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Abstract

This study provides new insights into the geological
evolution of the Carmen Basin (CB) in the southern Gulf
of California (GC). Using high-resolution bathymetry and
seismic reflection profiles, we establish a plate-kinematic
framework for this oblique-divergent rift system. By
analyzing the crustal composition, we investigate the
growth of the bounding transform faults and their role in
accommodating transtensional shearing. We propose that
the mantle upwelling beneath the CB is a northward
extension of the East Pacific Rise. The CB consists of
three sub-basins with distinct geometries, morphologies,
and evolutionary histories. While the southern and central
sub-basins are mostly abandoned, the northern sub-basin
is currently experiencing seafloor spreading. This is
supported by the presence of younger oceanic crust,
approximately less than 1.5 Ma, juxtaposed with older
oceanic crust that aligns in age with the nearby Guaymas
and Farallon basins to the north and south, respectively.
Our findings also indicate favorable geological conditions
in the CB for the development of hydrothermal systems
similar to those observed in the neighboring Guaymas and
Pescadero basins in the southern GC.

Simple shear deformation, Crustal lithology, Fast
seafloor spreading

Resumen

El presente trabajo proporciona nuevos conocimientos
sobre la evolucion geoldgica de la Cuenca de Carmen
(CB) en el sur del Golfo de California (GC). A partir de
datos de batimetria de alta resolucién y perfiles sismicos
de reflexion, establecemos la cinematica de la tectonica de
placas para este sistema de rift oblicuo-divergente. Al
analizar la composicion de la corteza, investigamos el
crecimiento de las fallas transformes y el papel que juegan
estas para acomodar la cizalla transtensional. Proponemos
que el ascenso del manto por debajo de la CB es una
extension de la dorsal del Pacifico Oriental. La CB consta
de tres sub-cuencas con geometrias, morfologias e
historias evolutivas distintas. Mientras que las sub-
cuencas del sur y del centro estdn practicamente
abandonadas, la sub-cuenca del norte esta experimentando
actualmente la expansién activa del fondo marino. Esto se
apoya en la presencia de corteza ocednica mas joven,
aproximadamente menor que 1.5 Ma, asociada con una
corteza ocednica mas antigua que tiene la misma edad que
las cuencas de Guaymas y Farallon que delimitan a la CB
hacia el norte y sur, respectivamente. Nuestros resultados
también indican condiciones geoldgicas favorables en la
region para el desarrollo de sistemas hidrotermales
similares a los observados en las cuencas vecinas de
Guaymas y Pescadero en el sur del GC.

Deformacion por cizalla simple, Litologia de la corteza,
Répida dispersion del fondo marino
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Introduction

The rifting dynamics of the Gulf of California
(GC) still remain considerable gaps in
information due to unexplored regions in the
southern GC (Figure 1), where geological data
has poor spatial and temporal resolution
(Sutherland et al., 2012; Martin-Barajas et al.,
2013; Macias-Ifiiguez et al., 2019; Ramirez-
Zerpa et al., 2022). The southwestern margin of
the GC experiences active rifting, accompanied
by east-directed low-angle normal faults and
simple shear zones (Buck, 1988; Wernicke and
Axen, 1988; Lavier et al., 1999; Fletcher and
Spelz, 2009; Umhoefer et al., 2020; Figure 1).
These structures accommodate significant
crustal extension along the San Juan de Los
Cabos and San Juan de Los Planes faults
(Fletcher et al., 2000; Fletcher and Munguia,
2000; Bot et al., 2016), resulting in ~40 km of
linear extension towards the continental-oceanic
crust transition east of the Cerralvo basin,
adjacent to the deep-water Pescadero basin
complex (Figure 1; Macias-Ifiiguez et al., 2019;
Ramirez-Zerpa et al., 2022).

This study focuses on providing new
insights into the structural evolution of the
Carmen Basin (CB) from high-resolution
bathymetry (Figure 2) and two-dimensional
(2D) seismic reflection profiles (Figure 3-5). We
characterize the geometry and structure of the
CB to identify crustal deformation, basement
lithology, seismic-stratigraphy, and magmatic
events. Finally, we contrast our results with
mantle tomography data (Wang et al., 2009; Di
Luccio et al.,, 2014; Ferrari et al., 2018) to
reconstruct the structural evolution of the CB,
and discuss how the opening of the GC
contributes to the formation of new oceanic
crust, the deformation of the oceanic lithosphere
to accommodate younger spreading centers, and
the kinematics of the transform faults that
constitute the modern Pacific and North America
plate boundary.

