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Abstract: In the Gulf of Mexico and adjacent landmasses, faults are very complex, and their distribution is closely related
to plate tectonics, ocean–land boundary, and former structure. The plane position of the faults can be identified by the
maximum characteristic of the vertical derivative of the normalized vertical derivative of the total horizontal derivative
(NVDR-THDR) of the Bouguer gravity anomaly. The apparent depth of the faults is inverted by the Bouguer gravity
anomaly curvature property. Based on tectonic evolutionary processes and the plane distribution and apparent depth
characteristics of the faults, a complete fault system for the Gulf of Mexico and adjacent areas has been established,
including 102 faults. The apparent depths of 33 first-class faults are 16–20 km and for 69 second-class faults are 12–16 km.
The F1-2 and F1-3 subduction fault zones are two caused by the subduction of the Cocos Plate into the old Yucatan and
Chorti landmasses; F1-11 and F1-12 fault zones extend westward to the coast of Guatemala and do not extend into the
continent; F1-17 and F1-20 faults, which control the boundary of the oceanic crust, do not extend southward into the continent.
The fault system, which radiates in a "fan-shaped" structure as a whole, unfolds to the northeast. Faults of different nature
and sizes are distributed in the Cocos Plate subduction zone, Continental, Gulf of Mexico, Yucatan old landmass and
Caribbean Plate in NW, NNW, NS, NE and NEE directions. In the Gulf of Mexico region, the fault system is a
comprehensive reflection of former tectonic movements, such as plate movement, drift of old landmasses and expansion of
oceanic crusts. The first-class faults control the plate and ocean–continental boundaries. The second-class faults are
subordinate to the first-class faults or related to the distribution of different sedimentary layers.
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1 Introduction
The Gulf of Mexico and adjacent region are located in
the southern part of North America, and its tectonic
location is at the junction of the North American plate, the
Cocos Plate and the Caribbean Plate. Its formation is
controlled by the interplate interaction and the ocean–
continental evolution within the North American Plate. It
is a hot-spot area for the study of plate activity and marine
tectonics. Since the Mesozoic, the gulf has experienced
tectonic activities such as plate subduction, old landmass
drift and oceanic crust expansion, forming plate margins
of different properties, continental margins of different
types, basins of different scales, magmatic activities in
different periods and the third largest reserves of
hydrocarbon resources in the world (Bird et al., 2005;
Zhao et al., 2014; Han et al., 2015; Wang and Wu, 2016;
Zhou et al., 2017; Luo et al., 2018; Zhang et al., 2019).
Faults are important structures for understanding tectonic
* Corresponding author. E-mail: wwy7902@chd.edu.cn

activity, ocean–continent evolution, basin distribution,
magmatic activity, etc. (Yan et al., 2004; Zhang et al.,
2013; Luo et al., 2018). Therefore, it is of great
significance to study the system of faults for
understanding all kinds of geological structures in the Gulf
of Mexico and surrounds.
The fault distribution characteristics of the Gulf of
Mexico and adjacent region have been studied by
geophysical methods, such as gravity, magnetism and
earthquake analysis (Fig. 1). The faults in the study area
can be divided into interplate faults and intra-plate faults
according to their tectonic locations. The Cocos Plate
subducted to the North American plate and the Caribbean
plate, forming a NW-directed thrust fault, which is the
basically consistent understanding of the fault strike. The
Caribbean Plate subducted under the North American
Plate by eastward strike-slip, forming a NEE-directed
strike-slip fault near the Cayman Trough, extending
westward to the land area south of the Yucatan platform
and eastward across the Cuban Islands (Imbert and
Philippe, 2005; Pindell and Kennan, 2009; Kneller and
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Fig. 1. Previous research results of the faults system in the Gulf of Mexico and adjacent region.

