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Flat subduction segments are generally related to cold lithospheric zones, which suggest low Heat flow
values and therefore a deeper Curie isotherm. In this study we perform a geophysical analysis by using
high - resolution magnetic data, obtaining shallower Curie point depths through the Chilean-Pampean
flat-slab zone. Then using temperatures from borehole data and Curie Point Depths, we performed a
Heat Flow map which indicates the existence of mean to high thermal anomalies across the Chilean -
Pampean flat-slab. These results were contrasted with Elastic Thickness map (Te) obtained from the
Eigen-6C4 gravity model. Low Te values acquired indicate zones with weak mechanical behavior in
correspondence to thermal anomalous zones. This spatial correlation suggests that the local high thermal
anomalies are conditioning the mechanical behavior of the lithosphere in the study area and the loca-
tions of geothermal sources. Overall, our results indicate that the thermal structure of the flat-slab
segment is more heterogeneous than previously thought. This has implications for evolution, maturity
and fluid circulation in foreland basins of the Main and Frontal cordilleras and the Precordillera thrust
belts. Finally, further studies will allow improving our database as well as extending our understanding
of the thermal structure of the Chilean-Pampean flat-slab.
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1. Introduction

Variations in subduction styles, and in particular from steep to
flat subduction angles, have a major impact on the thermal and
rheological structure of the upper plate (Gutscher, 2002). When
compared to steep subduction angles, flat subduction segments are
generally related to lower heat flow (20—70mW/m? vs
50 — 120 mW/m?2) (e.g., Henry and Pollack, 1988; Currie et al.,
2002; Manea et al., 2005, 2016; Marot et al., 2014), as it is well
illustrated in heat flow analyses from flat-slab areas in Mexico
(13—-22 mW/m?, Ziagos et al., 1985), Peru (~ 20 — 70 mW/m?2)
(Henry and Pollack, 1988) and Central Chile (~ 40 — 45 mW/m?2,
Collo et al., 2017). Moreover, low heat flow in flat-slab subduction
zones can be easily observed from global heat flow maps indirectly
derived from seismic models based on surface waves and Curie
depth analyses (e.g., Shapiro and Ritzwoller, 2004; Li et al., 2017).
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The sub-lithospheric cooling effect in these settings is mainly due
to the within-plate expelling of the mantle wedge during flat slab
development, which diminishes drastically the asthenospheric
contribution to heat flow (Gutscher et al., 2000; Manea and Manea,
2011). On the contrary, steeper subduction zones are characterized
by the presence of a broad asthenosphere wedge and the local ef-
fect of volcanism that together produce higher heat flow at dis-
tances between ~300 and 400 km away from the trench (e.g., Henry
and Pollack, 1988).

The area of interest in this contribution is the sub-horizontal
subduction zone between ~ 28° and ~ 33° S, known as the Chil-
ean - Pampean flat slab zone, characterized by the absence of
volcanism in the last 4-2 My, the increase of intraplate seismicity
related to neighboring segments (Barazangi and Isacks, 1976;
Jordan et al., 1983; Alvarado et al,, 2009; Gans et al., 2011), the
widespread basement foreland deformation (Ramos et al., 2002)
and dynamic subsidence at the leading edge of the flat segment
(Davila and Lithgow-Bertelloni, 2015). Regional heat flow analysis
from Hamza et al. (2008) determined values ranging from
80 mW /m? to 60 mW /m? over the Chilean-Pampean flat-slab zone.
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Fig. 1. Location of the area of interest in the Chilean-Pampean flat-subduction zone. Red triangles show the distribution of thermal manifestations (Pesce and Miranda, 2003) over a
digital elevation model ETOPO1 (Amante and Eakins, 2009) whose relation to heat flow is one of the objectives of this work. (For interpretation of the references to colour in this

figure legend, the reader is referred to the web version of this article.)

