 1972; Jarrard 1986). While the dynamics of oblique
convergence have been well studied from a modeling perspective
(e.g. Platt 1993; Tikoff and Teyssier 1994; Teyssier et al. 1995;
Schiitt and Whipp 2020), relatively few studies have provided
detailed slip histories of intra-arc strike-slip fault systems in the
upper plate of a subduction zone.

The regional tectonic history of an area is of foremost importance
when studying oblique convergence, as changes in convergence
angles over time will directly affect the distribution of strain (e.g.
Scheuber ef al. 1994). In particular, the absolute motion of the
overriding plate with respect to the trench — which includes the
magnitude and rate of slip along trench-parallel strike-slip faults —
must be known to understand subduction zone processes such as
slip partitioning (Jarrard 1986). There are significant variations and
uncertainties in estimates of slip partitioning from modern
subduction zones based on geodesy and strain modeling. For

example, the Median Tectonic Line of Japan accommodates c¢. 25%
trench-parallel motion (Loveless and Meade 2010), the Liquine-
Ofqui fault system of southern Chile accommodates ¢. 75% of
modern trench-parallel motion (Wang er al. 2007), and the
Sumatran fault system accommodates c. 33% to c¢. 66% of trench-
parallel motion with the 40% of interseismic trench-parallel motion
accommodated by distributed deformation within the subducting
oceanic plate (Tikoff and Teyssier 1994; McCaffrey et al. 2000;
Bradley et al. 2017). While active slip partitioning on modern intra-
arc strike-slip faults may be known from geodesy, these major
structures have poorly constrained total displacement estimates and
geologic (megayear-scale) slip rates. Detailed slip histories on these
modern systems are hindered by a lack of exposure, as structures
such as the Sumatran fault and Liquifie-Ofqui fault system are in
heavily vegetated areas where clear bedrock piercing points are
difficult to identify. Although direct slip rates on fossil fault systems
cannot be gleaned from geodetic data, erosion to deeper levels can
expose piercing points, and the identification of crosscutting
relationships marking the relative timing of slip along a fault
system can be used to estimate slip rates.

The Atacama fault system (AFS), one of the best and most
accessible examples of an exhumed major intra-arc fault system,
runs for c¢. 1000 km through the Coastal Cordillera in northern Chile
(Fig. 1). The AFS is a sinistral strike-slip, trench-linked structure
that formed as a result of slip partitioning during Mesozoic SE-
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directed oblique subduction (Scheuber and Andriessen 1990;
Brown et al. 1993). Unparalleled exposure and the presence of
pre-, syn- and post-tectonic intrusions cutting both brittle and
ductile features along the AFS provide an excellent opportunity to
reconstruct slip history. Previous estimates of slip along this system
are poorly constrained because no clear piercing points have been
identified across the fault system (Brown et al. 1993; Grocott and
Taylor 2002). Using detailed geologic mapping, we identify offset
markers along the AFS and use crosscutting relationships, geo-/
thermochronology and geochemistry to provide robust constraints
on the timing, magnitude and rate of slip along the El Salado
segment of the AFS. We compare these data to slip rates and
partitioning estimates from other major intra-arc strike-slip faults to
understand the role of the AFS in accommodating oblique
subduction.

Geologic setting

Atacama fault system

Mesozoic SE-directed subduction of the Aluk (Phoenix) plate
below the north—south-trending South American plate margin
produced a long-lived period of arc magmatism now preserved in
the Coastal Cordillera (Scheuber and Andriessen 1990; Dallmeyer
et al. 1996; Scheuber and Gonzalez 1999; Parada et al. 2007).
Lateral strain from the obliquely descending slab was partitioned
between the subducting plate and overriding South American plate
along the sinistral AFS, which is exposed in the Late Jurassic to
Early Cretaceous magmatic arc for ¢. 1000 km between Iquique
(20.5°S) and La Serena (30°S) (e.g. Naranjo ef al. 1984; Scheuber
and Andriessen 1990; Brown ef al. 1993; Grocott et al. 1994;
Scheuber et al. 1995; Grocott and Taylor 2002). The timing of AFS
deformation has been tied to Coastal Cordillera magmatism and is
broadly constrained to c. 140—110 Ma by crystallization and cooling
ages of Coastal Cordillera granitoids (Grocott et al. 1994; Scheuber
et al. 1995; Dallmeyer ef al. 1996; Ruthven et al. 2020; Seymour
et al. 2020).

The AFS is comprised of three distinct fault segments: the
northern Salar del Carmen, central Paposo, and southern El Salado
segment (e.g. Naranjo ef al. 1984; Scheuber and Andriessen 1990;
Brown et al. 1993; Grocott and Taylor 2002, Fig. 1). The Paposo
and El Salado segments record a progression from ductile
(mylonitic) to brittle strain (e.g. Scheuber and Andriessen 1990;
Brown et al. 1993; Ruthven et al. 2020; Seymour et al. 2020).
Studies of deformation along the Paposo segment document steeply
dipping sinistral strike-slip duplexes developed in a transtensional
regime near Antofogasta at ¢. 24°S (Cembrano et al. 2005; Veloso
et al. 2015) and steeply dipping sinistral mylonitic fabrics
overprinted by brittle faults developed in a transpressional regime
near Paposo at c¢. 25°S (Ruthven ef al. 2020). The variation in
geometry and deformation style is likely due to the NNW to NNE
variation in fault orientation relative to the SE-directed Cretaceous
subduction direction (Ruthven ez al. 2020). Overall, the fault system
is highly segmented, with the Salar del Carmen, Paposo and El
Salado segments each comprised of several parallel or subsidiary
branches rather than a single regional-scale fault (e.g. Godoy and
Lara 1998; Lara and Godoy 1998; Escribano ef al. 2013; Espinoza
et al. 2014; Alvarez et al. 2016). Of the three major segments, we
focused on the northern El Salado segment to take advantage of the
excellent exposure of pre-, syn- and post-kinematic igneous units
available for constraining the slip history of the AFS.

The El Salado segment

The El Salado segment represents half of the total AFS length,
extending c. 490 km along the Coastal Cordillera between Taltal
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Fig. 1. Regional scale geometry of the oblique subduction system in
northern Chile modified from Cembrano et al. (2005). Distribution of
Jurassic—Cretaceous igneous rocks of the Coastal Cordillera arc are shown
in red. The three segments of the Atacama fault system (AFS) are overlain
on present-day topography. The northern Salar del Carmen segment
stretches from Iquique to Antofagasta, the central Paposo segment
stretches from Antofagasta to Caleta Paposo, and the southern El Salado
segment stretches from Taltal to La Serena. This study focuses on the
northern El Salado segment (study area of Fig. 2 shown in the bold black
box). The grey arrow shows the Mesozoic convergence vector from
Jaillard et al. (1990). The inset map shows approximate plate
configuration coeval with Mesozoic sinistral strike-slip deformation along
the AFS from Jaillard ef al. (1990).

(25.4°S) and La Serena (30°S) (Fig. 1). This study focused on the
northern half of the El Salado segment between 25.36°S and
26.00°S (Figs 1| and 2), a well-defined segment where kilometre-
scale zones of steeply dipping, sinistral mylonitic fabrics are
exposed and overprinted by brittle structures (e.g. Seymour ef al.
2020). Rocks exposed along the El Salado segment are
predominantly plutons ranging in age from 210 Ma to 107 Ma,
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Fig. 2. Simplified map of the northern El Salado segment study area compiled from our new mapping and published work by Escribano ef al. (2013),
Espinoza et al. (2014), Seymour et al. (2020) and Mavor ef al. (2020). The Cerro del Pingo Complex is shown in pink, the Jurassic plutons are shown in
purple and blue, and the Chafiaral Complex is shown in grey. Bold black lines show the major strands of the AFS and mylonites are shown by the wavy

pattern. Black boxes show the locations of the inset maps in Figures 3, 7 and 9.

Jurassic to Early Cretaceous volcanic and volcaniclastics (La
Negra and Aeropuerto Formations), and lesser volumes of
Paleozoic phyllites and quartzites (Godoy and Lara 1998, 1999;
Lara and Godoy 1998; Godoy et al. 2003; Arévalo 2005;
Contreras et al. 2013; Escribano et al. 2013; Espinoza et al. 2014;
Alvarez et al. 2016). Deformation along the El Salado segment is
tied to activity of the Coastal Cordilleran arc between 140 and
110 Ma, with Early Cretaceous plutons spatially and temporally
associated with AFS deformation. Elevated geothermal gradients
thermally weakened the crust and enabled ductile strain at shallow
crustal levels, facilitating mylonitization along the margins of
Early Cretaceous plutons and surrounding metasedimentary rock.
Ductile deformation transitioned to brittle deformation with
waning arc magmatism, and the cessation of slip occurred as
the arc cooled and migrated eastward at ¢. 116-99 Ma (Seymour
et al. 2020).

The brittle AFS is composed of two well-defined, well-exposed
branches that are regionally continuous for at least 130-180 km
(Lara and Godoy 1998; Godoy and Lara 1999; Escribano et al.
2013; Espinoza et al. 2014), referred to as the eastern and western
branches (Figs 1 and 2). The eastern branch is mapped for c. 180 km
along a c¢. 350° trend as a discontinuous trace of two main strands
each with several subsidiary faults, locally represented by metre- to
decametre-scale chlorite- and epidote-rich cataclasite fault cores.
The eastern branch appears to be the major strand based on its
continuity to the south, and primarily separates Jurassic and Early
Cretaceous plutons of the Coastal Cordilleran arc and Paleozoic
metasedimentary rocks of the Devonian—Carboniferous Chaiaral
Complex on the east side from Lower Jurassic to Lower Cretaceous
volcanic and volcaniclastic deposits on the west side (Lara and
Godoy 1998; Godoy and Lara 1999; Escribano et al. 2013;
Espinoza et al. 2014). The western branch is mapped for ¢. 130 km
along a ¢. 350-355° trend on 1: 100 000-scale geologic maps and
primarily separates Jurassic La Negra Formation volcanic and
intercalated marine deposits on the west from Lower Cretaceous
Aeropuerto Formation volcanic and volcaniclastic deposits on the
cast. The E1 Muelle fault splays off the western branch at 25.78°S
and curves from a 340-345° trend at the point of divergence to a
325-330° trend as it enters the Pacific Ocean at 25.41°S (Fig. 2).