Johnson, 2011; Neill et al., 2013; Ismael, 2014). Some
scholars hold the view that the fault extends westward into
the sea area to the south of the Yucatan Platform, and the
NEE-directed fault of the land area is an independent fault
(Lücke and Arroyo, 2015; Javier et al., 2019). Due to
different tectonic evolutionary processes, the faults within
the plate have different distribution characteristics. In the
North American plate, the faults of Mexico are mainly in
NW- and NNW-directions (Pindell and Kennan, 2009;
Ismael, 2014). In the Gulf of Mexico area, the faults near
the Florida continental shelf are mainly in a NE direction;
in the adjacent area of the Yucatan Platform, the faults
changes from NW to NNE direction from west to east
(Pindell and Kennan, 2009). However, Ismael (2014) and
Lin et al. (2019) have different understandings of the
location and extension of the faults in the above two areas.
For the deep-sea area of the Gulf of Mexico, former
scholars deduced the location of the Gulf of Mexico
transition fault and the mid-ocean ridge fault by using the
first vertical derivative of the gravity anomaly and
magnetic anomaly; the main controversy was the
extension distance of the transition fault (Sandwell et al.,
2014; Luan and Paul, 2016; Pindell et al., 2016). A NEdirected strike-slip fault exists between the Yucatan

Platform and the Yucatan Basin in the southeastern part of
the Gulf of Mexico, and here the main controversy is
whether the fault passes through the Cuban Islands
(Pindell and Kennan, 2009; Javier et al., 2019). Faults in
the Caribbean plate are mainly in the NE direction.
Although various scholars have different understandings
of the location and combination relationship of the faults,
their opinions on the macroscopic direction are relatively
consistent (Pindell and Kennan, 2009; Javier et al., 2019).
In general, in terms of the former research results on the
Gulf of Mexico and adjacent landmass, in addition to the
distribution on location, strike and extension of faults,
there is a lack of in-depth research on the depth of faults.
Based on the existing problems, and the Bouguer
gravity anomaly and tectonic evolutionary background, we
have used the normalized vertical derivative of the total
horizontal derivative method (NVDR-THDR; Wang et al.,
2009, 2010) to study the plane distribution characteristics
of the faults in the Gulf of Mexico region. We studied the
apparent depth characteristics of the faults by using the
Bouguer gravity anomaly curvature property method. We
discerned the distribution and syntagmatic relationship of
faults based on the results of the Bouguer gravity anomaly
potential field separation and geological structure data. In
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this paper, we hope to provide a reference for future
geological and geophysical research of the Gulf of Mexico
and its adjacent area.
2 Geological Background and Research Methods
2.1 Geological background
Under the global tectonic evolutionary background, the
Gulf of Mexico and the adjacent area contain four
different tectonic systems (Fig. 2). (1) The Gulf of Mexico
passive continental margin: the tectonic evolutionary
pattern of the Gulf of Mexico is divided into four stages.
During the break-up of the Pangea supercontinent in the
Early and Middle Triassic, the gulf opened with the
separation of the current South American and North
American continents. During the rift period from Late
Triassic to Early Jurassic, the rift began to form on the
basis of the continental crust, with nonmarine sediments
and volcanic rocks developed. The Middle Jurassic was
the period of rift development and crustal thinning, and the
formation of a continent–ocean Connection Zone, with salt
rocks deposited (Rowan, 2014). As the Yucatan Old
Landmass (OL) rotated counterclockwise away from the
North American continent, the continental crust continued
to thin, forming oceanic crust. During the Early
Cretaceous, the Yucatan continental block stopped on the
south of the Mexico area, and the oceanic crust stopped
expanding. The expansion of oceanic crust divided the
widely distributed Gulf of Mexico salt deposits into
northern (America) and southern (Mexico) parts, finally
forming the current tectonic feature of the Gulf of Mexico.
(2) The Cocos plate: this formed in the east of the Gulf of
Mexico and was subducting towards the North American
plate since it separated from the Farallon plate around 25
Ma, forming a large-scale subduction zone and outpouring
of volcanic rocks. (3) The Atlantic: the rift valley activity