Ruiz and Introcaso (2004), with a different approach, carried out a
local heat flow analysis based on a Curie depths point determina-
tion from field magnetic data over the Precordillera and Western
Sierras Pampeanas (Fig. 1) obtaining comparable values in the
range between 43 — 80 mW/m?2. Collo et al. (2011) explored clay

mineral indexes in synorogenic sequences in the northern sector of
Western Sierras Pampeanas (Fig. 1) to determine basin maturity
and geothermal gradient during diagenesis. These authors obtained
average heat flow values between 33 mW/m? and 42 mW/m?
consistent with the absence of an asthenospheric wedge controlled
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Fig. 2. a) Terrestrial and aerial magnetic databases distribution used for computing the magnetic anomaly. b) Magnetic Anomaly obtained by aerial databases obtained from
Argentinean Mining Geological Service, (SEGEMAR). The magnetic anomalies values were calculated on a regular grid cell size of 1 x 1 km, using the Minimum Curvature method

(Briggs, 1974).

by the geometry of Chilean-Pampean flat-slab. The later interpre-
tation was supported by Weidmann et al. (2017) based on a Curie
Point Depths analysis that comprised the northern sector of
Western Sierras Pampeanas. More recently, Collo et al. (2017) used
a compilation of temperature data from oil wells within the
Chilean-Pampean flat-slab segment to construct a regional a heat
flow (q) map, obtaining results ranging between 20 — 70 (mW/m2).
In addition, these authors carried out a Curie Point Depth analysis
from aeromagnetic data and found values of 26 — 45 (km) to the
east of the region analyzed in this work by using the same meth-
odology, but with less CPD than that calculated in this contribution.
In this contribution we analyzed deep magnetic anomalies from
aeromagnetic data. Then, we define a lithospheric model based on
the inversion of magnetic susceptibilities to obtain the depth of the
Curie Isotherm. We present a heat flow map of the study area
derived from higher resolution data from our Curie Point Depth
analysis and borehole data. In order to analyze a potential relation
between the thermal regime and the mechanical behavior of the
lithosphere in the study area, we carried out an estimation effective
elastic thickness (Te), a proxy of long-term lithospheric strength

(Watts, 2001).

Finally, our results show that the thermal structure of Chilean-
Pampean flat-slab zone is more complex than previously thought,
which has implications for foreland basin analysis in the Main
Cordillera, Frontal and Precordillera and related geothermal re-

sources in the those regions.

2. Tectonic setting

The Chilean-Pampean flat-slab is one of the ten active flat sub-
duction settings on the Earth and is linked to the subduction of the
oceanic Nazca plate beneath South America (Barazangi and Isacks,
1976, 1979; Cahill and Isacks, 1992; Gutscher et al., 2000). Most
recent studies propose that the change from shallow to flat sub-

duction began at ~19 Ma (Jones et al., 2014, 2015, 2016), achieving a
completely flat geometry at around ~7-6 Ma (Ramos et al., 2002;
Gans et al,, 2011; Gutscher et al., 2000; Kay et al., 1991; Kay and
Mpodozis, 2002). This process has been linked to the registered
eastward expansion of the Neogene magmatism and subsequent
arc gap between 27 and 33°S, and the development of a broken
foreland zone in latest Miocene to Pliocene-Quaternary times
(Allmendinger et al., 1990; Cahill and Isacks, 1992; Jordan et al.,
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1983; Kay et al., 1988, 1991; Kay and Abbruzzi, 1996; Pilger, 1981;
Smalley and Isacks, 1987; Stauder, 1973). The geometry of the
Chilean-Pampean flat-slab has been defined mainly from seismic
and geophysical analysis (Barazangi and Isacks, 1976; Tassara et al.,
2006; Alvarado et al., 2007; Anderson et al., 2007; Gilbert et al.,
2006; Gimenez et al., 2009; Gans et al., 2011; Marot et al., 2014).
At these latitudes the Nazca plate lays sub-horizontally for
~400 km, from the trench, before plunging into the mantle with
“normal” angularity (~30—45° to the East).

