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Pedro T. Gómez-Cabrera
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ABSTRACT

C
ompared with the northern Gulf of Mexico, little has been published on the

tectonics of its southern equivalent in the Bay of Campeche, especially in English.

A middle Miocene change in the Pacific plate kinematics created the southern

Mexico Neogene belt. This is locally expressed as four main fold belts underlying most of

the study area: the Agua Dulce, Marbella, Marbella Norte, and Catemaco fold belts. Each

fold belt contains productive Upper Jurassic and Cretaceous sections and may be part of

a much larger fold belt that merges with adjoining fold belts in the Chiapas and Cam-

peche areas. During the final stages of folding, salt was squeezed from diapirs and ex-

truded over the eroded and uplifted fold belts. The extruded salt coalesced to form the

discontinuous Sal Somera canopy. The salt canopy or equivalent weld is roughly con-

formable with the underlying fold belts, indicating that the canopy extruded during the

final stage of folding or soon after. Evacuation of the thickest parts of the salt canopy

allowed the greatest Pliocene–Pleistocene subsidence and minibasin growth. Three count-

erregional minibasins formed by seaward evacuation of the underlying salt canopy in

the Pliocene–Pleistocene. Counterregional systems dominate the study area, the largest of

which forms the seaward boundary of the 100-km-long (62-mi-long) Pescadores mini-

basin. Some minibasins are floored by the allochthonous salt canopy or equivalent salt

weld, others rest directly on the fold belts, and others are more deeply rooted.
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INTRODUCTION

The Salina del Istmo Basin, southwestern Gulf of
Mexico, is the southern equivalent of the northern Gulf
of Mexico. Both conjugate margins of the Gulf are un-
derlain by Middle Jurassic evaporites and are dominated
by salt tectonics. However, much less has been published
on salt tectonics in the southern Gulf, especially in En-
glish. Most publications on the Salina del Istmo Basin
focused onshore (e.g., Contreras and Castillon, 1960,
1968; Viniegra, 1971; Wilson, 1993). Even fewer pub-
lications describe the offshore basin. Ricoy (1989) was
the first to apply sequence-stratigraphic ideas to south-
eastern Mexico, recognizing four genetic sequences in
the Tertiary. Sequence I includes Paleogene sediments
derived from erosion of the Chiapas massif and the
Sierra de Chiapas. The sequence consists mostly of shale
onshore and dolomitized limestone breccia in the Bay
of Campeche. Sequence II, which accompanied an early
Miocene tectonic event, is mostly alternating sandstone
and blue-gray fossiliferous shale, probably deposited as
bathyal submarine fans. Pliocene sequence III comprises
gray fossiliferous shale and abundant intercalations of
micaceous quartz sandstones deposited on a platform.
The Pleistocene fluvial-deltaic sequence IV comprises
gradational sequences of shale and sandstone and mi-
nor conglomerate.

Garcı́a-Molina (1994) used onshore and offshore
seismic data to study the structural evolution in south-
eastern Mexico. He inferred that the main detachment
level is the Middle Jurassic evaporite sequence and that
the Villahermosa-Sonda de Campeche fold belt formed
during the late Miocene. He inferred that salt flowed
initially into the cores of compressional folds, as in the
Zagros Mountains (Iran). Sediment loading was thought
to be responsible for salt tectonics in the offshore part
of the Salina del Istmo Basin (Marbella area).

A Petróleos Mexicanos (PEMEX)-British Petroleum
(1994) team conducted the first comprehensive study
of the Salina del Istmo Basin using modern concepts of
salt tectonics. From this work, Oviedo-Pérez (1996) in-
ferred a geologic evolution for the onshore and offshore
Salina del Istmo Basin, using concepts of tectonically
controlled depositional megasequences (Hubbard et al.,
1985a, b). Oviedo-Pérez (1996) reported three main tec-
tonosequences relevant here. First, a Paleogene fore-
deep tectonosequence accumulated until the early Mio-
cene. Then, regional shortening reached the offshore
area in the middle to late Miocene, creating a fold-belt
tectonosequence. Combined with the sediment load on
the autochthonous Jurassic salt, this compression drove
the emplacement of the salt canopies. The last tectono-
sequence is the passive-margin fill from the Pliocene to
Holocene. This featured onshore uplift, rapid prograda-
tion, and evacuation and redistribution of the alloch-
thonous salt canopy.

These studies on the Salina del Istmo Basin point to
a complex tectonic history, which included orogeni-
cally driven shortening, gravity-driven extension, dia-
pirism, and extrusion and evacuation of allochthonous
salt. Some aspects of this history are similar to those in
the northern Gulf of Mexico. However, other aspects are
different in the southern Gulf: for example, Cenozoic
Los Tuxtlas volcanism, major uplift of nearby prove-
nance areas, orogenic shortening, collision of the Chortis
block, and rise of the Sierra de Chiapas and Sierra de
Zongolica, all representing far-field effects of the Cocos
plate convergence in a northeast direction.

Our chapter addresses the Neogene salt-related struc-
tures in a study area on the continental shelf of the Bay
of Campeche, southeastern Mexico (Figure 1). The study
area is in the western part of the much larger study area of
Garcı́a-Molina (1994), whose data density was necessar-
ily low. Only four, low-quality, two-dimensional (2-D)
seismic profiles from Garcı́a-Molina (1994) overlapped
with our study area. Our study is based on 26 seismic
lines of 2-D data and some profiles extracted from a
small three-dimensional (3-D) seismic survey (Figure 2).
This 2-D seismic grid allows the structures to be mapped
in greater detail than previously possible. A companion
chapter in this volume explores a subarea in more detail,
covered by a 3-D seismic survey (Gómez-Cabrera and
Jackson, 2009).