Tectonic evolution of the Gulf of California

The northwestern continental margin of Mexico
has undergone a significant transformation from
a convergent plate boundary to an oblique-
divergent margin (Balestrieri et al., 2017).
During the Paleogene, the Farallon oceanic plate
subducted beneath North America, creating a
divergent plate boundary between the Farallon
plate and the Pacific plate.
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During the Eocene, the Farallon plate
was largely consumed, and a portion of the East
Pacific Rise approached the paleo-trench
(Atwater, 1970; Stock and Hodges, 1989; Bunge
and Grand, 2000; Wright et al., 2016). In the
Oligocene, direct interaction occurred between
the East Pacific Rise and the paleo-trench, and
along the North American plate. The proximity
of the Pacific-Farallon divergent margin to the
continental borderland marked the transition
from subduction to lithospheric extension and
dextral shearing along the Magdalena plate
boundary derived from the Farallon plate.
Intraplate magmatism also occurred along the
Baja Peninsula due to viscous shearing (Figure
1; Spencer and Normark, 1979; Atwater and
Stock, 1998; Fletcher et al., 2007; Negrete-
Aranda et al., 2013).

Figure 1 An overview of the tectonic features in the
southern Gulf of California. It displays the plate motion
(black arrows), the transform fault system (black lines),
pull-apart basins, and spreading centers (red lines). The
study area with the location of the Carmen Basin is
denoted by the black box (Figure 2). Figure adapted from
Julid-Miralles et al. (submitted). The abbreviation “EPR”
is used for the East Pacific Rise. Base map sourced from
GeoMapApp (http://www.geomapapp.org).

During the early Miocene, the Farallon
plate fragmented into several smaller plates,
with buoyant remnants of the Farallon plate and
a section of the North American plate coupling
with  the Pacific Plate and moving
northwestward (Nicholson et al., 1994;
Bohannon and Parson, 1995). Dextral-oblique
shearing migrated eastward from the continental
margin into the current GC, leading to overall
crustal thinning in the region (Stock and Hodges,
1989; Fletcher et al., 2007; Umhoefer et al.,
2020).
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This process was accompanied by an
increase in rift obliquity, facilitated by a change
in plate motion direction, resulting in the
localization of the plate boundary, marine
incursion in the northern GC at ~8 Ma, and the
formation of shallow water basins (Bennett et
al., 2016; Umhoefer et al., 2018; Ramirez-Zerpa
et al., 2022). The current tectonic regime was
established ~6 Ma, when the East Pacific Rise
extended into the mouth of the GC, separating
the Baja California Peninsula from the North
American continent (Wang et al., 2009, 2013;
Lizarralde et al., 2007; Pifiero-Lajas, 2008;
Ramirez-Zerpa et al., 2022). Magma accretion
was made possible by the propagation of right-
lateral, right-stepping transform faults, which
transferred motion oblique to the primary
movement of the Baja California Microplate
(Fletcher et al., 2007).

Methods

High-resolution bathymetry data was acquired
for the CB basin during the FK210922
expedition in October 2021, conducted aboard
the R/V Falkor and operated by the Schmidt
Ocean Institute. The data was collected using an
EM 302 multi-beam echo sounder, capturing
432 soundings per swath with dual swath mode
for up to 864 soundings. The bathymetry data
covered a depth of ~3,600 m and were gridded at
40-m intervals. The survey lines were spaced 5
km apart, running sub-parallel to the master
transform faults that bound the basin.

Two dimensional (2D) seismic reflection
data was used along ~65 km to constrain the rift
evolution of CB. Data collected in 2006 aboard
the R/V Francisco de Ulloa during a
collaborative data collection campaign involving
CICESE and  Scripps Institution  of
Oceanography at UCSD. A three-stage
workflow was applied to analyze the seismic
data and generate sub-surface structural images.
This workflow enabled frequency extraction,
multiple  mitigation,  signal amplitude
equalization, noise reduction, precise ray
trajectory correction, spurious effect attenuation,
and conversion from two-way travel time to
depth (TWTT) to depth in meters (Yilmaz,
2001). Key structural features such as fault
planes, folds, grabens, and sedimentary
sequences were identified using well-proven
criteria.

ISSN-On line: 2444-4987
ECORFAN®AlI rights reserved.

