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ABSTRACT

Divergence, expressed as the angle between the plate motion vector and the azi-
muth of a plate margin fault, has been proposed to explain development of contrast-
ing styles of transtensional deformation along transform margins. We present the 
western North America–Caribbean plate margin as a test of this hypothesis. Here, 
geologic, earthquake, marine geophysical, and remote sensing data show two distinct 
structural styles: (1) east-west extension along north-trending rifts normal to the 
plate margin in the western study area (western Honduras and southern Guatema-
la); and (2) NNW-SSE transtension along rifts subparallel to the plate margin in the 
eastern study area (northern Honduras and offshore Honduran borderlands region). 
Orientations of rifts in each area coincide with the angle of divergence between the 
GPS-derived plate motion vector and the azimuth of the plate boundary fault, such 
that the western zone of east-west extension has an angle >10°, while the eastern zone 
of NNW-SSE extension occurs when the angle of divergence is between 5° and 10°. 
A narrow transition area in north-central Honduras separates the plate boundary–
normal rifts of western Honduras from the plate boundary–parallel rifts to the east.

Faults of the offshore Honduran borderlands extend onshore into the Nombre de 
Dios range and Aguan Valley of northern Honduras where tectonic geomorphology 
studies show pervasive oblique-slip faulting with active left-lateral river offsets and 
active uplift of stream reaches. Offshore, seismic data tied to wells in the Honduran 
borderlands reveal active submarine faults bounding asymmetric half-grabens filled 
by middle Miocene clastic wedges with continued deposition to Pliocene-Pleistocene. 
The north-trending rifts of western Honduras form discontinuous half grabens that 
cut the late Miocene ignimbrite strata. Plate reconstructions indicate the north-
trending rifts of western Honduras developed in response to increased interplate 
divergence as the western margin of the Caribbean plate shifted from the Jocotan 
fault to the Polochic fault in the middle Miocene.
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INTRODUCTION

Strain partitioning along plate margins produces complex 
but characteristic deformation patterns along plate boundary 
faults. Most previous studies of strain partitioning have come 
from transpressive regions where convergent plate motion is 
transformed into components of strike-slip and thrust faulting 
in either ancient (cf. Teyssier et al., 1995; Jones and Tanner, 
1995; Claypool et al., 2002) or active settings (Marshall et 
al., 2000; Calais et al., 2002; Mann et al., 2002; Meckel et al., 
2003). In contrast, there are few examples documented from 
active transtensional settings where obliquely divergent plate 
motion is partitioned into coexisting strike-slip and normal 
components of deformation (Ben-Avraham and Zoback, 1992; 
Ben-Avraham, 1992).

Key questions for understanding strain partitioning in trans-
tensional settings include (1) how much strain is accommodated 
by strike-slip faulting versus normal faulting along each plate 
boundary segment; (2) what controls different styles of coex-
isting strike-slip and normal faulting along a plate boundary; 
(3) what controls the transition from one style of transtensional 

strain partitioning to another and where this occurs; and (4) how 
successive styles of transtension are superimposed as a plate 
boundary evolves.

We present the northwestern margin of the Caribbean plate 
as an example of strain partitioning in a transtensional setting 
and examine in detail the resulting deformational patterns as 
observed onshore in Honduras and Guatemala and beneath the 
adjacent Caribbean Sea (Honduran borderlands). This region is 
ideal for such a study for several reasons:

1. GPS-based geodesy from DeMets et al. (2000) places 
firm constraints on the variation of interplate motion 
and deformational styles across a 3100-km-long seg-
ment of the North America–Caribbean plate boundary 
(Fig. 1).

2. Plate boundary-related normal faults of a variety of orienta-
tions and ages are present in northern Central America and 
in adjacent areas of the Honduran borderlands (Fig. 2).

3. Plate margin faults have known variations in position and 
orientation that can be tied to quantitative plate recon-
structions based on the opening history of the Cayman 
trough and surrounding plate pairs.
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Figure 1. Seismotectonic setting of the Caribbean plate. BR in upper diagram is the Beata Ridge. Line LNR shows the 
general location and trend of the Lower Nicaraguan Rise, which extends ~1000 km northeastward from the Caribbean 
coast of Nicaragua toward southern Hispaniola. Open diamonds show locations of GPS sites whose velocities are em-
ployed in this study. Filled diamond shows 15°N, 75°W fiducial location employed for the analysis. Area enclosed in 
rectangle is displayed in Figure 6. All earthquakes above depths of 60 km and with surface- or body-wave magnitudes 
>3.5 for the period 1963 through 2004 are shown in the lower diagram. AVES, BARA, BARB, CRO1, FSD0/1, JAMA, 
ROJO, and SANA are site names discussed in text.
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Figure 2. GPS site velocities relative to the North America plate on an oblique Mercator map projected about the best-
fitting Caribbean–North America pole of rotation. Numerals by site names give the site rates in millimeters per year. 
Open arrow indicates motion of site ESTI, where the antenna is mounted on a tall steel tower of questionable stability. 
The location of GPS site BARA discussed in the text is shown in Figure 1. AF—Anegada fault; CSC—Cayman spread-
ing center; H—Hispaniola; HND—; LAT—Lesser Antilles trench; MAT—Middle America trench; MDF—Muertos 
deformed belt; NHDB—Northern Hispaniola deformed belt; NIC—Nicaragua; OF—Oriente fault; PR—Puerto Rico; 
PRT—Puerto Rico trench; SITF—Swan Islands transform fault; WF—Walton fault. AVES, BARB, CRO1, GUAT, ESTI, 
FSD0/1, JAMA, ROJO, SANA, and TEGU are site names discussed in the text.
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STRAIN PARTITIONING OF THE NORTHWESTERN 
CARIBBEAN PLATE

GPS-determined motion of the Caribbean plate relative to 
North America predicts significant along-strike variations in 
the style of deformation along the 3100-km-long plate bound-
ary (DeMets et al., 2000) (Fig. 1). The plate boundary extends 
from the Motagua Valley of Guatemala to the Lesser Antilles 
arc and has a GPS-derived rate of mainly left-lateral displace-
ment of 21 mm/yr. DeMets et al. (2000) note that GPS-based 
interplate velocities are consistent with the along-strike transi-
tion in structural styles from (1) transtension in northwestern 
Central America and the western Cayman trough where diver-
gence between the Caribbean plate vector and the trend of the 
plate boundary faults predicts oblique opening over a wide area; 
(2) pure strike-slip faulting in the central Cayman trough where 
the Caribbean plate vector and the trend of the plate bound-
ary faults are parallel with strike-slip faults (Rosencrantz and 
Mann, 1991); (3) transpression and oblique underthrusting in 
the eastern Cayman trough and southern Cuba where there is 
convergence between plate vector and plate bounding fault (Cal-
ais and Mercier de Lépinay, 1993); (4) even greater amounts of 
transpression in the Hispaniola region, particularly in the zone 
of contact between the Caribbean plate and Bahamas Platform 
(Mann et al., 2002); and (5) oblique subduction of oceanic crust 
beneath the northeastern edge of the Caribbean plate in Puerto 
Rico and the Virgin Islands (Jansma et al., 2000). DeMets et 
al. (2000) propose a correlation between the direction of plate 
motion and the degree of transtension with a divergence angle 
between fault and plate vector of ~5° marking the threshold 
between predominantly strike-slip structures and predominately 
transtensional structures.

REGIONAL GEOLOGY AND ACTIVE TECTONICS

The western transtensional region of the North America–
Caribbean margin is a diffuse plate margin with three main 
groups of active faults: (1) linear faults mapped along the 
Motagua–Swan Islands strike-slip fault zone (Plafker, 1976; 
Rosencrantz and Mann, 1991); (2) more discontinuous, north-
trending normal faults associated with rift structures of west-
ern Honduras and Guatemala; and (3) a broad, 125–150-km-
wide zone of submarine faults occupying the offshore region of 
shelfal to abyssal depths (200–2000 m) known as the Hondu-
ran borderlands (Pinet, 1971; Case and Holcombe, 1980). The 
north-trending faults of western Honduras and southwestern 
Guatemala bound rifts at right angles to the trend of the arcuate, 
strike-slip Motagua fault plate boundary (Fig. 2). These north-
trending normal faults have been interpreted by previous workers 
as intraplate deformation and block rotations about an arcuate, 
convex-southward left-lateral strike-slip fault system (Plafker, 
1976; Burkart and Self, 1985) and as fault termination structures 
related to the termination of left-lateral slip of the Motagua fault 
zone (Langer and Bollinger, 1979; Guzman-Speziale, 2001). 

In the Honduran borderlands and the Nombre de Dios range 
of northern Honduras, normal faults bound elongate rifts and 
intervening basement blocks that are subparallel to the main left-
lateral strike-slip plate boundary fault (Swan Islands fault zone) 
(Fig. 2). The westward extent of the borderland faults disappear 
at the longitude of the north-trending Yojoa-Sula rift basin at 88° 
west (Fig. 2A).