None of the nine available wells in the study area
reached salt, so we identified salt bodies only by their
seismic character. The top of salt was identified by (1) a
high-amplitude reflection or doublet at the top-salt
contact, (2) low amplitude below this high-amplitude
reflection, (3) multiple chaotic seismic reflections be-
low the high-amplitude reflection, (4) correlation be-
tween some bathymetric highs with the crests of high-
amplitude reflections, (5) extensional faults and grabens
above high-amplitude reflections, (6) structural tilting
and deformation of strata on the flanks of diapirs, and
(7) irregular geometry of the high-amplitude reflection
(Fiduk, 1994).

The next three sections describe the main tectonic
features in order of age: the Miocene fold belts, the partly
evacuated late Miocene salt canopy, and the Pliocene–
Pleistocene minibasins and diapirs.

MIOCENE FOLD BELTS

The study area includes fold belts, which we assign
to the southern Mexico Neogene belt (Prost and Aranda,
2001). Between 15 and 12 Ma, a change in Pacific plate
kinematics began to compress the southwestern Gulf
of Mexico region. This change may be related to the
capture of the subducted Farallon slab by the Pacific
plate, which caused the oceanic spreading ridge to jump
inland in the Gulf of California (Bohannon and Parsons,
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FIGURE 1. Location map of the offshore study area in the southern Gulf of Mexico. The contour interval of isobaths is
10 m (30 ft) from 0 to�100 m (�330 ft) and 100-m (330-ft) interval deeper. Universal Transverse Mercator (UTM) projection.

FIGURE 2. Map showing the subsurface database, location of seismic lines in other figures, and the main salt diapirs.
Red areas depict shallow salt diapirs; pale-purple areas depict deeper salt diapirs. The green rectangle shows the border
of the 3-D seismic survey. Diapiric planforms vary with depth and are only loosely constrained by the 2-D seismic grid and
well data. Salt structures are not observed in the west. Universal Transverse Mercator (UTM) projection.
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1995). Compression created four fold belts during the
middle to late Miocene (Figure 3): Agua Dulce, Marbella,
Marbella Norte, and Catemaco. All four were previously
named except the Marbella fold belt. Inferences on fold
trends are necessarily speculative, being based on a 2-D
seismic grid. Thus, fold trends are inferred by assuming
parallelism with the coeval Veracruz fold belt to the west
and the Sierra de Chiapas fold belt to the southeast and
east of the study area in the Bay of Campeche.

The fold belts detach on a mobile layer too deep to
be seismically resolved. This mobile layer may be either
Middle Jurassic autochthonous salt or an overlying but
deep, Mesozoic allochthonous salt canopy derived from
the Jurassic source layer. The offshore fold belts are close
to coeval, orogenically driven fold belts of onshore south-
ern Mexico and to the convergent Pacific margin. For
these reasons, the regional shortening in the offshore
Salina del Istmo Basin is interpreted to be orogenically
driven from the Pacific plate margin and to involve the
presalt basement.

The four fold belts are inferred to have several fea-
tures in common: they appear to detach on salt, they
fold Mesozoic and Paleogene strata, they are of Mio-
cene age, and they may have a similar trend. Because of
these similarities, they may be parts of a single large fold
belt, which is only locally imaged through the overly-
ing salt canopy and diapirs. Published maps of the
southern Gulf of Mexico (e.g., Mitra et al., 2005) por-
tray a fold belt that has an anomalously short strike
length (about 380 km, 240 mi) compared with its dip
length (about 300 km, 190 mi) (F. A. Diegel, 2007, writ-
ten communication). Most other fold belts have pro-
portionally much longer strike lengths, hence the
term ‘‘belts.’’ This anomaly suggests that the Chiapas-
Campeche fold belt extends offshore into our study area
and has a strike length of at least 530 km (330 mi). How-
ever, because of the fragmentary knowledge of these fold
belts, we continue to refer to them by separate names,
with the caveat that they may all be parts of the same
large fold belt.

FIGURE 3. Map showing the named fold belts, minibasin provinces, and wells in the study area. These fold belts may all be
merely better imaged parts of a single fold belt that includes the onshore Chiapas belt to the south and the Campeche
Bay area. Fold trends are schematic and uncertain because of aliasing on the 2-D seismic grid. Numbered red lines
represent the location of seismic examples through the fold belts. Universal Transverse Mercator (UTM) projection.
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FIGURE 4. Interpreted 3-D inline seismic profile through the Agua Dulce fold belt, below allochthonous salt sheets (transparent pink fill) of the discontinuous Sal
Somera canopy. Areas between salt sheets may be salt free or welded parts of the canopy. Figure 3 shows the location of the seismic section.
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The Agua Dulce fold belt comprises thrusts in the
coastal zone near the cities of Coatzacoalcos and Agua
Dulce (Figure 3). Figure 4 is an inline section of a 3-D
seismic survey over the fold belt. The high structural
relief is chiefly the result of buckle folding. Allochtho-
nous salt sourced from the basin farther east ponded
in the synclines and thinly draped over parts of the
crest of some anticlines.

The Marbella fold belt underlying the continental
shelf between the Pescadores and the Coatzacoalcos
minibasins (Figure 3) is named here after the nearby
Marbella 1 well. The folds appear tighter than most in
the study area (Figure 5).

The Marbella Norte fold belt underlies the upper
continental slope (Figures 3, 6). Anticlinal crests in the
Marbella Norte fold belt rose above sea level in the late
Miocene, perhaps in reaction to shortening driven by
the rise of the Chortis continental block farther south.
These uplifted crests, which were variably eroded, cre-
ated islands fringed by reefs (Oviedo-Pérez, 1996).