There are different recent proposals for the generation of the
flat-slab subduction. These mechanisms include: (a) the subduction
of buoyancy anomalies such as aseismic ridges (Cloos, 1993;
Gutscher et al., 1999); (b) the fast overriding of a continent over
young oceanic lithosphere (Van Hunen et al., 2002); (c) the hy-
drodynamic suction force due to thick continental roots that cou-
ples the subducting slab with the overriding plate (Manea et al,,
2012); (d) mantle plume-subduction zone interaction, where the
slab is dynamically uplifted as the buoyant plume is subducted
(Murphy et al, 1998; Gianni et al, 2017). However, the actual
mechanism that produces the Chilean-Pampean flat-subduction is
still controversial.
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2.1. Magnetic database

The magnetic database used in the present contribution comes
from: i) A terrestrial dataset which was only used as a control tool
to unify aerial databases, and ii) three aerial databases available in a
total magnetic field grid, obtained from Argentinean Mining
Geological Service (SEGEMAR). These datasets were corrected by
the daily variation of blocks 4, 9 and 17. Such reductions were made
by the companies of acquisition (Dobrin, 1976). Block 4 corresponds
to the northern Precordillera area between San Juan and La Rioja
provinces, where the nominal flight height was 140 m. Block 9
corresponds to Frontal Cordillera in San Juan Province, and was
measured to a nominal flight height of 120 m. The last database
used is Block 17 corresponding to southern Precordillera between
San Juan and Mendoza provinces, with a nominal flight of 120 m.

The magnetic anomaly was calculated for each block, by
removing the International Geomagnetic Reference Field (IGRF),
from each block at the acquisition date (Blakely, 1995). Then, we
built an anomaly map (See Fig. 2), by using all databases following
the methodology proposed by Cheesman et al. (1998) and Ruiz et al.
(2011). A high resolution grid was calculated with cell size of
250 m x 250 m, using the Minimum Curvature method (Briggs,
1974).
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Fig. 3. Curie Isotherm Depth obtained, from the Program CuDePy (Soler, 2015).
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Table 1 3. Curie Point Depth estimation

Summary of q values obtained from Oil-wells and magnetotelluric measures over

the stud Collo et al., 2017). . . .. .
e study area (Collo et a ) The origin of terrestrial magnetism is basically the earth outer
Source q (mW/m?) core and the crust. The mantle is not considered a generator of the
Matagusanos Well (MA) 46 geomagnetic field due the demagnetization of ferromagnetic
Las Toscas Well (LTs) 5868 minerals around 600 °C (Curie temperature - Hinze et al., 2013;
Arbol Blanco (WellSE.AB.X-1) 63 Blakely, 1995). The paramagnetic materials are those that, when
f)fzrilgs \l;/seﬁ"’(r[‘fg)(sp) ig exposed to a Magnetic field, generate a magnetization in the same
Borzotta et al. (2009) 36-40 directiqn of the field, however, when the field stops acting, their
Hamza et al. (2005) — Cordillera 103 + 78 magnetization returns to zero. On the other hand, the ferromag-
Hamza et al. (2005) — Precordillera 54 + 25

netic materials are those that behave in a similar way to
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Fig. 4. Heat Flow Map obtained by Curie Point Depth.
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paramagnets in the presence of an external field. However, when
the external magnetic field stops acting, the material yields a non-
zero remaining magnetization. Reaching this threshold or above it
(Curie temperature), materials undergo a phase transition and
become paramagnetic materials, meaning that they no longer have
remnant magnetization.

The average global geothermal gradient is about 25 °C/km near
the earth surface (Alfe et al., 2003; Vlaar et al., 1994). This gradient
indicates that within the earth crust the Curie temperature of
ferromagnetic rocks is exceeded. The depth where this process
takes place is known as Curie Point Depth, or Curie Depth. Below
that depth, it is considered that there are no sources of magnetic
field within the lithosphere. This means that if we know the petro-
physical properties of the rocks present in the crust we can esti-
mate the Depth of the Curie Isotherm (Ross et al., 2006). However,
this implies a first approximation because the demagnetizing
temperatures (Curie temperature) can vary up to hundreds of de-
grees depending on rock composition.

In this respect, Frost and Shive (1986) demonstrated that the
lower part of the crust is magnetite-rich, being the only significant
magnetic source. The temperature of the magnetite curve is
increased with the pressure of 1.8 °C/kbar. From this, these authors
suggest that deeper rocks lose magnetization at about 600 ° C.