The AFS has been recognized as a regional-scale structure since
at least 1960 (St. Amand and Allen 1960), yet no clear geologic
offset has been identified. Estimates of sinistral displacement
magnitude along this segment range from c¢. 70 km to <20 km.
Brown et al. (1993) proposed c¢. 70 km of brittle sinistral
displacement along the AFS by correlating broad zones of ductile
deformation north of Taltal with ductile shear zones located to the
south. This interpretation relies on the original continuity of the
Paposo and El Salado segments, which are separated by a c. 28 km
offshore gap where the AFS may be linked, and does not provide an
estimate of slip during ductile deformation. More recent studies by
Grocott and Taylor (2002) and Seymour et al. (2020) identified AFS
mylonite zones in between these segments, casting doubt on the
Brown et al. (1993) mylonite zone offset markers. Grocott and
Taylor (2002) argued that the displacement is unlikely to exceed
20 km total with no more than a few kilometres across any
individual strand due to the discontinuous, overstepping nature of
AFS fault branches. Hervé (1987b) documents c¢. 34 km of Early
Cretaceous sinistral slip along the subsidiary Izcufia branch of the
Paposo segment based on the offset and correlation of a c. 144 Ma
granodiorite body; however, no similar offset markers have been

documented along the El Salado segment even though the entire
segment has been mapped at 1: 100 000 scale (Arévalo 1995, 2005;
Godoy and Lara 1998; Lara and Godoy 1998; Blanco et al. 2003;
Godoy et al. 2003; Welkner et al. 2006; Arévalo and Welkner 2008;
Arévalo et al. 2009; Creixell et al. 2012; Contreras et al. 2013;
Escribano ef al. 2013; Espinoza et al. 2014; Alvarez et al. 2016).

Near Taltal, ¢. 110-107 Ma unstrained dikes cut AFS-related
cataclasite and are in turn cut by several branches of the Taltal fault
system (TFS), recording the transition between sinistral slip along
the north—south-striking AFS and NW-striking TFS (Mavor ef al.
2020; Seymour et al. 2020). The TFS offsets the main AFS strands
by a total of c. 11 km (Arabasz 1968; Naranjo and Puig 1984;
Espinoza et al. 2014; Mavor et al. 2020). The end of strike-slip
motion along the AFS is most likely related to changing plate
motion that resulted in a transition to approximate east—west crustal
shortening across the Taltal and Chivato fault systems and migration
of arc magmatism inboard (e.g. Scheuber ef al. 1994; Haschke et al.
2006; Ramos and Folguera 2009), broadly coeval with the westward
advance of the South American plate and onset of seafloor
spreading in the South Atlantic (e.g. Matthews ez al. 2012; Seton
et al. 2012; Maloney et al. 2013; Granot and Dyment 2015; Kirsch
et al. 2016). Neogene east-side-down motion has been documented
along the AFS (Hervé 1987a; Gonzalez and Carrizo 2003;
Gonzdlez et al. 2006; Allmendinger and Gonzalez 2010);
however, this motion is absent or limited to metre-to-decimetre
scale dip-slip along parts of the northern El Salado segment
(Arabasz 1971) and does not obscure structures related to
Cretaceous sinistral slip.

Methods
Field mapping, petrography and kinematic analysis

We integrated and expanded upon the study areas of Seymour ef al.
(2020) and Mavor et al. (2020) to include a 70 km long, 5 km wide
swath across the El Salado segment from the Pacific Ocean at
25.36°S to 26.00°S (Fig. 2) to identify potential offset markers
across the AFS. Detailed 1:25000-scale geologic mapping was
undertaken to understand the distribution of ductile and brittle
structures related to the AFS. We documented lithologies as well as
the geometry and kinematics of mylonitic fabrics and brittle faults.
The freshest possible samples of plutons deemed potential offset
markers in the field were collected for petrography, geochemistry and
geochronology (Table 1, Table 2). Hydrothermal alteration, where
present in petrographic samples, does not fully replace primary
igneous phases, and we report quartz—alkali feldspar—plagioclase
modal percentages based on the primary mineralogy (Supplementary
File 1). Offset features, R- and T-fractures, and mineral growth steps
were used to determine slip sense (e.g. Petit 1987).

Faults were classified based first on their association with either
the western or eastern branch of the El Salado segment, then their
proximity to the mapped trace of the fault (Supplementary File 2).
Faults listed as ‘Western Branch’ or ‘Eastern Branch’ include
principal slip planes and parallel faults that occur within 50 m of the
mapped trace of the major AFS branches; faults labeled ‘AFS
Parallel” occur >50 m away from but strike <30° of the average
orientation of the principal slip plane structures. Structural data were
analyzed using Stereonet (Allmendinger et al. 2011; Cardozo and
Allmendinger 2013) and FaultKin (Allmendinger et al. 2011).
Maximum eigenvectors were used to determine average orientations,



Table 1. Summary of U-Pb sample lithology, degree of strain, and geo/thermochronometric data
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epoxy, polished to expose the center of the grains, and imaged using
cathodoluminescence (CL) to document internal zoning patterns.
Laser ablation inductively coupled plasma mass spectrometry spot
analyses targeted individual growth domains determined from CL
imagery. Additional euhedral, unpolished zircon grains from
samples 161-74, 181-N154, and 201-SM482 were mounted on
double-sided tape parallel to the c-axis and depth profiled according
to the methods outlined in Marsh and Stockli (2015) and detailed in
Seymour et al. (2020) to resolve fine-scale growth domains too
small for a spot analysis. All U-Pb analyses were conducted at the
University of Texas at Austin in the UTChron facilities. The
combined internal and external error is reported for individual
grains (Supplementary File 3). Grains were filtered to <10%
discordance to eliminate the effects of disturbance due to Pb loss
and/or inheritance. Weighted 2°°Pb/**8U average dates with 2c error
calculated in Isoplot 4.15 (Ludwig 2003) are reported (Table 1).

(U-Th)/He analyses were conducted on samples 161-74 and 181-
N154 at the University of Texas at Austin according to the methods
outlined in Wolfe and Stockli (2010). Aliquots were assigned an 8%
analytical error based on the long-term laboratory reproducibility of
the Fish Canyon Tuff zircon standard (e.g. Reiners et al. 2002,
2004). Four to seven grains were analyzed per sample. Dates are
reported based on the average of 3-6 single grains per sample
(Supplementary File 4). Error is reported as twice the larger of either
the traditional or alternative standard error of the average calculation
(Table 1). Whole-rock sample volumes of relevant plutons were
analyzed for major and minor element composition by inductively
coupled plasma atomic emission spectroscopy at ALS Minerals in
Reno, Nevada (Table 2).

Results

We documented the occurrence of spatially restricted mylonitic
shear zones in two distinct areas on opposite sides of the eastern
branch, each associated with a suite of pre- and synkinematic
intrusions that bear striking petrographic resemblances to one
another (Fig. 2). Here we suggest the association of metasedimen-
tary mylonites developed in the thermal aureole of a set of
petrographically, geochemically and geochronologically identical
intrusions together constitute an offset marker along the El Salado
segment because the mylonite zones and associated intrusions
together can be tied to a single thermal aureole in a unique location
along the El Salado segment. We further note the similarity of two
belts of leucocratic igneous bodies across the western branch
(Fig. 2). We present a description of the petrography and textures of
each set of potentially correlative igneous bodies and compare new
zircon U-Pb crystallization dates, (U-Th)/He cooling dates
(Table 1) and whole-rock geochemistry (Table 2) to data presented
in Seymour et al. (2020) to establish a robust offset marker for the El
Salado segment of the AFS.

Eastern branch

Mpylonite zone east of the eastern branch of the AFS
(25.61°S and 25.78°S)

A c¢. 18 km long mylonite zone occurs between 25.61°S and
25.78°S where the Cerro del Pingo Plutonic Complex is adjacent to
the eastern branch and extends along-strike into the neighboring
Chanaral Complex (Fig. 3). The Cerro del Pingo Complex in this
zone is a fresh, medium-grained mesocratic hornblende biotite
granodiorite to biotite hornblende tonalite locally crosscut by
adularia + quartz veinlets (samples 181-S55 and 188-S156 in
Figs 4 and 5). Seymour ef al. (2020) presents 132.6 + 0.9 Ma and
132.3 + 1.3 Ma zircon U-Pb dates for this body. Protomylonitic
fabrics within the tonalite are locally developed in the central c.
14 km long portion of the shear zone that ranges from ¢. 200-800 m
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Fig. 3. Inset map of the northern mylonite zone and Cerro del Pingo
Complex east of the eastern branch of the AFS. Blue stars show U-Pb
dates from Seymour ez al. (2020). Equal-area stereograms of mylonitic
foliations from the ¢. 132 Ma Cerro del Pingo Complex (top, pink), c.
119-120 Ma tonalites (bottom, purple) and adjacent metasedimentary
mylonites for each pluton (both plots, grey) are shown. Individual
measurements are shown as poles to planes with empty squares
(foliations) and dots (lineations). Average orientations are given by bold
great circles and bold dots.