The Catemaco fold belt is in the west, offshore of
the Los Tuxtlas volcanic massif (Figure 3). This fold belt

comprises gentle folds (Figure 7). The strongly discordant
onlap surface (best imaged on the limb of the most sea-
ward anticline, just above 3 s) against parallel-bedded
folded strata is compatible with a sudden onset of buck-
ling after a long period of tectonic stability. The thrusts
verge mostly seaward. The main shortening occurred
during the late Miocene (Robles et al., 1998), coeval with
the other three fold belts. Because Jurassic salt is thought
to be absent here, the fold detachment level may be
Paleogene shale.

LATE MIOCENE SALT CANOPY

During or just after the final stages of folding dur-
ing the late Miocene, salt extruded over the eroded and
uplifted fold belts. Estimates for when the Sal Somera
canopy was emplaced vary: Paleogene (Oviedo et al.,
1996; Oviedo-Pérez, 1996), Paleogene and Miocene
(Oviedo et al., 1995), and base Miocene (Garcı́a-Molina,
1994) to Miocene (Mora et al., 2001). Oviedo-Pérez’s
(1996) restoration of a mostly onshore cross section,

FIGURE 5. Interpreted 2-D seismic profile showing the Marbella fold belt. Figure 3 shows the location of the seismic
section.
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which extends into the center of our study area, suggests
that much of the canopy was emplaced by 12 Ma and
that it continued to extrude to reach maximum extent
as recently as 3 Ma. For our study area, the wide age
range from Oligocene to Pliocene can be narrowed be-
cause the canopy overlies an eroded fold belt, yet the
top of the salt is mostly unfolded. Moreover, the salt
canopy or equivalent weld is roughly conformable with
the underlying fold belts. Thus, the salt canopy must
have extruded during the late stages of folding or just
after folding. The age of this fold belt is either middle
Miocene (Oviedo et al., 1995; Soto-Cuervo et al., 2004)
or late Miocene (Garcı́a-Molina, 1994). Available well
data are compatible with a middle to late Miocene age
for canopy emplacement. The start of extrusion is poor-
ly constrained because of uncertain stratigraphic ages
just below the canopy. In most profiles, we have iden-
tified a possible 12.5-Ma horizon close to the early stage
of canopy spreading. The canopy was mostly in place by
5.5. Ma (Soto-Cuervo et al., 2004). The canopy probably
extruded diachronously, so different authors may have
different but correct interpretations for their particular
areas. For example, canopy emplacement may have be-

come younger seaward for two reasons. First, prograda-
tion of the margin would have shifted the sedimentary
load seaward. Second, the folding may have propagated
seaward away from the causative orogenic shortening in
the hinterland.

Similar ages between the late stages of folding and the
canopy emplacement evoke a dynamic tectonic land-
scape. If salt extrusion overran and sealed the top of the
fold belt, lateral salt flow into the synclines during the
final stages of folding would reduce the surface relief,
although the structural relief of the fold belt continued
to grow. However, if salt sheets were emplaced soon
after folding, the full structural relief of the fold belt
would be expressed geomorphically in mountainous
sea-floor anticlines, similar to those in the inner Perdido
fold belt in the northern Gulf of Mexico. Such anticlines
would be prone to erosion and slumping, and some evi-
dence for this in the study area is seen (Figure 4, center).

Seismic data have not resolved the form or location
of diapirs feeding the extrusions. However, by analogy
to other areas ( Jackson et al., 1990; Heaton et al., 1995;
Nilsen et al., 1995; Vendeville and Nilsen, 1995), salt
could have been squeezed upward out of the diapirs by

FIGURE 6. Interpreted 2-D seismic profile showing the Marbella Norte fold belt below allochthonous salt sheets
(transparent pink fill). Figure 3 shows the location of the seismic section.
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the same regional shortening that formed the fold
belts. In addition to the effects of lateral compression in
expelling salt, a shortening-related uplift would have
decreased the accommodation for sediments that would
otherwise have buried the extruding salt glaciers. Both
compression and uplift would therefore have encour-
aged salt extrusion. As the Mesozoic and Paleogene sec-
tions buckled, any preexisting salt stocks and walls
would have been laterally compressed and would have
shortened much more readily than the stronger encas-
ing sediments. Diapir squeezing and the resulting salt
extrusion enabled the further shortening of the fold belt
by transferring diapiric salt to the surface.

Copious extrusions of salt coalesced at or near the
sea floor to form one or more salt canopies. The alloch-
thonous salt may have been partly protected from dis-
solution by a veneer of pelagic or hemipelagic sedi-
ments. Some salt sheets overlie anticlines (Figure 6) as
might be expected if the diapirs feeding them predated
the folding and acted as weak, elevated zones prone to
rising during shortening. Elsewhere, salt sheets overlie
synclines (Figure 4). These salt extrusions may have
ponded in the low synclines although their feeders
were actually in anticlines.

The Sal Somera salt canopy is historically signifi-
cant as an early depiction of coalesced diapirs. Salt can-
opies were first named, modeled, and described in the
Great Kavir of central Iran (Jackson and Cornelius, 1985;
Jackson and Talbot, 1989; Jackson et al., 1990). However,
even earlier, Correa-Perez and Gutierrez-y-Acosta (1983)
inferred from gravity data that two salt sheets could have
coalesced to form a laterally extensive salt sheet in the
Salina del Istmo Basin. They speculated that this salt
body with two stems could be more widely continuous
in the offshore part of the Salina del Istmo Basin (the
present study area). This speculation was confirmed
when the Sal Somera canopy was recognized by seis-
mic interpretation (Oviedo et al., 1996; Oviedo-Pérez,
1996).