during the Atlantic expansion formed large igneous
provinces over a wide area. (4) The Caribbean Plate: this
plate was closely related to the separation of the South–
North American Plate. The Caribbean Plate moved
eastward related to the North American Plate, forming a
plate subduction zone in the west and a strike-slip fault
zone in the north (Wang and Wu, 2016).
Since the Mesozoic, the tectonic activities of different
periods have changed and destroyed the continuity of the
original geological bodies or formed new geological
structures, thus forming faults and causing transverse
differences in physical properties (density) on both sides
of the faults. In the study area, the plates are different in
structure, form and physical properties, so this will form
transverse density differences. Due to these different
crustal properties, there also form transverse density
differences among oceanic crusts, continental crusts and
ancient continental blocks. In addition, the faults are linear
structures in the plane. In short, the transverse density
difference and the linear structure in the plane must be
reflected in the gravity anomaly, so that the fault
distribution of the Gulf of Mexico and its adjacent area
can be studied by using the characteristics of the Bouguer
gravity anomaly.
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2.2 Research method
In this paper, the maximum lines or intersected section
positions of the Bouguer gravity anomaly NVDR-THDR
are used as fault identification markers. Because the Gulf
of Mexico and its adjacent landmasses have complex
geologic framework and structural evolution, the parts of
the faults are in intersected sections, in distorted and
discontinuous distribution, which makes the maximum
continuity of Bouguer gravity anomaly NVDR-THDR
weak. In this case, the minimum curvature separation
method for potential field data (Ji et al., 2015, 2019) is
used to obtain the regional Bouguer gravity anomaly and
the residual Bouguer gravity anomaly. Based on the zerovalue line distribution characteristic and amplitude
variation characteristics, we deducted the location of a
fault. The vertical variation characteristics of the fault are
reflected in the depth of the faults. In this paper, we use
the Bouguer gravity anomaly curvature attribute inversion
method (Hansen and Deridder, 2006; Phillips et al., 2007)
to invert the apparent depth of faults in the Gulf of Mexico
and its adjacent region.
3 Geophysical Characteristics
3.1 Gravity anomaly characteristics
The free air gravity anomaly data used in this study is
the fused results of the latest global satellite altimetry
gravity anomaly data with a grid spacing of 1′ × 1′
(Sandwell and Smith, 2009; Sandwell et al., 2013, 2014)
and, in part, of the ship-measured free air gravity data
(Fig. 3). The fast gravity forward modelling method for
double interfaces (Wang and Pan, 1993) is used here to
calculate the gravity effect of the seawater, by taking the
average density of the crust as 2.67 × 103 kg/m3 and the
density of seawater as 1.03 × 103 kg/m3. The Bouguer
gravity data were obtained by removing the gravity
anomaly due to the seawater from the satellite altimetry
gravity data (Fig. 4).
The variation range of the free air gravity anomaly in
the Gulf of Mexico and its adjacent area is about −265 ×
105 m/s2 to 936 × 105 m/s2. The land area is dominated by
high gravity, while the sea area is dominated by low
gravity. There are several high gravity regions in a
clustered distribution to the north of the Cuban Islands,
which have a correspondence with the location of a large
igneous province (Ismael, 2014). The strike of the free air
gravity of the different areas reflects the fault tectonic
macro-strike of the Gulf of Mexico and the adjacent
region.
The Bouguer gravity anomaly of the Gulf of Mexico
and its adjacent area comprehensively reflects the plate
activity, the old landmass drift and the oceanic crust
expansion. The amplitude varies from −214 × 10-5 m/s2 to
489 × 10-5 m/s2, and the gravity anomaly amplitude
gradually increases from land to sea. At the plate margin,
due to large-scale subduction or strike-slip activity, there
is an obvious density difference at the junction position of
two plates, thus at the step zone of the Bouguer gravity
anomaly with large scale, stable continuity is formed,
which is deduced as a subduction fault zone or strike-slip
fault zone. The Gulf of Mexico oceanic crust has obvious
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Fig. 2. Map of the tectonic framework of the Gulf of Mexico and adjacent region (Ismael, 2014).