June 2023, Vol.9 No0.23 17-28

Quantitative parameters, such as fault
length and dip, stratal thicknesses, subsidence,
and sedimentary sequence boundaries, were also
determined. Seismic facies analysis identified
basement lithology and sedimentary material,
including magmatic injections and geothermal
fluids, in the form of mosaic patterns of highly
reflective and low-reflectance surfaces (Chopra
and Marfurt, 2007).

Results
Map view geometry of the Carmen Basin

The CB is a narrow, rhomboidal basin that has
evolved from incipient to extremely mature
basins. It is 80 km long and 20 km wide, with a
length-to-width ratio of 4:1. Two sub-parallel,
northwest-oriented principal displacement zones
control the northeastern and southwestern
margins of the CB. The Carmen transform fault
extends 150 km, while the Farallon transform in
the southwest stretches 200 km. These bounding
zones overlap and connect through a traverse
system of en-echelon oblique-extensional
normal faults, creating three distinct sub-basins
(Figure 2). The bathymetry of the CB reveals
significant footwall uplift along the trace of the
transform faults, which is accommodated by an
array of en-echelon segmented basin sidewall
faults developed on both flanks of the CB
(Figure 2). Along these steep faults, gravitational
instabilities develop, leading to rapid and
episodic slumping and grain flows, forming
distinct cliffs with landslide crowns and scarps
along the basin’s outer margin. However, the
primary sediment routing system for infilling the
CB appears to be a submarine dendritic drainage
system originating from the tips of the principal
displacement zones (Figure 2).
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Figure 2 Structural map of the Carmen Basin (CB)
illustrating its two-dimensional architecture and geometry.
High-resolution (40-m) bathymetry is superimposed on
faded GMRT bathymetry. Abbreviations: SCB = Southern
Carmen Basin; CCB = Central Carmen Basin; NCB =
Northern Carmen Basin. Figure adapted from Julia-
Miralles et al. (submitted)

At a finer scale, Figure 2 reveals a cross-
basin fault system that propagates obliquely to
the principal displacement zones. This fault
system originates a left-stepping arrangement of
synthetic Riedel shear faults that curve into an
elongated sigmoidal shape, connecting the
sidewall faults at both sides of the basin. The
resulting horst-graben structure divides the CB
into three distinct sub-basins with contrasting
morphologies, namely, the southern CB, the
central CB, and the northern CB.

The southern CB features the shallowest
depocenter (~2200 mbsl) among all the sub-
basins, delimited by an array of cross-basin
faults oriented at a high angle to the bounding
transform faults (Figure 2). The northern margin
is bounded by an uplifted and translated crustal
block, while the southern margin is delimited by
a strike-slip relay ramp that transfers and
accommodates the deformation between the
Carmen transform fault and a secondary oblique-
slip fault called the "Southern Carmen fault.”
The relay ramp lies on the footwall of the oblique
Southern Carmen fault, controlling a prominent
graben system in the southeastern corner of the
CB (Figure 2).

The central CB (~2400 mbsl) acts as a
connection between the northern and southern
CB. It is bordered by two intra-basin highs that
have formed in response to a series of cross-
basin faults that originate from synthetic Riedel
shears along the basin’s sidewalls (Figure 2).
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These structural highs can be attributed
to block translation and rotation during the early
stages of basin development. The geometry of
the central CB is elongated and oval, with a
northern orientation, suggesting that
deformation may have ceased in this region,
allowing the modern northern CB spreading
center to migrate further north (Figure 2).
Variations in basin topography suggest the
juxtaposition of different materials, with
structural highs representing either a crystalline
basement or indicating late Miocene-Pleistocene
volcanic activity.

The northern CB represents the deepest
part of the entire CB, reaching depths of ~2800
mbsl. The basin exhibits a broad nested graben
where rocks have undergone downward
displacement along an array of cross-basin faults
connecting the bounding master faults (Figure
2). The overall geometry and geomorphological
features of the northern CB suggest that the basin
has evolved due to transtensional deformation,
similar to the Pescadero basin complex located
further south. The northern CB hosts the current
seafloor spreading center, featuring a short and
narrow axial graben oriented sub-perpendicular
to the principal displacement zones (Figure 2).
Magmatic activity is conspicuous not only
across the spreading center but also along the
bounding master faults and inside the sub-
basins.

