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ABSTRACT 

DEFORMATIONAL MECHANISMS ALONG ACTIVE STRIKE-SLIP 

FAULTS: SEAMARC II AND SEISMIC DATA FROM THE NORTH 

AMERICA-CARIBBEAN PLATE BOUNDARY 

by 

ST ACEY ANN TYBURSKI, B.A. 

SUPERVISING PROFESSOR: DR. WILLIAM R. MUEHLBERGER 

The northwest part of the North America-Caribbean plate boundary zone is 

characterized by active, left-lateral strike-slip faults that are well constrained 

seismically and are corroborated by on- and offshore geologic mapping. The 

onshore plate boundary zone comprises the Motogua and Polochic fault systems of 

southern Guatemala which join and continue offshore as the Swan Islands fault zone 

along the southern edge of the Cayman trough. At the Mid-Cayman spreading 

center in the central Caribbean Sea, the fault motion is transferred at a 100 km wide 

left-step in the fault system to the Oriente fault zone. A third system, the Walton 

fault zone, continues east from the Mid-Cayman Spreading center to define the 

Gonave microplate. Seafloor features produced by strike-slip faulting along the 
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Swan Islands and Walton fault zones have been imaged and mapped using the 

SeaMARC II side-scan sonar and swath bathymetric mapping system, single

channel seismic data, multichannel seismic data and 3.5 kHz depth profiles. 

Structures mapped along the Swan Islands and Walton fault zones include: 1) 

twenty-six restraining bends and five releasing bends ranging in size from several 

kilometers in area to several hundred kilometers in area; 2)en echelon folds which 

occur only within the restraining bends; 3) straight, continuous fault segments of up 

to several tens of kilometers in length; 4) restraining and releasing bends forming in 

"paired" configurations; and 5) a fault-parallel fold belt fold and thrust belt adjacerrt 

to a major restraining bend. The features observed along the Swan Islands and 

Walton fault systems are compared to other features observed along other strike-slip 

fault systems, from which empirical models have previously been derived. Based 

on the features observed in these strike-slip systems, a rigid plate scenario is 

envisioned where the geometry of the fault and the direction of plate motion have 

controlled the types of deformation that have occurred. In a related study, 

microtectonic features in an area of Neogene extension within the northwestern 

Caribbean plate were investigated in order to provide insight on the nature of 

intraplate deformation related to the motion along the plate boundary. Microtectonic 

features were measured in the Sula-Yojoa rift of northwestern Honduras with the 

intention of inverting the data to estimate stress states responsible for the observed 

strains. Data inversion for the estimation of stress states could not be undertaken 

with the available measurements, however, the observations made can be used to 
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support several existing models for the intraplate deformation as well as to 

encourage the elimination of other models. 
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Chapter 1 

Deformational Mechanisms along Active Strike-slip Faults: 

SeaMARC II Data from the North America-Caribbean 

Plate Boundary 

INfRODUCTION 

Structural styles and orientations of secondary features formed along active 

strike-slip faults have been interpreted by previous workers in terms of three 

different deformational models: 

1) In the "classic wrench tectonics" model of Wilcox et al. (1973), Harding 

(1988), and Jamison (1991), en echelon folds formed in a narrow zone along the 

strike-slip fault are interpreted as the pnxluct of a maximum horizontal stress 

oriented oblique to the strike-slip fault plane. The strike-slip fault is interpreted as a 

high-drag, tightly coupled surface along which the en echelon folds form as drag

related features (Figure lA). 

2) In the "San Andreas fault model" of Zoback et al. (1987) and Mount and Suppe 

(1987), a 50 to 100 km wide fold and thrust belt parallel to the strike-slip fault is 

interpreted as the pnxluct of a maximum horizontal stress oriented approximately 

900 to the strike-slip plane. The strike-slip fault is interpreted as a low-drag, 

decoupled surface along which the maximum horizontal stress is partitioned into a 
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IA.WRENCH I 

' ' ' 

ls.SAN ANDRE::~------~ ~er, 

' ' 
-------'-~ 

Figure 1. Three previously proposed models to explain the orientations of folds 
and secondary faults along major strike-slip faults: A) "classic wrench tectonics" 
model of Wilcox et al., 1974; B) San Andreas fault model of Zoback et al. (1987) and 
Mount and Suppc (1987); and C) rigid plate model ofLe Pichon and Franchetcau 
(1978). Open arrows in A and B show direction of maximum compressive stress 
(01). Angle theta (9) is defined as the anstle between the maximum compressive 
stress (01) and an imaginary line: drawn perpendicular to the fault zone. Figures A 
and B arc modified from Mount and Suppc (1987). 



