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In intracratonic South America, the origin of neotectonic activity and its impact on large Amazonian rivers have
been of continuous research interest. Despite the low relief of the land surface, which has generally been
attributed to tectonic stability, there is increasing evidence of Neogene fault reactivation within central Ama-
zonia. Recent research has also reported surface folding during the Quaternary, but this record was based only on
morphological analysis of remote sensing data. This investigation focuses on a megascale (60,000 km?) domal
relief from central Amazonia (the Jurua dome). It firstly aims to verify the domal relief relationship to folding. It
then explores the origin of the stress field from which it has developed within the context of Andean uplift and
the westward movement of the South American plate. The approach consisted of analyzing river adjustments
based on morphological and morphometric information from remote sensing imagery, integrated with subsurface
data Bouguer gravity and magnetic anomaly maps, well logs, and seismic reflection sections. The results revealed
that the Jurud dome coincides with the location of a basin depocenter. Subsuiface evidence exists for the growth
of a broad anticline producing thicker sedimentary units away from the dome core. NE- and NW-striking normal
and reverse faults with flower structure geometries are abundant and suggest deformation from strike-slip tec-
tonics. Gravity and magnetic data revealed that the fold and many of its associated faults are deep-rooted into
basement rocks. Within the analyzed stratigraphic interval, faults are mostly developed into pre-Cretaceous
units, but often propagate to the surface, where they define the edges of the dome and partly deform its over-
all shape. The fold and its related faults have modified the course of several rivers within the domal relief area,
including the Jurua River, which is entrenched along NE-striking faults that are configured to release stress along
the fold axis. The geomorphological and structural data are collectively compatible with a long-term NW-
trending maximum horizontal compressive stress-field that is driving basin inversion. This neotectonic activity
can be linked to far-field stresses from the pushes from the Andean orogeny and the movement of the South
American plate against the North Andean and Nazca plates.

1. Introduction and deposition, and patterns of erosion influenced by tectonics (Burbank

and Anderson, 2012). For example, if the aggradation rate is less than

Folds are common features of oragenic belts, where morphostruc-
tural analysis, morphometric indices, and dating have been widely used
for qualitative and quantitative analysis of neotectonic deformation (e.
g., Colavitto et al., 2019; Bahrami et al., 2020). Learning to interpret
folded reliefs is a worthwhile challenge because they can be used to
analyze deformation, rates of surface modification induced by erosion
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the dome-related-fold uplift rate, the fold will emerge at the surface
(Burbank et al., 1996). In intraplate areas, geomorphological investi-
gation of folds and domes has overlooked their relationship with far-
field stresses transmitted from collisional and constructional plates,
because intracratonic areas have been classically regarded as rigid and
tectonically stable (e.g., Morgan, 1962; Wilson et al., 2019). However,
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continental plates typically show a non-rigid behavior (e.g., Storti et al.,
2003), mainly due to pre-existing faults and shear zones. The reac-
tivation of strike-slip basement structures is generally the source of
tectonic stress in the old and rigid intracratonic settings.

The low relief landscape of Amazonia occurs in one of the world's
largest intracratonic areas located to the east of the Andean mountains,
the second largest thrust belt on Earth with 8900 km in length, 800 km
in width and up to 6.9 km in height. Central Amazonia, as well as other
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intracratonic settings of western South America, had different stress
fields after the Cretaceous, which are usually attributed to the reac-
tivation of inherited crustal structures triggered by the Andean orogeny
(e.g., Gaidzik et al., 2020; Mora et al., 2020) and the complex interplay
between the Nazca, South American (Garzione et al., 2008), Caribbean
(Montes et al., 2019) and North Andean (Pérez et al., 2018) plates
(Fig. 1). Since Sternberg's (1950) pioneering publication, neotectonics
has been reported in central Amazonia, primarily linked to fault
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reactivations (e.g., Costa et al., 2001; Rossetti, 2014; Alves et al., 2020;
Queiroz and Carvalho, 2020). Neotectonic reactivation has often been
based on tectonic geomorphological evidence related to adjustments of
major Amazonian river systems (Almeida-Filho and Miranda, 2007;
Rossetti and Valeriano, 2007; Val et al., 2013; Ibanez et al., 2014). These
studies are consistent with a growing general perception that many of
the world's major rivers have a long-term and regional-scale tectonic
control (e.g., Potter, 1978; Burrato et al., 2003; Hongbo and Juntao,
2009; Menier et al., 2017; Woodbridge et al., 2019). Tectonically-
induced Quaternary-Recent fluvial system adjustments have been well
documented in the Mississippi, the classical global archetype of a
meandering river (Schumm et al., 1994; Schweig and Arsdale, 1996;
Moodie and Passalacqua, 2021), the Nile, the longest river in Africa
(Kusdk et al., 2019; Beshr et al., 2021), and the lower Rhine in northwest
Europe (Woolderinka et al., 2021).

Evidencing neotectonics based on river adjustments in folded reliefs
has been a question of particular interest (e.g., Dolan and Avouac, 2007;
Delcaillau et al., 2006), yet underexplored in many large rivers across
the world, which has hindered comparisons and modeling. This issue is
still elusive for large rivers of the Amazonian lowlands, despite the high
potential of applying this type of tectonic geomorphological investiga-
tion for approaching the styles of far-field deformation in intracratonic
South America. For example, only a recent publication has dealt with
this subject, which recorded Amazonian rivers being adjusted to a local
relief controlled by folds due to a NW- to WNW-oriented compression in
the Quaternary (Rossetti and Valeriano, 2021). In addition to the still
scarce data in relation to the large size (i.e., up to 7 million km?) of the
region, this study was also based on tectonic morphological data, yet to
be integrated with investigations of the physical continuity of structures
in the subsurface.

This work focuses on a megascale (i.e., —~60,000 km?) domal relief
from the Solimées Basin in central Amazonia, here called Jurua dome
(Fig. 1). The main goal was to verify the relationship of this structure
with a growing fold and determine the origin of the stress field within
the context of Andean uplift along with the westward movement of the
South American plate. The approach applied here is unprecedented for
the Amazon lowlands. This is because it combines evidence of tectonic
adjustments of river systems using morphostructural and morphometric
analyses from remote sensing imagery, integrated with subsurface data
consisting of gravity and magnetic maps, seismic reflection, and well
logs. Detecting active folded reliefs in central Amazonia is a new
approach that can help characterize the extension and source of
compressive far-field stresses in intracratonic northern South America.
This study can expand our knowledge on the impact of far-field stresses
in intracratonic settings transmitted from collisional and constructional
tectonic plates.