The conventional techniques to estimate the depths of magnetic
sources are based on statistical analysis of the anomaly in frequency
domain by using the power spectrum. To simplify the calculation,
we assume the magnetized crust as a horizontal semi - infinite
plate whose top and bottom are found at depths of Zt, and Zb,
respectively. If its magnetization is uniformly random and not
correlated, then the Power Spectrum of the magnetic anomalies
can be related to its characteristic depths through the following
equation (Blakely, 1995),

In®) (k) = InA — 2Zik + 2In (1)

where @), is the averaged Power Spectrum of the magnetic
anomaly, k is the module of the wave vector and A is a constant
with no physical significance.

The above assumption over a magnetized slab is valid because it
contains all the ferromagnetic crust materials, and no magnetized
bodies can be found below it. So, the Curie Depth Point can be
linked to the bottom of this magnetized slab, Zb.

With the aim to calculate the Curie isotherm depth in the study
area, we have applied a method developed by Soler (2015) derived
from the ones proposed by Ross et al. (2006) and Ravat et al. (2007).

The method developed by Soler (2015) uses of the Lev-
enberg—Marquardt least square fitting algorithm for non-linear
problems in order to adjust the last equation on the previously
radially averaged power spectrum of the magnetic anomalies. This
allowed us to estimate several Curie point depths through an
interactive selection of square sub-regions (10x10 Km) of the
magnetic anomaly grid. Then, by using the aerial and land magnetic
database explained above, we obtain several estimates of the Curie
depth. These specific values were then regularized to obtain an
aerial distribution as shown in Fig. 3.

4. Heat flow determination

The equation which combines the heat flow (g), the Curie
Temperature (fc), and the Curie Depth point (Dc) in a region where
there are not any sources or sinks of heat between the Earth surface
and the Curie point depth (Tanaka et al., 1999; Ruiz and Introcaso,
2004), is:

q =k fc/Dc (2)
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Fig. 5. a) Bouguer anomaly map obtained from the EIGEN-6C4 model (http://icgem.
gfz-potsdam.de/[CGEM/ICGEM.html), which combines marine, terrestrial and satel-
lite data (Forste et al., 2014). Corrected by topography. b) Inverted Gravity Moho Depth.
White dashed lines show contour lines of Moho depth obtained by Gemma Global
Model (Sampietro et al.,, 2013; Reguzzoni and Sampietro, 2015).

This implies that we can make indirect calculations of the
crustal heat flow from a good coverage of magnetic data, as in our
case, and then by applying an appropriate statistical approach we
can determine the heat flow value from the Curie depth point. The
value of q calculated is mainly related to the heat conduction from
the temperature at the Lower Crust.

For the study area the average geothermal gradient recently
obtained by Collo et al. (2017) is dT/dz = 31°C/km. From Fig. 3, the
calculated average Curie Isotherm depth for this zone is
Dc ~ 20 km, and so, from Eq. (2), fc = 620°C or 893°K.

Over the Central Andes, Springer and Forster (1998), Ruiz and
Introcaso (2004) and others have used different values for the co-
efficient of thermal conductivity (k). We assumed
k~25W-1m-1°K-1 for calculus due to the existence of volcanic
rocks and sediments which have a different thermal behavior in
correspondence with Li et al. (2017) who proposed this value for k
in continental zones using to the Earth Magnetic Anomaly Grid of
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2-arc-minute resolution (Maus et al., 2009; EMAG2, http://geomag.
org).

A wide range of values of heat flow on this area has been pro-
posed recently. Table 1 summarizes the different surface heat flow
(SHF) values found. Considering all of these, we have used a mean q
value of ~ 70 mW/m?2.

In a first step, SHF values from boreholes within the area have
been used as a constraint. Then, by assuming a mean regional Curie
point depth Dc = 20 km (see histogram on Fig. 3) and a mean heat
flow gm ~ 70 mW/m?2, we have obtained k fc=1400 Wm~! from
Eq. (2).