3 

fault-normal component responsible for the folding and thrust faulting and a fault

parallel component responsible for strike-slip motion along the fault (Figure IB). 

3) In the rigid plate model of Le Pichon and Francheteau (1978), Bilham and 

Williams ( 1985), and Heu beck and Mann ( 1991), the geometry of the fault, and 

direction of plate motion control the type of deformation which is evinced along a 

strike-slip fault. Bends along the fault trace produce either areas of crustal 

shortening and uplift ("restraining bends" or "push-up blocks") or crustal stretching 

and subsidence ("releasing bends" or "pull-apart basins") (Figure IC). 

Of the three models, 1 and 2 attempt to define a regional stress history 

responsible for generating strike-slip motion and fault-related structures. Model 3 

attempts to explain strike-slip motion and fault-related structures as a product of 

strain by comparing the relative motion of rigid blocks or plates with the geometry 

of the strike-slip faults along which they are moving. Model 3 also indicates that 

deformation is concentrated at the sites of changes in the geometry of the fault, here 

in restraining and releasing bends. 

Each of the models is based on the observation of significantly different types 

of structures along the length of the strike-slip fault and, therefore, should be 

verifiable using detailed maps of defonnation along active faults. A list of observed 

strike-slip-related structures that form the basis for each of the models has been 

compiled (fable 1 ). A major shortcoming of this data base is that all observations 

are from subaerial strike-slip fault systems affecting rocks that are Holocene or 

older in age and, therefore, are unsuitable for dating active deformational events. 

For example, Harding (1988) criticized Mount and Suppe's (1987) application of 



TABLE 1. Comparison of data on folds along continental strike-slip faults, compiled from 
previous published studies, and on folds along submarine faults that were studied during cruise MW8909. 

maximum 

Strike-slip fault 
fold width 

4faul~ offset fault offset (half fold axis average 
shortening 

angle of perpendicular 
(honzontal) (vertical) wavelene:th) continuity fold orofile fold trend limb dios convergence to fold axis 

Rinconada fault, CA1 1 
broad, o~n 

60-72 lcm 0.5-1.5 km 3-7 km sinusoids 17.7° 30°-40° 50° 7%-14% 

San Andreas fault, 1 
broad, 

San Joaquin basin, CA -300km 5-10 km sinusoidal 19.5° 20°-40° 3%-14% 50° 

Alpine fault , NZI 
-5-lOlcm 10-50 km angular, 

480km chevron 18° 60°-70° oo 50%-60% 

San Andreas fault, 
Dunnid Hill, CA 1 -300 lcm 100-200 m <3km 

broad to tight, 
25°sinusoidal 60°-70° 50_ 100 40%-60% 

El Pilar fault, broad, 
South America 1 -loom sinusoidal 25° -45° -30° 20%-30% 

Swan Islands fault, 
Caribbean Sea 2 1100 km -0.5-1 km <3km sinusoidal 36 -20°-50° 00-200 7%-23% 

Walton fault system, 
Caribbean Sea2 1100 km -0.2-0.5 km <2km sinusoidal 36 -20°-40° 10°-20° 3%-14% 

Coyote Creek, 
Ocotillo Badlands gentle to 

-45
K?Uth~m ~A3 800km isoclinal 

1Jamison, 1991 
2This study 
3srown, et al. 1990 
4•Average fold trend" indicates the average trend of the fold axes along the fault. 

~ 
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the San Andreas fault model to the central segment of the San Andreas fault in 

California for two reasons: 

1) The fault-parallel fold belt in California used as evidence for a compressive 

stress perpendicular to the San Andreas fault contains four, possibly separate, fold 

belts which differ in: trend; age of commencement or cessation of folding; position 

relative to the strike-slip fault; properties of underlying basement; or thickness of 

the sedimentary cover; and, possibly, fold style. Harding (1988) considers only 

two of the four fold belts as possible evidence to use to distinguish the role of 

wrench fault tectonics or the San Andreas model. The other two fold belts may not 

be directly related to strike-slip tectonics. 

2) Two of the the four possibly separate fold belts in California contain 

structures that formed as early as late Oligocene time. Because it is unlikely that the 

stress field has remained unchanged for such a long period and, because older folds 

tend to rotate into alignment with younger strike-slip faults, the orientation of older 

folds are of little or no use for inferences of the direction of the present-day stress 

field associated with active strike-slip faults. 