Fig. 3. Map of the free air gravity anomaly in the Gulf of Mexico and adjacent region.
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high positive crescent-shaped NE-directed anomalies. In
the sea area surrounding the Yucatan OL, the Chortis OL
and the Cuban islands, there are distributed two positive
gravity anomalies of different forms and strikes, which
reflects the different crustal structures of the Yucatan
Basin and the Cayman Trough, respectively. The NEdirection of the positive gravity anomaly of the Caribbean
Sea shows the strike of the Caribbean ocean crust. There
usually exists a stable step zone at the edge of a positive
gravity anomaly associated with oceanic crust, which is
caused by the density change between oceanic crust and
continental crust, and is deduced to the fault of the ocean–
land boundary. The Yucatan and Chortis OLs show
negative gravity anomalies, around which exists step
zones of different strike, which is deduced as the location
of the old landmass boundary faults. Generally speaking,
the stable strike and large-scale of the step zones mostly
reflect the faults of a plate boundary, oceanic-continental
and old landmass distribution.
3.2 Bouguer gravity anomaly NVDR-THDR
The maximum value (Fig. 5) imaging of the Bouguer
gravity anomaly NVDR-THDR in the Gulf of Mexico and
its adjacent area is simple and clear, highlighting the plane
distribution information, such as fault location, strike and
length. The maximum strike of the Bouguer gravity
anomaly NVDR-THDR at the plate edge, the ocean–land
boundary and the edge of old landmass is stable and
continuous. The maximum strike of the Bouguer gravity
anomaly NVDR-THDR within the plates, oceanic crust
and old landmass is weak and unstable, but its macrostrike is consistent. Compared with former research
results, the strike and extension length of the faults
reflecting the ocean–land boundary are consistent with the
maximum value of the Bouguer gravity anomaly NVDRTHDR, but their positions are different. The NEE-directed
strike-slip fault near the Cayman Trough has a stable and
continuous Bouguer gravity anomaly NVDR-THDR
maximum value, but it does not extend westward on to the
land, which substantiates Javier et al. (2019), Lücke and
Arroyo (2015). Other smaller faults are reflected as the
discontinuous maximum of the Bouguer gravity anomaly
NVDR-THDR.
Based on the former fault distribution (Fig. 2) and the
NVDR-THDR theoretical basis (Wang et al., 2009, 2010),
the Bouguer gravity anomaly NVDR-THDR maximum of
larger scale and stable strike fault is continuous. However,
the Bouguer gravity anomaly NVDR-THDR maximum of
smaller scale and unstable strike fault exhibits
discontinuous characteristics.
4 Fault Distribution Characteristics
In this research, 102 faults (Fig. 6) have been deduced
from the Gulf of Mexico and its adjacent area by using the
abovementioned methods, among which 33 are first-class
faults and 69 are second-class faults. According to the
strike and length of the faults, we made the statistical map
of fault characteristics (Fig. 7). Analysis of the results
presented in Figures 6 and 7 shows that the strikes of the
Gulf of Mexico region faults are mainly in the NWW and
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NEE directions, followed by NW, NNW, NE and NNE
directions, with less in the NS-direction.
4.1 Distribution characteristics of first-class faults
According to the Bouguer gravity anomaly NVDRTHDR maximum or the regional Bouguer gravity anomaly
in the research area, we deduced 33 first-class faults
(Table 1). The apparent depth of the first-class faults (Fig.
8) was obtained by the curvature attribute inversion
method. Based on the strike, length and apparent depth of
the faults, we made a statistical map of the first-class fault
characteristics (Fig. 9). As shown in Figure 9, about 0.2%
of the first-class faults have an apparent depth between 0–
4 km; 5.2% have an apparent depth between 4–8 km;
14.6% have an apparent depth between 8–12 km; 27%
have an apparent depth between 12–16 km; 36.4% have
the apparent depth between 16–20 km; and 16.6% have an
apparent depth between 20 to 24 km. Thus, the majority
have an apparent depth between 16 km and 20km. The
apparent depth of faults in plates, the Yucatan ancient
continental block, the Chortis OL and the oceanic crustal
edge is relatively large, whereas that of the continental
crust is relatively shallow. The same fault can have a
different depth at different locations, which reflects the
complex structural activities. We analyzed the regional
Bouguer gravity anomaly (Fig. 10), and all the first-class
faults are located in the regional Bouguer gravity anomaly
step zone or in the position of the anomaly mutation.
4.1.1 Faults at the edge of a plate: F1-2, F1-3, F1-4, F1-5, F17, F1-11 and F1-12
F1-2, F1-3, F1-4 and F1-5 are located along the southwest
coast of Mexico–Nicaragua, in a NWW direction, and
were caused by the subduction of the Cocos plate. In the
Bouguer gravity anomaly NVDR-THDR, the faults show
continuous and stable maximum values. In the regional
Bouguer gravity anomaly, the faults show step zone
characteristics. F1-2 and F1-3 show different anomaly
characteristics in the regional Bouguer gravity anomaly.
The northern sides of F1-2 and F1-3 show negative regional
Bouguer gravity anomalies. However, the amplitude of the
northern side of F1-2 is significantly lower than that of the
northern side of F1-3. The apparent depths of F1-2 and F1-3
show great differences in fault apparent depth. In this
study, it is considered that F1-2 and F1-3 faults are two
faults caused by the Cocos plate subducting into the
Yucatan OL, the Chortis OL, and the continental crust,
respectively (Ismael, 2014). At the same time, three
subduction fault zones (F1-2, F1-4 and F1-7) were formed in
the old landmass, while two subduction fault zones (F1-3
and F1-5) were formed in the Gulf of Mexico continental
crust.
The F1-11 and F1-12 are distributed in parallel in the
vicinity of the Cayman Trough, which are two strike-slip
faults on the northern margin of the Caribbean Plate in a
NEE direction, caused by the Caribbean Plate subducting
and strike-slipping under the North American Plate. There
are many disputes regarding these faults. The first dispute
is about the westward-extending length of F1-11 and F1-12,
and where they end; secondly, because of the subduction
of the Caribbean plate and related volcanic rocks, there are
different research results on the local location of the faults.
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Fig. 4. Map of the Bouguer gravity anomaly in the Gulf of Mexico and adjacent region.