In Fig. 4 a heat flow map calculated from Curie Point Depth,
considering qc = 1400 Wm~1 , shows some correlation with the
heat flow map published by Ruiz and Introcaso (2004). Mismatches
between them are most likely related to the resolution of data used
for CDP calculus and recent estimation of parameters of gradient
and k for the study region.

5. Gravity database

Satellite and high-resolution gravity field models based on a
combination of satellite and terrestrial data are available in
spherical harmonic expansion (e.g. EGM2008, Pavlis et al., 2008).
Pure satellite models present lower resolution than combined
models, although they are accurate for interpretation of large-scale
structures, especially in high and inaccessible regions such as
certain zones of the high Andes where terrestrial data are sparse
due to the limited access (Alvarez et al, 2012, 2014, 2015;
Braitenberg et al., 2011; Kother et al., 2012).

Earth Gravity Field models are presented as sets of coefficients
of a spherical harmonic approximation of the gravity field up to a
maximum degree (N max), which controls the spatial resolution of
the model (1) (Barthelmes, 2009; Hofmann-Wellenhof and Moritz,
2006; Li, 2001). Kother et al. (2012) explained that combined
gravity models can be used to study relatively smaller geological
features, while satellite models alone are not appropriate for this
scale due to their lower spatial resolution.

In order to calculate different quantities related to a longer
wavelength characteristic of the gravity field (Gravity Moho and
Elastic Thickness), the Bouguer anomaly data used was obtained
from EIGEN-6C4 model (http://icgem.gfz-potsdam.de/ICGEM/
ICGEM.html; Barthelmes, 2014), which combines terrestrial, ma-
rine and satellite data GOCE, GRACE and LAGEOS. They are available
in a grid of 181 x 241 nodes which are equispaced every 0.05°
(Forste et al., 2014).

In this work, a typical topographic correction is applied to the
gravity data that combines the algorithms developed by Kane
(1962) and Nagy (1966). The objective of this is to correct the ex-
cesses and mass defects contemplated by the slab of Bouguer (see
Fig. 5). The obtained anomaly map emphasizes the strong effect of
the Andean root reaching values > 468 mgal. Short-wavelength
anomalies that correspond to bodies located in the upper crust
are also noted.

From this gravity database we performed an inversion to obtain
the Moho depth. The values used on this are shown on Table 1.

Table 2
P waves velocity and densities considered in this work. (See more details in
manuscript).

P waves velocities (km/s) Density (g/cm?3)

Topography 6.32 2.67
Upper Crust 2.70
Lower Crust 2.90
Upper Mantle 7.97 3.30

Then, we have used the global GEMMA model (n =2190) to
compare the gravity Moho model calculated by inversion
(Sampietro et al., 2013; Reguzzoni and Sampietro, 2015). Although
the results show some quantitative differences, mainly due to the
fact that GEMMA uses a global density, isobaths show a similar
morphology than the calculated Moho.

5.1. Estimation of elastic thickness

In order to examine the relation between the thermal regime
revealed from the above described analyses and the strength of the
lithosphere over the Chilean-Pampean flat slab, we did a local high-
resolution analysis of the lithosphere rigidity (D). This parameter is
related to the thermal state, composition and rheological properties
of the crust as well as to the flexural rigidity (Lowry et al., 2000;
Introcaso, 2006). Frequently, this value is expressed through the
elastic thickness of the lithosphere (Te). Watts (2001) explained
that long term geological loads could give an elastic behavior to the
lithosphere by flexure. Usually, when the load is located far away
from the margin plate, the lithosphere is represented by an infinite
two-dimensional elastic plate model overlying the relatively fluid
substrate (mantle). On the other hand, when the load is near the
plate margin, such as in coastal areas, the model used corresponds
to a broken plate or semi-infinite plate (Watts, 2001; Turcotte and
Schubert, 2002). In this contribution we have considered the first
approach, since the study area is located relatively far from the
margin (~250 km). The flexural rigidity of the plate could be defined
by making assumptions regarding the Young modulus
(E = 100GPA = 10''N/m?) and the Poisson ratio (v = 0.25), and the
Elastic thickness (Te), with the following equation:

ET?