Both of Harding's (1988) criticisms emphasize the need for observations to 

be made across extensive, along-strike and across-strike areas of actively deforming 

strike-slip faults and fault-related structures. Extensive along and across-strike 

surveys are needed to evaluate models involving regional stress such as the San 

Andreas model, or models dependent on the geometry of the fault relative to a pole 

of inter-plate relative motion. Surveys of recently formed structures eliminate the 

problems associated with interpreting older structures subject to subsequent 

deformation and rotation during later deformational events. Furthermore, for 
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observations made in rocks as young as those observed in this study, the regional 

displacement history for the past one hundred thousand years pennits 

approximation of the regional stress state. 

In July and August of 1989, an 89,000 km2 area of the active, left-lateral 

strike-slip boundary between the North American and Caribbean plates was 

surveyed using SeaMARC II side-scan sonar and single channel seismic and 3.5 

kHz profiling. The purpose of the cruise was to map strike-slip-related structures 

over an extensive, submarine strike-slip zone and to compare these data with 

deformational styles of subaerial strike-slip zones predicted in the models shown in 

Figure 1. Because the fault-related structures are actively defonning the sea floor 

and are in a submarine environment, there are fewer problems in interpreting older 

structures that have been subjected to later deformation. 

TECTONIC SETIING OF TI-IE NORTif AMERICA-CARIBBEAN PLATE 

BOUNDARY ZONE 

Major plates 

The distribution of recorded earthquakes defines five major plates in the 

Caribbean region: North American, Caribbean, South American, Cocos, and Nazca 

(Figure 2). Geologic studies and analysis of earthquake focal mechanisms indicate 

that the Caribbean plate is moving eastwards relative to the North and South 

American plates and that this movement is accommodated by left-lateral strike-slip 

faults along its northern boundary and right-lateral strike-slip faults along its 
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GULF OF 

600 km 

~N MEXICO 
ATl.ANTIC OCEAN 

HISPANIOLA · PUERTO RICO 
MICAOPLATE 

Figure 2. Plate tectonic setting of the Caribbean region and location of SeaMARC 
II study area along the Nonh American-Caribbean left-lateral strike-slip plate 
boundary. Black arrows give the direction of plate motions relative to a fixed 
Caribbean plate. Note the presence of two microplatcs within the broad North 
American-Caribbean strike-slip zone. 
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southern boundary (Molnar and Sykes, 1969; Mann et al., 1990). An 

approximately 110 km long left-step in the east-trending strike-slip zone produces 

divergence and sea floor spreading in the Cayman Trough, a 1400 km long pull

apart basin. An elongate strip of oceanic crust produced at the 100 km long step

over in the Cayman Trough records about 1100 km of left-lateral offset at rates of 

1-2 cm/yr between the Caribbean and North American plates over the past 50 m.y. 

(Rosencrantz et al., 1988). Oceanic lithosphere of the North and South American 

plates is consumed along the eastern edge of the Caribbean plate at the Lesser 

Antilles subduction zone (McCann and Sykes, 1984) and oceanic lithosphere of the 

Cocos plate is consumed along the eastern edge of the Middle America subduction 

zone (Burbach et al., 1984). 

Microplates ofthe northern Caribbean 

Recent mapping and earthquake studies have identified the existence of two 

active microplates embedded within the North American-Caribbean plate boundary 

(Figure 2). The term "microplate" is used here to refer to a plate which is much 

smaller in area than the seven major lithospheric plates of the earth. The pattern of 

recent earthquakes and faulting in the northeastern Caribbean led Byrne et al. 

(1985) to propose a "Puerto Rico-Hispaniola microplate" and Masson and Scanlon 

(1991) to propose a similar "Puerto Rico microplate". Using side-scan data 

collected during this study, Rosencrantz and Mann (1991) proposed the existence 

of the Gonave microplate extending from central Hispaniola to the Mid-Cayman 

Spreading Center (MCSC) in the Cayman trough (Figure 2). The strike-slip fault 
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bounding the southern margin of the Gonave microplate passes from Hispaniola, 

through Jamaica (Enriquillo-Plantain Garden fault zone - Mann et al., 1985), and to 

the southern end of the MCSC (Rosencrantz and Mann, 1991). The strike-slip fault 

bounding the nonhern margin of the Gonave microplate passes through Hispaniola 

(Septentrional fault zone - Prentice et al., in press), along the southern margin of 

Cuba (Oriente fault zone - Calais and Mercier de Upinay, 1991) and along the 

northern edge of the Cayman trough to the MCSC (Oriente fault zone - Ladd et al., 