Fig. 5. Map of the NVDR-THDR of the Bouguer gravity anomaly in the Gulf of Mexico and adjacent region.
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Fig. 6. Map of fault distribution and NVDR-THDR of the Bouguer gravity anomaly in the Gulf of Mexico and adjacent region.
Thick black line: first-class faults; thin black line: second-class faults; purple area: igneous mass.

islands provide clear fault information. The F1-10 on the
northern margin of the Chortis OL presents an arc-shape
in a NE-direction, while the F1-9 on the southern margin is
nearly in a NE-direction. The different strike of faults is
concerned with the boundary of the old landmass. The F 114 on the northern Cuban islands is mainly in a NW
direction. On the west side of the Yucatan OL, the F1-16 is
mainly in a NNE direction. The F1-15 is mainly in a NE
direction.

Fig. 7. Statistical map of fault characteristics in the Gulf of Mexico and adjacent region.

F1-11 and F1-12 show two groups of parallel maximum value
on the Bouguer gravity anomaly NVDR-THDR. The
maximum characteristic is clear with stable continuity, but
it does not extend westward to the continent. We can
speculate that the Yucatan and Chortis OLs prevented the
F1-11 and F1-12 from extending into the continent. In
conclusion, in the view of this study, the F1-11 and F1-12 end
at the coast of Guatemala to the west.
4.1.2 The old landmass and the island circumferential
faults: F1-9, F1-10, F1-14, F1-15, F1-16
On the Bouguer gravity anomaly NVDR-THDR and the
regional Bouguer gravity anomaly, the faults of the
circumference of the two old landmasses and the Cuban

4.1.3 Oceanic crust boundary faults: F1-17, F1-18, F1-19, F1-20
F1-17, F1-18, F1-19 and F1-20, located in the Gulf of Mexico,
are four faults formed by oceanic crust expansion in the
region, which control the oceanic crust distribution. A
controversy exists on whether the NNE-direction faults in
the west and the NEE-direction faults in the south entered
the Mexico continent (Ismael, 2014; Luan and Paul,
2016). In the Bouguer gravity anomaly NVDR-THDR and
regional Bouguer gravity anomaly, the four deduced faults
offer obvious fault information characteristics. The
maximum value of the Bouguer gravity anomaly NVDRTHDR reflected by faults F1-17 and F1-20 ends near the
Veracruz coast, and the regional Bouguer gravity anomaly
has no anomaly characteristic of southward extension.
Therefore, we maintain that faults F1-17 and F1-20 do not
extend southward into the continent. A seismic velocity
profile (Fig. 11) of the Gulf of Mexico reveals the
characteristics of crustal structure. F1-18 and F1-19 control
the distribution of oceanic and continental crusts, and the
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Fig. 8. The plane location distribution of first-class faults and their apparent depths in the Gulf of Mexico and adjacent region.