wide where the Cerro del Pingo Complex intrudes Chafiaral
Complex metasedimentary rocks, extending up to ¢. 300-400 m
into the pluton itself. Metasedimentary rocks are pervasively highly
strained. In the central part of the shear zone both quartz-rich and
phyllosilicate-rich lithologies are entirely dynamically recrystal-
lized with mylonitic foliation planes defined by micas and lineations
defined by stretched quartz. Within the Cerro del Pingo Complex,
protomylonitic fabrics are defined by recrystallized tails on feldspar
porphyroclasts, fine-grained mixtures of altered feldspar and
sericite, aligned chloritized biotite and hornblende, and lenses of
recrystallized quartz (samples 188-S156 and 181-S456 in Fig. 4).
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The degree of strain increases with proximity to the eastern branch,
and some samples are mylonitic rather than protomylonitic (e.g.
sample 181-S456 in Fig. 4). The average orientation of the
mylonitic foliation is 356/81 E (right-hand-rule strike/dip) within
the pluton and 000/81 E within the quartzite mylonites (Fig. 3,
Supplementary File 2). The quartzite mylonites have a dominantly
south-plunging lineation (average lineation 179/15). A strain
gradient within the metasedimentary rocks where quartzites grade
from platy mylonites to statically recrystallized but unstrained
records the northern limit of mylonitization where the AFS
juxtaposes the Chafaral Complex against the Aeropuerto
Formation (Seymour et al. 2020). The brittle core of the eastern
branch cuts mylonitic and protomylonitic fabrics, and is oriented
c. 14° counterclockwise of the average mylonitic foliation,
consistent with sinistral shear.

Between 25.70°S and 25.78°S, the ¢. 133-132 Ma Cerro del
Pingo Complex is intruded by a mesocratic tonalite (Fig. 3). Near
this contact, the Cerro del Pingo Complex is highly altered with
silicification and adularia veining. The younger intrusive rock is
fresher and distinctly black and white compared to other plutons in
the area, which are often present as a medium gray.
Mineralogically, the younger phase is a hornblende—biotite tonalite
(sample 161-62 in Figs 4 and 5). Dark enclaves of quartz diorite are
common. Cathodoluminescence imagery shows individual zircons
have cores and rims (Fig. 6). Cores have igneous textures and U-Pb
analyses on polished mounts yield a weighted mean date of 128.1
+ 0.5Ma (n = 59, MSWD = 1.8; sample 161-62). The rims were
too thin to analyze in polished mounts, so additional grains were
depth-profiled. Dates younger than the cores were interpreted to

Fig. 4. Photomicrographs in plane-
polarized light corresponding to different
degrees of mylonitic deformation at
locations specified in Figure 3. Samples
are spatially related with the U-Pb sample
locations from Seymour et al. (2020): the
sample most distal to the AFS is at the top
and proximity to the AFS increases
towards the bottom. (a) Older non-
mylonitic Cerro del Pingo Complex U-Pb
sample 181-S55, (b) older mylonitic
Cerro del Pingo Complex sample 188-
S156 (adjacent to U-Pb sample 188-
S158) and mylonitic Chafiaral Complex
sample 181-S456, and (c) younger Cerro
del Pingo Tonalite U-Pb sample 161-62
and mylonitic to ultramylonitic samples
(161-58 and 161-57, respectively). Sample
161-57 is derived from the Chafaral
Complex. Abbreviations are as follows:
Bt = biotite; Chl = chlorite; Hbl =
hornblende; Kfs = potassium feldspar;
Qz = quartz; Pl = plagioclase; Ser =
sericite; drx = dynamically recrystallized;
rep = replaced. Samples with fabrics were
cut perpendicular to foliation and parallel
to lineation. Orientations and shear sense
(red arrows) are noted where present.

capture rim growth. The weighted mean date of rims (118.6 +

2.1 Ma, n = 11, MSWD = 3.5) is interpreted to record crystal-
lization of this younger tonalite. The (U-Th)/He zircon cooling
date is 100.2 £ 12.9 Ma with individual aliquots ranging from
119.6 to 85.2 Ma (Seymour et al. 2020). A sinistral shear zone up
to ¢. 220 m wide with a subvertical, NNE-striking foliation (002/86
E) and north-plunging lineation (001/24) is developed in Chafaral
Complex metasedimentary rocks and the western margin of this
pluton (Fig. 3, Supplementary File 2). The brittle eastern branch is
oriented c. 13° counterclockwise of the average mylonitic foliation.
Within the tonalite, protomylonitic fabrics are defined by biotite,
dynamically recrystallized quartz and fractured feldspar porphyr-
oclasts. The highest degree of strain in the tonalite occurs in sills
within the metasedimentary rocks or discrete mylonite zones near
the pluton margins (e.g. sample 161-58 in Fig. 4). Strain decreases
with increasing distance from the eastern branch, grading from
protomylonitic to unstrained with locally developed magmatic
fabrics defined by aligned biotite and hornblende c. 50 m into the
pluton. The mafic phases and plagioclase within the protomylonitic
and unstrained portions of the pluton are fresher than those of the c.
133—132 Ma pluton. Sinistral strain in the quartzites and phyllites is
recorded by bulging and subgrain rotation recrystallization of
quartz grains, oblique grain shape fabrics and asymmetric
intrafolial folds (sample 161-57 in Fig. 4). A strain gradient is
developed to the south where the eastern branch juxtaposes the
Jurassic Cerro Concha granodiorite against the Aeropuerto
Formation, and quartzites grade from platy mylonites to statically
recrystallized but unstrained <1 km south of the ¢. 119 Ma tonalite
along the eastern branch.
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Fig. 5. Ternary diagram showing the compositions of the Cerro Concha
granodiorite (brown diamonds), northern c¢. 133—132 Ma Cerro del Pingo
complex (red crosses), southern ¢. 134 Ma Cerro del Pingo complex
(purple crosses), northern ¢. 120-119 Ma Cerro del Pingo tonalite (green
circles), southern ¢. 120-119 Ma Cerro del Pingo tonalite (blue squares),
leucocratic intrusives (grey six-pointed stars), and Quebrada San Ramon
intrusions (purple triangles). Compositions were determined by counting
100 random points per thin section and mineral abundances record
primary igneous mineralogy. The error bar on the Cerro Concha sample
indicates uncertainty in determining plagioclase from potassium feldspar
due to extensive sample alteration.

Mpylonite zone west of the eastern branch of the AFS
(25.92°S and 25.99°S)

Another mylonite zone within metasedimentary rocks and synkine-
matic tonalitic plutons is located c. 21 km south of the previously
described mylonite zone, exposed for c¢. 6.3 km along strike of the
western margin of the ¢. 175-177°-trending eastern branch between
25.92°S and 25.99°S (Figs 2 and 7). The pluton exposed at the
northern end of this mylonite zone is a fresh homblende biotite
tonalite (sample 161-74 in Figs 5 and 8b). As with the mesocratic
tonalite to the north on the eastern side of the fault (Fig. 4), the rock is
distinctly black and white and crosscut by sub-parallel adularia +

quartz veinlets. Similar to the northern mylonite zone, the shear zone
is ¢. 200 m wide and extends up to ¢. 120 m into a mesocratic pluton
that intrudes the metasedimentary mylonites along the western
margin. Aligned hornblende and biotite and recrystallized tails of
feldspar define protomylonitic fabrics within the pluton (average
foliation orientation 015/85 E) (Fig. 7, sample 161-74b in Fig. 8b,
Supplementary File 2). Silicification of the tonalite and the
metasedimentary mylonites occurs within 400 m of the eastern
branch and intensifies with proximity to the fault.
Cathodoluminescence imagery of zircons shows igneous textures as
well as cores and rims (Fig. 6). The weighted mean date of the cores
derived from spot analyses is 131.9 + 1.8 Ma (n = 51, MSWD =

6.7, sample 161-74; Fig. 6) and the weighted mean date of rims
derived from depth profiles is 119.5 = 1.8 Ma (n = 10, MSWD =

2.4). The average (U-Th)/He zircon cooling date is 99.0 = 7.3 Ma
and individual aliquots range from 107.2 to 86.8 Ma (Table 1,
Supplementary File 4). Metasedimentary rocks at this location are
more arkosic than the northern region, and fine-grained recrystallized
feldspar defines foliations in addition to recrystallized quartz.
Subvertical mylonitic fabrics strike north-south (000/81 E), and

lineations rake shallowly (177/14) from the south (Fig. 7). The brittle
eastern branch is oriented c¢. 10° counterclockwise of the average
mylonitic foliation, consistent with sinistral shear, and clasts of
mylonitic quartzite are abundant within the cataclastic damage zone
of the AFS.

Exposure of the metasedimentary mylonite screen and the eastern
branch of the AFS is covered by alluvium to the south, and the shear
zone narrows to ¢. 15 m with variable degrees of protomylonitic
fabric development with more localized centimetre- to metre-scale
shear zones as the lithology transitions from an older mesocratic
hornblende tonalite-quartz diorite (samples 171-N338 and 181-
N154 in Figs 5 and 8). The pluton, which is intruded by the ¢. 120-
119 Ma tonalite described above, is crosscut by adularia + quartz
veinlets with selvages defined by potassium alteration of surround-
ing phases. Hornblende is often chloritized, and individual portions
of the pluton have up to 6-19% secondary chlorite. Discrete zones
of steep north- to NE-striking mylonitic foliation are concentrated
along the eastern exposures of the pluton (Fig. 7, Supplementary
File 2). We note that the eastern branch is located up 300 m away
from most of this exposure under alluvial cover, and most of the
exposure of the pluton retains unstrained magmatic textures with no
mineral alignment. This pluton has a zircon U-Pb date of 134.0 +
0.8 Ma (sample 181-N154, n = 62/69; MSWD = 6.5, Fig. 6) and a
zircon (U-Th)/He (ZHe) date of 99.1 + 1.2 Ma with a tight cluster
of individual grain dates at 99.7-97.8 Ma (Table 1).