1990). Heubeck et al. (1991) have described the subaerial contact between the 

Gonave and Hispaniola-Puerto Rico microplates in central Hispaniola 

Seismicity of the plate boundary zone 

The Nonh American-Caribbean strike-slip boundary is relatively well defined 

by a 200 to 250 km wide zone of shallow earthquake epicenters (Figure 3A). A 

weak zone of recorded seismicity and zones of historical earthquakes (Sykes et al., 

1982) correlate to the faulted margins of the Gonave and Hispaniola-Puerto Rico 

microplates in the nonheastern Caribbean and to the Swan Islands fault zone in the 

northwestern Caribbean. Earthquake focal mechanisms indicate left-lateral strike

slip faulting with the exceptions of a normal fault event from the MCSC and a thrust 

fault event from a convergent segment of the Oriente fault off the southern coast of 

Cuba. 
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Figure 3. (A) Seismicity of the North American-Caribbean plate boundary zone in 
relation to major faults of the Cayman trough area. Fault pattern of the Swan Islands 
and Walton fault zones is taken from the results of this SeaMARC II survey. Fault 
pattern along the Oriente fault zones is taken from previous studies by Ladd et al. 
(1990) and Calais and Mercier de Upinay (1990). Epicenters of earthquakes greater 
than magnitude 4.5 are shown by black dots and are compiled from a file of the 
National Earthquake Information Service for the period 1964 to 1985. Source for 
focal mechanisms numbered l, 3, 4, 6, 7, 8, 9 is the Harvard database; source for 
focal mechanisms numbered 2 and 5 is Molnar and Sykes (1969). 
(B) Bathymetric map of SeaMARC II survey area (in gray) between the Nicaraguan 
Rise and the Cayman Trough. Short black lines represent the locations of single 
channel seismic data also collected in the survey. 
(C) Recent sea floor sedimentation in the study area includes four siliciclastic 
submarine fan systems derived from the erosion of Jamaica, northern Honduras, and 
the Motagua valley of eastern Guatemala. The Pedro bank on the Nicaraguan Rise 
also provides carbonate sediments to the Walton basin. The predominant direction of 
deposition from these sources is shown be the black arrows. 
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Bathymetry and sea floor sedimentation ofthe study area 

The study area includes an elongate, east-northeast trending zone parallel to 

the Swan Islands and Walton fault zones that form a steep escarpment separating 

the shallow-water Nicaraguan Rise from the deep-water Cayman Trough (Figure 

3B). The area was selected for detailed study of active strike-slip faults because it 

is the longest uninterrupted zone of deeply (> 1 km) submerged strike-slip faults 

anywhere within either the northern or southern strike-slip margin of the Caribbean 

(Figure 2). 

The Nicaraguan Rise consists of about a dozen carbonate banks built on late 

Cretaceous island arc crust and/or thinned continental crust with a thickness of 19 to 

25 km (Arden, 1975). Bank tops are generally deeper than 15 min water depth and 

exhibit steep bank margins that have been interpreted in places as "scalloped 

margins" produced by large-scale slumping (Mullins and Hine, 1989). The 

Cayman Trough contains Eocene to Recent oceanic crust with thicknesses ranging 

from 8 to 10 km and exhibits water depths of 2000 to over 6000 m (Rosencrantz et 

al., 1988). Maximum relief within north-trending ridges produced by sea floor 

spreading at the MCSC is 2000 m. Maximum relief between bank tops in the 

Nicaraguan Rise and the floor of the Cayman trough is 4500 m. Over 100 ship 

traverses, ranging in length from 20 to 190 km with northwest and southeast 

headings, were made along the steep strike-slip fault-controlled slopes separating 

the Cayman Trough and Nicaraguan Rise. Northwest (330°) and southeast (120°) 

headings were used in order to insure that maximum acoustic returns from east

northeast-trending sea floor structures were collected by the SeaMARC II system. 
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Upper slopes of bank and island margins were not surveyed because of a 1000 m 

water depth needed to safely operate the SeaMARC IT towfish. 