2. Geological setting

The Jurud dome is located in the Solimoes Basin (Fig. 2), a conti-
nental interior depression up to 400,000 km? and 3.8 km deep, which is
separated from the Amazonas and Acre Basins to the west and east by the
Purus (Fig. 2A, B) and Iquitos structural highs, respectively. These basins
were established on the Amazonas craton, the oldest core of the South
American continent, including a few Archean and Paleoproterozoic
rocks (Santos et al., 2000) surrounded by Pan-African-Brazilian mobile
belts of Neoproterozoic age (Almeida et al., 2000). These Gondwana
basement rocks are largely distributed over —5,600,000 km? of central,
northern, and eastern South America. These rocks extend to the west
below the sub-Andean basins and are in part incorporated into the An-
dean cordillera (Kroonenberg and Roever, 2010). The Amazonas craton
is often related to the collision of several continental crusts that are
limited by shear zones (Costa and Hasui, 1997), but there is also a view
that this craton is a product of only two major orogenic events of
Archean and Paleoproterozoic ages (Kroonenberg and Roever, 2010).
Many faults that cut through the Amazonian sedimentary basins, and
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other cratonic basins in Brazil, result from the reactivation of basement
deep-rooted faults (Matos and Brown, 1992; Cianfarra et al., 2022).

The Solimoes Basin has two main depocenters that correspond to the
Jandiatuba (west) and Jurua (east) Sub-basins, separated by the Car-
acauari high (Fig. 2A, B). These depressions were formed by intraplate
extension in the Paleozoic, but they evolved into a foreland stage due to
the retroarc subsidence that accompanied several episodes of Andean
tectonic loading in the late Cretaceous-Cenozoic. Flexural subsidence in
this foreland basin was intensified during the Late Miocene and ongoing
thrust tectonic loading of Eastern Cordillera, initial structuring of the
sub-Andean zone, and the onset of the main Andean uplift (Roddaz et al.,
2010). Tectonic deformation in the Solimoes Basin was also affected by
the South American westward push-up during the opening of the South
Atlantic Ocean (Caputo and Silva, 1990).

The Ordovician to Permian deposition in the Solimoes Basin
occurred mainly in marine environments, with brief episodes of conti-
nental sedimentation. These sedimentary deposits host a high volume of
basaltic rocks. The latter were emplaced in several events of the Pena-
tecaua Magmatism, which preceded the Pangea break-up and the
opening of the Central Atlantic Ocean in the Triassic and Jurassic
(Rezende et al., 2021). The Carboniferous-Permian rocks of the Tefé
Group contain the last basaltic sills formed during this event, and the
youngest sill served as a marker for correlating the stratigraphic units in
the study area.

Renewed sedimentation during the foreland stage formed the
following units: i) fluvial sandstones of the Cretaceous Alter do Chao
Formation; ii) lacustrine to transitional marine mudstones, sandstones,
and evaporites of the Neogene (mostly Miocene) Solimoes Formation;
iii) fluvial sandstones and mudstone of the I¢ca Formation, probably of
Plio-Pleistocene age (cf. Maia et al., 1977); and iv) numerous unnamed
alluvial deposits of Pleistocene-Holocene age (Rossetti et al., 2005). The
latter fills large river valleys and covers the interfluves, constituting the
main sediments mapped on the surface of the Acre, Solimoes, and
Amazonas Basins (Fig. 1C).

Similar to other areas of the Amazonian lowlands, mainly NE- and
NW-striking structures mark the subsurface of the Solimoes Basin, which
are related to Neogene brittle reactivation of pre-existing faults (e.g.,
Costa et al., 2001; Rossetti, 2014; Rossetti et al., 2019) (Fig. 1). The main
structure in this region is the NW-trending Carauari structural high
(Fig. 2), which subdivides the basin into the Jandiatuba (west) and
Jurua (east) Sub-basins, the study area being located in the latter
(Fig. 2). Another major structure is the NE-trending Solimées Megashear
Zone (see SMZ in Fig. 1), composed of reverse or strike-slip faults and
associated folds. This structural zone continues to the northeast in the
Takutu Shear Zone, and also parallels the Transbrazilian Lineament, a
major structural trend over the Brazilian territory (respectively, TKZ and
TBL in Fig. 1).

Despite the apparent tectonic stability, the recent landscape of the
Amazonian lowlands has recorded frequent seismological activity,
indicated by instrumental and historical earthquakes (Veloso, 2014)
with magnitudes up to 8 on the Richter scale (Franca, 2006). The rela-
tionship of these earthquake events with fault reactivation has been
demonstrated in some cases (e.g., Santos et al., 2019). Models based on
focal mechanisms of earthquakes from this, and other regions of South
America, indicate the rotation of the main E-W-trending, sub-horizontal
maximum compressive stress field (e.g., Assumpcao, 1992; Riccomini
and Assumpcao, 1999; Heidbach et al., 2018) to a N- or NW-orientation
towards central Amazonia (Assumpcao et al., 2016).

3. Materials and methods

We used morphological and morphometric analyses based on a
digital elevation model (DEM) to detect adjustments of river systems in
the study area that could indicate a tectonic control. This study was
completed by integrating subsurface data (i.e., gamma-ray well logs
with accompanying borehole geological descriptions, seismic reflection
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sections, and satellite Bouguer gravity and magnetic anomaly maps)
aiming to verify the geological expression of the domal relief at depth
and characterize its deformation style.

Among all available DEMs, we chose the original 3-arc second (90 m
resolution) digital elevation model (DEM) of the shuttle radar topog-
raphy mission (SRTM), accessed via {tp://e0srp01u.ecs.nasa.gov/srtm/.
This DEM was chosen based on its past success in detecting subtle
geomorphological variations in the surface of the Amazonian rainforest
(Rossetti and Valeriano, 2007). Although the SRTM-DEM band C records
terrain morphology plus a fraction of tree height, the latter is negligible
at regional scales, allowing topographic gradients in this model to be
related to ground relief patterns (Valeriano and Rossetti, 2017). The
SRTM-DEM was used to perform qualitative and quantitative analyses.
For the first analysis, the DEM was processed with customized shading
schemes and palettes in the Global Mapper Software (Blue Marble
Geographics, Hallowell, Maine, U.S.A.) to select altitudinal values useful
for the intended application. High-resolution optical images derived
from the free Google Earth™ and WebGLEarth™ catalogs (accessed at
http://www.google.com/earth/index.html and  https://www.bing.
com/maps, respectively) completed the morphological characterization.

The quantitative SRTM-DEM analysis aimed to verify changes in the
slope (gradients) along the rivers related to the domal relief as a result of
the interaction of erosion, transportation, and deposition. The aim was
to present a non-subjective analysis that could be independently used as
evidence of tectonic control that could explain some planform curved
river segments detected by the visual analysis. This approach was ach-
ieved by the determination of the geometry of river long profiles from six
complete drainage systems over and adjacent to the studied domal relief.
This was calculated using the stream power river incision model (SPIM),
which has high performance to access variations in relative base-level
rates with potential tectonic control (e.g., Kirby and Whipple, 2012;
Perron and Royden, 2013). The generalized equation of the SPIM is
described by an empirical power-law relationship between channel
slope (S) and upstream drainage area (A) (Hack, 1957):