Non-mylonitized lithologies across the eastern branch

Our 1:25000-scale mapping indicates that there are no other
occurrences of significant AFS-related mylonite zones along the c.
70 km length of the El Salado presented here. Pre-kinematic
Jurassic plutons along the eastern branch include the ¢. 196 Ma
Cerro Concha granodiorite and a c¢. 189 Ma Jurassic granodiorite
(Fig. 2, Seymour et al. 2020). The Cerro Concha granodiorite occurs
on both sides of a major NW-trending splay off the eastern branch,
sinistrally separated by c¢. 11-15 km. On the western side of the
NW-striking fault, the Cerro Concha pluton is leucocratic due to
extensive alteration. The along-strike strain gradient from high-
strain mylonites in and adjacent to the Early Cretaceous Cerro del
Pingo Complex to brittle fracturing and faulting in the Early Jurassic
Cerro Concha granodiorite and adjacent Chafaral Complex
metasedimentary rocks at the same structural level indicates the
Cerro Concha intruded before the onset of AFS-related strain (zircon
U-Pb: 195.6 + 1.0 Ma and 196.4 + 2.2 Ma; Seymour et al. 2020)
and was relatively cold compared to Early Cretaceous plutons
during AFS deformation.

Mylonites are not developed in the Jurassic La Negra Formation
volcanics, Cretaceous Aeropuerto Formation volcanics and volca-
niclastics, or in the Devonian Chafiaral Complex where the
metasedimentary rocks are distal to synkinematic plutons. In
between the two mylonite zones described above, metasedimentary
rocks occur in two narrow slivers bound by fault strands at 25.82°S—
25.83°S and 25.89°S-25.92°S (Fig. 2). The northern sliver is 130—
170 m wide and contains mylonitic metasedimentary rocks with
steep north—south-striking foliation in contact with an altered
granodiorite, interpreted here as an altered exposure of the Cerro del
Pingo Complex based on its association with metasedimentary
mylonites. The northern sliver is bound to the west by cataclastic
Aeropuerto Formation volcanics and to the east by highly fractured
but internally unstrained metasedimentary rocks and a highly
altered granitoid, most likely the southern extent of the Cerro
Concha granodiorite. The southern sliver is up to ¢. 300 m wide and
bound by the main eastern branch of the AFS to the west and
subsidiary NW-trending fault splays and c¢. 189 Ma Jurassic
granodiorite to the east. The metasedimentary rocks in this sliver
are entirely unstrained and either retain original detrital textures or
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Seymour ef al. 2020) and the southern mylonite zone (bottom). Data have been filtered to 10% discordance and grains with >10% discordance are shown in

grey. Uncertainties are reported at 2c.

are statically recrystallized. Additional reconnaissance work
between the southern map boundary and 26.30°S (c¢. 33 km south
of the map area) did not identify mylonites along the eastern branch,
and mylonites are not represented in this area at the 1: 100 000 scale
(Godoy and Lara 1998; Espinoza et al. 2014).

Finally, we note that an Early Cretaceous Las Tipias pluton
located ¢. 300—-600 m east of the AFS between 25.3 and 25.4°S

does not have an associated mylonite zone, despite its overlap in
timing of emplacement with the mylonitic Cerro del Pingo
Plutonic Complex. Therefore, we suggest the two occurrences of
mylonite zones in synkinematic plutons and adjacent metasedi-
mentary rocks at 25.61-25.78°S and 25.92-25.98°S are unique
and can be used an offset marker along the eastern branch of the
El Salado segment.



Downloaded from http://jgs.lyellcollection.org/ by guest on March 3, 2021

Seymour et al.

Western branch

Leucocratic bodies with pervasive orange oxidation intrude the La
Negra Formation in a NE-SW sub-linear belt west of the western
branch of the AFS between 25.79°S and 25.95°S (Fig. 9; Espinoza
etal. 2014). These felsic intrusions have textures that range from very
fine-grained quartz and feldspar mixtures (<0.2 mm) with pheno-
crysts of quartz and sanidine at the northemn end of the belt to
porphyritic intrusive bodies with coarse (2-9 mm) plagioclase and
uncommon 2—4 mm clots of epidote, chlorite and oxide phases,
interpreted to be replaced mafic phases at the southern end of the belt
(Fig. 10a). Several outcrops have interlocking 1-2 mm quartz and
potassium feldspar grains between sericitized plagioclase crystals,
sometimes with granophyric texture. Rhyolitic flows are also present
along this trend (Espinoza et al. 2014). The leucocratic intrusions do
not come into direct contact with the AFS and do not record ductile
strain. Sample 191-N46 has single grain dates with <10% discordance
ranging from 135.9 to 153.1 Ma that give a weighted 2°°Pb/>38U
average date of 143.0 = 1.8 Ma (n = 27/40, MSWD = 7.7, Fig. 11)
and several older grains ranging from 178.6 to 659.1 Ma.

A similar series of unstrained leucocratic granites with pervasive
orange—brown oxidation intrude the Aeropuerto Formation as a
NNE-SSW trending chain of low hills west of the eastern branch of
the El Salado segment 6-29 km north of the leucocratic intrusions
exposed on the western side of the western branch (Fig. 9; Espinoza
et al. 2014). Our petrography shows these intrusions are granites
with 19-33% 2-3 mm plagioclase, 29-36% 0.5-2 mm potassium
feldspar and 30-43% modal quartz, with spherulitic to granophyric
intergrowths and spherical bodies of intergrown quartz and epidote
(Figs 5 and 10b). Mafic phases are rare and are completely altered to
chlorite where present. Potassium feldspar mantling plagioclase and
granophyric textures are present. Textures vary moving north to
south from very finely intergrown potassium feldspar and quartz
that form spherulites to a coarser-grained granophyric intergrowth
with defined 0.5-1 mm quartz, plagioclase and potassium feldspar
crystals and cavities or spheres filled with quartz and epidote
(Fig. 10b). New zircon 2°°Pb/?*%U analyses on one of the felsic
plutons between the eastern and western branches of the AFS yield
single grain dates with <10% discordance that range from 133.2 to
151.1 Ma with one young (120.5 Ma) and one older (161.7 Ma)

grain. The weighted mean of these data is 140.9 + 1.1 Ma (sample
188-S142, n = 52/67, MSWD = 8.6, Fig. 11).

At the northern end of the El Salado segment at the coastline, a
third potentially correlative felsic intrusion is exposed. An
unstrained porphyritic granite stock intrudes the Jurassic
Matancilla Plutonic Complex east of the eastern branch along
Quebrada San Ramon, ¢. 20-30 km north of the leucocratic
intrusions exposed between 25.65°S and 25.71°S (Figs 2 and 9;
Espinoza et al. 2014). Our petrographic analysis shows this granite
has a matrix of intergrown 1-2 mm potassium feldspar and quartz.
The character of the granite is variable within a single outcrop and
ranges from mesocratic with ¢. 30% 2—7 mm moderately sericitized
plagioclase, c¢. 18-20% chloritized hornblende and biotite to a
purely leucocratic matrix of potassium feldspar and quartz with c.
7-10% 2-7 mm sericitized plagioclase and <10% altered mafic
phases (Figs 5 and 10c). Potassium feldspar occasionally shows
perthitic texture and often mantles sericitized plagioclase. Rarely,
myrmekitic texture is found in smaller (2-3 mm) plagioclase
crystals. Quartz is unstrained. Zircon 2°°Pb/**8U dates from two
end-member textural varieties of this intrusion are strongly clustered
at c. 163—160 Ma for both core (160.6 + 0.8 Ma, sample 201-S482;
and 163.8 £ 0.8 Ma, sample 201- SM458) and overgrowth
domains (160.1 £+ 3.2 Ma, sample 201-S458; Fig. 11). Several
single grain dates with <10% discordance fall outside of this range

with three young dates (131.7-134.7 Ma) and three older grains (c.
254, 615 and 1160 Ma).
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Fig. 7. Inset map of the southern mylonite zone and Cerro del Pingo
Complex west of the eastern branch of the AFS. Yellow stars show new
U-Pb dates from this study. Stereograms of structural data from the c.
134 Ma Cerro del Pingo Complex (bottom, pink), c. 120—119 Ma tonalite
(top, purple) and adjacent metasedimentary mylonites (gray). Individual
measurements are shown as poles to planes with empty squares (faults,
foliations) and dots (slickenlines, lineations). Average orientations are
given by bold line (foliations) and bold dot (lineations).

Brittle fault kinematics

Brittle fault kinematics derived from the orientation of brittle fault
planes, slickenlines, and slip sense indicators are dominantly
sinistral strike-slip, with evidence of minor dip-slip motion. Most
fault planes strike NNW and are near vertical (Fig. 12,
Supplementary File 2). The orientation of faults defining the
brittle eastern branch is similar to that of the mylonitic foliations in
the northern and southern mylonite zones (Figs 3 and 7,
respectively): both are NNW-SSE striking and steeply dipping
with shallowly north-plunging slickenlines. The eastern branch has
an average slickenline orientation of 354/11 (trend/plunge) on a
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171-N338
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subvertical north-trending fault (173/89 W; strike/dip, dip direc-
tion), and principal slip planes have an average orientation of 352/88
E with slickenlines oriented 357/07 (Supplementary File 2). The
average fault gouge foliation is 15° clockwise of the average
principal slip plane, consistent with sinistral shear (Fig. 12). These
orientations do not vary across the TFS.