The Sal Somera canopy, which extends throughout
most of the study area, may comprise several smaller
canopies. The top of the Sal Somera canopy is seismic-
ally identified by a high-amplitude reflection. The base
of salt is unclear, and coherent subsalt reflections are
sporadic. The salt may have extruded glacially over the
sea floor (Fletcher et al., 1995) or it may have extruded
by thrusting, along with its protective sedimentary
roof (Jackson and Hudec, 2004). How the salt sheet was

FIGURE 7. Interpreted 2-D seismic profile showing the Catemaco fold belt. Figure 3 shows the location of the seismic
section.

8 Gómez-Cabrera and Jackson



FIGURE 8. Interpreted 3-D inline seismic profile through the Sal Somera canopy (transparent pink fill) and Agua Dulce fold belt. Figure 3 shows the location of the
seismic section.
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emplaced is uncertain because critical evidence in the
base-salt geometry is not seismically imaged.

Salt thickness was strongly controlled by the fold-
belt paleotopography built by compressional uplift and
degraded by erosion. Allochthonous salt is up to 700 ms
thick in synclines and much thinner over anticlines. In
rare places where the base of the canopy is imaged well
(Figure 8), the base in places conforms to the underly-
ing folds. Thus, either the salt extruded postorogenic-
ally over folded strata before they had eroded or the
salt was emplaced and folded during the final stages of
regional shortening.

Figure 9 shows part of the Sal Somera canopy. Some
of the salt sheets may have their feeder stems out of the
plane of the section, and some feeders may be pinched
off. Salt sutures, where the allochthonous salt coalesced,
form sharp-keeled synclines between the stocks. In the
crestal graben indenting the northernmost salt stock,
the tilted, parallel reflectors dip uniformly except near
the surface. The persistence of parallel reflectors sug-
gests that this local extension of the shelf was rapid and
late. The possibility of transtension, forming a negative
flower structure, cannot be eliminated given the spacing
of the seismic lines. Seaward dip increased here in the
Pleistocene, but farther seaward, the canopy dips land-
ward. The salt canopy also dips gently eastward on a
regional scale. In many places, the canopy has been
thinned or welded (Figure 10), especially below counter-
regional structures.

The tectonic setting of allochthonous salt emplace-
ment during the late Miocene in the offshore part of the
Salina del Istmo Basin has some similarities to the fore-
land fold and thrust belt of the Zagros Mountains in
southern Iran (Garcı́a-Molina, 1994). Collision of the
Arabian and Iranian microplates began forming the
Zagros fold belt in the Oligocene, culminated in the Mio-
cene and Pliocene, and continues today. The main de-
tachment level is the infra-Cambrian Hormuz salt,
but shallower decollements contribute (Letouzey and
Sherkati, 2004; Sepehr and Cosgrove, 2004). Of the more
than 160 salt diapirs exposed in the Zagros fold belt,
most have extruded evaporites, either as fringes or salt
glaciers (Figure 11). All four visible salt extrusions orig-
inate from diapirs in the Zagros anticlines, although the
two main glaciers have flowed into intervening lows
across synorogenic Pliocene–Pleistocene deposits in the
synclines. If much more allochthonous salt extruded, it
could coalesce into canopies overlying the fold belt, sim-
ilar to the situation in the Salina del Istmo Basin during
the late Miocene.

PLIOCENE–PLEISTOCENE
SUPRASALT MINIBASINS

The surface of the Sal Somera salt canopy (Figure 12)
mostly reflects an interplay of two processes. The first

FIGURE 9. Interpreted 2-D seismic profile showing the Sal Somera canopy (transparent pink fill). Figure 2 shows the
location of the seismic section.
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was folding: areas having the shallowest salt or salt weld
tend to overlie Miocene anticlines because the salt can-
opy or equivalent weld is roughly conformable with the
underlying fold belts. Either the base of the salt was
folded along with the subsalt strata or the salt infilled a
previously folded sea floor. The second process was mini-
basin formation: areas originally having the thickest salt
canopy allowed the greatest salt expulsion by overlying
Pliocene–Pleistocene minibasins. This expulsion created
the deepest depressions in the top of salt. The salt ends
abruptly in the west (Figure 12). From south to north,
three main provinces of minibasins formed by progres-
sive seaward evacuation of the underlying salt canopy:
(1) Coatzacoalcos-Rodador, (2) Pescadores, and (3) the
diapir-minibasin area (Figure 3).

Coatzacoalcos-Rodador Minibasins

Below this region, the canopy is shallow (Figure 12).
The Coatzacoalcos minibasin lies between the Agua
Dulce fold belt to the south and the Marbella fold belt
to the north from which it is separated by a counter-

regional structure (Figure 13). The Rodador minibasin
lies on the fringe of the study area, but a small part of it
appears on Figure 10.

Pescadores Minibasin

The Pescadores minibasin is a large minibasin at
least 100 km (62 mi) long and up to 20 km (12 mi) wide.
The Pescadores minibasin forms a prominent east-
southeast–trending depression roughly parallel to the
present coastline (Figures 3, 12). Major counterregional
structures (diapirs, welds, and faults) bound this mini-
basin on its seaward flanks, marked by tight contours
(Figure 12), forming the northern margin of this mini-
basin. The Pescadores minibasin is the westward ex-
tension of the Comalcalco minibasin (Figure 3), which
is mostly outside the study area.

The Pescadores minibasin began to form during the
early Pliocene when a clastic wedge prograded north-
ward across the thick salt canopy, loading the salt with
a thick turbidite section. The thickest parts of the salt
canopy, which had ponded in synclines of the fold belts,

FIGURE 10. Strike-oriented, interpreted seismic profile showing the west part of the Rodador minibasin, underlain by
the welded Sal Somera salt canopy (paired dots). Figure 3 shows the location of the seismic section.
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provided the greatest space for the Neogene overburden.
Thus, these lows form the thickest parts of both the
Coatzacoalcos and Pescadores minibasins (Figures 13, 14).
The floor of the minibasin is mostly a salt weld created
by the expulsion of the Sal Somera canopy under sedi-
ment loading. Figure 14 shows the deepest part of the
Pescadores minibasin, from which most of the underly-
ing salt was expelled.