Fig. 9. Statistical map of first-class faults in the Gulf of Mexico and adjacent region.
(a) Histogram of fault lengths; (b) rose diagram of fault strikes; (c) histogram of the apparent depths.

thickness of the oceanic crust is about 5.6–5.7 km. Near
the F1-19, the crust changes from oceanic crust to a thin
continental crust with igneous intrusion (Eddy et al.,
2014), and the thickness gradually increased from 6 km to
25 km eastwards. North of the F1-18, the crust is a
continental crust of medium thickness (32–33 km). Our
research has showed that the first-class faults in the Gulf
of Mexico were mainly caused by the evolution of the
oceanic and continental crusts.
Most of the other first-class faults are intracontinental
faults, reflected as discontinuous maximum characteristics
in the Bouguer gravity anomaly NVDR-THDR, and as

step zones or an anomaly mutation position in the regional
Bouguer gravity anomaly.
4.2 Distribution characteristics of second-class faults
According to the Bouguer gravity anomaly NVDRTHDR maximum or residual Bouguer gravity anomaly in
the Gulf of Mexico and adjacent region, 69 second-class
faults have been deduced, which are of small scale and
mostly on inner plates, ancient continent blocks,
continental crust and oceanic crust. The apparent depth of
first-class faults (Fig. 12) was obtained by the curvature
attribute inversion method. Based on the strike, length and
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Fig. 10. The plane location distribution of first-class faults and regional Bouguer gravity anomaly in the Gulf of Mexico and adjacent region.

Fig. 11. A to A' seismic section longitudinal wave velocity structural model (from Christeson et al.,
2014; the position of line A–A' is shown in Figure 5).

apparent depth of the faults, we made a statistical map of
the second-class fault characteristics (Fig. 13). As shown
in Fig. 13, about 1.1% of the faults have an apparent depth
between 0 km and 4 km; 8.8% of the faults have an
apparent depth between 4 km and 8 km; 23.5% have an

apparent depth between 8 km and 12 km; 33.9% have an
apparent depth between 12 km and 16 km; 28.5% have an
apparent depth between 16 km and 20 km; and 4.2% have
an apparent depth between 20 km and 24 km. Therefore,
most of the faults have an apparent depth between 12 km
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Table 1 Statistical results of the first-class faults in the Gulf of Mexico and adjacent region
Fault
F1-1
F1-2
F1-3
F1-4
F1-5
F1-6
F1-7
F1-8
F1-9
F1-10
F1-11
F1-12
F1-13
F1-14
F1-15
F1-16
F1-17
F1-18
F1-19
F1-20
F1-21
F1-22
F1-23
F1-24
F1-25
F1-26
F1-27
F1-28
F1-29
F1-30
F1-31
F1-32
F1-33

Strike
NE
NWW
NWW
NWW
NWW
NE
NNE
NE
NE
NEE
NEE
NEE
NEE
NW
NE
NE
NE
NEE
NNW
NS
NEE
NWW
NW
NW
NW
NEE
NEE
NNE
NNW
NS
NNE
NS
NNW

Relative position
Inner Cocos Plate
South coast of Guatemala, Honduras and Nicaragua
Southern coast of Mexico
Southern coast of Guatemala, Honduras and Nicaragua
Southern coast of Mexico
Southern coast of Mexico
Coast of Guatemala and Honduras
Southeast of Caribbean
Southern of Nicaragua Rise
Northern of Nicaragua Rise
Cayman Trough
Cayman Trough
East of Guatemala
Northeast coast of Mexico
East coast of Yucatan old landmass
West coast of Yucatan old landmass
Southern Gulf of Mexico
Northern of Gulf of Mexico
Eastern Gulf of Mexico
Western Gulf of Mexico
Mexico
Mexico
Mexico
Mexico
Mexico
Southern coast of America
Southern coast of America
Southern coast of America
Western coast of Florida
Eastern coast of Florida
Southern coast of Florida
Atlantic Ocean
Atlantic Ocean

Character
Strike-slip fault
Subduction fault
Subduction fault
Subduction fault
Subduction fault
Strike-slip fault
Subduction fault
Subduction fault
Strike-slip fault
Strike-slip fault
Strike-slip fault
Strike-slip fault
Uncertainty
Compressional fault
Compressional fault
Tensional fault
Tensional fault
Tensional fault
Tensional fault
Strike-slip fault
Uncertainty
Compressional fault
Compressional fault
Compressional fault
Compressional fault
Tensional fault
Tensional fault
Uncertainty
Tensional fault
Tensional fault
Tensional fault
Tensional fault
Tensional fault