Dzlﬂlfﬂ)

(3)

The effective elastic thickness was calculated by using a Python
code of Soler (2015) and from spectral methods developed by
Garcia et al. (2015). These considered that the load is distributed
into a whole plane xy, where the deflection will be given by w(x,y)
and the rigidity for a big region is variable D(x, y). In this work we
considered horizontal stress equals zero. The code requires two
data inputs: the ETOPO1 topography (Amante and Eakins, 2009),
and the gravity Bouguer anomaly (Fig. 5a) including the topo-
graphic correction of this (ABt). The calculus consists in a deter-
mination of the gravimetric deflection from the ABCt for the whole
study area. For this, a density contrast between the upper mantle
and lower-crust (p,, — p;c) was used inside the Parker-Oldenburg
algorithm (Parker, 1973; Oldenburg, 1974). The code contains an
interface that allows choosing windows with variable positions and
sizes, being Te constant inside each one. Additionally, we have used
windows with sizes of 70 x 70 km.

Several values of Te are considered for a window, and then their
deflection is calculated (wy,). For each chosen value we considered
the topographic load of the whole study area in both horizontal
directions. The obtained w,, values are compared with the gravity
deflection inverted w;j,, inside the chosen window. The actual Te is
that which presents the minimum rms (root mean square). The
densities used are shown on Table 2. These were obtained from
velocities of P waves found by Chulick et al. (2013). Each one was
converted by using the equation of Brocher (2005). All found values
are consistent with previous contributions (Cornaglia et al., 2009;
Lince Klinger et al., 2011; Weidmann et al., 2013; Alvarez et al.,
2015; Sanchez et al., 2017). For the density of topography (p;) we
used a value of 2.67 g/cm? following Hinze (2003). Finally, a grid of
elastic thickness values was made by using the 433 calculated es-
timations (Fig. 6).
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Fig. 6. Elastic Lithospheric Thickness obtained by inversion of gravity deflection. White points indicate location where Te was calculated through Soler's Python Code (Soler, 2015)
by rms values comparison between inverted and flexural Moho. The results are shown on a map and on a histogram that indicates the convergence of solutions (Garcia et al., 2015).

6. Results and discussion

The spectral analysis of the aerial magnetic database allowed us
achieving a Curie depth point map at a higher resolution than any
other previous calculation of this isotherm over the Chilean-
Pampean flat-slab zone (Ruiz and Introcaso, 2004; Collo et al,,
2017). Thus, the analysis of the Curie depth map presented on
Fig. 3 shows a wide range of depths with anomalous shallow values
between ~ 12 — 15 km arranged in a NNW-SSE trending fringe
over the Main and Frontal cordilleras and the southern sector of the
Precordillera. On the eastern sector of the study area, the isotherm
becomes deeper achieving values between ~ 20 — 30 km over the
Central and northern sector of Precordillera, Western Sierras
Pampeanas and the northernmost extreme of the Frontal Cordil-
lera. This is consistent with the results obtained in recent works of

Weidmann et al. (2017) and Collo et al. (2017) over the Western
Sierras Pampeanas. Our heat flow map (q) (Fig. 4) obtained by
inversion using new parameters of thermal conductivity (k) (Li
et al, 2017) and oil-wells gradient registers, indicates values
ranging between 55 — 95 mW/m2.

Remarkably, an anomalous zone with high values between 85 —
95 mW/m? is coincidental with the shallow Curie depth area
described above. Taking into account that at a global scale, areas
with heat flow > ~ 70 mW/m? and < ~ 40 mW/m? are consid-
ered above and below normal (Blackwell, 1969, 1971; Roy et al.,
1972), our results suggest a rather normal to high heat flow
regime in the study area (Fig. 5). These results contrast with heat
flow estimates from similar analyses of regional character
(43 — 60 mW/m?, Ruiz and Introcaso, 2004; 20 — 70 mW/m?,
Collo et al., 2017) (Figs. 6 and 7). Estimation of elastic thickness
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Fig. 7. Heat flow isolines obtained in present contribution (in colors), in contrast with the previous Heat Flow map presented by Collo et al. (2017). (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)