The Motagua fault offsets a staircase of Quaternary river 
terraces in the Motagua Valley of Guatemala that yield long-
term, left-lateral slip rates of 0.45–1.88 cm/yr (Schwartz et al., 
1979). There is no quantitative estimate of the cumulative lateral 
offset on the Motagua fault since alluvium of the Motagua Val-
ley obscures many of the adjoining and presumably offset rock 
units. The Motagua fault is directly along strike of the offshore 
Swan Islands fault to the east and is flanked by the active, left-
lateral Polochic fault zone to the north (Burkart, 1983; Burkart, 
1994) and the inactive Jocotan-Chamelecon fault zone to the 
south (Ritchie, 1976). The Jocotan-Chamelecon fault is inferred 
to be inactive because its trace has become fragmented by east-
west opening of more recent, north-oriented rifts (Ritchie, 1976; 
Plafker, 1976). Burkart (1983) documents 130 km of left-lateral 
displacement on drainages along the Polochic fault that occurred 
between 10 and 3 Ma. Burkart (1994) proposes a chronology 
of plate boundary faulting that started along the Jocotan fault 
between 20 and 10 Ma and switched to the Polochic fault at 10 
Ma, with the Motagua fault active since 3 Ma. A 230-km-long, 
left-lateral surface rupture averaging 1.08 m of horizontal and 0.3 
m of vertical displacement occurred on 4 February 1976 along 
the Motagua fault of Guatemala (Plafker, 1976; Kanamori and 
Stewart, 1978). This M7.5 event also splayed to the south and 
activated ruptures along north-south oriented rift faults in Gua-
temala, where focal mechanisms indicated dominantly normal 
displacements (Langer and Bollinger, 1979).

The Swan Islands fault zone forms a prominent semi-
continuous fault scarp on the seafloor (Rosencrantz and Mann, 
1991). Its location is consistent with the high level of earthquake 
activity shown by the left-lateral earthquake focal mechanisms 
in the area (Fig. 2A). The fault juxtaposes oceanic crust of the 
Cayman trough generated at the Mid-Cayman spreading cen-
ter over the past 49 m.y. with continental crust of the Honduran 
borderlands to the south (Fig. 2B). The Swan Islands fault steps 
right at the Swan Islands restraining bend, a major right-step in 
the left-lateral fault trace associated with topographic uplift of 
the Swan Islands of Honduras and active convergent deforma-
tion of the seafloor observed on sidescan and seismic reflection 
profiles (Mann et al., 1991). Mann et al. (1991) and Leroy et al. 
(2000) propose that the right step and restraining bend in the 
Swan Islands fault zone formed when the Mid-Cayman spread-
ing center lengthened in a southward direction by 25 km between 
19.5 and 25.9 Ma (Fig. 2B). The Swan Islands fault zone extends 
eastward, where part of the Caribbean–North America interplate 
motion is transformed into seafloor spreading along the 100-km-
long Mid-Cayman spreading center (Leroy et al., 2000) and the 
other part of the interplate motion continues along strike-slip 
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faults extending along the southern edge of the Cayman trough 
to the island of Jamaica (Rosencrantz and Mann, 1991).

Earthquake epicenters with M > 4.0 from the National 
Earthquake Information Center (NEIC) database and focal 
mechanisms for earthquakes from the Harvard University cata-
log of Centroid Moment Tensors with 4.0 < M < 7.1 are com-
piled on a topographic basemap in Figure 2A. The greatest 
concentration of epicenters aligns in a belt parallel to the Swan 
Islands–Motagua fault zone, a continuous zone of subaerial and 
submarine active, left-lateral faulting that accommodates much 
of the present-day North America–Caribbean plate motion (Mol-
nar and Sykes, 1969; Rosencrantz and Mann, 1991; Deng and 
Sykes, 1995). Earthquake focal mechanisms along this fault are 
dominantly left-lateral (Deng and Sykes, 1995; Van Dusen and 
Doser, 2000; Cáceres et al., 2005) (Fig. 2A). Earthquake events 
in offshore areas of the Honduran borderlands and Nicaragua 
Rise are widely scattered and infrequent, indicating low levels of 
activity in these more intra-plate areas and/or poor seismograph 
coverage (Fig. 2A).

Earthquake epicenters with focal mechanisms that are indica-
tive of east-west extension are spatially associated with faults 
bounding north-trending rifts of western Honduras and Guate-
mala. Here, 12 rifts are characterized by steep, fault-bounded, 
intermontane valleys filled by late Miocene to Quaternary age sed-
iments and lakes (Manton, 1987; Gordon and Muehlberger, 1994) 
(Fig. 2A). Guzman-Speziale (2001) used earthquake focal mecha-
nisms in the rift area to calculate an east-west rate of extension of 
8 mm/yr across all the rifts and proposed that the rifts terminate 
strike-slip displacement along the Motagua-Polochic fault zone.

OBJECTIVES OF THIS INVESTIGATION

Our objectives are to document active deformation south 
of the plate margin and variation in structural style of rifts using 
compilations of previous studies, tectonic geomorphology stud-
ies of onshore areas, and marine geophysical studies of offshore 
areas in the Honduran borderlands. Then we relate the orien-
tation of faulting to Caribbean–North America plate motion 
partitioned into along-strike components of boundary-parallel 
strike-slip and boundary-normal extension for the western 1000 
km of the margin. Finally we examine the implication of the 
relation of deformation styles to plate kinematics in context of 
the evolution of the margins since the early Miocene. The first 
objective—documenting the active deformation—is presented 
first for the onshore areas and then for the offshore areas.

ONSHORE TECTONIC GEOMORPHOLOGY  
AND STRUCTURE

Morphologic Indicators of Active Tectonics

In order to relate active deformation to plate margin kine-
matics, we first distinguish regions that are actively deforming. 
Onshore, we expand on three morphologic provinces defined by 

Rogers et al. (2002) by including interpretation of fault scarps 
from previous geologic mapping and interpretation of LAND-
SAT imagery shown in Figure 2, defining the eastern extent of 
rifting and its boundaries with adjacent, more tectonically stable 
morphologic provinces. Previously, some workers assumed that 
rifting is confined to western Honduras and that eastern Honduras 
is part of the stable Caribbean plate (e.g., Plafker, 1976; Burkart 
and Self, 1985), while others (Manton, 1987; Gordon and Muehl-
berger, 1994; Ave Lallemant and Gordon, 1999) extend active 
deformation to eastern Honduras.

Morphologic Provinces of Honduras

Tectonic geomorphology and hypsometric analysis reveal 
four main morphologic provinces within Honduras, which are 
outlined in white and numbered 1–4 on Figure 3A (see Rogers 
et al. [2002] for description of methods). Three zones originally 
defined by Rogers et al., (2002) are the western rifts (zone 1), the 
plateau (zone 2) and the eastern province (zone 3). The plateau 
province is subdivided into a region of inactive rifts (zone 2a) 
and the undeformed core plateau (zone 2b). Based on this study, 
the north coast (zone 4) forms a fourth morphologic region not 
described by Rogers et al. (2002).

The western rifts morphological province exhibits basin 
and range topography (zone 1, Fig. 3A) and is underlain by pre-
Jurassic basement rocks, folded Cretaceous rocks, and overlying 
Miocene ignimbrite deposits in the western area (Rogers et al., 
2002). The variable elevation in this region reflects the extreme 
topographic relief related to the formation of half-grabens and 
elevated rift shoulders (Fig. 3B). The Central American plateau 
originally extended across the area of zone 1, but the plateau area 
has been disrupted by the formation of north-trending rifts. The 
longitudinal profiles of the five largest rivers in the western rifts 
have low gradient reaches on rift valley floors but abruptly steepen 
when they cross onto the uplifted rift shoulders (Fig. 3C).

To the east of the active rifting, geologic mapping reveals 
inactive rifts formed by north-striking normal faults cutting 
across a terrain of pre-Jurassic basement rocks, folded Creta-
ceous sedimentary rocks, and Miocene volcanic deposits (King, 
1972, 1973; Markey, 1995; Rogers and O’Conner, 1993) (zone 
2a, Fig. 3A). Cumulative hypsometry from this area shows 
a hypsometric pattern similar to that observed in zone 2b, the 
stable core of the Central American plateau. Rivers in this zone 
have dominantly straight longitudinal profiles along their entire 
lengths river (Fig. 3C). This pattern is similar to river profiles 
from the plateau zone.