Length (km)
1100
1103
1095
1108
1157
287
1340
744
1878
877
1991
1751
340
1150
897
1470
1366
1200
539
469
336
445
1573
363
1020
1678
1503
258
933
876
522
707
844

Fig. 12. The plane location distribution of second-class faults and their apparent depth in the Gulf of Mexico and its adjacent
region.
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and 16 km. The second-class fault strike is dominated by
NNE, NE and NEE directions, followed by NW, NS and
nearly EW directions. Therefore, according to the
distribution characteristics of the Bouguer gravity anomaly
NVDR-THDR and residual Bouguer gravity anomaly
(Fig. 14), the second-class faults in the Gulf of Mexico
and its adjacent area are discussed according to different
regions.
4.2.1 Caribbean Plate
The second-class faults to the south of fault F1-9 are
mainly in a NE direction and are cut by the nearly EW-
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direction faults at different locations. The apparent depth
is mainly 12–16 km. Between faults F1-9 and F1-10, the
second-class faults have a strike changing gradually from
NE to NEE from east to west, reflecting the process of the
Chortis OL entering the Caribbean Plate. The apparent
depth is mainly 16–20 km. The different distribution
characteristics of the second-class faults on both sides of
fault F1-9 also indicate the multi-stage and multi-type
evolutionary process of the Caribbean Plate.
To the north of fault F1-11, the basement of the Cayman
Trough is an Eocene oceanic crust with thin sedimentary
layers. To the south of fault F1-11, the basement is

Fig. 13. Statistical map of second-class faults in the Gulf of Mexico and adjacent region.
(a) Histogram of fault lengths; (b) rose diagram of fault strikes; (c) histogram of apparent depths.

Fig. 14. The plane location distribution of second-class faults and residual Bouguer gravity anomaly in the Gulf of Mexico and
adjacent region.
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continental crust, with gradually thickening sedimentary
layers. The basement of Honduras is an uplift, which is
bounded by the F1-11 within the Cayman Trough. Because
the Caribbean Plate moved from northeast to east, there is
a lack of Upper Cretaceous sediments between F1-10 and F1-11. To
the north of fault F2-14, there is a lack of Lower Eocene to
Middle Miocene sediments.
4.2.2 The Yucatan old landmass and its circumferential
In the east of the and near the Yucatan OL, between F1-12,
F1-14 and F1-15, the second-class faults are mainly in a NE
direction with an apparent depth of 16–20 km. The faults
are mainly in NWW–EW direction and have apparent
depths of 12–24 km near the Cuban islands. The fault
strike is consistent with previous research. The eastward
strike-slip and subduction of the Caribbean Plate formed
the stress field of eastern stretch, western compression and
southern strike-slip between the Yucatan OL and the
Cuban islands. Therefore, the faults in this area are in an
NE, NW and EW direction distribution and had different
apparent depths.
Within the Yucatan ancient continental block, the
second-class faults between F1-7, F1-15 and F1-16 are mainly
in NW and NNE directions. The apparent depth is between
16 km and 20 km. F2-26 and F2-35 have obvious fault
information characteristics in the Bouguer gravity
anomaly NVDR-THDR and the residual Bouguer gravity
anomaly. Therefore, it is considered that F2-26 extends
southeast into Guatemala, and F2-35 extends southeast into
Belize. The F2-34 combines the two faults identified by Lin
et al. (2019) into one fault. Compared with other areas, the
second-class fault strike is dominated by NW and NNE
directions, and the apparent depth is relatively
concentrated, which reflects the independent tectonic
evolutionary process within the old landmass.
4.2.3 Gulf of Mexico
The second-class faults between F1-17, F1-18, F1-19 and F1-20
are a series of transition faults. From east to west, the fault
strike gradually changes from NE to NS direction. The
northern section of the faults has shallower apparent depth
of about 4–8 km, which gradually increases to about 12–
16 km to the south. The gradual increase in the apparent
depth from south to north reflects the asymmetric
expansion of the oceanic crust.
5 Discussion
The fault system of the Gulf of Mexico and adjacent
landmasses is complex. The faults in different regions
have different properties, different strike, different depths
and different combination of relationships.
The Gulf of Mexico fault system is mainly related to the
tectonic activities since the Mesozoic. During the Middle
Jurassic, normal faults were formed on both sides of the
rifts in the Gulf of Mexico region (Salvador, 1987; Pindell
and Kennan, 2009). Faults continued to develop along
with the rift activity. The strikes of the first-class faults are
mainly in the NEE and NE directions. The
counterclockwise rotation of the Yucatan ancient
continental block away from the North American