Diapir-Minibasin Area

The diapir-minibasin area below the upper conti-
nental slope is just north of the large counterregional
structurebounding thePescadoresminibasin (Figures1,3).
The diapir-minibasin area has massive salt diapirs (most-
ly passive stocks, shown by rounded shallow contours),
which also dominate other parts of the Salina del Istmo
Basin in the Neogene (Figure 2). The bloblike shapes of
salt diapirs in Figure 2 are interpolated between the 2-D
seismic lines so are only approximate. Diapir crests aver-
age between 1 and 5 km (0.6 and 3 mi) in width. In gen-
eral, these diapiric walls and stocks have steep sides sur-

rounded by minibasins filled by deep-water sediments.
Figure 15 shows three salt diapirs below the upper slope.
Diapir A is triangular with well-defined flanks and crest.
Only the crests of diapirs B and C are clear, but they are
interpreted to have a narrow, roughly cylindrical stem.
Converging, upswept reflections below the crest of dia-
pir B suggest the possibility of a narrow feeder stem,
probably detached from its source or a feeder off section.
Thisgeometry is compatiblewithdiapiricpinch-offduring
regional shortening after a long history of passive rise.
However, the proximity of these diapirs to extensional
faults north of diapir A and their position on the upper
slope suggest that any shortening must have occurred
earlier when diapirs B and C were in deeper water. The
depth of the base of these diapirs is unknown because
reflections below the salt crest are diffuse, but the base
could be at an allochthonous upper Miocene level be-
tween 4.0 and 4.5 s in the seismic section. A counter-
regional fault in the Pescadores minibasin dominates
the south end of the seismic section.

Minibasins thicker than 2500 m (8200 ft) have com-
pacted enough that they sink into the buoyant salt. This

FIGURE 11. Possible analog in the central Zagros Mountains (Iran) for an early emplacement of extrusive salt in the
Salina del Istmo Basin. Three salt diapirs comprising impure Hormuz salt emerge from the crests of three anticlines. Two
diapirs (Kuh-e-Gach and Kuh-e-Siah Girashi) have extruded salt glaciers, choked with nonevaporitic residual breccia.
This oblique view with a 2� vertical exaggeration was created by draping a band 3-2-1 (RGB) image over an ASTER-derived
digital elevation model acquired on August 10, 2001. Image from National Aeronautics and Space Administration/
Goddard Space Flight Center/Japan’s Ministry of Economy, Trade and Industry/Earth Remote Sensing Data Analysis
Center/JAROS and U.S./Japan Advanced Spaceborne Thermal Emission and Reflection Radiometer Science Team.
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density inversion can drive minibasin subsidence, which
displaces underlying salt into the adjoining salt diapirs
and accommodates additional sediments, further com-
pacting the minibasin sediments, a process of positive
feedback. In contrast, because minibasins containing
less than 2500 m (<8200 ft) of siliciclastic sediments are
overall less dense than salt, they float instead of sink
to form a minibasin, a process of negative feedback
that retards minibasin filling. Thus, how minibasins
first form under thin sediment cover is problematic.
Seismic evidence (Hudec et al., 2005) indicates a com-
pressional origin for some minibasins in the northern
Gulf of Mexico (as suggested by Rowan, 2002, and nu-
merically modeled by Ings et al., 2004; Hudec et al.,
2005). Shortening creates synclinal sags in which the
basal units of the minibasins were thrusted. This process
may be appropriate for initiating minibasins whose bulk
density is less than that of salt. In contrast to shortening,
regional extension drives the rise of reactive diapirs but
is unfavorable for minibasins because the diapirs oc-
cupy structural lows, not highs.

Some minibasins are floored by the allochthonous
salt canopy or equivalent salt weld. Other minibasins
rest directly on synclines of the Miocene fold belts, with
no intervening allochthonous weld visible (Figure 6).
Still other minibasins may be more deeply rooted: for
example, the northern minibasin in Figure 16 has the
classic U-shaped profile of a deeply rooted primary mini-
basin, although poor seismic quality hides its base.

FAULT SYSTEMS

Salt-related fault families in the study area are key-
stone fault families, roller fault families, counterregion-
al fault families, and rollover fault families, all of which
are present in the northern Gulf of Mexico (Diegel et al.,
1995; Schuster, 1995; Fox, 1998; Rowan et al., 1999).

The most spectacular fault systems in the study area
are counterregional. Figure 17 shows a large counter-
regional structure along the seaward boundary of the
Pescadores minibasin. The deepest part of the Pescadores
minibasin near 4 s appears to be a salt weld. A modern
submarine canyon is flanked by the slumped scarp of the
counterregional fault. Counterregional systems form
above and ahead of where salt is expelled upward and
seaward from an allochthonous salt sheet. This salt ex-
pulsion accommodates seaward-expanding sediment
wedges. The lower part of the counterregional structure
is a salt weld, and its upper part is a true normal fault.
The origin of landward-dipping faults in such settings is
still not fully understood, although most workers inter-
pret a dominance of salt expulsion in their formation after
Schuster (1995) presented type examples in the north-
ern Gulf of Mexico.