S=rkaA? 1)

where k; is the channel steepness index (m2% and @ is referred to as the
channel concavity index (dimensionless) (Flint, 1974). In steady-state
fluvial landscapes (uplift = erosion) with homogeneous lithological
and climatic conditions, variations in k; values may reflect spatial or
temporal variations in erosion and uplift rates (Kirby and Whipple,
2012). The normalized channel steepness index (ks,) is calculated based
on a fixed reference concavity value (8.5 to compare ks from rivers of
different sizes. This value generally falls within the range of 0.4-0.6, but
a 0 of 0.45 is often used to characterize steady-state bedrock fluvial
channels in various landscapes around the globe (Wobus et al., 2006).
We used the integral method (integration of drainage area along flow
distance) through the derivation of the variable y (cf., Perron and
Royden, 2013). The drainage network applied in the calculations was
extracted following the D8 flow routing scheme (Forte and Whipple,
2019), considering a minimum threshold drainage area of 10 km?. The
long river profiles were transformed to the y-elevation space using an Ag
of 1 m? with the support of the Topographic Analysis Kit (TAK, Forte and
Whipple, 2019) and TopoToolbox (Schwanghart and Scherler, 2014).
The slope-area plot resulted in an average ¢ value close to the standard
value of 0.45, which was used in the calculations performed through the
integral method (Perron and Royden, 2013). River elevations were
smoothed by the constrained regularized smoothing (crs) algorithm
(Schwanghart and Scherler, 2017). Based on previous tests in northern
Amazonia (Alves et al., 2020), we defined the thresholds of k =10 and
= 0.5 as inputs for the crs algorithm. The ks, was quantified in segments
of bedrock rivers 5 km in length. Empirical studies have shown that the
ksy values scale linearly with the relative relief over long length scales (e.
g., Dibiase et al., 2010). A total of 5000 random points was sampled to
test this relationship based on linear regressions. The relative relief was
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computed using a moving window radius of 7 km, which was selected
based on previous tests.

The geological significance of the Jurua dome in the subsurface was
analyzed based on thirty-five (35) seismic reflection sections from the
National Petroleum Agency (ANP) database (Fig. 2C), accessed via
https://rate.cprm.gov.br/anp/TERRESTRE. These comprised multi-
channel time-migrated 2D-seismic sections, displayed with normal po-
larity (SEG convention) such that black and white reflections correspond
to positive and negative polarities, respectively. The analysis followed a
workflow with the seismic attributes: structural smoothing + root mean
square amplitude + outcrop attribute. The sonic log data from two
boreholes were used to generate a velocity function and provide the
approximate depth-time relationship for the approximated depths of
sedimentary sequences and faults. This last process allowed the borehole
data (traditionally acquired in the depth domain) to be shown in the
time domain along the seismic sections. Moreover, we used geological
descriptions (top of geological units), combined with gamma-ray well
logs from boreholes and previous seismic interpretations (e.g., Rossetti
et al., 2021), to narrow our seismic stratigraphic analysis. A total of 14
gamma-ray well logs and boreholes (Fig. 2C) aided in subsurface strat-
igraphic correlation. This analysis focused on deposits overlying the pre-
Cretaceous unconformity. The aim was to detect changes in the depth of
stratigraphic units that could characterize stratal deformation by tec-
tonic structures.

The subsurface analysis of the Jurua dome and related structures at
depth was completed using gravimetric (Bouguer anomaly) and mag-
netic models. Gravity anomalies in sedimentary basins allow us to
interpret the state of local isostatic compensation, with positive and
negative values indicating respectively under- and over-mass compen-
sations. Magnetic anomalies indicate local variations in chemistry or
magnetism of the rocks, being useful in the detection of deep-rooted
structures obscured by overlying material. We used these approaches
in the study area to verify if the geological structures characterized at
the surface and down through the sub-surface sedimentary sequence
were also expressed in the deeper basement rocks. The Bouguer gravity
map was derived from the EIGEN-6C high-resolution global gravity
combined field model, generated by integrating satellite and terrestrial
data (e.g., Shaki et al., 2014). This model combines ground data, Laser
Geodynamics Satellite LAGEOS-1/2 ranging data, Gravity Recovery and
Climate Experiment (GRACE) FPS Satellite-to-Satellite Tracking and K-
band range-rate data, and gravity field and steady-state Ocean Circula-
tion Explorer (GOCE) satellite gravity gradient (SGG) data. LAGEOS-1/2
are high-density, passive laser reflector satellites that orbit at an altitude
of 5900 km, which allow determining positions of points on Earth with
high accuracy due to the stability of their orbits. The magnetic map was
obtained from the Earth Magnetic Anomaly Grid (EMAG2) global model
(Maus et al., 2009). This model compiles magnetic data acquired from
satellite, marine and aeromagnetic surveys, calculated at an altitude of
4 km above mean sea level, with a resolution of 2 arc min. The grid data
were resampled, and a color palette was applied to highlight magnetic
anomalies using the General Mapping Tools (GMT) software (Wessel
et al., 2013).

4. Results
4.1. The Jurua dome and related drainage systems

The Jurua dome (Figs. 2C and 3) consists of a broad, rounded, and
smooth, convex relief, with altitudes generally not exceeding 110 m.
This large surface is roughly 245 km long by 243 km wide and is
developed into Pleistocene-Holocene deposits (Fig. 2C). The Plio-
Pleistocene I¢a and Miocene Solimoes Formations bound the domal re-
lief to the west (Fig. 2C). The drainage over the dome is arranged
concentrically into a broad annular pattern with localized anomalous
segments (Fig. 3A). The anomalous segments include a long reach of the
Solimoes River that bounds the dome to the north, forming a large and
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Fig. 3. Surface characterization of the Jurud dome. A) Drainage network in the dome region. Despite the straight morphology, the Jurud River is highly meandering,
with sets of meanders defining NE-trendings morphostructural lineaments displacing NW-trending lineaments to the left (dashed red lines). Arrows indicate straight
streams paralleling the Jurud River (4). B) Detail of the Jurua valley where the trunk river splits into two channels (see A for location). C-D) Comparison between the
two channels of the Jurua River, with the channel to the west in a stage of abandonment. E) DEM-SRTM with a general view of the Jurud dome (see location in A).
The Jurud paleovalley to the west of the dome was reported by Rossetti et al. (2021). This figure also provides a general view of morphostructural lineaments marked
by topographic scarps in the northern (white arrows), southwest (vellow artows), and eastern (green arrows) edges of the dome. i-ii = topographic profile shown in F.
F, G) Topographic profiles along a W-E transect across the dome (F) and along a N-S transect crossing the morphostructural lineament to the north (G). See location in
E. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

nearly orthogonal curvature from northeast to the southeast (Fig. 3A, E).
The Riozinho and Jutai-Bid Rivers are also curved on the western margin
of the dome, whilst the Tefé and Curimata de Cima Rivers display long
curved segments along the dome eastern and southern borders (Fig. 3A).
In addition, the Jurud River crosses the dome core as a highly
meandering stream that is entrenched along a NE-trending rectilinear

valley (river number 4 in Fig. 3A). Notably, this river presents sets of
meanders that define straight morphostructural lineaments. These lin-
eaments are either parallel to the river valley or oriented in a NW-SE
direction (see red dashed lines in Fig. 3A). The NW-oriented linea-
ments displace the lineaments parallel to the river valley, often with left-
lateral offsets (Fig. 3A). Furthermore, as the Jurua River crosses the
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dome core, it splits into two channels: a main one to the east, near the
valley margin (Fig. 3B); and a secondary channel to the west, which is
narrower and comprises more abandoned loops than the main channel
(Fig. 3C, D). Many adjacent rivers had long straight segments parallel to
the Jurua valley (arrows in Fig. 3A).