Crustal structure and stratigraphy of the
Carmen Basin

The seismic interpretation of lines AA'-CC'
(Figures 3-5) and morphology analysis reveal
the structural evolution of the CB. The sub-
basins exhibit two distinct seismic facies: high-
energy successions and low-energy sequences.
The first facies consists of rocks with prominent
high-amplitude continuous reflectors, showing
strong lateral coherence. This unit is likely
composed of well-bedded pelagic sediments
deposited in a low to medium-energy
environment. The second facies consists of
sedimentary rocks interbedded with and
bounded by the distinct reflection of the first
unit. Within the second rock unit, a diffuse
seismic facies is observed, characterized by
numerous short wavy reflections with poor
lateral continuity, extending up to 1 km
individually.
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These low-amplitude chaotic reflections
represent higher energy accumulations of clastic
sediments within the second seismic facies. The
second facies appears dimmer than the first
facies, giving the basin fill the appearance of
thick accumulations of oceanic turbidites.

The seismic section also reveals a third
facies characterized by a thick and homogeneous
series of highly reflective, ropey-like layers with
sigmoidal, semi-continuous reflection geometry
and strong lateral coherence (Figures 3-5). These
rocks exhibit more nonplanar reflections and
limited lateral coherence, with individual
reflections extending up to 1 km. The third unit
spans a depth range from 2900 m at the
depocenter of the actual axial graben to 1700 m
in shallower sections (Julia-Miralles et al.,
submitted).

Profile AA' extends 28 km and images
the southern CB, which trends NW-SE parallel
to the axis of the CB (Figure 3). The profile
shows a symmetrical horst-graben system
delimited by two high-angle cross-basin faults,
resulting in a topographic step of ~300 m in
relief. The basin-bounding faults created
sufficient subsidence to accommodate the
deposition of ~550 m of syn-tectonic
sedimentary sequences sourced from the
continental shelf of the Baja California
Peninsula and Sonora rifted margins. The most
basal successions (~250 m-thick) have low-
amplitude chaotic reflections, suggesting poor
stratification and high-energy sedimentation
(Figure 3). Growth strata sedimentation changes
up-section to a seismic facies ~300 m-thick with
good coherence and high-amplitude continuous
reflections, suggesting low-medium energy
sedimentation. The two seismic facies lie
unconformably on the acoustic basement,
interpreted as sigmoidal semi-continuous
seismic reflections at 2800 m-depth on the
southeastern flank of the symmetric graben and
laterally terminate against the walls of an
inactive nested fault system verging NW (Figure
3). The northwestern footwall block of the
southern CB is interpreted to be a highly
fractured oceanic basement, while the
southeastern footwall block is covered by 300 m
of sediments. The transition from horizontal
sedimentation to a tilted configuration along a
growing fault is interpreted to be the product of
fault rotation, resembling negative flower
structures Dooley and McClay, 1997; Wu et al.,
2009; Julia-Miralles et al., submitted).
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Figure 3 Seismic profile A-A’ across the southern Carmen
Basin (CB). A) Structural and stratigraphic seismic
interpretation. B) Interpreted geologic cross-section. The
seismic image reveals a wide, symmetrical graben
bounded by two primary normal faults, identified as cross-
basin structures (Figure 2). Panel (B) highlights high-
amplitude reflections at ~3100 m depth, possibly
indicating an ancient spreading center near abandoned
nested normal faults. Figure adapted from Julia-Miralles
et al. (submitted)

Profile BB' spans 20 km across the
central CB (Figure 4), with high-amplitude
curvy reflections indicating young oceanic crust.
The central CB has an asymmetrical half-graben
architecture, with a domino fault system
defining the southern flank. The basal
sedimentary package shows a pronounced tilt
towards the SE, and the acoustic basement
displays high-amplitude sigmoidal semi-
continuous reflections at depths of 2800 m and
2400 m, suggesting an oceanic crust composed
of volcanic flows. This material can be
correlated with basement rocks in the southern
CB, located further south of the CB. In the
middle of the central CB (Figure 4), at a depth of
2700 mbsl, there is a 1 km-wide block of highly
reflective material that stands above the well-
defined basement to the NW. The seismic
expression of this feature resembles the ropey
textured reflections seen in the surrounding
basement but appears brighter. It may indicate
the axis of an extinct seafloor spreading system
that was active prior to the deposition of the
overlying sedimentary sequence (Figure 4).
Above this feature and the surrounding oceanic
basement, there is a syn-tectonic sedimentary
package that reaches a thickness of ~300 m,
showing seismic stratigraphy similar to the
southern CB (Julia-Miralles et al., submitted).
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Figure 4 Seismic profile B-B’ across the central Carmen
Basin (CB). A) Structural and stratigraphic seismic
interpretation. B) Interpreted geologic cross-section. The
image reveals an asymmetrical half-graben structure NW-
striking normal faults accommodating ~300 m of syn-
tectonic sedimentation. In panel (B), at ~2750 m depth,
tabular high-amplitude reflections suggest the presence of
an ancient spreading center, similar to Figure 3. Figure
adapted from Julia-Miralles et al. (submitted).