Western branch fault planes strike NNW and dip steeply east.
The average fault plane orientation in the damage zone is 353/82
E with 345/03 slickenlines, and the principal slip plane orientation
is 350/85 E with 354/19 slickenlines. Faults parallel to (strike
<30° from the average AFS principal slip planes) but not located
within the damage zones of either major branch are also north-
trending and steeply east-dipping (average plane 357/85 E), with
an average slickenline orientation of 171/04 (Fig. 12). The El
Muelle fault, which splays off the western branch and most likely
continued to slip as a part of the TFS after AFS motion ceased
(Mavor et al. 2020), is NW- to NNW-trending and subvertical
(average plane 164/90), and is dominated by sinistral strike-slip
motion with an average slickenline of 164/00 (Fig. 12). For all
fault categories, the data consistently indicate a subhorizontal
NW-SE-trending linked Bingham P-axis and subhorizontal NE—
SW-trending linked Bingham T-axis (Supplementary File 2).
Orientations do not change significantly when only faults with a
field-determined sense of slip are included or when sinistral slip
on unknown faults is assumed. Together, brittle kinematics record
predominantly sinistral strike-slip motion with a minor component
of dip-slip motion.

We note that each fault population records 20-28% steep (>45°)
dip-slip slickenlines. Map patterns indicate a component of east-
side-up motion on the eastern branch, creating a basin that localized
deposition and preservation of the Aeropuerto Formation (Fig. 2).
The Aeropuerto Formation is Late Jurassic to Early Cretaceous in
age and is in part the same age as the Cerro del Pingo Complex
exposed east of the eastern branch, implying a component of east-
side-up slip. However, kinematic data suggest mostly strike-slip
motion with a component of east-side-down motion on the eastern
branch. It is possible that emplacement of the Cerro del Pingo
Complex was initially associated with an east-side-up component of
shear along the eastern branch, similar to relationships documented
in the Las Tazas pluton further south (Grocott and Taylor 2002), and
record of this motion has been largely overprinted by sinistral shear.

Fig. 8. Photomicrographs in plane-
polarized light of the (a) c. 134 Ma Cerro
del Pingo Complex and (b) ¢. 120-119 Ma
tonalites and associated metasedimentary
mylonites of the southern mylonite zone.
See Figure 7 for sample locations.
Abbreviations are as follows: Bt = biotite;
Chl = chlorite; Hbl = hornblende; Qz =
quartz; Pl = plagioclase; drx =
dynamically recrystallized; rep =
replaced.

The magnitude of dip-slip motion is <2 km based on the shallow
rake of slickenlines plunging both north and south across the main
branches of the El Salado segment.

Discussion

Correlation of synkinematic plutons and mylonite zones

Based on mineralogical, textural, geochemical and geochrono-
logical evidence, we suggest four localities can be correlated across
the eastern branch of the AFS to represent two distinct associations
of metasedimentary mylonites and synkinematic plutons: the
strained c¢. 134—132 Ma Cerro del Pingo Complex and strained c.
120-119 Ma Cerro del Pingo tonalite (Fig. 13). The two exposures
of the older phase of the Cerro del Pingo Complex are both fresh,
medium-grained hornblende biotite granodiorite to biotite horn-
blende tonalite and quartz diorite crosscut by adularia + quartz
veinlets (Fig. 4). We note the degree of silicification, adularia +

quartz veining, and chloritization of mafic phases is significantly
more pronounced in the southern mylonite zone on the western side
of the eastern branch. This may be due to fluid exsolution in a
slightly higher structural level in the pluton, which would be
consistent with a component of east-side-up motion across the
eastern branch. Their zircon U-Pb dates (132.6 + 0.9 Ma and
132.3 + 1.3 Ma, Seymour et al. 2020; 134.0 + 0.8 Ma, this work,
Fig. 6) overlap within error, and both feature variable development
of mylonitic fabrics that are concordant with AFS-related brittle
fault kinematics, recording synkinematic intrusion during AFS
shear. Contact metamorphism is present in the Chafaral Complex
metasedimentary rocks that surround the Cerro del Pingo Complex,
indicating shallow or epizonal emplacement.

The ¢. 120 Ma hornblende biotite tonalite described in this study
and the ¢. 119 Ma hornblende biotite tonalite described in Seymour
et al. (2020) also have several strong similarities. Both exposures
have a similar distribution of Early Cretaceous zircons with cores
ranging from c. 137-124 Ma (sample 161-62) and c. 141-123 Ma
(sample 161-74), and overgrowths ranging from c. 123-115 Ma
(sample 161-62) and c. 122—115 Ma (sample 161-74). We interpret
overgrowths to be magmatic in origin based on the presence of
oscillatory zoning in CL that truncates internal magmatic textures
(Fig. 6). Overgrowths generally have higher absolute concentrations
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Fig. 10. Photomicrographs in cross-polarized light of the leucocratic
igneous bodies in Figure 9 (a) east of the eastern branch, (b) between the
eastern and western branches, and (c¢) west of the western branch.
Abbreviations are as follows: Bt = biotite; Chl = chlorite; Kfs =
potassium feldspar; Hbl = hornblende; Qz = quartz; Pl = plagioclase;
Sa = sanidine; rep = replaced.

of both U and Th than core domains (106-309 ppm in overgrowth
v. 49-368 ppm in cores) with individual zircon showing c¢. 20—
180 ppm more U in overgrowths compared to cores (Supplementary
File 3); however, the Th/U ratio does not vary significantly between
cores (0.44—1.48) and overgrowths (0.28-2.41) and falls within the
typical range of igneous zircon (e.g. Kirkland et al. 2015). These
lines of evidence rule out a hydrothermal petrogenesis for the
overgrowths. The emplacement dates based on magmatic over-
growths overlap within error (118.6 + 2.1 Ma, sample 161-62 of
Seymour et al. 2020; 119.5 £ 1.8 Ma, sample 161-74, this work,
Fig. 6). Results of geochemical analyses show strong similarities
between the ¢. 120—119 Ma tonalites, with whole-rock geochemical
analyses that match to within 1.7 wt% for all major oxides (Table 2),
and zircon (U-Th)/He cooling dates that overlap within error
(Table 1). The development of mylonitic fabrics in the metasedi-
mentary rocks and plutons in both outcrops further indicates the
pluton intruded during shear along the AFS. Therefore, we suggest
that these tonalite exposures originated as one pluton emplaced c.
120-119 Ma as a younger phase of the Cerro del Pingo Complex,
and that the mylonite zones developed in both the ¢. 134—132 Ma
and ¢. 120-119 Ma phases of the Cerro del Pingo Complex provide
information on the magnitude of displacement during Early
Cretaceous ductile shear and brittle slip.

The leucocratic intrusions found across the western branch of the
El Salado segment are anomalously felsic for the Coastal Cordillera,
and have a very distinct mineralogy compared to both the Jurassic
(>175 Ma) granodiorites and the Early Cretaceous (<135 Ma)

diorites and tonalites (Figs 4 and 10). The arc-related Jurassic Cerro
Concha granodiorite and both phases of the Cerro del Pingo
Complex are composed of 15-30% quartz and 0-15% potassium
feldspar whereas the leucocratic intrusions are composed of 21—
43% quartz and 22-50% potassium feldspar (Fig. 5). Exposures
across the western branch include both fine-grained rhyolite and
hypabyssal porphyritic intrusions with miarolitic cavities and
granophyric textures. Between the western and eastern branches,
the intrusions have both miarolitic cavities and spherical bodies
filled with fine-grained epidote that together indicate shallow-level
(<4 km) emplacement. Fluids exsolved into bubbles from the pluton
at this shallow level and crystallized into the fine-grained epidote
spheres preserved in the intrusion (e.g. Lowenstern et al. 1997).
Epidote is not present within the intrusion outside of these spheres.
Textures of the leucocratic granites intruding the La Negra
Formation west of the AFS include fine-grained mixtures of
quartz and potassium feldspar with quartz and sanidine phenocrysts
to porphyritic intrusions with 2-9 mm sericitized plagioclase
crystals surrounded by interlocking grains of 1-2 mm potassium
feldspar and quartz with occasional granophyric texture.
Granophyric textures represent segregation of the eutectic melt
composition and miarolitic cavities indicate intrusion at very
shallow levels (<4 km of the surface) that resulted in degassing of
volatiles into bubbles and undercooling of the magma (e.g.
Lowenstern et al. 1997).

The dates of the felsic bodies on either side of the western branch
are very similar to zircon U-Pb dates from Espinoza et al. (2014) on
a fresh granodioritic pluton that also intrudes the Aeropuerto
Formation (140.1 + 6.0 Ma) and a spherulitic rhyolite (145 +
2 Ma). Although the dates do not overlap within error, the high
MSWD values indicate there is a low probability that these zircons
are derived from a single population. This means the weighted mean
dates do not necessarily represent the emplacement age of these
shallow plutons, as there may be a high degree of incorporation of
either antecrysts or xenocrysts from the Aeropuerto Formation wall
rock. It is possible that a high degree of xenocryst assimilation is
also recorded by the preponderance of c¢. 160 Ma dates in the
leucocratic intrusion on the eastern side of the eastern branch at
Quebrada San Ramon. Jurassic dates in the Quebrada San Ramon
intrusion overlap with the age of the adjacent Matancilla Complex
(c. 173—157 Ma; Escribano et al. 2013). Three younger dates from
two grains in sample 201-SM482 (c. 135-132 Ma) overlap with
both the age of the nearby Las Tipias granodiorite (c. 139-134 Ma;
Escribano et al. 2013, Fig. 2), and the youngest dates recorded in the
felsic intrusions to the south across the eastern and western branches
(Figs 9 and 11). These anomalously young dates raise the possibility
that the majority of grains are ante- or xenocrysts and the true
emplacement age of the Quebrada San Ramon intrusion is Early
Cretaceous, making it another possible offset marker.