The keystone fault family comprises symmetric faults
resulting from outer-arc bending above arched salt bod-
ies. These faults form in the hinge zone of anticlines or
monoclines where strata are locally stretched by high cur-
vature (Rowan et al., 1999). The faults die out downward

FIGURE 12. Structural contour map in two-way traveltime of the top of the salt or equivalent salt weld in the offshore
Salina del Istmo Basin. The contour interval is 0.2 s. The map also shows the location of wells and the two restored
cross sections (red lines).
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as extensional strain diminishes toward the core of the
anticline. Major salt expulsion by sediment loading cre-
ates the stratal bending required to form the keystone
fault family (Figures 18, 19). Fault strike cannot be con-
firmed by the 2-D seismic grid.

The roller fault family was defined by Rowan et al.
(1999, p. 1461) as ‘‘dominantly basinward-dipping, listric
growth faults that sole into a salt layer or its equivalent
weld.’’ In the study area, such faults are present only lo-
cally (e.g., Figure 13) and are much smaller than the
landward-dipping faults.

Rollover faults form by bending or stretching when
salt is evacuated (Figure 20). These planar faults dip ba-
sinward. Asymmetric rollover and symmetric keystone
faults form in the hinge of monoclines where strata are
most sharply curved. Keystone faults form preferentially
over anticlines where flexure is bidirectional and roll-
over faults form over monoclines with a single direction
of flexure (Rowan et al., 1999) as shown in Figure 20.

Ramp faults typically arc along the margin of the
salt diapir. A ramp fault (sensu Rowan et al., 1999) is a
slightly listric growth fault that is continuous with the
basinward-dipping salt ramp along the updip base of the
salt stock or the equivalent salt weld. Figure 21 shows a
bird-shaped allochthonous salt body supporting a roller
fault (soling into the top of salt) and a longer lived ramp
fault (on trend with the base of salt). Both faults facili-
tated salt evacuation, mostly in the late Pliocene.

STRUCTURAL RESTORATION
OF CROSS SECTIONS

Because many salt basins have fairly complete re-
cords of synkinematic deposition, sequential restora-
tion is a powerful tool to show their structural evolu-
tion. Two regional cross sections illustrate the structural
evolution. We depth converted them by vertical raypaths

FIGURE 13. Interpreted seismic profile showing the Coatzacoalcos minibasin between the Agua Dulce and the Marbella
fold belts. Figure 3 shows the location of the seismic section.
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FIGURE 14. Interpreted 2-D seismic section showing the deepest part of the Pescadores minibasin between the Marbella and Marbella Norte fold belts. Figure 3
shows the location of the seismic section.
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FIGURE 15. Interpreted seismic profile showing three salt diapirs in the Pescadores minibasin. Figure 2 shows the location of the seismic section.
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and restored them using Midland Valley’s 2DMove soft-
ware, following the methodology of Schultz-Ela (1992)
and Hossack (1995). For simplicity, both restorations
assumed rigid subsalt strata and a horizontal sea floor,
although the paleobathymetry probably dipped seaward
at about 0.58 by analogy to the present-day southern Gulf
of Mexico margin (Smith and Sandwell, 1997; see also
Pratson and Haxby, 1996, for the similar northern Gulf
margin). We describe the structural evolution forward
in time.

Cross Section MS-508

A seismic profile (Figure 22, located in Figure 12) in
the west shows a large counterregional structure sepa-
rating the landward Pescadores minibasin from the mini-
basin area in the upper slope. These minibasins are under-
lain by a variably evacuated, partly welded salt canopy,
which overlies the Miocene fold belts. The deepest hori-
zon interpreted is the lower Pleistocene sequence bound-

ary (SB) 1.9 Ma (Figure 22). Deeper reflections are difficult
to correlate because of structural complexity and poor
imaging. Other interpreted horizons are at 1.4 Ma, an
interpolated horizon around 0.85 Ma, and the sea floor,
allowing four restoration stages (Figure 23).

By 1.9 Ma (Figure 23a), the salt canopy was being
buried. The marked differential loading by the pre-1.9 Ma
Pliocene overburden would have created the low, broad
passive diapirs depicted as emergent salt bodies. During
the Pliocene, the Pescadores minibasin began to form,
whereas the prograding sedimentary wedge sank into
the allochthonous salt and drove salt seaward. Restora-
tion assumed only a few kilometers of regional extension.
The lenses of the pre-1.9 Ma overburden could have been
restored with smaller gaps between them, which would
entail extension forward in time. However, we consid-
ered it more realistic if each lens started accumulating
in the same base-of-salt low that they are in today, which
is required to form the minibasins in the north.

At 1.4 Ma (Figure 23b), salt evacuation continued,
and the Pescadores minibasin depocenter shifted slightly

FIGURE 16. Interpreted 2-D seismic profile showing deeply rooted minibasins and a counterregional structure in the
upper slope of the Salina del Istmo Basin. The magenta line depicts the interpreted top of allochthonous salt or
equivalent salt weld. Figure 3 shows the location of the seismic section.
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seaward because of progradation. Meanwhile, the two
more-distal minibasins merely thickened.

At about 0.85 Ma (Figure 23c), the first counter-
regional growth faults (left side of section) formed as
the adjoining Coatzacoalcos minibasin deepened. Pleis-
tocene sedimentation was rapid enough to bury the
largest diapir in the center as sediments ponded on its
landward flank, although the restoration suggests that
thick salt was still present to supply diapiric growth. Shal-
lower passive diapirs remained sporadically emergent
distally in the diapir-minibasin area, where sediments ac-
cumulated more slowly.

Continuous salt expulsion allowed minibasins to
sink until eventually a discontinuous salt weld formed
(Figure 23d). The restoration suggests that much of the
salt cross-sectional area was lost over time. Some salt loss
could be real because salt flowed out of the plane of
section. Alternatively, some salt loss could be an artifact
of restoration. Subsalt sediments were assumed to be
rigid, so that they remained undeformed since 1.9 Ma,

an assumption common to many restorations in the
northern Gulf of Mexico. However, if restoration had
allowed subsalt sediments to deform, then the initial
state (1.9 Ma) could be restored with a smaller salt area,
thus simulating less salt loss forward in time. In light of
this ambiguity, the proportion of salt lost by dissolving
directly into seawater or pore fluids is unknown.