The plateau province (zone 2b, Fig. 3A) represents the core 
of the moderately dissected Central American plateau defined 
by Rogers et al. (2002). The rocks underlying this morphologic 
zone consist of pre-Jurassic metamorphic basement rocks and 
folded Cretaceous rocks (Rogers et al., Chapter 5, this vol-
ume). High-level erosion surfaces characterize the relatively 
smooth upper surface of the plateau (Helbig, 1959; Manton, 
1987). Cumulative hypsometry reveals that 50% of this zone is 
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Figure 3. (A) Digital elevation model of northern Central America showing four regions of Honduras (H) outlined by 
white lines: Zone 1—active, north-trending rifts in western Honduras; Zone 2a—inactive rifts in central Honduras; Zone 
2b—Honduran plateau; Zone 3—eastern mountains of Honduras; Zone 4—North Coast Province. Normal faults scarps 
from Figure 2 are shown. Watershed boundaries are shown by dotted, black lines. Solid triangles are Quaternary volca-
noes. Letters defined in C. (B) Hypsometry (histogram of elevation versus area) of zones 1 through 3 in Honduras. Dif-
ferential (shaded) and cumulative (dashed line) hypsometries have same vertical (elevation) axis but different horizontal 
axes. Solid line shows mean elevation. (C) Longitudinal profiles of trunk rivers for watersheds noted by letters in 3A. Rios 
Higuito and Mejoco are tributaries to Rio Jicatuyo in zone 1.
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concentrated between 700 and 1000 m above sea level (masl) 
(Fig. 3B). The plateau is preserved because (1) it is located in 
an inland area removed from the Caribbean Sea and Pacific 
Ocean and subjected to lower rainfall amounts (1–1.5 m/yr) 
than surrounding areas to the west (>2 m/yr) and east (>3 m/
yr); and (2) it is a tectonically stable area located on the Carib-
bean plate and therefore not subjected to active faulting. Six 
rivers in this zone have straight longitudinal profiles along their 
entire lengths (Fig. 3C) similar to those in the inactive rift zone. 
These rivers entrenched into bedrock following the uplift of the 
Central American plateau.

The basement rocks underlying the Eastern Lowlands of 
Honduras consist of pre-Mesozoic metamorphic basement rocks 
and folded Cretaceous rocks (Fig. 3A, zone 3) (Rogers et al., 
Chapter 6, this volume). This zone represents the deeply dis-
sected eastern edge of the Central American plateau defined by 
Rogers et al. (2002). The longitudinal profiles of rivers in this 
zone display the classic concave profile of graded rivers in tec-
tonically stable regions, adjusted to this higher rainfall area adja-
cent to the Caribbean Sea. The stepped profile of the Rio Wampu 
(Fig. 3C, profile a) is interpreted as a special case related to the 
breaching of its divide (the stepped area) and piracy of tributaries 
west of the divide.

The North Coast’s Sierra Nombre de Dios and adjacent 
Aguan Valley (zone 4, Fig. 3A) is one of the most seismically 
active (Fig. 2A) and highest relief (maximum elevation: 2643 
masl) areas of Honduras. In addition to these suggestions of tec-
tonic activity, LANDSAT imagery displays the late Quaternary 
strike-slip and normal faulting crosscutting the region (Manton, 
1987; Manton and Manton, 1999; Ave Lallemant and Gordon, 
1999). In this region, deformation trends are subparallel to the 
plate bounding Swan Island transform and perpendicular to the 
north-trending rifts of the Western province (Fig. 2).

Tectonic Geomorphology of Western Rifts

Structural features aligned perpendicular to the plate margin 
include the north-trending normal faults and associated rifts of 
western Honduras and southeastern Guatemala (Plafker, 1976; 
Mann and Burke, 1984; Manton, 1987; Gordon and Muehlberger, 
1994; Guzman-Speziale, 2001). The rifts maintain a trend almost 
perpendicular to the arcuate Motagua fault zone and extend from 
the Guatemala City graben in the west to western Honduras 
(Fig. 2A). These rifts are generally half-grabens, most with active 
eastern bounding faults. Two rifts occur in the 30-km-wide zone 
bounded by the Motagua and Jocotan faults and three rifts occur 
in the triangular wedge defined by the Middle America volcanic 
arc to the west and the Jocotan fault and its western extension to 
the north (Plafker, 1976).

Further east, the rifts assume a more northerly orientation 
and are wider, with larger Quaternary-filled floors. The discon-
tinuous full grabens in this area comprise the “Honduras depres-
sion” described by Muehlberger (1976). Quaternary basaltic vol-
canism occurs in the rift near Lake Yojoa (Wadge and Wooden, 

1982). Volcanic flows from recent cores north of Lake Yojoa have 
been dated using K-Ar as 0.5 Ma (ENEE, 1987).

No rifts have been studied in detail and are mainly known 
through 1:50,000-scale quadrangle mapping (Kozuch, 1991) 
incorporated into maps shown in Figures 2 and 3A. Geologic 
mapping reveals no evidence for Quaternary motion along the 
faults bounding the easternmost rifts (King, 1972, 1973; Markey, 
1995; Rogers, 1995) (Fig. 2B). Gordon (1994) carried out fault 
striation studies on older, Tertiary rocks in western Honduras and 
found a complex set of extension axes that are likely related to the 
pre–10.5 Ma opening history of the rifts.

Because all active rifts are sharply defined topographically 
and appear to be currently subsiding, older, pre-Quaternary rocks 
characterizing their development are not exposed. Vertical motion 
on the faults bounding the rifts is as much as 2 km (Everett, 1970), 
and rifting appears to have been incipient during the deposition of 
middle Miocene ignimbrites (Dupré, 1970). Gordon and Muehl-
berger (1994) conclude that the rifting in Honduras began after 
10.5 Ma, which is consistent with Hemphillian-age (9.0–6.7 Ma) 
mammalian fauna in the rift valley-fill deposits (Webb and Per-
rigo, 1984).

Tectonic Geomorphology of the North Coast

The Nombre de Dios range forms a heavily faulted dome with 
its core underlain by sheared high-grade gneiss and schist, felsic 
intrusions, and locally mafic volcanic strata of pre-Cenozoic age 
(Fig. 4B). Manton (1987) observes that the dominant east-north-
east trend of recent faults is parallel to the trend of faults and folds 
in the older rocks. For a domal uplift of this large size and high 
elevation, younger, flanking ridges of sedimentary rocks are lim-
ited. This suggests that most of the clastic, erosional products of 
the uplift have been transported directly offshore into basins of the 
Honduran borderlands (see the section Geologic and Bathymetric 
Setting of the Honduran Borderlines).

The LANDSAT image in Figure 4A and the geologic map 
in Figure 4B display the five major faults of the Nombre de Dios 
range that form prominent topographic lineaments and are dis-
cussed in this section (Table 1). All faults are linear, have east-
northeast strikes, and are parallel to offshore faults known from 
marine geophysical mapping of the offshore Honduran border-
lands and Swan Islands fault zone and compiled on the map in 
Figure 4B.

Highly deformed marine turbidites of Miocene age are over-
lain by a south-dipping valley-fill conglomerate south of the city 
of Trujillo, indicating that the Nombre de Dios range and adja-
cent Aguan valley to the south may have once formed part of the 
submarine Honduran borderland province in pre-Miocene time 
(Manton and Manton, 1999). A low relief area apparent on topo-
graphic maps and imagery on the footwall of the La Esperanza 
fault appears to be a marine terrace and is cut by lineaments at 
the eastern end of the Aguan Valley, suggesting recent subaerial 
emergence of the terrace and continued activity of the La Esper-
anza fault (Fig. 4).
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The Nombre de Dios range is a highly asymmetric uplift, with 
its drainage divide south of range midline (Fig. 5A). This asym-
metry appears to be related to greater precipitation on the Carib-
bean side and a rainshadow on the landward (Aguan Valley) side. 
The north-flowing Río Cangrajal and Río Papaloteca have pen-
etrated farthest into the Nombre de Dios range and have captured 
tributaries draining the south flank. This southward penetration is 

 evidenced by remnants of a stranded paleo-divide north of and par-
allel with the modern divide. The modern divide is characterized by 
a low-relief surface interpreted as a high-elevation erosion surface. 
Similar, more extensive and possibly correlative erosion surfaces 
have been described in central Honduras south of the Nombre de 
Dios range and Aguan Valley (Helbig, 1959; Manton, 1987; Rog-
ers et al., 2002) (morphologic zones 2 and 3 in Fig. 3A).

Figure 4. (A) LANDSAT image showing topographic lineaments of major faults of northern Honduras (numbered arrows are at endpoints of the 
following fault lineaments): 1—La Ceiba fault; 2—Aguan fault; 3—Río Viejo fault; 4—Lepaca fault; and 5—La Esperanza fault. (B) Mapped 
geology (Kozuch, 1991; Manton and Manton, 1999) and faults for approximately the same region as the LANDSAT image. Mapped faults are 
solid lines; lineaments are indicated by dashed lines. Offshore faults are taken from marine geophysical data compiled in Figure 2. Barbs indicate 
faults with vertical throw that form major topographic mountain fronts. Note parallelism between offshore and onshore fault trends. LR—Leon 
rift; MR—Morazon rift; NdD—Nombre de Dios range; NR—Negrito rift; O—Omoa; SPS—San Pedro Sula.