derived from the analysis of high-resolution EIGEN-6C4 gravity
model shows a striking correlation with the described heat flow
and Curie depth results. In this sense, a zone of low elastic thick-
nesses with values between 16 and 32 km, spatially correlates with
the area where a high heat flow and shallower Curie isotherm was
determined (Figs. 3, 4 and 6). The observed spatial correlation with
the analyzed parameters could indicate that the local high thermal
anomaly is conditioning the mechanical behavior of the lithosphere
in the study area. It is remarkable that the locations of geothermal
sources shown in Fig. 1 are consistent with the high heat flow and
low elastic thickness values found. Collectively, our results suggest
that the thermal structure of the Chilean-Pampean flat-slab is more
heterogeneous than previously thought.

Variations in the surface heat flux can be differentiated in
wavelengths. While short wavelengths might be associated with
structuration and/or variations in the composition and thicknesses
within the crust, longer wavelengths have been interpreted as
terranes accreted to the Gondwana margin with different ages or
variations in heat flux to the base of the lithosphere. Since the re-
gion studied in this manuscript encompasses the south-western
portion of the flat subduction region, heat flow variations are
likely associated with smaller wavelengths than those that could be
generated by variations in the subduction regime. In this sense,
Collo et al. (2017) interpreted the anomaly in the intermontane

valleys between the Mascasin and Beazley wells (BHF 57 and
68 mW /m2 and shallow CPD) as associated with the evolution of
the basement-involved Sierra de Valle Fértil megathrust, although
more studies are needed to arrive to a suitable explanation. Simi-
larly, higher short-wavelength anomalies determined on this study
over the Frontal Cordillera could be related to deep basement
structures that characterize this morphostructural unit (Fig. 4).
Nevertheless, in the Precordillera region the correlation between
deformation style and heat flow is not straightforward (Fig. 4).
While a relatively higher heat flow anomaly is described in the
thick-skinned southern Precordillera (Cortés et al., 2006; Cortés
et al, 2014), thin-skinned deformation in the central region of
Precordillera and thick-skinned style of deformation in the Eastern
as well as the Northern Precordillera, correlate with relatively
lower heat flow anomaly values (Fig. 4). Hence, the source of the
thermo-mechanical structure of the study area is not clear and
other studies with similar approaches of regional character —
perhaps the double inversion of potential methods and seismology
data— will be necessary in order to determine its origin. Note-
worthy, similar high heat flow anomalies have been previously
found over the Mexican flat-slab (Manea and Manea, 2011).
Considering that heat flow affects the evolution, maturity and fluids
within sedimentary basins, if our data is representative of the past
thermal regime, foreland basins linked to the Frontal Cordillera and
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the Precordillera may have followed a different thermal evolution
compared with “refrigerated” basins in the broken foreland area.
This expression was defined by Collo et al. (2017) to describe low
geothermal gradients determined in inter-montane basins over the
flat-slab region. In this sense, there are various surface evidence of
geothermal manifestations in different sectors in the study area
that are located over the low elastic thickness-high heat flow zone
determined in this study (Pesce and Miranda, 2003) (Fig. 1).

7. Conclusions

Curie depth point map obtained from frequential analysis of
magnetic high-resolution data and heat flow estimation derived
from these data and constrained by oil-well data indicates anom-
alous thermal zones above the Chilean-Pampean flat-slab. High
heat flow and shallow Curie isotherm are coincident with areas of
low elastic thickness values derived from EIGEN 6C4 gravity model.
This spatial correlation suggests that the local high thermal
anomaly is conditioning the mechanical behavior of the lithosphere
in the study area and the locations of geothermal sources. Overall,
our results indicate that the thermal structure of the flat-slab
segment is more heterogeneous than previously thought. This has
implications for evolution, maturity and fluids in foreland basin of
the Main and Frontal cordilleras and the Precordillera thrust belts.
Finally, further studies will allow improving this database as well as
extending the understanding of the thermal structure of the
Chilean-Pampean flat-slab.
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