Cross Section SA97-014

A seismic profile in Figure 24 (located in Figure 12)
in the east shows the Pescadores minibasin, a triangular
bounding passive diapir, other passive diapirs and mini-
basins basinward, and deep allochthonous salt pillows.
These are all underlain by a sporadically welded salt can-
opy, which climbed upsection by advancing seaward in
the upper slope.

At 1.9 Ma (Figure 25a), the wedge of prograding
sediments had expelled the salt canopy seaward, form-
ing a basal salt weld in the south. By this stage, only part

FIGURE 17. Interpreted seismic profile showing a counterregional structure (weld, diapir, and faults) overlain by a
canyon in the sea floor. The magenta line depicts the interpreted top of allochthonous salt or equivalent salt weld.
Figure 2 shows the location of the seismic section.

18 Gómez-Cabrera and Jackson



of the extensive salt canopy remained emergent, prob-
ably covered by a condensed sedimentary veneer. Local
extension affected the flank of this large, central diapir.
Distally, more symmetric deep minibasins separated two
passive diapirs.

At 1.4 Ma (Figure 25b), salt evacuation continued to
accommodate the asymmetrically deepening Pescadores
minibasin. All passive diapirs remained emergent, except
for a northern one, which was buried and its crest began
to be faulted.

By about 0.8 Ma (Figure 25c), seaward-thickening
sediments had mostly filled the Pescadores minibasin.
These prograding sediments trapped relict salt below
them, forming a low diapir of residual salt. The largest
passive diapir bounding the Pescadores minibasin con-
tinued to shrink laterally because it was onlapped by en-
croaching sediments and its flanks subsided.

By the present day (Figure 25d), all the allochtho-
nous salt diapirs have been totally buried. Crestal exten-
sion of the newly buried salt diapirs was caused either by

continued extensional sagging of the central diapir or
by arching of the roof strata farther basinward. Mean-
while, the oldest faults became inactive.

As in the first restoration (Figure 23), little regional
extension is shown in Figure 25. However, the second
restoration could have been validly restored with more
than 10 km (6 mi) of extension in the north by depicting
the central emergent diapir in Figure 25a to be initially
only a few kilometers wide at the surface instead of about
10 km (�6 mi) wide. We chose not to restore with major
extension, however, to match the methodology for the
first restoration.

HYDROCARBON PLAYS AND
COMPARISON WITH THE

NORTHERN GULF OF MEXICO

Hydrocarbon exploration has great potential in
offshore Salina del Istmo Basin. The subsalt play, first

FIGURE 18. Interpreted seismic profile showing a keystone fault family in a counterregional system. The magenta
line depicts the interpreted top of allochthonous salt or equivalent salt weld. Figure 2 shows the location of the
seismic section.
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discovered in Miocene deep-water conglomerates in
1976 (Mora et al., 2001), can be extended much farther
north to at least the upper continental slope. Three play
types have been reported (Soto-Cuervo et al., 2004): (1)
Neogene sandstones in structural and combined traps
over salt bodies, (2) Paleogene sandstones in structural
and combined traps under the salt canopy, and (3) Meso-
zoic carbonates in subsalt compressional anticlines. We
add to this list the minibasin turbidite sands structural-
ly enhanced by rollover into listric and counterregional
faults.

The offshore part of the Salina del Istmo Basin in
the southern Gulf of Mexico is both similar and dis-
similar to its northern counterpart in United States
waters. Although the study area is small compared
with the northern Gulf of Mexico, a few similarities
emerge.

1. Both areas have petroleum systems in which salt
tectonics is an important factor in creating, chang-
ing, and destroying hydrocarbon traps and deepen-
ing the base of the oil window below thermally

FIGURE 19. Interpreted seismic profile showing landward-dipping listric growth faults. The seaward divergence of reflectors
indicates that the main phase of salt expulsion and extension began only in the Pleistocene. Figure 2 shows the location of
the seismic section.
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FIGURE 20. Interpreted seismic profile showing two major counterregional systems in the Pescadores minibasin.
Seaward divergence of reflectors indicates that the main phase of salt expulsion extension began in the Pleistocene.
Figure 2 shows the location of the seismic section.

FIGURE 21. Interpreted 3-D seismic profile showing a roller fault and a ramp fault over an allochthonous bird-shaped
salt sheet (transparent pink fill). Figure 2 shows the location of the seismic section.
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FIGURE 22. Interpreted 2-D regional seismic profile MS-508 in the west, restored in Figure 23. Allochthonous salt (transparent pink fill) or welded equivalent
appears to underlie most of the profile. Crests of diapirs become shallower seaward on the upper slope. Figure 12 shows the location of the seismic section.
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conductive allochthonous salt sheets and raising
the top of the oil window above the sheets.

2. Both northern and southern margins of the Gulf
contain large areas of mostly passive salt stocks and
minibasins.

3. Most types of salt-related fault families and welds
found in the northern Gulf of Mexico are also pres-
ent in the Salina del Istmo Basin.

Differences are also apparent.

1. In the study area, Miocene fold belts are widespread
instead of confined to specific areas. Although these
folds are not well imaged, folding in the Salina del
Istmo Basin appears to be more intense than the
6-km (4-mi) shortening estimated for the Mississippi
Fan fold belt (Rowan et al., 2004).