Ts

v

v

v
v

v

i i
i

i

i

i

i

i
i

i

i

i

i

pC

pC

i

i

i

v

m

m

m

Qv Tv
Km

Km

Kc

KcKm

v

m

m m
m

m

m

QQ

Q

Q

Q

Q

Q

Q

Qt

Q

Q

Q

QQ

Ks

Ts

v

Km

Kc

Q

i

Tv

Qv

pC

m

Kc

Lithologic symbols

metamorphic rock

Precambrian gneiss

igneous rock

volcanic rock

Cretaceous 
clastic strata
Cretaceous 
carbonate strata

alluviumMiocene Aguan strata

Mesozoic strata

Quaternary basalts

Miocene ignimbrite

16o

-86o-87o

15o

-88o

N Utila

Roatan Guanaja

Cayos Cochinos

SPS

Omoa

LR

N
0 20 40

Kilometers Trujillo

Tela La Ceiba

Cayos Cochino marine 
terrace

1
2 2

3

1

4
4

5

53

A 

B

0 20 400 20 40

0 20 40

Kilometers

0 20 40

NR

Fig. 9

MR

Fig. 5

NdD

Aguan valley

Sula 
rift

Trujillo

La CeibaTela

Sula 
rift

SPS



 Transtensional deformation 45

spe 428-03  page 45

Fluvial Response to Deformation on the North Coast

To assess the activity of the five major faults (Table 1), along 
with previously unrecognized lineaments identified on LAND-
SAT imagery, we use the longitudinal profiles of rivers and 
streams compiled from 1:50,000 scale topographic maps with 20 
m contour intervals. The east-northeast faults and lineaments of 
the Nombre de Dios range intersect the north- and south-flowing 
rivers at high angles, providing an ideal geometry for examining 
the effects of recent tectonic activity on the rivers (Fig. 5B). In 
order to test whether these lineaments represent active faults or 
whether they are inactive faults or some other form of layering 
(e.g., foliations, bedding planes, sills and dikes in basement units, 
joints), we compiled twelve longitudinal and representative river 
and stream profiles across the range from the modern drainage 
divide to the mountain front (Fig. 6).

North-flowing streams have convex reaches in the longitu-
dinal profiles indicative of tectonic uplift in the Nombre de Dios 
range that is outpacing the rate of fluvial downcutting (cf. Hovius, 
2000) (Fig. 6). Also plotted on the profiles are the derived gradi-
ent for each segment of the river calculated by taking the first 
derivative of the profile curve:

 s = −dH/dL,                                    (1)

where s is slope, H is height, and L is distance (Hack, 1957). Parts 
of the stream with local areas of steep gradient are shown as the 
spikes or knickpoints. All knickpoints are plotted on the tectonic 
map of the Nombre de Dios range in Figure 5B in order to com-
pare the locations of the knickpoints with major, mapped faults 
and with lineaments interpreted from the LANDSAT imagery.

The alignment on many of the profiles of lineaments and 
knickpoints suggests that these lineaments may be active faults 
that are uplifting the stream channel. Moreover, fault lineaments 
commonly occur downstream from convex reaches, indicating 
sections of the river undergoing active uplift (cf. Fig. 6, profiles 
3, 5, 6, 7, 8, 9, 10, and 11). This suggests that a range-bounding 
fault in the knickpoint area is contributing to the upstream uplift of 
the upthrown block of the range. The coincidence of knickpoints, 
reaches of convex river profiles, lineaments, and known faults 
makes it unlikely that the knickpoints are solely the result of resis-
tant lithologies in the river channels. Moreover, as annual rainfall 

in the Nombre de Dios range exceeds 3 m/yr it is likely that the 
erosive power of the rivers and streams exceeds rock resistance.

The parallel trend of the lineaments with known, active faults, 
like the range-bounding La Ceiba and Rio Viejo fault zones, sug-
gests that the Nombre de Dios range is being pervasively and 
internally sheared (Fig. 5B). The pervasiveness of the shearing 
may reflect the fact that the trend of active faults is roughly paral-
lel to the foliations and strike of older basement structures (Man-
ton and Manton, 1999).

We identify lateral offsets of river channels in order to con-
strain the horizontal slip in areas exhibiting vertical uplift. Four 
examples of left-lateral offsets ranging from 1.5 to 2.4 km are 
shown on Figure 7. Bedrock-confined channels of the Río Papalo-
teca and Río Lis Lis are deflected left-laterally where the rivers 
cross the Río Viejo fault (2.4 km, Fig. 7A) and the La Ceiba fault 
(1.5 km, Fig. 7B), respectively, along the steep, northern moun-
tain front of the Nombre de Dios range. The bedrock-confined 
channels of the Río Lepaca and Río Pimineta are deflected left 
by 1.7 km and 2.1 km, respectively, where they cross the Lepaca 
fault along the southern mountain front of the range (Figs. 7C 
and 7D). These data suggest that pervasive left-lateral shearing is 
active and accompanies the active vertical uplift constrained by 
the river profiles shown in Figure 6.

Meandering alluvial rivers respond to tilting perpendicular 
to the channel by migrating in the direction of tilt (Leeder and 
Alexander, 1987). The Río Aguan has migrated south, toward the 
La Esperanza fault, in the eastern part of its valley, indicating 
that the fault is mainly downthrown to the northeast and is active 
(Fig. 8). In the central part of the Aguan valley, the Río Aguan 
flows against the northern fault-bounded valley wall just south of 
the Lepaca uplift, indicating that the fault bounding the northern 
edge of the valley is downthrown to the south.

We constrain the active tilting of multiple fault blocks in the 
Nombre de Dios range by quantifying drainage basin asymmetry 
to determine the direction that a drainage basin has been tilted 
(Gardner et al., 1987). Drainage basin asymmetry is calculated as 
an asymmetry factor (AF) by the equation:

 AF = 100(Ar/At),                             (2)

where Ar is the drainage area on the downstream right-side of 
the trunk stream and At is the total drainage area. Drainage basin 

TABLE 1. NAMED FAULTS OF THE CORDILLERA NOMBE DE DIOS, HONDURAS 
Fault Number on 

figure
Sense of 
motion

 lanigirO noitavresbO
reference 

La Ceiba 1 Left-
normal

Forms front of Nombre de Dios range; western terminate at 
edge of Sula Rift; aligns with Jocoton-Chamelcon faults to 
west; offsets Rio Lis Lis valley 

Muehlberger
(1976)

Aguan 2 Left? Boundary between metamorphic and sedimentary rock; 
contiguous with linear in alluvium of western Aguan valley 

Elvir (1976) 

Rio Viejo 3 Left Position along axis of range bounding high topography to 
north; offsets Rio Papaloteca valley 

Manton (1987) 

 yduts sihT syellav atneimiP oiR dna acapeL oiR stesffO tfeL 4 acapeL
La Esperanza 5 Normal-

left
 )7891( notnaM yellaV naugA fo egde nrehtuoS
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asymmetry for 21 north-draining watersheds and 23 south-drain-
ing watersheds of the Sierra Nombre de Dios are displayed in 
Figure 8.

North-draining watersheds of the western Nombre de Dios 
range are tilted westward, while in the central section of the range, 
watersheds are tilted to eastward (Fig. 8). The watersheds of the 
eastern part of the range near Trujillo, draining to the Caribbean 
Sea, are tilted westward with the exception of the easternmost 
watersheds. Asymmetry of watersheds draining to the Aguan 
valley in the western part of the range is complicated by the 
southward migration of the drainage divide (Fig. 5A). The cen-

tral watersheds draining to the Aguan valley originate in or cross 
a topographic uplift centered on the Lepaca fault zone (Fig. 8). 
Drainage basin asymmetry reflects an eastward-plunging anticli-
nal uplift centered along the left-lateral Lepaca fault. Half of the 
eastern watersheds draining to the Aguan valley display a tilt to 
the west.

Topographic Development of Nombre de Dios Range

We propose several fault blocks coincident with and under-
lying the regions of topographic uplifts named on Figure 8:

Figure 5. (A) Geomorphic features of east-northeast trending Nombre de Dios range and Aguan Valley of northern Honduras (cf. Fig. 3 for loca-
tion of map area). Drainage divides are shown by heavier dotted lines. Culminations along drainage divides are shown by triangles with numbers 
indicated their height in meters above sea level. Note that rivers draining northward into the Caribbean are significantly longer than rivers drain-
ing southward into the Aguan Valley. Circled numbers are keyed to 12 stream profiles show in Figure 6. (B) Major lineaments and mapped faults 
(heavy black line, ticks on downthrown side of fault) and all lineaments interpreted from LANDSAT imagery. Steep, topographic mountain 
fronts along Caribbean coast and in the Aguan Valley are shown as light, dotted lines. Gray areas show low-relief surfaces preserved along the 
drainage divide of the ranges that are interpreted high-level erosional surfaces. Gray areas north of the modern divide are inferred as erosional 
surfaces formed on the previous paleo-divide prior to the southward shift to the modern divide. Apparent left-lateral offsets of river channels seen 
on imagery are indicated by heavy black triangles on the Río Papaloteca, Río Balfante, Río Pimenta, and Río Lepaca. Knickpoints, or localized 
areas of steeper river gradients from Figure 6, are shown as small black dots along rivers. L—Lepaca fault.
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Figure 6. Stream profiles from the drainage divide to mountain fronts compiled from 1:50,000 scale topographic maps 
of Sierra Nombre de Dios (locations of streams, topographic divides, and topographic mountain fronts shown in Fig. 5). 
Solid lines show elevation of stream channels with crossings of 20 m contour interval indicated by small squares. Gradi-
ent peaks (thin line) are knickpoints. Knickpoints coinciding with mapped lineaments are labeled with “L” for “linea-
ment” (lineaments displayed on Fig. 5B). “S” shows locations where streams cross the topographic surfaces shown in 
gray in Figure 5.
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1. The Pico Bonito restraining bend topographic uplift 
is a convergent restraining bend formed at a right-step 
between the La Ceiba and Rio Viejo left-lateral fault 
zones. Active uplift is supported by the reaches of con-
vex river profiles shown in Figure 6, and left-lateral 
displacement is inferred from left-lateral river channel 
offsets compiled in Figures 7A–7B. Asymmetric water-
sheds shown in Figure 8 indicate that the bend area 
plunges westward.