The domal relief is exhumed locally by the entrenchment of the
Jurua River valley (Fig. 3E, F). The dome becomes lower to the north,
forming a scarp that separates the domal relief from a plateau (Fig. 3E)
positioned approximately 10 m lower (Fig. 3G). Rivers near this scarp
appear sensitive to the domal relief, diverting their courses and defining
a main NW- to ESE-trending morphostructural lineament (white arrows
in Fig. 3E).

After routing across the domal relief, the Jurud River joins the Sol-
imoes River at a high angle forming a major junction. Here, the Solimoes
valley displays an abnormally large floodplain of approximately 90 km
in width. This floodplain is sharply crosscut by a NE-SW rectangular-
shaped depression (Fig. 4A) positioned approximately 10 m lower than
the surrounding areas (Fig. 4B). This depression-like feature has a
similar alignment to that of the Jurud valley northeastward across the
Solimoes floodplain, being marked by rectangular segments of the Sol-
imoes River to the south and east, and by the Japuré River to the north
(Fig. 4A).

The quantitative analysis was conducted on the river long profiles of
six drainage basins in the domal relief and adjacent ones, including the
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Jutai, middle-lower Jurud, Uarini, Tefé, Coari, and Tapaua Rivers
(Fig. 5A). The results showed an average @ value of 0.41 (Fig. 5B), with
catchment areas of up to 77,545 km?, and trunk streams with lengths of
up to 1615 km. In general, the drainage basins included tributaries with
slightly linear y-profiles (profile elevations of up to 200 m; Fig. 5C). The
Tapaua River basin, located further away from the dome, shows the
most linear y-profiles. However, non-linear y-profiles occurred in the
middle-lower tributaries of the Jutai, Tefé, and Uarini basins. The kg,
values showed a weak positive linear relationship with relative relief
when comparing all of the paired data (R? = 0.20; Fig. 6A). However,
this relationship was strengthened for individual basins (colored
rhombus in Fig. 6A). The highest coefficients were found in the Jutai (R?
= 0.30), Jurud (R? = 0.25), Uarini (R?> = 0.19), and Tefé (R? = 0.16)
drainage basins. Within the Jurud dome (Fig. 6B), a right-skewed kg,
distribution was observed, with kg, values ranging from 1 to 123 m®?®
and an average kg, of 5 m®°. The highest k, values (=6 m®®) were from
the Jurud dome margins, especially along the bedrock tributaries of the
Jutaf and Tefé rivers. Lower kg, values (<4 m®?) occurred towards the
drainage divides.

4.2. Gravity and magnetic data

Bouguer gravity and magnetic maps (Fig. 7) indicate several straight
to slightly sinuous lineaments trending in the main NW-SE and NE-SW

Fig. 4. Junction of the Juwua and Solimoes Rivers at the
northern tip of the Jurua dome (see location in Fig. 3A). A)
DEM-SRTM showing the rectangular depression within the
Solimoes River (see dashed lines), that extends northeastward
from the mouth of the Jurua River valley. Note that this
feature occurs at the orthogonal junction between the two
segments of the Solimoes River that contour the dome. Also,
observe the maximum width of the Solimoes floodplain at this
point. B) Rectangular drainage pattern that marks the
depression (see location in A) and DEM-SRTM topographic
profile transverse to the depression in the Solimoes River
valley, related to a northeastward extension of the Jurua River
valley (see location in A).
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Fig. 5. Geometry of long river profiles considering six complete main drainage basins from the domal relief and adjacent areas. A) Location of the drainage basins
shown in a SRTM-DEM, customized using a color palette, with the indication of drainage networks (light blue) and numbered trunk streams (dark blue). Rectangle =
study area. B) Slope-area plot derived from six drainage basins. (C) Transformed y-elevation long river profiles of the drainage networks shown in A. Dashed red line
= theoretical profile of a river in equilibrium. (For interpretation of the references to color in this figure legend, the reader is refeired to the web version of

this article.)

directions in the deep subsurface of the domal relief and adjacent areas
(Fig. 7A, B). The segment of the Jurud River valley across the dome
corresponds to a NE-trending magnetic lineament (Fig. 7B). In addition,
the Bouguer gravity data indicate that, on the deep surface, the Jurua
dome matches with an anomaly that displays a rounded morphology
(see the circle in Fig. 7A) with positive values ranging from 10 to 20
mGal (an in Fig. 7A). On the magnetic map, the northern half of the
Jurud dome (see the circle in Fig. 7B) corresponds to two semicircular
negative anomalies with values ranging from —100 to —20 nT.

4.3. 2-D stratigraphic geometry from seismic reflection data

The resolution of the seismic sections (Figs. 8 to 10) allows only for
the discrimination between the Alter do Chao and younger Cenozoic
units, the latter including the Solimoes and I¢a Formations, as well as the
unnamed Pleistocene-Holocene deposits. Overall, the depth of the strata
underlying the Jurud dome comprises two major changes. The first

consists of thickening of the Alter do Chao Formation and Cenozoic units
to the south. The second, and more important for this study, is the
upwarping of the Alter do Chao and overlying units towards the dome
core. We analyzed these changes west and east of the Jurud River. A
progressive increase in the depth of the subsurface strata can be
observed to the west of this river (Fig. 8A to D). For example, the base
depth of the Alter do Chao Formation changes from about 513 mis in the
west (Fig. 8E) to 430 ms in the east (Fig. 8F). In contrast, the depth of the
base of the Cenozoic deposits changes from approximately 183 ms in the
west (Fig. 8E) to 161 ms in the east (Fig. 8F). A similar increase in the
depth of the stratal units can also be observed east of the Jurud River
(Fig. 9A, B). This pattern is shown by the change in the depth of the base
of the Alter do Chao Formation from approximately 390 ms (Fig. 9C) to
587 ms (Fig. 9D) to the east. The depth of the base of the Cenozoic de-
posits also changes from 191 ms (Fig. 9C) to 271 ms (Fig. 9D) east of the
Jurua River.

The seismic sections show faults with high dip angles (Figs. 8 to 10)
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Fig. 6. Quantitative investigation of k, based on six complete
main drainage basins in the region of the domal relief. A)
Linear regression between the k,, and the relative relief
(radius of 8 km) for all paired data of each drainage basin
(colored rhombus). B) K, spatial distribution by drainage
segments in the Jurud dome, with the location of trunk
streams, drainage basin limits, and alluvial sectors. (For
interpretation of the references to color in this figure legend,
the reader is referred to the web version of this article.)
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and varying dip azimuths along the dome. Faults typically display
normal slip geometries, but reverse faults were also present (Figs. 8E, F,
9C, F, and 10E, F). Many faults split upwards into arrays of faults,
configuring into flower structures (e.g., Fig. 8C, D). Although faults were
more abundant in the Alter do Chao Formation and in pre-Cretaceous
rocks, several continue to pass up through the Cenozoic strata to the
surface. Some of these faults correspond to the main morphostructural
lineaments detected in the DEM (Section 4.1). This is the case of a
northward-dipping, reverse fault that reaches the surface (Fig. 9C),
defined by the ENE- to NW-trending morphostructural lineament shown
in Fig. 3E (see arrows). In addition, the morphostructural lineament of
the Jutai-Bia Rivers (yellow arrows in Fig. 3E), marked by the topo-
graphic scarp in the southwest to western edges of the dome, also co-
incides with several east-dipping normal fault flower structures deep
rooted in the basement at depth (Fig. 10A, B, E). Similarly, the mor-
phostructural lineament of the Tefé River at the eastern edge of the

64°44'W

dome (Fig. 3E) matches westward-dipping flower structures that can be
traced from the basement to the surface (Fig. 10C, D, F). Moreover, the
morphostructural lineament from the margins of the Jurua River valley
coincides with many faults rooted into Paleozoic rocks. These faults
continue to the surface with opposite dips, forming a graben-like
structure (Figs. 8F and 9C). Some faults with related folds are present,
even in the Cenozoic units (Fig. 9E, F).