2. Fold belts in the northern Gulf of Mexico originated
purely or mostly by gravitational body forces (e.g.,
Mississippi Fan-Atwater and Perdido-Port Isabel
fold belts, respectively). In contrast, the setting of
Miocene fold belts in the Salina del Istmo Basin

close to the convergent boundaries of the Pacific
margin and the orogenic Sierra de Chiapas fold
belt suggests that they originated mostly by plate
convergence.

3. Among its diverse structural provinces, the north-
ern Gulf of Mexico has highly extensional roho sys-
tems, consisting of seaward-dipping listric normal
growth faults (Diegel et al., 1995). In contrast, count-
erregional systems dominate the Salina del Istmo.
Landward-dipping faults in the study area have at
least some component of extension; they are not
simply welds formed by salt expulsion.

CONCLUSIONS

1. The study area in the offshore Salina del Istmo
Basin in the southern Gulf of Mexico comprises
Pliocene–Pleistocene diapir-minibasins overlying
partly evacuated late Miocene allochthonous salt
sheets, which in turn overlie middle to late Miocene
fold belts.

FIGURE 23. Pleistocene structural restoration of a depth section constructed from the seismic profile in Figure 22.
V.E. = vertical exaggeration.
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FIGURE 24. Interpreted 2-D regional seismic profile SA97-014 in the east, restored in Figure 25. Allochthonous salt (transparent pink fill) or welded equivalent
appears to underlie most of the profile. Figure 12 shows the location of the seismic section.
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2. Between 12 and 15 Ma, a change in Pacific plate ki-
nematics created the southern Mexico Neogene belt.
In the study area, this formed four main fold belts:
Agua Dulce, Marbella, Marbella Norte, and Catemaco.
However, these belts could be merely better-imaged
patches of one giant Chiapas-Campeche fold belt,
having a strike length of at least 530 km (330 mi)
instead of the present estimate of about 380 km
(240 mi). The first three mentioned fold belts de-
tach on either Middle Jurassic autochthonous salt
or a Mesozoic allochthonous salt canopy derived
from this source layer. In contrast, the Catemaco fold
belt, which lies west of the Jurassic salt basin, prob-
ably detaches on Paleogene shale. Given their prox-
imity to the orogenic fold belts of southern Mexico
and the convergent Pacific margin, shortening in all
four Salina fold belts is likely to be orogenically driven
and to involve the presalt basement. Folding affects
the upper Mesozoic section (Upper Jurassic and Cre-
taceous), which can be reached by drilling.

3. During or just after the final stages of folding in
the late Miocene, salt extrusion culminated as salt

sheets flowed over the eroded and uplifted fold
belts. When extrusion began is uncertain, but the
process was mostly complete by the end of the
Miocene. The salt was probably squeezed upward out
of preexisting diapirs by the same regional short-
ening that formed the fold belts, as in the foreland
fold and thrust belt of the Zagros Mountains of Iran.
Both lateral compression and uplift caused by short-
ening would have enhanced salt extrusion. Copious
salt sheets partly coalesced at or near the surface to
form the discontinuous Sal Somera canopy. The
number and style of diapirs supplying salt to the
canopy are unknown because of poor seismic qual-
ity below the canopy, as was true for much of the
northern Gulf of Mexico until recently. The present-
day structure of the canopy mostly reflects the in-
terplay of two factors. (1) The shallowest salt or salt
welds tend to overlie Miocene anticlines. The salt
canopy or equivalent weld is roughly conformable
with the underlying fold belts, indicating that the
canopy extruded either during the final stage of
folding or soon after. (2) The originally thickest parts

FIGURE 25. Pleistocene structural restoration of a depth section built from the seismic profile in Figure 24. The
restoration shows the growth and burial of passive salt diapirs sourced in allochthonous salt (red). V.E. = vertical
exaggeration.
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of the salt canopy allowed the greatest salt evacu-
ation by overlying Pliocene–Pleistocene minibasins
and, hence, became the deepest depressions in the
top of salt.

4. From south to north, three minibasin provinces
formed by seaward evacuation of the underlying salt
canopy: (1) Coatzacoalcos-Rodador, (2) Pescadores,
and (3) the diapir-minibasin area. The Pescadores
minibasin is a 100-km-long (62-mi-long) minibasin,
trending roughly parallel to the present coastline
and floored mostly by a salt weld created by advanced
expulsion of the Sal Somera canopy under differen-
tial loading by prograding sediments.

5. The diapir-minibasin area has large salt diapirs (most-
ly passive), which also dominate other parts of the
Salina del Istmo Basin. Some of these diapirs show
signs of lateral shortening before they reached an
extensional setting on the upper slope and shelf
margin. Some diapirs appear to be sourced by alloch-
thonous salt, but seismic imaging at depth is too
poor to be certain. Some of the surrounding mini-
basins are floored by the allochthonous salt canopy
or equivalent salt weld. Other minibasins rest directly
on synclines of the Miocene fold belts, with no inter-
vening allochthonous weld visible. The remaining
minibasins may be much more deeply rooted in
autochthonous salt or deep allochthonous salt.

6. The study area contains several salt-related fault fam-
ilies, such as keystone, roller, counterregional, and
rollover, all of which have equivalents in the north-
ern Gulf of Mexico. The most spectacular fault sys-
tems are counterregional. The largest of these forms
the seaward boundary of the Pescadores minibasin.

7. Restorations suggest that allochthonous salt re-
mained partly emergent until 1.4 or 0.8 Ma, after
which the salt was completely buried by growth of
large counterregional systems and salt-expulsion
minibasins.

8. Although the study area in offshore Salina del Istmo
Basin is broadly similar to the conjugate margin in
the northern Gulf of Mexico, it differs chiefly in
having widespread, instead of local, fold belts, which
probably formed orogenically instead of by gravity
spreading. The basin is dominated by counterregion-
al fault systems, like in parts of offshore Louisiana
(Diegel et al., 1995).
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