2. La Ceiba topographic uplift is a peripheral effect related 
to the smaller, fault-controlled Pico Bonito restraining 
bend (Fig. 8). Tilt directions are variable but generally 
trend about a north axis.

3. Lepaca topographic uplift relates to left-lateral motion 
along the Lepaca fault and the formation of a large 

 anticline parallel to the fault trace. The fault may accom-
modate motion along the largely buried fault along the 
northern edge of the Aguan Valley. Tilt directions vary 
across the structure.

4. Trujillo topographic uplift is related to left-lateral oblique 
motion along the east-northeast segment of the Rio Viejo 
fault zone.

Transition between the Western Rifts and the North  
Coast Ranges

Normal faults defining the eastern edge of the Sula rift of 
the Honduras depression abruptly truncate the east-northeast–
striking La Ceiba fault zone (Fig. 4), and faults of the eastern 
boundary of the Sula rift change to more northeast trends. The 
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Figure 7. Four examples from LANDSAT imagery showing apparent left-lateral offsets of rivers in the Sierra Nombre de 
Dios (white arrows indicate fault traces shown in Fig. 5B and white triangles show magnitude of apparent left-lateral offset; 
locations of rivers shown in Fig. 5). All rivers shown occupy deeply incised, bedrock canyons. (A) Apparent left-lateral 
offset of 2.4 km of Río Papaloteca by the Rio Viejo fault. (B) Apparent left-lateral offset of 1.5 km of Río Lis Lis by the La 
Ceiba fault. Note that the upper reaches of this river follow the trace of the Rio Viejo fault zone. (C) Apparent left-lateral 
offset of 1.7 km of Río Lapaca by the Lepaca fault zone. (D) Apparent left-lateral offset of 2.1 km of southward-flowing 
Río Pimienta by the Lepaca fault.
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El Negrito and Morazon half-grabens form outliers to the east of 
the Sula rift but exhibit orientations more to the northeast. The 
RADARSAT image shown in Figure 9 documents the transition 
from the more northerly trends of normal faults that disrupt the 
Quaternary (0.5 Ma) volcanic field in the Sula rift to the more 
northeasterly trends of the El Negrito and Morazon rifts (average 
trends of rift-bounding normal faults indicated by white arrows in 
Fig. 9). The Lean rift is a full-graben northeast of the El Negrito 
and Morazon rifts and north of the La Ceiba fault (Fig. 4B). Avé 
Lallemant and Gordon (1999) have previously related the origin 
of the Lean graben to left-slip motion on the La Ceiba fault. We 
propose that the northeast trend of the northern Sula, El Negrito, 
Morazon, and Lean rifts forms a 35-km-wide rift province of 
intermediate orientation between the north-trending rifts of west-
ern Honduras and the east-northeast–trending rifts in the Nombre 
de Dios range and Aguan Valley.

OFFSHORE STRUCTURE AND STRATIGRAPHY OF 
THE HONDURAN BORDERLANDS

The structure and late Neogene sedimentation of the Hon-
duran borderlands is described in papers by Kornicker and Bry-
ant (1969) and Pinet (1971, 1972, 1975) using single-channel 
seismic profiling and shallow coring. We utilize deeper penetra-
tion, multi-channel seismic reflection profiles, sidescan images 
of the seafloor, and offshore exploration wells to better define 
the distribution and structure of the elongate basins and ridges 

underlying the Honduran borderlands. We mapped a total of 
21 different basins using seismic and sidescan sonar (Fig. 2B), 
although more densely spaced seismic profiling may reveal that 
some of the basins are contiguous. The basins form a belt that 
narrows toward the Mid-Cayman spreading center then widens 
toward the west. There are two parallel basin axes, the Bonacca 
and Patuca, separated by an elongate basement high.

Geologic and Bathymetric Setting of the Honduran 
Borderlands

GEOSAT (geodetic satellite) marine gravity data compiled 
in Figure 10A shows the large-scale basement structure of the 
Honduran borderlands. To the north of the borderlands, the Cay-
man trough shows a large gravity low associated with thin oce-
anic crust produced at the Mid-Cayman spreading center between 
49.3 and 0 Ma (Leroy et al., 2000). A gravity high is centered 
on the active spreading center of the short, 100-km-long spread-
ing center. The Nicaragua carbonate platform, located south of 
the Honduran borderlands, is characterized by a smooth gravity 
high. The Honduran borderlands exhibits a disrupted gravity field 
produced by the existence of elongate, fault-bounded, margin-
parallel basins and ridges characteristic of continental border-
land provinces (Gorsline and Teng, 1989). Twin gravity highs or 
basement ridges extend along the southern, faulted margin of the 
Cayman trough while a gravity low basin extends along the edge 
of the Nicaragua Rise. A gravity or basement high, the Patuca 
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Ridge, is present within this basinal structure and projects into 
the Nombre de Dios range of northern Honduras. The southern 
part of the Patuca Basin projects into the Aguan Valley.

The predicted bathymetry (Smith and Sandwell, 1997) of the 
region shown in Figure 10B is compiled along with the onshore 
topography. Kornicker and Bryant (1969) considered the base-
ment and bathymetric high along the southern edge of the Cay-
man trough as a single ridge (Bonacca). Because regional gravity 
and bathymetry data show two parallel ridges, we name the fea-
tures the North and South Bonacca Ridges. Kornicker and Bryant 
(1969) also considered the Tela Basin north of the Nombre de 
Dios range of northern Honduras a continuous feature extend-
ing to the northeast of Honduras, which we renamed the Patuca 
Basin to more accurately reflect the complex borderlands basins 
seen on Figure 10. The Bonacca Basin separates the North and 
South Bonacca Ridges and the Patuca Basin occurs between the 
South Bonacca Ridge and the Nicaragua Rise. The Patuca and 
Tela Basins are roughly collinear but are separated by a bathymet-
ric and structural saddle northeast of Honduras. Figure 11 shows 
three bathymetric profiles across the Honduran borderlands corre-
lated with the newly named basement and bathymetric features.

The twin North and South Bonacca Ridges can be identified 
on profiles A and B but merge on profile C (Fig. 11) to form the 
single, emergent Bay Islands of northern Honduras. The Swan 
Islands restraining bend, an active, localized restraining bend 
structure on the Swan Islands fault zone (Mann et al., 1991) 
(Fig. 2A), appears on profiles A and B but disappears along-
strike on profile C (Fig. 11). The Patuca Basin forms a deep basin 
on profile A, which is interrupted by the appearance of the Patuca 
basement high on profile B. The northern half of the Patuca Basin 
continues westward into the Tela Basin, while the Patuca high 
projects into the Nombre de Dios range and the southern half 
of the Patuca Basin projects into the Aguan Valley. The overall 
effect of the parallel ridges and valleys of the Honduran border-
lands is widening from east to west (Fig. 11).

Evidence of Active Tectonics and Structure

We use previously unpublished multichannel seismic (MCS) 
profiles across the Honduran borderlands collected during the 
University of Texas Institute for Geophysics (UTIG) Caribbean 
Tectonics (CT1) survey in 1979 combined with SeaMARC II 
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sidescan sonar images and single-channel seismic lines of the 
seafloor and shallow subsurface collected in 1989 (Rosencrantz 
and Mann, 1991; Mann et al., 1991) to document and map active 
faults and their relation to observed bathymetry and structure. We 
consider faults breaking young seafloor sediments to be “active.” 
The sidescan imagery was used in conjunction with the MCS 
profiles to verify that the faults extend to the seafloor and to map 

curving and anastomosing faults between MSC lines. The loca-
tions of the MCS and single-channel seismic (SCS) seismic lines 
used in the study are shown on Figure 2B; the footprint of the 
sidescan image is shown on Figure 2A.