To test whether the leucocratic intrusions described above are
sourced from the same population of xenocrystic zircons and could
therefore be correlated, we applied the likeness metric, which
quantifies the degree of overlap between pairs of zircon age spectra
(Satkoski ef al. 2013), and the similarity metric, which measures the
degree of resemblance between overlapping age spectra (Gehrels
2000). For both of these tests, a value of 1 indicates the samples
represent the same population. The Quebrada San Ramon intrusion
samples show a high degree of similarity and likeness to each other
(0.953 and 0.883, respectively), which is expected because they
sample two textural varieties of the same intrusion (all results
included in Supplementary File 1). The felsic intrusions exposed
across the western branch yielded high values of 0.816 for likeness
and 0.920 for similarity (calculated using DetritalPy; Sharman et al.
2018). However, the Quebrada San Ramon intrusion shows
significantly lower degrees of likeliness or similarity to the felsic
intrusions across the western branch (0.715-0.788 and 0.393—
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Fig. 11. U-Pb concordia diagrams for the leucocratic intrusions west of
the western branch (top, sample 191-N46), between the western and
eastern branches (centre, 188-S142), and the Quebrada San Ramon
intrusions east of the eastern branch (bottom, 201-SM482 and 201-
SM458). Data have been filtered to 10% discordance and grains with
>10% discordance are shown in grey. Dashed grey ellipses indicate <10%
discordant grains that were rejected from the weighted mean date as
outliers. Uncertainties are reported at 2c.

0.472). Therefore, despite petrographic similarities and the presence
of two Early Cretaceous dates in sample 201-SM482, zircon U-Pb
data do not support the correlation between the Quebrada San

Ramon intrusion and the other exposures of felsic intrusions.
Overall, the high degrees of both likeness and similarity between the
U-Pb populations and petrographic analyses between samples 191-
N46 and 188-S142 indicate the felsic intrusions between the
latitudes of 25.79-25.95°S and 25.65-25.71°S are a part of the
same magmatic event. We suggest that the unique composition and
texture of the chain of felsic plutons is distinctive enough to provide
constraints on the magnitude of slip across the western branch of the
El Salado segment.

Zircon (U-Th)/He thermochronometry

The similarity in the range of single-aliquot ZHe dates in lithologies
with different U-Pb crystallization dates on either side of the fault
points to a shared structural level and/or low-temperature cooling
history. Mean ZHe dates and the range of individual aliquots in each
sample overlap across the eastern strand of the AFS: the southern
Cerro del Pingo has a tightly clustered set of aliquots recording
cooling at ¢. 99 Ma and both exposures of the c¢. 120-119 Ma
tonalite show a range of individual aliquot dates (119.6-85.2 Ma
and 107.2-86.8 Ma). As discussed above, the magmatic over-
growths present in the ¢. 120—119 Ma tonalites have higher [U] than
the core domains. Higher U overgrowths can result in excess He
being ejected from the grain during the decay process. In these
grains, the standard alpha-ejection correction (Farley ef al. 1996),
which assumes homogenous distribution of U and Th, produces
dates that are ‘too young’ (e.g. Reiners ef al. 2004) and can result in
errors of up to ¢. 30% for ejection-corrected ages (Hourigan et al.
2005), resulting significant intrasample variability. In the two c.
120-119 Ma tonalites, individual aliquots show an inverted
relationship between date and effective U concentration ([eU],
equal to [U] + 0.235[Th]) with younger grains associated with
higher [eU]. We therefore attribute the range of individual aliquot
dates in these plutons to be a result of parent isotope zonation rather
than extended residence time in the partial retention zone.

The ¢. 6-10 km emplacement depth of the Cerro del Pingo and
other Early Cretaceous Coastal Cordillera plutons (Dallmeyer et al.
1996; Kurth 2002) corresponds to the partial retention zone of
zircon (160-210°C; Reiners et al. 2002, 2004) in non-magmatic
regions with a 25°C km™! geothermal gradient. However, as shown
by Murray ez al. (2018), pluton emplacement into the middle crust
produces a significant thermal aureole that resets zircon thermo-
chronometers even in the absence of erosion. Our new ZHe dates on
the plutons adjacent to the southern mylonite zone overlap with ZHe
dates from plutons adjacent to the northern mylonite zone, and in
terms of displacement, point to a similar thermal history that allows
for the original proximity of these locations (that is, it does not rule
out pre-slip proximity of the plutons). These results further show
that any correlation of horizontally separated markers across the
AFS will represent the majority of slip magnitude and do not reflect
a significant component of dip-slip motion across the El Salado
segment that would have resulted in different cooling histories on
either side of the fault.

Displacement magnitude

Based on the correlation of plutons and the kinematic compatibility
of both the mylonitic fabrics and brittle faults, we present a new
estimate of the magnitude of slip along the El Salado segment of
the AFS. Across the eastern branch, the synkinematic c¢. 120—
119 Ma Cerro del Pingo tonalites are separated by 20.5-26 km and
the synkinematic c¢. 134-132 Ma Cerro del Pingo Complex are
separated by 34-38 km (Fig. 13). The ¢. 120-119 Ma tonalites
occur between exposures of the older Cerro del Pingo Complex
and, coupled with the development of shear zones in both phases
of this Early Cretaceous plutonic complex, indicate that c. 8—
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17.5 km of sinistral shear occurred prior to ¢. 120 Ma. We further
note that the two exposures of the prekinematic ¢. 195 Ma Cerro
Concha plutons are sinistrally separated by 11-15 km of slip along
a subsidiary, NW-trending splay of the eastern branch. The lower
magnitude of sinistral separation combined with the lack of
mylonitic shear zones developed in the Cerro Concha granodiorite
suggests the eastern branch does not record a prior Jurassic history
of slip, as we would expect the sinistral separation of Jurassic
plutons to exceed the sinistral separation of Early Cretaceous
plutons if there had been a protracted pre-Cretaceous slip history.
The higher degree of alteration in the exposure of the Cerro
Concha on the western side of the splay may represent a higher
structural level of the pluton, indicating a degree of east-side-up
motion on the fault.

The displacement estimate determined from the leucocratic
plutons across the western branch of the AFS is not as clear as the

Fig. 12. Equal-area stereograms of brittle
faults along the northern El Salado
segment. The top row for each fault
category shows fault plane measurements
(great circles) and slickenline lineation
measurements (dots). Principal slip plane
measurements for the eastern and western
branches are shown in dark grey, faults
<50 m from the principal slip plane are
shown in light grey, and measurements of
foliated gouge in fault cores are shown in
maroon. Average measurements are shown
in bold and denoted in the corresponding
colour to the fault type. The centre
column shows P-axes (blue) and T-axes
(red) for fault planes with a measured
slickenline lineation and an assumed
sinistral slip sense, and the right column
shows P- and T-axes (blue and red,
respectively) for faults with a field-
determined slip sense only. The fault
plane solution is shown as a bold line, the
slip vector solution is shown as a bold
triangle, and the linked Bingham P- and
T-axes are shown by bold squares.

correlation of the Cerro del Pingo Complex and associated
metasedimentary mylonites across the eastern branch due to textural
variations in the intrusions, occurrence of the leucocratic plutons in a
chain rather than a single intrusion, lack of direct interaction between
the leucocratic plutons and the eastern branch, and extensive alluvial
cover. Textural observations described above suggest that leucocratic
granites intruded as a continuous chain of epizonal and hypabyssal
plutons along a 190-195° trend. Restoring the separation of the
linear trend of these intrusions results in a minimum sinistral
separation of ¢. 6 km whereas restoring the intrusions to a single
side-by-side block results in a maximum sinistral separation of ¢. 29

+ 2km across the western branch. Restoring offset based on
correlation of similar textural domains such as the presence of
granophyric textures results in a sinistral separation of ¢. 1620 km
(Fig. 13). As both sets of leucocratic lithologies show a north—south
progression from fine-grained intergrowths of quartz and potassium
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Fig. 13. Correlation of offset markers along the AFS. Pink bars show the
34-38 km sinistral separation of the northern (open circle) and southern
(filled circle) contacts of the ¢. 134—132 Ma Cerro del Pingo Complex and
red bars show the 20.5-26 km sinistral separation of the northern (open
circle) and southern (filled circle) contacts of the c. 120—-119 Ma tonalites.
Orange bars show the maximum (c. 29 km, open triangles) and minimum
(c. 6 km, filled triangles) separation of leucocratic intrusions across the
western branch. Open circles show the 16-20 km of sinistral separation of
fine-grained and medium-grained textural zones within the leucocratic
intrusions. Paired bars joined by a solid line denote uncertainty in
correlation points. Note units not correlated across the AFS are shown in
grey and at 50% opacity.

feldspar with ¢. 2-3 mm crystals of quartz and sanidine to coarser
porphyritic plagioclase surrounded by interlocking 1-2 mm quartz
and feldspar with granophyric textures, we prefer to correlate textural
domains as a horizontal separation marker.

The Quebrada San Ramon granite exposed near the coastline east
of the eastern branch is sinistrally separated by c. 20-30 km from the
exposure of leucocratic intrusions with similar textures across the
eastern branch (Fig. 9). However, despite the petrographic
similarities between these lithologies, our zircon U-Pb data show
significant differences between crystallization date and potential
sources of xenocrystic zircon and do not support the correlation of
the Quebrada San Ramon granite to the felsic intrusions exposed
across the western branch. Furthermore, the ¢. 20-30 km sinistral
separation between the Quebrada San Ramon granite and the
leucocratic intrusions between the eastern and western branch is less
than the estimated c. 34-38 km sinistral displacement of the ¢. 134—
132 Ma Cerro del Pingo Complex, which is better supported by
geochronology and field relationships.