4.4. Stratigraphic correlation of well logs

N-S- and SW-SE-trending transects based on well log correlation
across the Jurua dome (Figs. 2C and 11) record the lateral distribution of
the Cretaceous Alter do Chao Formation, the Miocene Solimoes For-
mation, the Plio-Pleistocene Ica Formation, and the unnamed
Pleistocene-Holocene deposits in greater detail than the seismic lines.
These units directly overly Carboniferous-Permian rocks and, more
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Fig. 7. Subsurface structural framework in the region of the Jurud dome observed in the Bouguer gravity (A) and magnetic (B) maps. Dashed circle = dome; dashed

line = subsurface lineament; an in A = anomaly described in the text.

commonly, Triassic-Jurassic igneous rocks (mostly basalts), the latter
ascending towards the dome core as the thicknesses of the overlying
units decrease. Supported by the seismic reflection data, we interpret the
geological sections drawn from the well logs, attributing these changes
to the offsetting and bending of the stratigraphic units.

Section I-1I (Fig. 11A) records a generally persistent northward
elevation of a basaltic marker, which ranges from 860 m (well 7) to less
than 400 m (well 2). The exceptions are wells 1 and 3, which have
basaltic layers shallower in depth than expected, because thicker
Carboniferous-Permian strata overlie them. Notably, all units overlying
these rocks show a thickening towards the south. For example, the Alter
do Chao Formation ranges from —40 m (well 1) to 380 m (well 7) to-
wards the south (Fig. 11A). Similarly, the thicknesses of the Solimoes
and Ica Formations range, respectively, from ~50 m (well 1) to ~380 m
(well 8) and —40 m (well 2) to —~60 m (well 7). Furthermore, the
Pleistocene-Holocene strata were absent in some localities to the north,
largely due to erosion by the Solimoes and Jurua rivers but reached up to
140 m thick to the south (well 7). Most faults in this section were
normal, but a reverse fault was recorded between wells 2 and 3
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(Fig. 11A). This fault corresponds to the morphostructural lineament
indicated in Fig. 3E and the northward-dipping reverse fault marked in
the seismic reflection sections shown in Figs. 10 and 11C. In addition,
the fault traced between wells 7 and 8 marks the southeastern limit of
the Jurua dome, which corresponds to a flower structure interpreted in
the seismic reflection section (see Fig. 10F). Well 8, located southeast of
this fault zone, showed all units in a relatively shallower position rela-
tive to well 7 (Fig. 11A).

Section ITI-IV (Fig. 11B, C) crosses the Jurua dome on its southwest
and southeast edges, with the middle part also crossing the center of the
dome. Along this transect, the basaltic marker recorded a rise towards
the dome core. Although this layer was missing in well 3, this site has
Carboniferous-Permian rocks at its shallowest depth of approximately
420 m. The overlying stratigraphic units, mainly Cretaceous strata,
reach a minimum thickness of only 130 m at this location, as displayed
in the vicinity of wells 5 and 11. The Cretaceous unit thickens on both
sides of the section, i.e., away from the center of the dome, where it
reaches up to 445 m thick, with its top deepening from less than 300 m
to 480 m. The overlying Solimdes Formation follows this same trend,
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Fig. 8. Seismic sections recording the tectono-stratigraphic context in the western sector of the domal relief revealed by the DEM-SRTM. A-D) 2D seismic sections of
Lines 9 (A and B) and 13 (C and D) uninterpreted (A and C) and interpreted (B and D). E-F) Details showing the depth variations (in time) of Cretaceous and Cenozoic
strata. The simplified map in A and C locates the seismic sections (see also Fig. 2C for a more detailed location). Keys: TWT — Two Way Travel time; V.E. — Vertical

Exaggeration.

increasing from approximately 170 m to 350 m in thickness towards the
edge of the dome. The greatest thickness occurs to the southwest (well
9), coinciding with the highest dome relief in well 9 (Fig. 11B). Well 9 is
located on a plateau external to the dome, being the only site where the
Ic4 Formation was exposed on the surface. An elevation of >100 m in
well 9 decreases towards well 10, being markedly low between the
Jutai-Bia and Riozinho Rivers (Fig. 11B). The topographic scarp where
the Jurai-Bid rivers are located corresponds to a fault that changes its
configuration at depth from normal to reverse and back to normal (see
the fault between wells 9 and 10 in Fig. 11B). This area, and the rest of
the Jurua dome, is overlain by Pleistocene-Holocene deposits, which
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thin slightly towards well 3, but thicken to the southeast of this central
area.

5. Discussion

5.1. Neotectonic forcing from the analysis of the river systems

Various morphostructural characteristics of the rivers in the study
area display evidence for a neotectonic control. The marked amplifica-
tion in the size of the Solimoes River valley where it forms a major
orthogonal tributary junction with the Jurua River (Figs. 3A and 4A)
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Fig. 9. Seismic sections recording the tectono-stratigraphic context in the eastern sector of the domal relief revealed by the DEM-SRTM. A-B) 2D-seismic section of
Line 5, (A) uninterpreted and (B) interpreted. C-D) Details showing the depth variations (in time) of Cretaceous and Cenozoic strata and the fault-related to the
morphotectonic lineament, as well as (E-F) fault-related folds and minor folds. The simplified map in A locates the seismic section (see also Fig. 2C for a more
detailed location). Keys: TWT — Two Way Travel time; V.E. — Vertical Exaggeration.

constitutes a large morphostructural drainage anomaly. Its location in a
topographically low region to the north of the Jurua dome and south of
the large-scale Pleistocene-Holocene folds reported by Rossetti and
Valeriano (2021), leads us to relate the large-scale morphostructural
anomaly of the Solimoes River to neotectonic forces. This neotectonic
interpretation is supported by our subsurface data, which suggests that
the Jurud dome is an anticline with large dimensions. The development
of this large anticline would have the potential to force the position of
the Solimoes River back and forth, accounting for the valley's expansion
over a geographically large area of tens of kilometers wide with abun-
dant paleochannels. It is most likely that this river was located several
kilometers northeast of its current location (Fig. 4A). As the river moved
to its present position, so did the Jurud River, which resulted in the
development of the large alluvial plain and the rectangular depression,
the latter attributed to a paleovalley of the Jurua River.