Recent sea floor sedimentation in the study area includes three siliciclastic 

submarine fan systems derived from the erosion of Jamaica, northern Honduras, 

and the Motagua valley of eastern Guatemala (Figure 3C). Oastic sedimentation is 

thickest in the Motagua fan of the eastern Cayman trough where sediments of up to 

1.5 seconds of two way travel time are present (Binig, 1990) and in the Tela basin 

offshore of northern Honduras where sediments up to 1.8 seconds thick are 

present Strong, easterly trade winds generate a westerly sediment drift that 

prevents siliciclastic sediments from major river systems in Honduras and 

Guatemala from mixing with or inhibiting carbonate sedimentation along the outer 

shelf of Honduras and Nicaragua and the Nicaraguan Rise (Roberts and Murray, 

1983). Sponge-algae communities dominate the drowning western platforms of the 

western Nicaraguan rise and Honduras-Nicaragua outer shelf while mixed coral and 

algae communities dominate the Jamaican shelf, Pedro Bank, Bay Islands and 

Cayman Islands (Hallock et al., 1988). Although drowned, the western 

Nicaraguan platform has recently contributed a large amount of peri-platform 

carbonate ooze to the surrounding deeper water areas (A. Droxler, pers. comm., 

1989). Several major bank-fed, channel systems and deep-water carbonate fans in 

the Cayman trough were mapped during the SeaMARC IT survey (Figure 3C). 
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ME1HODS AND DATA REDUCTION 

SeaMARC II side-scan and bathymetric data 

The SeaMARC II system operated by the University of Hawaii Institute of 

Geophysics was used to obtain acoustic images of the sea floor in the study area. 

The SeaMARC II system ("Sea floor Mapping and Remote Characterization") is a 

sea floor mapping tool that provides continuous bathymetric information and 

quantitative side-scan images of the sea floor over a swath 10 km wide in water 

depths greater than 1000 m. Ship's tracks were planned at a spacing of 8 km to 

insure overlap with adjacent tracks (Figure 3B). Side-scan images record both 

bottom roughness (backscatter) and slope (specular reflectivity). The system is 

ideal for tectonic studies because it is capable of imaging subtle differences in sea 

floor morphology and bottom sediment type related to active faulting and folding 

(Davis et al., 1986; Johnson and Helferty, 1990). Such features are difficult or 

impossible to identify on 3.5 kHz or single-channel data because of the large 

amount of vertical exaggeration and, in the case of single-channel lines, because of 

low resolution in the upper tens of meters of sea floor sediment 

Side-scan and bathymetric data were processed using standard techniques 

(Malinverno et al., 1990) by the Hawaii Institute of Geophysics Seagoing Technical 

Assistance Group during the cruise. Processed side-scan swaths were plotted in a 

256 tone gray scale and assembled into a 1: 100,000 scale, final mosaic above a plot 

of the ship's track. Bathymetric data were plotted in a rainbow color scale with 

each color representing a 100 m bathymetric interval. Bathymetry was hand 
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contoured at a 200 m contour interval with depths checked against 3.5 kHz 

bathymetric profiles. Digitized bathymetric contours were then used to prepare 

bathymetric basemaps of the eastern and western parts of the study area. Digitized 

tectonic lineament maps based on interpretation of the side-scan images were also 

prepared to accompany these maps (Enclosure 1 ). Digitized maps of sea floor 

sedimentary features were also prepared but are the subject of another study 

(Tyburski, in prep.). Interpretations of both tectonic and sedimentary features take 

into account layover effects and other data defects that are present in the processed 

mosaic (Appendix II). 

3 5 kHz and single-channel seismic data 

3.5 kHz profiles were collected throughout the cruise and are used to provide 

checks on SeaMARC II bathymetric contours and the topographic expression of 

low-relief features seen on SeaMARC II side-scan images. Single-channel seismic 

data were collected using a 100 m long streamer with 48 hydrophone elements. 

The sound source was a Bolt™ air gun with a 40 cubic inch chamber, fired at 1400 

psi at 10 second intervals. Seismic data sampled at 4 milliseconds with a 4 second 

record length were converted from analog to digital form and written to magnetic 

tape using the HighRes program of The University of Texas Institute for 

Geophysics (UTIG), run on a MassComp™ computer. Seismic data were 

processed at UTIG using the SIOSEIS reflection signal enhancement system run on 

a Sun™ computer. Processing sequence included: deconvolution, standard bypass 

filter, and automatic gain control. Seismic profiles were plotted at a vertical scale of 
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5 inches per second and a horizontal scale of 30 traces per inch. All plots were 

made with the northwest end of the profile appearing on the left side of the plotted 

profile (Appendix IV includes further details of the processing sequence). 

Navigation 

Navigation fixes based on optimal configurations of Global Positioning Satellites 

(GPS) were available for about 16 hours every day during the cruise. Navigation 

during the remaining 8 hours was based on Transit satellite fixes. Dead reckoning 

time between Transit satellite fixes was no greater than 40 minutes. 