Altogether, our data provide a displacement magnitude of c. 54
+ 6 km for slip on both branches of the El Salado segment between
c. 133 and 110 Ma (Figs 13 and 14). We did not identify any other
offset markers along the c. 70 km mapped length of the northern El
Salado segment. The displacement magnitude across the eastern
branch is similar to the Hervé (19875b) estimate of ¢. 34 km on the
Izcuna fault, one of the major branches of the Paposo segment.

Timing and rate of slip

Field relationships provide key insights into the timing of AFS slip.
Jurassic plutons along the El Salado segment mapped here do not
show evidence for ductile deformation and are prekinematic with
respect to AFS sinistral shear (Seymour e al. 2020). Mylonitic
tonalites bracket the onset of ductile deformation along the El
Salado segment. The oldest pluton to record ductile deformation in
the Taltal area is the c¢. 134-132 Ma Cerro del Pingo Plutonic
Complex. Metasedimentary rocks that are spatially associated with
this phase of the Cerro del Pingo Complex have undergone contact
metamorphism but are undeformed where they are not adjacent to
the AFS, and record increasing ductile strain with proximity to the
eastern branch of the AFS. Strain in the metasedimentary rocks is
concentrated in phyllitic layers along the margins of the Cerro del
Pingo Complex, and both phyllitic layers and quartz-rich, mica-
poor beds are penetratively strained near the center of the Cerro del
Pingo Complex. This spatial relationship between mylonites and
the Cerro del Pingo Complex indicates sinistral shear along the
AFS had initiated by c¢. 134-132 Ma (Seymour et al. 2020). An
Early Cretaceous onset of deformation agrees with previous work
by Taylor ef al. (1998) and Grocott and Taylor (2002) that
documents the coeval initiation of the eastern branch and
emplacement of Las Tazas pluton along the central El Salado
segment at ¢. 132 Ma.

Intrusion of the ¢. 120—119 Ma tonalite between the exposures of
the c¢. 134-132 Ma plutons and the development of high-strain
mylonite zones within the tonalites indicate the heat from sustained
intrusions of the Cerro del Pingo Complex elevated the geothermal
gradient high enough to allow for ductile deformation (Seymour
et al. 2020). The metasedimentary rocks spatially associated with
both the ¢. 120119 Ma tonalite and AFS are highly strained in both
phyllitic and quartz-rich layers, with both lithologies forming
mylonites, indicating temperatures must have been in excess of the
quartz brittle-plastic transition for strike-slip regimes (c. 280—
310°C; Stockhert ef al. 1999; Stipp et al. 2002). Cooling of the
Cerro del Pingo Complex east of the eastern branch through 310—
345°C is recorded by c. 130-129 Ma biotite *’Ar/°Ar dates
(Espinoza et al. 2014) indicating elevated temperatures that
produced ductile deformation are directly tied to pluton emplace-
ment, and the duration of mylonitic deformation along the eastern
branch occurred over a relatively short time interval (c. 34 Myr). If
the mapped ¢. 8-17.5 km of sinistral separation determined from
restoring the northern and southern contacts of the c¢. 134-132 Ma
plutons and ¢. 120—119 Ma tonalite occurred at a constant rate of c.
0.5-1.5 km Myr !, then ¢. 3—4 Myr of mylonitic shearing would
produce 1.5-6 km of sinistral displacement, and the remaining c.
6.5-11.5 km of separation would have occurred in the brittle
regime. A separate, time-independent estimate of displacement
accommodated by mylonitic shearing overlaps with the estimate
derived from cooling dates: assuming simple shear across the c.
500-800 m wide shear zone constrained by our mapping, the angle
between the average mylonitic foliation and the average orientation
of the brittle eastern branch (¢. 10-14°, Figs 3 and 6) records the
average shear strain (y = 3.8-5.5; e.g. Ramsay 1980). This shear
strain corresponds to ¢. 1.9—4.4 km of sinistral displacement across
the 500-800 m wide zone in the ductile regime. A component of
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Present Day

Correlated units:
[ Cerro del Pingo tonalite (~119 Ma)
[ Cerro del Pingo complex (~134-132 Ma)

B Goyenchea fine-grained granite (~145-140 Ma)
[] Goyenchea medium-grained granite (~145-140 Ma)
[ Goyenchea coarse-grained granite (~145-140 Ma)

s

Fig. 14. Proposed slip history of the northern El Salado segment from present day to c¢. 133 Ma. Intrusion of the ¢. 134-132 Ma Cerro del Pingo complex is
coeval with the development of metasedimentary mylonites in the Chafiaral Complex, recording the initiation of AFS-related strain (far right). Intrusion of
the ¢. 120-119 Ma tonalite (centre right) records ongoing strain and the development of additional metasedimentary mylonites along the eastern branch of
the El Salado segment. AFS-related deformation ends and motion along the Taltal fault system initiates at c¢. 110 Ma (centre left; see Mavor et al. 2020),
resulting in the present-day geometry of the El Salado segment (far left) See the Supplementary Plate for a 1: 100 000-scale version.

pure shear across the mylonite zone would reduce the magnitude of
sinistral displacement accommodated by ductile shearing. The
presence of mylonites and a brittle fault core associated with the c.
120-119 Ma tonalites indicates a second punctuated period of
mylonitic deformation that transitioned from ductile shear to brittle
slip as the plutons cooled. Cooling through 180°C in both the Cerro

Concha granodiorite and the two phases of the Cerro del Pingo
Complex occurred at 108—99 Ma (Seymour ef al. 2020; this work),
indicating the entire duration of ductile and brittle AFS slip at the
exposed structural levels occurred at temperatures >180° C.
Several dikes constrain the latest stages of slip along the brittle
AFS. The end of AFS slip is recorded by a 10 m wide andesitic dike
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that clearly cuts across most strands of the main eastern branch of the
AFS and is sinistrally offset c. 148 m along a fault parallel to the
eastern AFS branch (Mavor et al. 2020; Seymour et al. 2020).
Interpretation of the age of this latest-synkinematic dike (c. 109.9 +
4.0 Ma, Seymour et al. 2020) is complicated by low zircon yield and
a significant spread in single grain dates, but can be used to document
the ending stages of AFS slip at 114-105 Ma. This timing is
corroborated by a dacitic dike located ¢. 25.5°S that cuts cataclasite of
the AFS and has a zircon (U-Th)/He cooling date of 106.7 £+ 8.5 Ma
(Mavor et al. 2020), further supporting that brittle slip and the
development of AFS-related cataclasite had ceased by the end of the
Early Cretaceous. The ¢. 110 Ma andesitic dike, ¢. 107 Ma dacitic
dike, and brittle faults of the AFS are cut by NW-striking sinistral
faults parallel to the younger TFS (Mavor et al. 2020). Based on the
spatial offsets discussed above, we can couple these timing estimates
with displacement magnitudes to calculate slip rates along the El
Salado segment. We suggest that the entire c. 48.5-59.5 km of slip
along the El Salado segment occurred over the c. 23 Myr period
between c. 133—110 Ma, resulting in a time-averaged slip rate of c.
2.1-2.6 km Myr ™! across the entire northern El Salado segment. The
slip rates for each branch are ¢. 1.5-1.7 km Myr ! for c. 34-38 km of
displacement along the eastern branch and c. 0.7-1.2 km Myr ! forc.
16-20 km of displacement along the western branch. Expanding this
to the maximum allowable range of correlation point separation (38—
70 km) and uncertainty on timing derived from the emplacement of
the Cerro del Pingo Complex (+ 2 Myr) and latest kinematic dikes (=
4 Myr) produces a maximum range of ¢. 1.3-4.0 km Myr " (entire El
Salado segment), ¢. 1.1-2.3 km Myr ! (eastern branch), and c. 0.2—
1.7 km Myr ! (western branch).

Fault scaling relationships and comparison to other fault
systems

Typical fault displacement:length (d,,,x/L) scaling relationships
predict displacement magnitude will be <10% of the fault length
(Kim and Sanderson 2005). Our documented displacement
magnitudes of ¢. 34-38 km along the ¢. 180 km eastern branch
(maximum d,,,/L = 0.19-0.21; maximum range 0.18-0.22) and c.
16-20 km along the ¢. 130 km western branch (maximum d,,,,/L

= 0.12-0.15; maximum range 0.05-0.22) are consistent with large
strike-slip faults reported by MacMillian (1975) and other large
displacement faults (Nicol e al. 2020). We note that our d,,./L
values are likely overestimated because the true lengths of the
fault segments are incompletely known given that the north end
goes offshore and the southern ends are not precisely located. Our
dya/L  values exceed the predicted values based on the
relationship established for smaller displacement (<220 m dis-
placement) faults along the AFS by Stanton-Yonge et al. (2020);
however, higher displacement faults often record higher dp,,/L
than smaller displacement faults (e.g. Nicol er al 2020 and
references therein).

Ratios of d,,/L are often high for interacting segments and
linked faults (Kim and Sanderson 2005). The fault segments that
evolve without obvious connection — termed soft linkage by Walsh
and Watterson (1991) — may build up displacement with restricted
propagation through the interaction with adjacent faults, producing
higher dp,,/L ratios (e.g. Willemse 1997), while hard linkages
produce a drop in d,,,,/L as the fault length abruptly increases while
displacement remains the same. The highly segmented nature of the
El Salado segment with two major fault branches each individually
comprised of more than one fault strand suggests it is a soft-linked
system. Soft linkage is a possible result of fault segment nucleation
along the margins of Early Cretaceous plutons due to thermal
weakening of the crust (Seymour et al. 2020), during which time
fault length may have been rapidly established in the thermal

aureoles of the plutons and stabilized as the individual branches
began to interact, limiting continued fault tip propagation while
displacement continued to accumulate (e.g. Walsh ez al. 2002). A
transition from soft to hard linkage is expected for mature fault
systems (Peacock and Sanderson 1996) and, in some areas, the El
Salado segment developed hard linkages between individual fault
strands, such as the NW-striking fault that hosts the Mantoverde iron
oxide—copper—gold deposit (Vila e al. 1996).