MCS profiles CT1-8a and CT1-8b trend north-northwest 
and provide a cross section of ~4 s two-way travel time (TWTT) 
of the eastern part of the Honduran borderlands southeast of the 
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fault compilation shown in Figure 2. Arrow shows Caribbean plate motion vector in Honduras relative to a fixed North American plate. Dotted 
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by the Swan Islands fault zone; the southern edge of the borderlands is defined by the Nicaragua Rise offshore and the Aguan Valley onshore. 
Jo-Ch—Jocotan-Chamelecon faults. (B) GTOPO30 digital elevation model of Central America merged with gravity-derived GTOPO5 bathym-
etry of offshore areas of Honduras from Smith and Sandwell (1997) (bathymetric contours are 1000 m, except for 100 m contour near shore). 
Yellow lines represent crests of bathymetric ridges and correspond to the yellow lines shown in the gravity map. NdD—Nombre de Dios.
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Swan Islands restraining bend (Fig. 2B). Seven active faults are 
recognized: two are parallel strands of the Swan Islands fault 
zone (see Rosencrantz and Mann, 1991), and five bound the 
Bonacca and Patuca Basins and separate them from the inter-
vening basement highs, the North and South Bonacca Ridges 
(Fig. 12A). Correlation of line CT1-8 with the sidescan image 
in Figure 13B shows that a linear fault along the crest of the 
South Bonacca ridge forms a major scarp on the seafloor, indi-
cating an active feature. This fault forms one edge of a large 
basement ridge with normal faults dipping away from its center 
(Fig. 13C).

MCS profile CT1-6a and CT1-6b trends north to a depth 
of ~5 s TWTT in the central part of the Honduran borderlands 
southwest of the Swan Islands restraining bend (Fig. 2B). Five 
active faults are recognized: three are parallel strands of the Swan 
Islands fault zone (highlighted by white arrows in Fig. 14B) and 
two bound the South Bonacca Ridge (Fig. 12A). Correlation of 
line CT1-6 with the sidescan image in Figure 14B shows linear 
fault scarps along the en echelon crest of the North Bonacca 
ridge. A southeast-dipping normal fault forms a half-graben 

(Bonacca Basin) filled with asymmetric wedge-shaped seis-
mic unit 2 (Fig. 14C). Normal faults bounding the symmetrical 
Patuca graben at the south end of the seismic line also penetrate 
the seafloor (Fig. 14D).

MCS profile CT1-3b is the westernmost MCS line and 
trends northward across the borderlands (Fig. 2A). This line dis-
plays the steep scarp of the Swan Islands fault zone (indicated by 
the white arrows in Fig. 15B) at the edge of the Cayman trough, 
a series of six half-grabens formed along southward dipping nor-
mal faults, and tilting and faulting of sequence 3, suggesting that 
the rift process is ongoing (Fig. 12C).

Both the Bonacca and Patuca rifts are much wider on line 
CT1-6ab than on line CT1-8ab to the west, supporting the 
basic observation of the north-south widening of the Honduran 
borderlands from east to west seen on the regional bathymetric 
profiles in Figure 11.

SCS line 71, collected in 1989 along with the sidescan 
data, trends east to west across the Tela Basin (Fig. 16A). Line 
71 images two active fault scarps seen as faint lineaments on 
the sidescan image (Fig. 16B). In the subsurface, these faults 
control small east-northeast–trending rifts within the Tela Basin 
(Fig. 16C).

Stratigraphic Development of the Honduran Borderlands

Three distinct seismic sequences are identified on the seis-
mic profiles and are numbered 1, 2, and 3 on Figure 12. The low-
est sequence, sequence 1, consists of tabular, tilted reflectors up 
to 1.0 seconds TWTT in thickness (Figs. 13C and 14C). The base 
of this sequence merges with the acoustic basement due to loss of 
energy with depth and therefore the nature of the contact between 
sequence 1 and basement is not clear. Seismic facies associated 
with sequence 1 include a semi-continuous high-amplitude facies 
consisting of subparallel, semi-continuous high-amplitude reflec-
tions with high-amplitude reflections dominant suggesting sand-
rich channel-lobe complexes. Based on its geometry, we interpret 
tabular sequence 1 as a pre-rift unit deposited prior to the forma-
tion of the full and half-grabens seen on the profiles. The parallel, 
horizontal reflectors indicate that this unit was deposited as a flat 
layer above a continental or island arc crust at the northern edge 
of the Nicaragua Rise.

Sequence 2 consists of a wedge-shaped, isolated, fault-
bounded package of reflectors indicative of long-term vertical 
motion on the adjacent fault scarps (Figs. 13C, 13D, 14C, 14D, 
and 15C). Seismic facies associated with sequence 2 include a 
semi-continuous high amplitude alternating with low-amplitude 
facies containing concave-up high-amplitude reflections and 
wedge-shaped external configuration, suggesting partially chan-
nelized turbidite lobe complexes. For example, on Figure 13C, 
the wedge-shape of sequence 2 is imaged adjacent to the pres-
ently active basement block (South Bonacca Ridge) and linear 
fault shown in Figure 13B. On Figure 13D crossing the Patuca 
Basin, sequence 2 forms two similar wedges against normal faults 
dipping to the southeast. We interpret wedge-shaped sequence 2 
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as a syn-rift unit that accompanied the main phase of rifting and 
fault scarp formation.

Sequence 3 is the uppermost unit and provides a tabu-
lar fill of the basinal areas of the Bonacca and Patuca Basins 
(Figs. 13C, 13D, 14C, and 14D). A progradational, shingled 
facies displays a basinward progradation geometry of reflec-
tors that changes downdip into semi-continuous high amplitude 
facies. Sequence 3 is interpreted as a post-rift unit. Fault control 
on tabular sequence 3 is less strong than on the wedge-shaped 
units of sequence 2. Nevertheless, some fault scarps penetrate 
unit 3 to the seafloor and indicate that faulting continues today 

although generally not forming rifts with clastic wedge units 
(cf. Figs. 13C and 13D). The source of sediment for sequence 
3 is either peri-platform carbonate ooze derived from carbonate 
production on the Nicaragua Rise (cf. Fig. 13D) or terrigenous 
clastic material derived from major river systems of northern and 
eastern Honduras (Fig. 10B).

This proposed rift interpretation is similar to that proposed by 
Pinet (1975) based on his study of single-channel seismic reflec-
tion study in the area of the Tela basin (Fig. 2A). Pinet (1975) 
documented two stratigraphic sequences above an angular uncon-
formity disrupted by normal faults that form horsts and grabens 
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filled by turbidites (Fig. 2A). Noting that these sequences are 
uniform in thickness, Pinet (1975) inferred that the block faulting 
postdates the deposition and proposed a late Miocene–Pliocene 
age of deposition and a Pliocene normal faulting event based on 
correlation to onshore geologic history.

Four oil exploration wells (Fig. 17) drilled at shelfal to slope 
water depths (66–337 m below sea level [mbsl]) along the south-
ern edge of the Honduran borderlands adjacent to the Patuca rift 
basin (Fig. 2B) allow correlation between the dated units in the 
wells and seismic units 1–3. Sonic log data from Punta Patuca-
1 was converted to two-way travel time and this time section 
was then correlated to the south end of MSC profile CT1-6ab 
crossing the Patuca basin (Fig. 14D). The Punta Patuca-1 well 

was drilled in an area outside of the main zone of rifting in the 
deeper water Patuca basin. Despite this, all four wells show a 
similar history, suggesting that the general timing and litholo-
gies of the wells provide a reliable insight into the rift history 
of the Honduran borderlands. The four wells, drilled to depths 
of 2397–3790 m, penetrated a basement of variable lithologies 
(Fig. 17). Above a basal unconformity, the overlying rock types 
range from Early Cretaceous through late Eocene (Fig. 17). 
Clastic rocks of middle Miocene age overlie the unconformity 
and range in water depth from subaerial (?) redbeds to coastal 
or coastal shelf. We interpret this contact as middle to early late 
Miocene transition from the acoustic basement to the overlying 
tabular pre-rift seismic unit 1 (Fig. 12). Syn-rift seismic unit 2 
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correlates to a late Miocene section of sandstone and shale with 
minor shallow marine limestone in the Punta Patuca well. Post-
rift seismic sequence 3 correlates to a Plio-Pleistocene section of 
mudstone deposited at bathyal depths.

The Castaña-1 drilled near the mouth of the Río Aguan and 
the bathymetric high that separates the Tela and Bonacca Basins 
penetrated 400 m of limestone, which is suggestive of localized 
clastic bypass and carbonate deposition on the bathymetric high. 
Numerous bentonite horizons along with volcanic fragments 
found in the middle Miocene clastic shelf strata of Punta Patuca-
1 and Gracias A Dios-1 represent airfall and fluvial linkage to 
the ignimbrite province of the Miocene arc of Central America 
(Sigurdsson et al., 2000; Jordan et al., this volume).

ACTIVE DEFORMATION RELATED TO PLATE 
KINEMATICS—TWO STYLES OF TRANSTENSIONAL 
DEFORMATION

We have presented geologic, earthquake, marine geophysi-
cal, and remote sensing data to show that Neogene to Recent 
transtensional deformation produced at the North America–
Caribbean plate boundary in northern Central America exhibits 
two distinct structural styles. East-west extension along faults 
normal to the plate boundary occurs south of the western 375-
km-long plate boundary segment, producing basin and range 
morphology in western Honduras and southern Guatemala. To 
the east, NNW-SSE extension along faults subparallel to the 
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plate boundary occurs south of a 600-km-long plate boundary 
segment, producing margin-parallel ridges and basins onshore 
in northern Honduras and in the offshore Honduran borderlands 
region (Fig. 18A).