NOMENCLATURE OF STRUCTURES IDENTIFIED ALONG STRIKE-SLIP 

FAULTS OF Tiffi SWAN ISLANDS AND WALTON FAULT ZONES 

We have identified several distinctive types of structures large enough to be 

imaged using the SeaMARC II system along the Swan Islands and Walton fault 

zones (Figure 4). As in land-based studies, alignment of these features along 

extensive lineaments is used as the basis for identifying active faults on the sea 

floor. Single-channel seismic and 3.5 kHz data across these features and their 

similarity on side-scan sonar images to features in other submarine (Legg et al., 

1989) and on-land (Clark, 1973) strike-slip settings are used to confirm their strike

slip origin. Most of the structures we describe have bathymetric relief of less than 

100-200 m and, therefore, are not resolvable on SeaMARC II bathymetric maps. 
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We have chosen the nomenclature of strike-slip structures identified in the 

study area according to common usage in land-based fault studies. "Releasing 

bend" is defined by Crowell (1974) and Biddle and Christie-Blick (1985) as "a 

bend in a strike-slip fault associated with overall crustal extension in the vicinity of 

the bend". "Restraining bend" is defined by the same authors as "a bend in a 

strike-slip fault associated with overall crustal shortening and uplift in the vicinity of 

the bend". Both restraining and releasing bends can be sub-divided by shape into 

"gentle bends", defined by their curvilinear fault trace in map view, and "sharp 

bends" defined by their rectilinear fault trace in map view (Crowell, 1974). Gentle 

restraining bends tend to be larger in area than sharp restraining bends and are 

observed to contain smaller sharp restraining bends along internal strike-slip faults 

(Figure 4). 

"Pull-apart basin" is defined by Crowell (1974) and Biddle and Christie-Blick 

(1985) as a basin formed at either a sharp or gentle releasing bend or overstep. The 

same authors define "push-up block" as a block elevated by crustal shortening at a 

restraining bend or restraining bend overstep. Informal use of the term push-up 

block is generally restricted to blocks elevated only along sharp bends. "Fault

angle depression" is defined by Ballance (1980) and Biddle and Christie-Blick 

(1985) as "a subsiding depression parallel to the trace of an oblique-slip fault". 

"Fault-parallel fold and thrust belt" is informally used here to describe folds and 

thrusts immediately adjacent to strike-slip faults. 
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TECTONIC OVERVIEW OF 1HE SWAN ISLANDS AND WALTON FAULT 

ZONES 

SeaMARC II Bathymetry and Side-scan Sonar Interpretation 

Two major fault rones were surveyed, the Swan Islands fault zone and the 

Walton fault zone. Based on the locations of earthquake epicenters, the Swan 

Islands fault zone and the Oriente fault rone have been determined to be the 

principle displacement zones between the North American and Caribbean plates. 

The Walton fault zone (Mann and Rosencrantz, 1991) is identified as the offshore 

extension of strike-slip faults in Jamaica, particularly the Dunvale, Crawle River 

and Fat Hog Quarters faults. 

Strike-slip Faults in Jamaica 

Mann et al. (1985) discussed the importance of the late Miocene to Recent 

convergent strike-slip faulting and restraining bend fonnation in Jamaica. The 

fundamental observation supporting the restraining bend hypothesis for the uplift of 

Jamaica is that the Enriquillo-Plantain Garden and South Coast fault rones strike 

into the southeastern comer of the island (Figure 5C, inset). These faults 

collectively form the southern edge of the Gonave microplate (Figure 2). 

Two morphologically prominent sets of lineaments are readily apparent on 

synoptic radar imagery of the dominantly limestone karst terrane of central and 

western Jamaica: 1) a northwest-trending set of roostly unnamed faults that form 

west-facing, arcuate scarps; and 2) an east-trending set that is concentrated in three 
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Figure S. (A) Interpreted SeaMARC Il bathymetry of the eastern Walton fault zone 
in the area west of Jamaica (area shown in black). Bold lines indicate the 1000 m 
contour intervals; dashed lines indicate 200 m contour intervals. (B) Structures and 
lineaments interpreted from SeaMARC Il side-scan sonar mosaics. Bold lines 
indicate prominent sea floor lineaments and lighter lines indicate less prominent 
lineaments. Dashed rectangles identified by numbered squares indicate the locations 
of releasing bends with the numbers correlating to the measurements in Table 3. 
Dashed rectangles identified by numbered circles or ovals indicate the locations of 
restraining bends with the numbers correlating to the measurements in Table 2. Bold 
rectangles with figure designations indicate the locations of the specified figures 
described later in the text of chapter 1. (C) Generalized tectonic interpretation of the 
eastern Walton fault zone in the area west of Jamaica (inset shows the location and 
names of major strike-slip faults in Jamaica from Mann et al., 1985). FHQ on inset 
map is Fat Hog Quarters fault zone. 
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complex, braided zones of scarps within the Dunvale, Crawle River, and South 