continent made the fault strike of the Yucatan OL change
to NE, NW and NNE directions. However, the faults in the
northeast Gulf of Mexico are in NEE, NW and NE
directions. During this period, a transformational passive
continental margin formed in the west of the Gulf of
Mexico, which made the strike-slip fault F1-20. During the
Early Cretaceous, the Yucatan continental block stopped
to the south of Mexico because the oceanic crust stopped
expanding (Hudec et al., 2013; Hudec and Norton, 2019).
Due to the rotary expansion mode, in the early stage, the
oceanic crust was mainly in the NE direction with WS
direction expansion. In the late stage, the oceanic crust
expansion was nearer the NS direction. At the same time,
the rotary expansion mode caused the faults F1-17 and F1-18
that control the boundary of the oceanic crust; these are in
NE direction and arc-shaped. The Mexican area faults are
mainly in the NW direction and shallow, which is related
to the orogenic activity.
The fault distribution in the Caribbean Sea region is
related to the eastward movement of the Caribbean Plate
and the extinction of the Ancient Caribbean Plate since the
Cretaceous. In the Early Cretaceous, the Caribbean Plate
began to move in the NE direction, while the Ancient
Caribbean Arc gradually moved in the same direction
(Pindell and Kennan, 2009). During the later Cretaceous,
an oblique collision effect occurred between the Ancient
Caribbean Arc and the Yucatan OL, resulting in a NEdirection shear force, which separated the northwest part
of Cuba from the Yucatan OL. In the process of
separation, NE-direction faults were formed in the east of
the Yucatan OL. After the Paleocene, the North American
Plate and the Ancient Caribbean Arc collided and joined
with the Cuba region, which made the NW-direction faults
around the Cuban islands. After the Eocene, the Caribbean
Plate began to move eastward and the Yucatan Basin was
formed. After that, the Cayman Trough opened and the
NEE-direction strike-slip faults were formed. Because the
Caribbean Plate moved eastward, the NE- and NEEdirection faults were formed. In the Late Oligocene, the
Cocos Plate subducted the North American Plate and the
Caribbean Plate, forming the NW-direction subduction
fault zone.
The fault system in the Gulf of Mexico and its adjacent
region comprehensively reflects geological tectonic
movements, such as plate activity, old landmass drift and
oceanic crust expansion. The first-class faults control the
plate margin, oceanic-continental boundary and other
large structures. The second-class faults are subordinate to
the first-class faults or related to the distribution of
different sedimentary layers.
6 Conclusions
Based on the analysis and processing of gravity data
from the Gulf of Mexico and its adjacent area, combined
with seismic and geological data, the fault distribution
characteristics have been obtained:
(1) The fault system has been discerned for the first
time; the plane distribution characteristics of the faults
were deduced; and the inversion of the apparent fault
depths carried out. A total of 102 faults are inferred with
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apparent depths: of 33 first-class faults, 16–20 km; of 69
second-class faults, 12–16 km. The fault system, in a "fanshaped" structure as a whole, unfolds in a NE direction.
Faults of different nature and sizes are distributed in the
Cocos plate subduction zone, in continental crust, in
oceanic crust of the Gulf of Mexico, Yucatan OL and the
Caribbean Plate in NW, NNW, NS, NE and NEE
directions.
(2) Of the first-class faults, the subduction fault F1-2 and
F1-3 are two caused by the Cocos Plate subducting into the
Yucatan and Chortis old landmasses. The strike-slip faults
F1-11 and F1-12 extend westward to and end at the coast of
Guatemala and do not extend into the continent. The F1-17
and F1-20, which control the boundary of the oceanic crust,
do not extend southward into the continent.
(3) The distribution of faults in the Gulf of Mexico and
adjacent region is a reflection of tectonic movements, first
-class mostly controlled by plate margins and ocean–land
boundaries, second-class more related to the sedimentary
characteristics.
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