Slip rates of ¢. 2.1-2.6 km Myr ' (equivalent to mm yr") for the
El Salado segment are low compared to modern intra-arc systems:
the ¢. 1200 km Liquifie-Ofqui fault of southern Chile has modern
slip rates of 6.5 mm yr ' (Wang et al. 2007), the c. 1650 km long
Sumatran fault has slip rates c¢. 15-16 mm yr ! (Bradley et al.
2017), the ¢. 300 km Median Tectonic Line has strike-slip rates of
0.8-9.1 mm yr!, depending on the location along the fault system
(Tsutsumi and Okada 1996; Goto 2018), and the c¢. 1250 km
Philippine fault has strike-slip rates ranging from 7.7-31.4 mm yr~
! on individual fault branches (Hsu et al. 2016). The Liquifie-Ofqui
and Sumatran faults are hard-linked systems with major through-
going faults mapped along the entire length of the arc, and the
Philippine fault is a complex system comprised of several
interacting, hard-linked strands with differing slip rates.
However, geodetically derived slip rates on modern major
structures are based on less than a century of data and exclusively
sample short-term (earthquake) timescales. The higher slip rates
recorded by geodesy may therefore reflect episodic displacement
on individual faults interspersed with periods of quiescence rather
than plate-boundary-scale strain rates (Mouslopoulou et al. 2009).
Lower displacement rates for faults measured over longer time
periods are a common phenomenon (e.g. Mouslopoulou et al.
2009) and may be the tectonic equivalent of the ‘Sadler Effect’ for
sedimentation rates (Sadler 1981). Slip rates can vary by up to three
orders of magnitude depending on the duration of the sample
period and fault length, with higher, more variable short-term (<20
kyr) slip rates than long-term (<300 kyr) slip rates. Slip rates
stabilize over intermediate time scales (>20 kyr to <300 kyr) and
record an order of magnitude decrease at timescales greater than
1 Ma as slip rates readjust to tectonic boundary conditions
(Mouslopoulou et al. 2009). By taking a long-timeframe approach,
our study curbs the potential Sadler Effect bias and captures the
relatively uniform rates of long temporal (megayear) or spatial
(entire fault system) length scales that may be used to evaluate
Mesozoic oblique convergence.

Implications for Mesozoic slip partitioning and plate
convergence

Convergence vectors for modern intra-arc faults are well known
from geodetic data and the percentage of margin-parallel motion
along modern margins can be readily determined. In contrast, the
convergence vector across the Early Cretaceous Peru—Chile margin
is not as well constrained because most of the Mesozoic oceanic
crust in the modern-day Pacific Ocean basin has been subducted.
Plate motion reconstructions over the time period of AFS slip
suggest Pacific—South America trench-normal convergence of c.
20-50 km Myr ! and trench-parallel motion of ¢. 0—20 km Myr™!
between 140 and 110 Ma based on ocean basin seafloor-spreading
histories and continental motion anchored to true-polar wander-
corrected paleomagnetic data for 200 to 100 Ma (Seton et al. 2012).
These plate motion reconstructions result in a convergence obliquity
normal to the plate margin that decreased from >60° before 135 Ma
to a range of 22-36° between 130 and 110 Ma (Maloney et al.
2013). Additional modeling of the Seton er al. (2012) plate
reconstruction data by Butterworth ef al. (2016) demonstrates that
the obliquity of convergence varied strongly with position along the
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margin with proximity to the pole of rotation, and may suggest the
pole of rotation of the Phoenix plate shifted at c. 135-130 Ma as
subduction progressed. These models as a whole suggest highly
oblique subduction along the AFS at ¢. 130 Ma transitioned to
significantly more orthogonal subduction by c¢. 120 Ma. The
opening of a new oceanic ridge to the south of the AFS potentially
concurrent with the abandonment of the Pacific—Phoenix ridge in
these models at ¢. 120 Ma produces a period of north-directed
oblique convergence followed by a period of relatively orthogonal
convergence as the South Atlantic begins to open and South
America advanced westward at ¢. 110 Ma (Seton et al. 2012;
Maloney et al. 2013; Butterworth et al. 2016).

Obliquity estimates derived from these reconstructions are
comparable to the angles of obliquity and trench-parallel motion
rates of modern systems. If this reconstruction is accurate, our
estimate of 2.1-2.6 km Myr ' of slip over that time interval suggests
<15% of trench-parallel motion was accommodated along the AFS
between 130-110 Ma. In contrast, the 6.5 mm yr' of motion along
Liquifie-Ofqui fault system accommodates 30% of the 23-28 mm
yr~! margin-parallel motion across the southern Peru—Chile trench
at an angle of ¢. 20° from normal to the plate boundary (DeMets
et al. 1994; Angermann et al. 1999; Kendrick e al. 2003; Wang
et al. 2007). At a rate of 15-16 mm yr ', the Sumatran fault
accommodates c¢. 33-66% of the plate motion between the Sunda
and Australian plates along a margin with an obliquity of ¢. 35-50°
(Tikoff and Teyssier 1994; McCaffrey et al. 2000; Bradley et al.
2017). The Philippine fault is 40-55° from normal to the
convergence vector across the Philippine Sea—Sunda plate bound-
ary, and accommodates c. 50% of the margin-parallel motion (Hsu
et al. 2016). Finally, the Median Tectonic Line of Japan
accommodates ¢. 25% of the ¢. 30 mm yr ! trench-parallel motion
across a margin with ¢. 67° angle between the plate convergence
direction and normal to the trench (Loveless and Meade 2010).

This comparison with modern plate margins suggests that the
remaining trench-parallel motion across the Mesozoic Peru—Chile
margin may have been accommodated either along the slab interface
or distributed through the forearc rather than fully concentrating in
the magmatic arc, or that significant uncertainties in the modeled
relative plate motion vectors remain. It is difficult to evaluate the
role of distributed forearc deformation as long-lived subduction
erosion has removed both the forearc and the western portion of the
Late Jurassic—Early Cretaceous arc following a transition to
contraction in the upper plate during the Late Cretaceous (Rutland
1971; Kay and Mahlburg-Kay 1991; Stern 1991; Charrier et al.
2007; Ramos and Folguera 2009; Contreras-Reyes et al. 2014).
Uncertainties in the direction and magnitude of relative plate motion
are reflected in low degrees of correlation between deformation and
major magmatic events in the upper plate and modeled convergence
rates and absolute plate motion (Seton et al. 2012; Maloney et al.
2013). While the major elements of the plate reconstruction model
described above correlate with the timing of AFS-related shear
described here and in Seymour et al. (2020), periods of high
magmatic flux such as the development of the Coastal Cordilleran
arc do not correlate with subducting slab age, absolute overriding
plate velocity, or convergence velocity. High trench-normal (>4 cm
yr 1) convergence rates correlate with the development of fold and
thrust belts along the Andean margin and may contribute to
shortening in the upper plate, but do not uniquely initiate or control
the development of high plateaus and fold and thrust belts (Maloney
et al. 2013). The lack of correlation between the geologic record of
the upper plate and plate motion reconstructions, in conjunction
with the need to accommodate an anomalously high proportion of
trench-parallel motion outside of a major trench-linked, intra-arc
strike-slip fault system, may suggest that the model-derived relative
convergence rates do not yet capture the full picture of Mesozoic
oblique convergence across the Peru—Chile margin.

Conclusions

Through detailed field mapping and geo/thermochronology, we
have identified three pairs of pre-, syn- and post-tectonic intrusions
that document the timing, magnitude and rate of slip along two
major branches the El Salado segment of the Atacama fault system
during Early Cretaceous convergence:

(1) Two mylonite zones featuring the ¢. 134—132 Ma Cerro del
Pingo Complex and surrounding Chafaral Complex
metasedimentary rocks are sinistrally separated across the
eastern branch by c¢. 34-38 km.

(2) Two additional mylonite zones composed of Chanaral

Complex metasedimentary rocks and a c¢. 120-119 Ma

tonalite that intrudes the ¢. 134—132 Ma Cerro del Pingo

Complex are sinistrally separated across the eastern branch

by ¢. 20.5-26 km.

A chain of leucocratic felsic igneous bodies across the

western branch of the El Salado segment are sinistrally

separated by ¢. 6-29 km and likely ¢. 16-20 km based on
restoration of textural domains.

@3

~

Fault data along the eastern and western branch document dominantly
sinistral motion on a subvertical north-striking fault. Crosscutting
relationships document c¢. 23 Myr of deformation between c¢. 133 and
110 Ma, beginning with the intrusion of the ¢. 134-132 Ma Cerro del
Pingo Complex and ending at c. 110 Ma as a latest-synkinematic dike
intruded and was offset by c¢. 148 m along the eastern branch. These
data together with offset markers yield a slip rate of ¢. 1.5-1.7 km

Myr ! across the eastern branch and c. 0.7-1.2 km Myr! across the

western branch, assuming the latter was active over the same time
period as the former. The northern El Salado segment as a whole was
active at an average rate of c. 2.1-2.6 km Myr !, resulting in c. 54 +
6 km of sinistral displacement. Together our data suggest that sinistral
slip along the El Salado segment accounts for <15% of modeled
trench-parallel motion during Mesozoic oblique convergence across
the Peru—Chile trench, and implies (1) the vast majority of lateral slip
was accommodated along the slab interface or distributed through the
forearc, or (2) plate convergence rates/obliquity were significantly
lower than previously modeled.
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