Profile CC' cuts through the northern CB
with a length of 17 km, representing the deepest
and narrowest sub-basin within the CB (Figure
5). The axial graben is bounded by inward-
stepping normal faults striking perpendicular to
the principal displacement zone. The
sedimentary fill in the northern CB is notably
thinner compared to other Carmen sub-basins,
measuring only 200-300 m thick. The faults that
define the margins of the innermost graben
exhibit a throw of only 100 m, as indicated by
the small steps observed on the top of the oceanic
basement (Figure 5). The two seismic facies,
characterized by high and low-amplitude
reflection, are correlated on both flanks of the
basin and are clearly dissected by the graben. On
the southeastern flank of the axial graben, the
sigmoidal semi-continuous reflections reach the
seafloor topography at a depth of 2500 m,
suggesting the young oceanic crust outcrops. On
the northwestern flank of the axial graben, the
oceanic basement is covered by the two
sedimentary units interpreted throughout the CB.
The inner graben represents the active spreading
axis of the CB (Julia-Miralles et al., submitted;
Figure 5).

ISSN-On line: 2444-4987
ECORFAN® Al rights reserved.

June 2023, Vol.9 No.23 17-28

A) SE

High-amplitude
tabular reflection

Depth (m)

8000
Distance (m)

Depth (m)

Distance (m)

Figure 5 Seismic profile C-C’ across the northern Carmen
Basin (CB). A) Structural and stratigraphic seismic
interpretation. B) Interpreted geologic cross-section. The
profile intersects the axial graben of the northern CB. The
spreading center is interpreted as asthenospheric mantle
reaching the seafloor to generate new ocean crust. Figure
adapted from Julia-Miralles et al. (submitted).

Discussion

Crustal lithology and sill intrusion in the
Carmen Basin

The CB acoustic basement is composed of
highly reflective ropey layers with good lateral
continuity, similar to those found in neighboring
basins. These layers are identified as basaltic
lava flows and intruded sills within sedimentary
deposits (Pifiero-Lajas, 2008; Lizarralde et al.,
2007; Kluesner, 2011). The basement rocks
outcrop widely along the three sub-basins of the
CB, the spreading center, and the structural
highs, forming approximately 80 km of newly
formed oceanic crust. The Guaymas, Carmen,
and Farallon basins are embedded in a slab of
oceanic crust, with the eastern transition
between continental and oceanic crust delimited
by en-echelon scarps and the western and
southwestern basin margins defined by rotated
blocks along the Baja California continental
shelf border (Macias-Iniguez et al., 2019). The
CB separates the Guaymas and Farallon basins
through an oceanic-oceanic crustal boundary,
with the Carmen transform fault and Farallon
transform fault bounding the CB being younger
than the oceanic crust along the inner margins of
the Guaymas and Farallon basins.
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The seismic profiles across the CB reveal
concave, high-reflection material interpreted as
saucer-shaped igneous sills, which are
associated with overburden deformations, fluid
migration through faults, and potential feeder
networks (Negrete-Aranda, 2019, 2021; Sarkar
et al., 2022; Julia-Miralles et al., submitted).
These shallow sills are observed within a young
oceanic crust, representing sites of magmatic
crustal accretion in the actively growing basin.
Off-axis intrusions into high-energy sediments
are also identified between old oceanic crust and
low-medium energy sediments.