Coast fault zones (Wadge and Dixon, 1984). The highest mountains in western 

Jamaica (about llan) are generally bounded on at least one side by prominent scarps 

of the northwest-trending set The topographic prominence of the fault scarps 

(600-800 m) suggests active displacement. None of the escarpments appears to be 

offset by the Craw le River fault zone, that is therefore not considered an active 

strike-slip fault on Jamaica. Unlike the Crawle River fault zone, both the Dunvale 

and South Coast faults truncate all the northwest-trending lineaments and are thus 

considered to be the active east-west strike-slip faults on Jamaica. Both faults are 

associated with historical earthquakes (Mann et al., 1985). The width of the zone 

of active faulting in Jamaica and in the Walton fault zone seems to be wider than in 

other areas along the southern edge of the Gonave microplate because of the 

complexity of faulting at large restraining bends. 

The three main fault segments comprising the Walton fault zone are labelled 

D, E, and F on Figure 5. This method of labelling follows the style of labelling of 

faults in the Swan Islands fault zone used by Mann et al. (1991). We name the 

faults the "Walton fault zone" because exact correlations could not be made with the 

named on land strike-slip faults in western Jamaica. The name Walton fault zone 

was chosen after the area, the Walton basin, near which the faults are found. The 

Walton basin is a major actively infilling sedimentary basin between western 

Jamaica and the northeastern Pedro carbonate bank of the Nicaraguan Rise (Droxler 

et al., in prep.). 

Fault F of the Walton fault zone is approximately aligned along strike with the 

Dunvale fault on Jamaica. Fault E is aligned with the Fat Hog Quarters strike-slip 
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fault mapped by Grippi (1980) in the area 15 km south of the projected offshore 

extension of the Dunvale fault Although Fault D is aligned with the eastward 

projection of the Crawle River fault in central Jamaica, Fault D does not appear as 

its western extension because fault D tenninates about 50 km west of the Jamaican 

coastline. 

Structure ofthe West Jamaica basin 

The West Jamaica basin lies at the foot of the Nicaraguan Rise between 17° 

30' N and 18° 25' N latitude and approximately 79° 30' Wand 80° 45' W 

longitude, with an flat-bottomed area of approximately 1750 km2. Relief is 

difficult to determine, from the northern edge there is about 1000 m of relief though 

from the Nicaraguan Rise on the south there is greater than 4000 m of relief. The 

basin formed where faults E and F change strike from east-west trending to 

northeast trending (Figure 5). Fault F along with unnamed faults forming the break 

in slope between Jamaica-Nicaraguan Rise and the Cayman Trough, forms the 

northern edge of the basin. Fault E bisects the basin as a series of discontinuous 

lineaments. Fault D continues east and forms the southern margin of the basin. 

There is no single or multi-channel seismic data from the West Jamaica basin. 

Along both north and south margins of the basin, SeaMARC II images show 

numerous channeled avalanche deposits and fans radiating out into the basin 

(Figure 6). The floor of the basin shows fault furrows as seen on 3.5 kHz profiles 

along fault D at the southern margin of the basin together with a sea floor fold 

(Figure 7). Fault E forms an intra-basinal fault furrow that disrupts the otherwise 
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Figure 6. (A) SeaMARC II side-scan image of a basinal area (West Jamaica pull
apart basin) within the Walton fault zone (see Figure 5B for location). Note 10 km 
scale bar in lower right comer of image. Data gaps correspond to ship's tracks. (B) 
Schematic interpretation of sea floor features in the western part of the West Jamaica 
pull-apart basin at the same scale as the image in Fig. 6A. Arrows show major 
channel features and direction of sediment transpon. Ball and tick symbols indicate 
major fault scarps. The gray shading along the ship's track indicates the location of 
the 3.5 kHz profile shown in Figure 7. 
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Figure 7. (A) 3.5 kHz profile of the western edge of the West Jamaica pull-apan 
basin. Location of profile is shown on Figure 6B. 
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flat sea floor. Fault F along the northern margin of the basin forms the base of the 

steep escarpment. The echo character seen on the 3.5 kHz profile corresponds to a 

very prolonged echo with no sub-bottom echoes. Coring studies in other areas 

indicate that this echo character corresponds to large amounts of bedded silts and 

sands (Damuth, 1980). The presence of thick layers of terrigenous sand and silt in 

the West Jamaica basin is consistent with the location of the basin within the source 

area of a large fan system derived from the erosion of Jamaica (Figure 3). 