In the western area, the north trending normal faults have 
been interpreted as (1) intraplate deformation and block rotations 
about a highly arcuate, convex-southward left-lateral strike-slip 
fault system (Plafker, 1976; Burkart and Self, 1985); and (2) fault 
termination structures related to the termination of left-lateral slip 
of the Motagua fault zone (Langer and Bollinger, 1979; Guzman-
Speziale, 2001). While transtensional deformation has not been 
proposed previously for the Honduran borderlands and Nombre 
de Dios range and Aguan Valley of northern Honduras, we show 
that east-northeast–trending faults are oblique-slip and extend in 
a zone ~150 km south of the Swan Islands fault.

We compare the orientation of active faults with the trend of 
GPS-derived Caribbean plate motion vectors (Fig. 18). The three 
plate vectors shown are for points along the Motagua–Swan Islands 
fault system at longitudes 89°W, 85°W, and 81°W and are decom-
posed to show the extensional and strike-slip component of the 

plate vector. The extensional component of motion is controlled 
by the angular divergence (Fig. 18B) between the plate vector and 
the trend of the plate boundary fault. The extensional component 
of the plate vector increases from 0.2 mm/yr at longitude 81°W 
near the Mid-Cayman spreading center to 4.8 mm/yr at longitude 
89°W in the Motagua Valley of Guatemala and is consistent with 
the widening of plate margin deformation from east to west.

The angular difference (Fig. 18B) remains relatively con-
stant and <5° in the eastern area of the Mid-Cayman spreading 
center that is characterized by strike-slip faulting on well-defined 
faults (Rosencrantz and Mann, 1991). The value increases to 
amounts >5° in the central area adjacent to the offshore Honduran 
borderlands and increases up to 20° in the area of the Motagua 
Valley. East-west extension on faults normal to the plate mar-
gin occurs when the angle of divergence between the main plate 
boundary fault (Motagua fault zone) and the GPS-derived Carib-
bean plate vector is ≥10° (Fig. 18). NNW-SSE transtension on 
faults subparallel to the plate boundary occurs when the angle 
of divergence between the plate boundary fault and the Carib-
bean motion vector is between 5 and 10°. A narrow, 35-km-wide 
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tectonic transition area in north-central Honduras separates the 
north-trending rifts of western Honduras and from the boundary-
parallel rifts in northeastern Honduras and the offshore Hondu-
ran borderlands (Fig. 18).

Estimated partitioning of the Caribbean–North America 
velocity components into parallel (strike-slip faulting) and per-
pendicular (normal faulting) to the trend of the plate boundary 
faults is derived by rotating the predicted plate velocities using 
the DeMets et al. (2000) pole information onto local fault trends 
at the locations separated by ~50 km (Fig. 18C). Values of strike-
slip remain relatively constant around 18 mm/yr except for a 
decrease to 17 mm/yr in the area of maximum predicted extension 
near the eastern end of the Motagua Valley (Fig. 18C). Extension 
varies but clusters around the median 0° line in pure strike-slip 
areas of the Oriente fault and Mid-Cayman spreading center. To 
the west, extension increases to a maximum of 6 mm/yr in the 

Motagua Valley near longitude 88.5°W (except near the Swan 
Islands restraining bend near longitude 84°W).

NNW-SSE extension along faults subparallel to the plate 
boundary in the Honduran borderlands and northern coast of 
Honduras coincides with extensional partitioning rates <5 mm/yr. 
E-W extension on faults normal to the plate boundary in western 
Honduras and Guatemala coincides with extensional partitioning 
rates >5 mm/yr.

GEOLOGIC EVOLUTION OF THE  
BORDERLAND REGION

We address the Neogene evolution of transtension south 
of the North America–Caribbean plate boundary in two ways. 
First, we quantify the amount of extension that has occurred 
in both the offshore borderlands region and also in the western 
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rifts. Next, we utilize these results along with regional geologic 
and plate kinematic constraints to develop a quantified plate 
reconstruction of this transtensional margin as it developed dur-
ing the Neogene.

Regional Extension

Individual rifts of the Honduran borderlands widen from east 
to west (Fig. 11). This trend can be explained by more extension 
in the west during the development of the rifts, as suggested by 
the distribution of instantaneous strain displayed in Figure 18. To 
estimated the finite strain during evolution of the rifts, we restore 
the three seismic lines (CT1-8ab, CT1-6ab, and CT1-3 from 
Fig. 12) using the vertical shear fault restoration method (Rowan 
and Kligfield, 1989). We take the top of the middle Miocene–age 
seismic sequence 1 (Fig. 12) as the pre-rift datum for the recon-
struction for the three MCS lines. Figure 19 displays the restored 
seismic lines along with their finite elongation values of 11.8% 
for CT1-8ab (eastern line, Fig. 19A), 16.7% for CT1-6ab (central 
line, Fig. 19B) and 21.3% for CT1-3 (western line, Fig. 19C). 
These values support the prediction of progressive east to west 

increase in extension indicated by the instantaneous GPS-based 
strain calculations (Fig. 18).

We make a second estimate of extension across the Hon-
duras borderlands by extrapolating the instantaneous GPS-based 
Caribbean plate vector (Fig. 18) to 12 Ma (the late Miocene age 
of initiation of rift based on well data). Assuming full strain parti-
tioning, 24.7% extension occurred across the 150-km-wide Hon-
duran borderlands at longitude 85°W (roughly the location of 
line CT1-3ab and CT1-6ab) (Fig. 19D). While these numbers are 
very close, the smaller extension values (11.8%–21.3%) obtained 
by the restoration of seismic lines compared to the GPS-based 
estimate (24.7%) may be the result of (1) incomplete partitioning 
(i.e., more motion on strike-slip faulting of the Swan Islands fault 
zone or on strike-slip faults within the rifts and basement ridges); 
(2) extension south of the region covered by the seismic lines; 
and (3) that the trend of the seismic lines are somewhat oblique 
rather than perpendicular to the trend of faults (Fig. 2A). Our 
analyses are consistent with Miocene age north-south extension 
determined from a paleostress analysis on striated fault planes 
from outcrops on Roatan Island, the largest of the Bay Islands, by 
Avé Lallemant and Gordon (1999).

Figure 17. Well logs from four offshore exploration wells from the Honduran borderlands (well logs were provided by and 
used with written permission from the Dirección de Energía of Honduras). Sonic log data available for Punta Patuca-1 and 
Gracias a Dios-1 wells was used to convert well logs to two-way time sections that were then correlated to multi-channel 
seismic time sections. This correlation showed that pre-rift sequence 1 is middle to early late Miocene in age, syn-rift 
sequence 2 is late Miocene, and late syn-rift sequence 3 is Pliocene and younger. Note the large unconformity at the base 
of the middle Miocene.
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Figure 18. (A) Distribution of active faults along and south of the North America–Caribbean plate margin. GPS-derived 
Caribbean plate velocity (DeMets et al., 2000) was calculated at 30 min increments (Xs on map) along the main North 
America–Caribbean plate boundary faults (Motagua–Swan Islands–Mid-Cayman spreading center–Oriente system). The 
three plate vectors shown are for points along the fault system at longitudes 89°W, 85°W, and 81°W and are decomposed 
to show the extensional and strike-slip component of the plate vector. The extensional component of motion is controlled 
by the angular divergence between the plate vector and the trend of the plate boundary fault. Vertical arrows show loca-
tion North America–Caribbean velocity predictions of DeMets et al. (2000). (B) Plot of the angular difference between 
the North America–Caribbean GPS-derived plate vector from DeMets et al. (2000) and the trend of the Motagua–Swan 
Islands–Mid-Cayman spreading center–Oriente fault system taken at the points along the fault system marked by “X” in 
Figure 18A. An angle of 0° would indicate predicted pure strike-slip; angles above the dashed line indicate convergence as 
observed at the Swan Islands restraining bend, and angles below the dashed line indicate divergence. (C) Plot of the Carib-
bean velocity components decomposed into rates of plate-boundary parallel slip (diamonds) and boundary-perpendicular 
slip (squares). MCSC—Mid-Cayman spreading center.
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A third estimate of extension across the borderland is a 
byproduct of plate reconstruction that utilizes variable rates of 
Caribbean plate motion during the past 12 m.y. rather than extrap-
olation of the instantaneous GPS-derived plate motion vector. The 
extension calculated from the plate reconstruction process shows 
25.1% extension across the Honduran borderlands (Fig. 19D), 
which is consistent with the other estimates of extension.

We make two estimates of extension across the 340-km-
wide zone of north-trending rifts of Honduras and Guatemala 
(centered on longitude 89°W) using (1) the instantaneous GPS-
derived plate motion vector and (2) the cumulative plate resto-
ration process. The GPS-based method resulted in 45.0 km or 
15.3% extension for the past 12 m.y. This is in close agreement 

with the extension estimate obtained through the plate restora-
tion process, which yields an extensional amount of 47.8 km, or 
16.3% extension.