In addition to deflecting a large segment of the Solimodes River, the
dome also distorted segments of other rivers, including the Tefé, Curi-
mata de Cima, Jutai, Bia, and Riozinho, which all became curved
adapting to the growth of the domal relief. The three latter rivers flow
along the margins of a depression interpreted as a relict of the Jurua
River during the Plio-Pleistocene to Holocene (cf. Rossetti et al., 2021).
This curved paleovalley provides evidence that the domal relief also
deflected past rivers. In contrast, the rectilinear NE trend of the Jurua
valley through the dome, and the various sets of meanders that define
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straight morphostructural lineaments either parallel or orthogonal to
the valley direction, are instead configured to the main regional struc-
tures of the Solimoes Basin (e.g., Caputo and Silva, 1990) and of other
regions of Brazil (see upper map in Fig. 1). Thus, it appears reasonable to
relate the morphostructural lineaments along the Jurud valley and
nearby areas to tectonic fractures that may include faults. In particular,
the sinistral displacement of the NE-trending lineaments (red dashed
lines in Fig. 3A) suggests left-lateral strike-slip faults, as proposed by
other morphostructural analyses elsewhere in the Amazonian lowlands
(e.g., Costa et al., 2001; Rossetti, 2014).

The contrasting y-profiles that compare river long profiles across the
dome with those away from its influence can be used as independent
evidence of tectonically controlled rivers. In steady-state landscapes, y
has a linear relationship with elevation, where a given profile appears as
a straight line in the y-elevation space (Perron and Royden, 2013). The
most linear profiles recorded for the rivers in the Tapaua basin (river 6 in
Fig. 5C) are consistent with a location further away from the influence of
the Jurua dome than the other basins. The relatively less linear y-profiles
of many rivers that cross or contour the Jurua dome, such as Jurua,
Jutai, Tefé, and Uarini (Fig. 5C), show evidence for being more transient
rivers. Under uniform climatic conditions and in a situation where rivers
are distant from the coast (as in the study area), transient rivers are
generally related to changes in bedrock erodibility and/or active tec-
tonics (Kirby and Whipple, 2012). Some bedrock tributaries with non-
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Fig. 10. Seismic sections recording the tectono-stratigraphic context in the western and eastern border of the domal relief revealed by the DEM-SRTM. A-B) 2D
seismic sections of Line 8, uninterpreted (A) and interpreted (B). C-D) 2D-seismic section of Line 24, (C) uninterpreted and (D) interpreted. E-F) Details showing the
faults controlling the Jutai and Tefé rivers, and the western and eastern border of the dome, respectively. The simplified map in A and C locates the seismic sections
(see also Fig. 2C for a more detailed location). Keys: TWT — Two Way Travel time; V.E. — Vertical Exaggeration.

linear y-profiles from areas of higher elevations in the southwest sector
of the study area could be explained by lateral variations in bedrock
erodibility, since that sector has diverse geological units, including the
Solimoes and Icd Formations, and the unnamed Late Pleistocene-
Holocene deposits (Fig. 2C). However, the slightly convex y-profiles
from the middle-lower Jutai, Tefé, and Uarini basins located over Late
Pleistocene-Holocene deposits cannot be explained by contrasts in
bedrock erodibility. The most likely explanation is that the tributaries
with more convex y-profiles are under tectonic influences from the
growth of the Jurua dome. Further evidence of tectonic control in this
region includes: 1) the relatively high scaling behavior between kg, and
the relative relief with increased R? coefficients, especially for drainage
basins over the dome (Fig. 6A), which suggest transient fluvial incision
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due to changes in the uplift rates during the Quaternary; and 2) the
tributaries with spatially variable ks, values over the dome, particularly
showing higher kg, concentrations towards the dome margins (Fig. 6B),
possibly due to the growth of the domal relief that resulted in more
incised river channels.

5.2. Formation of the Jurua dome by growth folding

Domal reliefs result mostly from igneous intrusions, volcanoes, dia-
piric salt structures, meteorite craters or folds (e.g., Burt et al., 2008).
These features may be marked by annular drainage patterns, as recorded
in the Jurua dome (Fig. 3A). However, the geological setting of the
Solimoes Basin is not in keeping with the first three hypotheses. The
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integrated analysis of seismic sections (Figs. 8 to 10) and well logs
(Fig. 11) leads us to propose that the Jurua dome may correspond to an
upwarped relief developed under the effect of a smooth, but high-
amplitude, growth fold. Growth folds may reach considerable di-
mensions (i.e., hundreds of meters in amplitude and several kilometers
in width) (Jackson et al., 2020). Thus, their documentation might be
complex, because the fold geometry is not always perceived, even at the
scale of some seismic sections. Increased thickness of sedimentary units
away from the site of maximum uplifting has typically been used to
recognize growth folds in many studies (e.g., Coleman et al., 2019;
Ferndndez-Blanco et al., 2020; Xu et al., 2020).

We suggest a growth fold to explain the Jurua dome based on the
increased depth of the Cretaceous and Cenozoic stratigraphic units in
the seismic sections oriented roughly in the W-E direction. Whilst the
stratal deepening in southward-oriented sections can be partly explained
by the proximity to the Jurua Sub-basin depocenter (Fig. 2A, B), this
pattern in W-E trending sections suggests deposition under increased
accommodation space away from the Jurua River and the basin depo-
center. The stratal deepening detected in the seismic sections is also
confirmed in the well log sections, where the stratigraphic units can be
more clearly discriminated. The increased stratal thickness towards the
south (Fig. 11A) could be due to the proximity of the basin depocenter.
However, the increased deepening and stratal thickening of all units
towards the margins of the domal relief (Fig. 11B; compare with Fig. 2C)
are not related to the basin depocenter. We suggest progressive
upwarping of the layers towards the dome core is the most likely
explanation. In conjunction with smooth positive surface relief dis-
played in the SRTM-DEM topographic profiles (Fig. 3F) and the broad
annular drainage pattern (Fig. 3A), these characteristics are compatible
with deposition simultaneous to deformation and growth of a fold
structure.

Although the dome relates to the surface expression of a single large
growth fold, folding may have been more complex at different scales, as
indicated by multiple smaller-scale fault-related folds documented in the
seismic sections (Fig. 9E, F). However, when considered a single-growth
fold, it seems reasonable to interpret that the Jurua River valley, located
in the anticline core, marks the NE-trending axial plane. Folds concep-
tually concentrate the highest strain along their hinge line, where
extensive fracturing is favored (e.g., Awdal et al, 2013; Cosgrove,
2015). Fractures along the fold axis would have facilitated the
entrenchment of the Jurud River valley and also forced many adjacent
rivers to have straight segments stretches parallel to the main river
valley (Fig. 3A). In addition, the weakness of the upwarping hinge zone
is further illustrated by the numerous meanders of the Jurud River where
NE-trending morphostructural lineaments are sinistrally displaced by
the NW-trending meanders, suggesting sinistral strike-slip fault activity
(Fig. 3A). The current stress in the axial fold zone locally diverts the flow
of the Jurua River, establishing the main channel east of its previous
location, marked by the narrower channel with many abandoned loops
(Fig. 3B, D). Similar morphostructural features have been observed in
other tectonically controlled landscapes (Holbrook and Schumm, 1999;
Schumm et al., 2002). As suggested in the study area, a fold with a NE-
striking axial plane would facilitate the detection of its fold geometry by
viewing E-W oriented (dip) sections, where the dipping fold limbs can be
better visualized compared to N-S oriented (strike) section perspectives.