Transform faults kinematics and crustal
deformation in the Carmen basin

Mantle dynamics play a crucial role in the
spreading rate of rift zones and core-complex
accretion in mid-ocean ridge environments
(Buck, 1993; Howell et al., 2019). Slow-
spreading ridges exhibit buoyant mantle
upwelling and focused melt migration beneath
ridge centers, while fast-spreading ridges show
uniform mantle upwelling along the ridge axis
(Kuo and Forsyth, 1988; Lin et al., 1990;
Escartin and Lin, 1995; Canales et al., 2000,
2003; Gregg et al., 2006, 2007). The formation
of the CB in the southern GC is suggested to
have occurred after seafloor spreading initiated
in the Farallon and Guaymas basins. Kinematic
instability of the bounding faults led to the
propagation of the Carmen transform fault and
Farallon transform fault, eventually forming the
CB. The stability of this family of boundaries is
influenced by the pooling of erupted lavas
observed in topographic lows within the
transform fault domain. This leaky magmatic
accretion results from the presence of
intermediate-fast-slipping transform faults, a
configuration frequently observed at the East
Pacific Rise (Gregg et al., 2007). The CB could
be a result of an intra-transform spreading center
system driven by fast rifting (Gregg et al., 2007;
Gerya 2010; Julia-Miralles et al., submitted),
where penetrative deformation along the main
axis of the basin leads to different stages of
deformation, resulting in the formation of sub-
basins with contrasting geometries.
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In the case of the CB, mantle upwelling
and fast rifting were responsible for the
formation of new oceanic spreading centers
connected by intermediate-fast  slipping
transform faults (Wang et al., 2009; Zhao, 2004;
Di Lluccio, 2014; Negrete-Aranda et al., 2021).
The rapid formation of the CB (Umhoefer, 2011)
may resolve the sequential abandonment of its
sub-basins, with deformation progressing from
the southeastern region of the CB towards the
northwestern region, where the current active
spreading center is located. Another hypothesis
to explain the more youthful genesis of the CB
is that the cross-basin faults do not fully
propagate and instead become abandoned,
leading to the development of new cross-basin
faults toward the active zones connecting the
bounding faults, namely the Carmen transform
fault and Farallon transform fault. The
significant extension rate in this part of the GC
likely contributed to the abandonment of the
southern and central CB sub-basins, leading to
the formation of the northern CB where the
current spreading center is actively accreting
modern oceanic crust (Julia-Miralles et al.,
submitted).

The CB consists of three distinct
overlapping spreading centers within the same
plate-margin segment, indicating significant
instability in the localization of the spreading
process. These centers form grabens with
increasingly advanced pull-apart geometries
from south to north, suggesting strain migration
in that direction. Lithospheric strength plays a
crucial role in strain localization, and
compositional and thermal heterogeneities in the
upper mantle are likely to have significantly
influenced the positioning of spreading axes.
Seismic tomography conducted by Wang et al.
(2009) and Di Luccio et al. (2014) revealed
robust upwelling with low-shear velocity near
the more stable Guaymas and Farallon spreading
systems. However, these mantle anomalies are
offset toward the east compared to the surface
trace of these spreading systems. The
distribution of applied tectonic loads along the
plate margin is another factor that strongly
controls strain localization.
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Fletcher et al. (2007) proposed that the
capture of the Baja California microplate was
driven by the coupling of the continental crust
with the underplated oceanic lithosphere
Farallon-derived microplates that became
welded to the Pacific plate across the paleo East
Pacific Rise west of Baja California. Therefore,
tectonic loads should be most strongly applied to
the lithosphere along the trailing edge of the
shallowly underplated Farallon slab along the
western limit of the Baja California microplate.

Conclusions

The seismic analysis of the CB reveals the
acoustic basement consists of volcanic rocks,
indicating the formation of a new oceanic floor
within the basin. Multiple faults intersect the
acoustic basement, contributing to penetrative
deformation. The sedimentation process in the
sub-basin system is dynamic and influenced by
mass movements from sidewall fault scarps and
dendritic drainage systems. These structures
have accumulated significant amounts of detrital
sediments.

The oceanic crust of the CB is delimited
by major basin sidewall faults, alongside
magmatic activity occurring along transform
faults. This magmatic accretion suggests the
presence of intermediate-fast-slipping transform
faults, separated by a segment of intra-transform
spreading center. This configuration resembles
the extensional dynamics observed in the East
Pacific Rise towards the mouth of the GC.

The formation of the CB initiated in the
southern region, with sediment thickness
gradually decreases towards the northern CB.
The reactivation of the East Pacific Rise beneath
the GC plays a significant role in influencing the
relocation of spreading axes. Areas with thinner
and fractured crust become favored during this
process. As a result, sub-basins and fossil
spreading centers are abandoned in the southern
and central CB, while an active spreading center
persists in the northern CB. Further north, near
the Carmen transform fault, the development of
ring faults and mud volcanoes may contribute to
the future migration of a spreading center.
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