Plate Reconstructions of Transtensional Environments in 
the Northwestern Caribbean

In order to address the question of how the features of the 
northwest corner of the Caribbean plate have evolved, we utilize 
quantitative plate restorations. In Figure 20, we present six quan-
titative plate reconstructions made to illustrate the complex evo-
lution of this transtensional plate margin segment for the past 20 
m.y. (early Miocene). The position of the North America plate is 
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Figure 19. Interpretation of depth converted and restored University of Texas Institute for Geophysics multi-channel seismic (MCS) lines across 
the Honduran borderlands (cf. Fig. 2B for locations of three seismic lines). Interval velocities derived from well velocities in Honduran offshore 
exploration wells whose logs are shown in Figure 17 were used to convert time sections to depth sections (average velocity of pre-rift sequence 
1:3.3 km/sec; syn-rift sequence 2:3.0 km/sec; late syn-rift sequence 3:2.2 km/sec). (A) Restoration of CT1-8ab MCS line restored to top of pre-
rift sequence 1 yields 17.0 km or 18.3% extension compared to unrestored depth converted line. (B) Restoration of CT1-6ab MCS line restored 
to top of pre-rift sequence 1 yields 17.2 km or 16.7% extension compared to unrestored depth converted line. (C) Restoration of CT1-3ab MCS 
line restored to top of pre-rift sequence 1 yields 9.3 km or 21.3% extension compared to unrestored depth converted line. (D) Comparison of 
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Figure 20. Plate tectonic reconstructions of northern Central America, the Cayman trough, and the Honduran borderlands 
with the North America plate held fixed. Plate boundary faults (P—Polochic fault; M—Motagua fault; SI—Swan Islands 
fault) are held fixed to the North America plate with the exception of the Jocatan (J) fault. Rotations are based on interpre-
tations of ages of Cayman trough magnetic anomalies formed at Mid-Cayman spreading center (MCSC) by Rosencrantz 
(1994). Arrows show the direction and rate of the GPS present-day motion of the Caribbean plate from DeMets et al. 
(2000) compared to the predicted rate of past Caribbean plate motion from the Rosencrantz (1994) anomaly interpreta-
tion. Inset box summarizes the direction of the Rosencrantz (1994) direction of Caribbean plate motion relative to the 
plate boundary faults system inferred to have been active during that time period based on previous geologic studies by 
summarized by Burkart (1994) and Donnelly et al. (1990). (A) Early Miocene (20 Ma): The Jocotan–Swan Islands fault 
system is active. (B) Late early Miocene (16 Ma): The Jocotan–Swan Islands fault system is active. (C) Middle Miocene 
(12 Ma): The Jocotan–Swan Islands fault system is active. (D) Late Miocene (8 Ma): The Polochic–Swan Islands fault 
system is active. (E) Early Pliocene (4 Ma): The Polochic–Swan Islands fault system is active. (F) Present-day (0 Ma): 
The Motagua–Swan Islands fault system is active. Note that the present day coast of Central America is shown to provide 
an indication of cumulative lateral offset between the two plates. IR—inactive rifts.
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fixed and the present-day coastline of Central America is shown 
in all the reconstructions as a frame of reference. Two vectors 
are shown on each reconstruction: (1) the current GPS-derived 
Caribbean plate motion vector (DeMets et al., 2000), and (2) the 
plate vector derived from magnetic anomalies in the surround-
ing oceanic basins, including the Cayman trough (Rosencrantz, 
1994). Reconstruction results in a 20 m.y. average Caribbean 
plate vector of 21.4 mm/yr at azimuth N78E relative to North 
America. That is slightly greater than the 18.5 mm/yr at azimuth 
N77E GPS measured rate at 15°N, 85°W. A small inset map at 
the bottom of each reconstruction summarizes the major faults 
that are known from geologic studies to be active during that time 
interval along with the angle between these faults and the mag-
netic anomaly–derived plate vector inferred for that time period.

In the late early Miocene (16 Ma) and early Miocene (20 
Ma) the Jocotan fault was the main plate boundary fault (Ritchie, 
1976) (Figs. 20A and 20B). Our reconstruction suggests that the 
Jocotan fault formed a much straighter continuation of the Swan 
Islands fault than either the Polochic or Motagua would at a later 
time. This alignment places the Chamelecon and the La Ceiba 
fault in a position to be part of the plate boundary fault. No evi-
dence for the north-trending rifts of the western area is known 
from this time. However, it is possible that borderland-style 
deformation “rifts parallel to margin” may have extended south 
of the plate margin because the geometry between the bounding 
fault and the plate motion vector is similar to that of today.

In the middle Miocene (12 Ma), the Jocotan fault was still 
the main plate boundary fault (Ritchie, 1976) (Fig. 20C). A major 
middle Miocene unconformity occurs in the Honduran border-
land between deformed basement to Eocene rocks and overly-
ing middle Miocene shallow-water clastic sedimentary rocks 
(Fig. 18). Subsidence in the Honduran borderland region is evi-
denced by deposition of the pre-rift sequence and may indicate 
the onset of transtension in this region.

By the late Miocene (8 Ma), the plate boundary shifted 
to the north and the Polochic fault was active (Burkart, 1983) 
(Fig. 20D). The north-south–trending rifting in western Honduras 
commenced shortly before this prior time (after 10.5 Ma accord-
ing to Gordon and Muehlberger, 1994). We suggest that north-
south rifts of the western area were initiated by the plate boundary 
moving from the Jocotan to the Polochic fault, thereby increasing 
the divergence between the Caribbean plate motion vector and 
the plate margin fault. According to the offshore wells, the late 
Miocene is the when the rift basins of the Honduran borderlands 
were filling with syn-rift sediments (Fig. 12).

During the early Pliocene (4 Ma), the plate margin fault 
geometry (Fig. 20E) remained the same as in the late Miocene. 
In the Honduran borderlands, well and seismic data indicates 
that the rift phase that began in the late Miocene is ongoing. 
According to Burkart (1983), the plate boundary shifted from 
the Polochic fault to the Motagua fault shortly after this time. 
This switch to the arcuate Motagua fault increased the angle 
of divergence and amount of strain partitioning in the area of 
north-south rifting.

At present, the main left-lateral faults of the plate bound-
ary zone are the Motagua (Plafker, 1976) and Swan Islands fault 
zone (Rosencrantz and Mann, 1991) (Fig. 20F). The Polochic 
fault in Guatemala, although active, is no longer the plate bound-
ary. Rifting of the Honduran borderlands is decreasing (seismic 
sequence 3 in Fig. 12). This decrease in rifting may be related to 
the eastward movement of this area into an area of lesser plate 
divergence. A zone of inactive, north-trending rifts exists in east-
central Honduras (IR in Fig. 20F). These rifts were generated 
west of their present position and rafted eastward with the Carib-
bean plate.

CONCLUSIONS

The main conclusions of this study are as follows:
1. Geologic, earthquake, marine geophysical, and remote 

sensing data from on- and offshore areas show that Neo-
gene to Recent transtensional deformation along the 
North America–Caribbean plate boundary in northern 
Central America exhibits two distinct structural styles. In 
the western area, east-west extension affects a 375-km-
long plate boundary segment with basin and range mor-
phology in western Honduras and northern Guatemala. 
In the eastern study area, NNW-SSE transtension occurs 
along a 600-km-long plate boundary segment of margin-
parallel ridges and basins in the Nombre de Dios range 
and Aguan Valley of northern Honduras and offshore 
Honduran borderlands region (Fig. 2).

2. Comparison of fault orientations and the trend of the GPS-
derived Caribbean plate motion vector show that east-
west extension along faults normal to the plate boundary 
occurs in the western area when the angle of divergence 
between the Motagua plate boundary fault and the plate 
motion vector is ≥10° (Fig. 18). This oblique opening 
model differs from previous interpretations of Burkart 
and Self (1985) that invoke block rotations about the 
arcuate Motagua fault zone.

3. In northern Honduras and its borderland, NNW-SSE exten-
sion along faults subparallel to the plate margin coincide 
with an angle between the Swan Islands plate bounding 
fault and the plate motion vector of between 5 and 10°.

4. A narrow, 35-km-wide tectonic transition area in north-
central Honduras separates the north-trending rifts of 
western Honduras from the plate boundary–parallel rifts 
in northeastern Honduras and the offshore Honduran bor-
derlands (Fig. 2).

5. Faults of the offshore Honduran borderlands extend 
onshore into the Nombre de Dios range and Aguan Val-
ley of northern Honduras, where subaerial transtensional 
deformation is similar to deformation of the submarine 
Honduran borderlands (Fig. 5). Tectonic geomorphology 
studies show pervasive oblique-slip faulting with evi-
dence for late Quaternary left-lateral offsets (Fig. 7) and 
active uplift of stream networks (Fig. 6).
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6. Seismic data tied to wells in the Honduran borderlands 
(Fig. 18) show that plate boundary–related submarine 
faults in this region are active, transtensional features 
that initiated in the middle Miocene with filling of asym-
metric half-grabens and continued through the Pliocene-
Pleistocene.

7. Quantitative plate reconstructions suggest that the north-
trending rifts of the western region developed in response 
to increased interplate divergence as the plate boundary 
shifted from the Jocotan fault to the Polochic fault prior 
to 8 Ma.
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