The entrenchment of the Jurua River and adjacent streams along the
fold axial zone might have contributed to the exhumation of the domal
relief. This interpretation aligns with conceptual models of river inter-
action with emergent folds (e.g., Burbank and Anderson, 2012; Bufe
etal., 2016). In northeastern Brazil, an analog is the Apodi River, located
in the Potiguar Basin (—3500 km to the east of the study area), which
significantly eroded the hinge of a similar large-scale growth fold (Bagni
et al., 2020). The soft nature of the Pleistocene-Holocene deposits in the
study area, which consist mainly of loose sands and muds (e.g., Rossetti
et al., 2005), may have facilitated relief exhumation.

In addition to the fractured axial plane, the association of the Jurua
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anticline with an abundance of faults might have contributed further to
modifying its original shape. Although these faults were most often re-
ported in pre-Cretaceous rocks, their upward propagation through the
Cenozoic units up to the surface sustains their influence on the domal
relief. For instance, the NW-trending lineament in the southwest edge of
the Jurua dome is marked by a sudden topographic gradient change
between the Icd Formation and Pleistocene-Holocene deposits, related
to a tectonic scarp (Fig. 9C and also see the fault between wells 9 and 10
in Fig. 11B). In addition, the NW- to ENE-trending lineaments in the
northern sector of the dome lowered the anticline relief in the down-
thrown faulted block to the north (Fig. 3E). Normal faults record
extension but sets of faults with a flower structure geometry and various
minor folds (Figs. 8C, D, 9A, B, E, F, and 10A to F) also provide evidence
for compression, consistent with their association to the Jurud anticline.

Although the Jurua anticline and associated faults indicate active
tectonics during the Cretaceous and Cenozoic history of the Solimaes
Basin, these structures probably have their origin in structures deep-
rooted into the basement. This is likely because of the numerous NE-
and NW-trending gravity and magnetic lineaments (Fig. 7), which sug-
gest the prevalence of these structural trends down into the basement.
Furthermore, the fact that the Jurud dome overlies a broad Bouguer
positive gravity anomaly might not be a coincidence, but it could be due
to its occurrence in a region of uplifted basement rocks. Similar anom-
alies documented in the axis of the adjacent intracratonic Amazonas
Basin to the west (see Fig. 2A) were attributed to high-density material
in the lower crust and/or upper mantle, intruded into the basin floor
during rifting (Nunn and Aires, 1988; Braitenberg and Ebbing, 2009).
An analogous interpretation was claimed for similar Bouguer anomalies
in the Pantanal Setentrional Basin, located to the north in the interfluve
of the Negro and Branco Rivers (Rossetti et al., 2016). Considering these
interpretations, and the record of intense magmatism in the Solimoes
Basin linked to the Jurassic-Triassic Penatecaua Magmatism, we spec-
ulate that the intrusion of high-density masses underlying the Jurua
dome might have promoted an early stage of uplifting. Even a low stress
could have deformed the strata to form the Jurua dome over this area of
basement weakness. A similar model of low stress transmitted from the
basement has been proposed to explain compression and domal struc-
tures in the Atlantic passive margin of Norway, a region distant from any
nearby active orogen (Doré et al., 2021). Although other causes might
have contributed to forming the Jurud dome (see the following discus-
sion), the close relationship between the domal relief and underlying
structures deep rooted into the basement suggests that it is likely a key
component of the compressive stress.

5.3. Evolutionary model and origin of the stress field

A growth fold with a NE-striking axial plane is compatible with a
NW-oriented maximum compressive stress field in the Jurud Sub-basin,
which has been occurring simultaneously to sediment deposition since
at least the Cretaceous. This interpretation agrees with the W/NW-E/SE
to NW-oriented maximum horizontal compression previously proposed
for an adjacent area located north of the Solimoes River (Rossetti and
Valeriano, 2021). Compression would have inverted the Jurua Sub-basin
because the anticline is located in its depocenter (Fig. 2A, B). Wide folds
and faults forming flower structures, such as in the Jurua dome, often
occur by compressive deformation in extensional settings (Willsey er al.,
2002; Jackson et al., 2020), mostly under strike-slip regimes. Regional
transpression has been used to explain the structures of the Solimoes
Basin, including the Solimoes Megashear Zone (SMZ in Fig. 1; Caputo
and Silva, 1990). Thus, the Jurua dome could be a pop-up structure, as
described in models of fault-related folds developed in shear zones. Pop-
up structures form anticlines or push-ups (McClay and Bonora, 2001),
which result in convex-up reliefs (Schellart and Nieuwland, 2003; Sugito
et al., 2019) that might be exhumed in the core (Fedorik et al., 2019), as
is the case of the Jurud dome. In addition, pop-up structures are
consistent with the deep-rooted basement flower structures that border



D.F. Rossetti et al.

the Jurua dome, as revealed by the integration of geophysical potential
and seismic data. However, a more detailed investigation, including 3D-
seismic data, is needed to test this hypothesis, mainly due to the large
size of the Jurua dome.

The preceding interpretations agree with the intraplate stress field
that has been proposed for the northern sub-Andean region to the
Amazon basin, which ranges from thrust to strike-slip regimes, both of
which possess a maximum horizontal compression (6;) (Assumpcao
et al., 2016; Rossetti et al., 2021). The available data are mainly derived
from earthquake focal mechanisms that provide the orientation of the
maximum horizontal compression (Shmax), which could be either 6; or
65. For instance, an earthquake on the 3rd January 2017 indicates a
strike-slip regime with a NW-oriented maximum horizontal compression
(Shmax) in eastern Amazonia, parallel to the present coastline (Dias
et al., 2017). This maximum horizontal compression shifts to roughly N-
S in central Amazonia, close to the study area, and shifts again to ~E-W
in the Amazonia sub-Andean region of Peru, where it is under mainly a
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Fig. 12. Schematic diagrams illustrating the interaction of the anticline proposed for the study area with major rivers of the region. A) The pre-existing domal relief
controlled the ancient course of the Jurua River; B) Expansion of the growth fold by WNW maximum compression (o;) in the Pleistocene, northward dislocation and
arching of the Solimoes River valley, and entrenching of the Jurua River valley paralleling fractures along the NE-trending fold hinge zone; C) A wandering Solimoes

River resulted in the widening of its fluvial valley as it advanced south.
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thrust-related stress regime (Assumpcao et al., 2016). The abundance of
faults with positive flower geometries, as indicated in the seismic lines,
and the NW-striking horizontal faults along the Jurua valley, are
compatible with transtension. The main NE- and NW-trending linea-
ments in the surface of the study area are consistent with the topo-
graphic semivariance anisotropies from other areas of Amazonia, which
indicate altimetry variations in preferential directions ranging from NE-
SW to NW-SE (e.g., Ibanez et al., 2014).

Based on the preceding discussion, a tectonic geomorphological
model of fold growth and drainage development can be proposed
(Fig. 12). The pre-existing growing fold is probably a pop-up structure
formed by the reactivation of deep-rooted strike-slip faults active until
the Quaternary. The fold is detectable in the surface by forming a domal
relief. This structural and geomorphological configuration would have
shaped the former NW-trending valley of the Jurud River, by forcing its
adaptation to the dome geometry (Fig. 12A). The enlargement of the
growth fold by the NW-oriented subhorizontal maximum compression

Solimées River
paleo-Jurua River

Jurua River
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(01) in the Pleistocene accentuated the dome expression, with a shift to
the north and arching of a long segment of the Solimaes River valley
(Fig. 12B). The deflection of this river to the north and its resulting
curvature to adapt to the growing fold shape is likely to have been
accentuated in the Pleistocene. The release of compressional strain along
NE-striking fractures on the fold axis would have promoted the
entrenchment of the Jurua River valley (Fig. 12B). Following compres-
sion, the Solimoes River would have migrated back and forth as it moved
to the southwest, leaving behind numerous paleochannels within a
widened floodplain (Fig. 12C). As the Solimoes River moved south, the
northern edge of the Juruda dome was removed due to river erosion,
obliterating the original dome shape. The disrupted morphology of the
anticline was further accentuated by the upward propagation of faults
with a surface expression as topographic scarps.

Determining the origin of the maximum horizontal compression
recorded in the study area is challenging, but some hypotheses can be
raised by analyzing the regional structural context of northern South
America. The development of the Solimoes Basin has varied in tectonic
style through geological time from an intracratonic region to a foreland
structure (e.g., Caputo, 2014). Horizontal compression during its evo-
lution has previously been related to far-field transpressive forces due to
the opening of the Gulf of Mexico (Szatmari, 1983; Caputo and Silva,
1990). However, this event occurred in the Middle Jurassic to Early
Cretaceous (see Filina et al., 2022 for a review). Thus, it could not
explain the regional compressive stress field from the Cretaceous to the
Quaternary in this intraplate region. The most likely hypothesis is far-
field stresses linked to the growth of the Andean thrust belt, deformed
mostly due to strike-slip tectonics, coupled with the interaction between
the Nazeca, South American, Caribbean, and North Andes plates (see
several references in Costa et al., 2020).

Although the Andean uplift began in the Late Cretaceous, it was
highly diachronic (Horton, 2018; Gianni et al., 2020) and also varied
largely from one region to another, being intensified in the Central
(Parra et al., 2009; Gaidzik et al., 2020; Pingel et al., 2020) and Northern
Andes (Anderson et al., 2016; Mora et al., 2020; Fig. 1) mainly between
the Late Miocene to Holocene (i.e., in the Quechua tectonic event, cf.
Oncken et al., 2012). In the Peruvian Andes, numerous shallow crustal
WNW- to NE-striking normal faults and NW-striking strike-slip faults of
Mesozoic age were reactivated in the Pleistocene-Holocene (Gaidzik
et al., 2020). The deformation front was focused on the foreland-facing
Andean thrust, which converged against western South America with a
marked topographic shortening by approximately 80 km (Carrara et al.,
2011; Cherrier et al., 2013). The deformation propagated eastwards into
the Subandean region (Stalder et al., 2020; Boschman, 2021) and fore-
land basins (Ramos et al., 2002). Deformation might also have reached
the intracratonic region of the Amazonian lowlands, where Late Pleis-
tocene and Holocene reactivation of many NE- and NW-striking faults
have been documented (e.g., Costa et al., 2001; Ibanez et al., 2014;
Rossetti, 2014; Alves et al., 2020; Queiroz and Carvalho, 2020).

The most recent Central Andes seismicity is due to the continuous
subduction of the Nazca plate underneath the South American plate. The
Neogene plate dynamics could explain the reactivation of structures
deep rooted in the basement rocks. This interpretation is consistent with
stresses exerted by crustal weaknesses along the eastern Andes (Costa
et al., 2020), and agrees with the neotectonic deformation along shear
zones of the basement rocks documented in other cratonic areas of South
America (e.g., Riccomini and Assumpcao, 1999). In particular, the NW-
striking faults, including the young generation of sinistral strike-slip
faults that have displaced the NE-striking faults along the Jurua River
valley, agree with the sinistral motion of the Peruvian segment of the
South American plate due to the oblique eastward convergence of the
Nazca plate (e.g., Villegas-Lanza et al., 2016).

Plate tectonics to the north of the study area might have also played a
role in the origin of the compressive structures documented here. The
eastern border of the Caribbean and North Andes plates and the north-
ern Central Andes, which are located closer to the study area (Fig. 1),
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had higher seismic activity during the Pleistocene-Holocene (Antayhua
et al., 2002; Costa et al., 2020), with the reactivation of Mesozoic
structures still active today. The pushes related to the convergence be-
tween the South-American and Caribbean plates were previously sug-
gested to explain the structures of the Solimoes Basin and large areas of
central Amazonia (Assumpcao et al., 2016). The NW-oriented horizontal
compression we proposed for the study area is not in keeping with the
prevalence of a N-S maximum horizontal stress modeled for central
Amazonia based on earthquake focal mechanism (Assumpcao et al.,
2016). It is also not indicated for major strike-slip faults that bound the
eastern Caribbean plate based on the interaction of geodesic and seis-
mological data (e.g., Pérez et al., 2018). Instead, the deformartion we
propose for the study area agrees with the NW-oriented maximum
horizontal stress field along major faults of the eastern North Andes
plate recorded by those authors.

6. Conclusions

Our surface geomorphology and subsurface geological data inte-
gration reveal that the Jurua dome in the Solimoes Basin has a subsur-
face expression related to a broad growth fold that inverted the Jurua
Sub-basin with the following key findings:

1. Variations in the depth of the stratal units could be related to the
basin depocenter, but only horizontal compression can explain the E-
W-oriented uplift of the layers along this dome;

2. The NE-trending Jurud River valley marks the fold axis and conforms
to the roughly NW-trending maximum compressive horizontal stress;

3. The Jurua dome is likely a result of far-field stresses exerted by the
pushes of the Andean orogeny in the Neogene, coupled with the
reactivation of major deep-rooted basement strike-slip faults during
the motion of South American plate against the North Andean and
Nazca plates;

4. The intensity of folding and faulting decreased over time, but
affected strata of all ages and created the smooth domal relief;

5. In regions of low topography, such as this study area, even a small
degree of upwarping and faulting appears to be sufficient to disturb
the dynamics of large rivers, specifically curving and/or changing
their courses.

Based on these results, we recommend this type of integrated surface
geomorphological and subsurface geological investigation to be
extended to other areas of central Amazonia, aiming to seek explana-
tions for the diversity of reliefs and drainage networks that characterize
this region. Since the Amazon basin contains some of the largest rivers
on Earth, the acquisition of these additional data might contribute to
discussions focused on the influence of folds on the development of other
existing and past large river systems formed under the influence of
intraplate neotectonic compression.
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