The position of the deep and flat-bottomed West Jamaica basin at a left

stepping bend in Faults E and F suggests that it represents an active pull-apart basin 

fonned along the active faults at the southern edge of the Gonave microplate (Figure 

2). The position of the basin adjacent to the Jamaica restraining bend suggests that 

the basin and the Jamaica bend together form a paired-bend (Figure 5C). 

Faults ofthe Walton fault zone west of the West Jamaica basin 

Faults D, E, and F merge into the West Jamaica basin with fault F being 

confidently traced along the basin at the edge of the Nicaraguan Rise (Figure 8A 

and B). The continuation of faults of the Walton fault zone west of the West 

Jamaica basin at the base of the Nicaraguan rise are designated as fault G. Fault G 

can be traced to the vicinity of the MCSC where it appears to cross the southern 

terminus of the ridge. On SeaMARC II side-scan images, the ridge appears as a 

highly reflective area corresponding to unsedimented, freshly erupted basalt The 

highly reflective area is broad and the exact southern termination of the ridge is not 

well defined. We place the southern terminus of the ridge in a 35 km wide 
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Figure 8. (A) Interpreted SeaMARC II bathymetry of the western Walton fault zone 
in the area of the Mid-Cayman spreading center. Bold lines indicate the 1000 m 
contour intervals; dashed lines indicate 200 m contour intervals. (B) Structures and 
lineaments interpreted from SeaMARC II side-scan sonar mosaics. Bold lines 
indicate prominent sea floor lineaments and lighter lines indicate less prominent 
lineaments. Dashed rectangles identified by numbered squares indicate the locations 
of releasing bends with the numbers correlating to the measurements in Table 3. 
Dashed rectangles identified by numbered rectangles indicate the locations of 
restraining bends with the numbers correlating to the measurements in Table 3. (C) 
Generalized tectonic interpretation of the western Walton fault zone. 
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triangular bathymetric depression that reaches depths greater than 6000 m. The 

southernmost side of the triangular depression corresponds to fault G, its 

intersection with the ridge is taken to be the position of the Gonave- Caribbean

North American triple junction (Figure 8C). The triangular depression is similar to 

to "inside comer basins" observed along the intersections of other slow-spreading 

ridges with transform faults. 

Morphology in the Central Cayman trough to either side of the ridge consists 

of prominent nonh-trending ridges of oceanic crust formed by very slow east-west 

opening (- 1.0 to 1.5 cm/yr) at the spreading center (CA YTROUGH, 1979; Ladd et 

al. 1990). Basinal areas between ridges are sediment starved because of their 

remoteness from terrigenous source areas in Jamaica and Central America and 

because of the complex basement morphology that restricts the entry of turbidites. 

North-trending basement ridges terminate abruptly against east-west trending faults 

of the western Walton fault zone. The faulted margin of the Nicaraguan Rise is 

steeper here than in any other area along the survey with bathymetric relief being as 

great as 6000 min places (Enclosure 1). 

Smaller restraining and releasing bendfeatures along the Walton fault zone 

Eleven small restraining bends are documented along the the Walton fault 

zone (bends 1 through 11 on Figures 5B and 8B). The area within these bends 

range in size from 0.25 km2 to alx>ut 20 km2 with topographic relief generally less 

than 200 m. Most of the bends were recognized by the occurrence of en echelon 

folds between the two interacting fault segments; the folds have trends azimuthally 
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between 100° to 135° while the traces of the interacting faults had trends azimuthally 

from 69° to 90° (Table 2). Farther west along the Walton fault zone and just east of 

the intersection of the Swan Islands fault zone with the MCSC are two smaller 

releasing bend features. These basins (bends 2 and 3 on Table 3 and Figure 8B) lie 

adjacent to one another and may have ages of formation close to one another as they 

share a bounding fault, their upper bounding fault. The larger bend which lies 

farther south of the MCSC than the smaller bend (bend and 3 respectively on Table 

3 and Figure 8B) is shallower than the the smaller bend which it completely 

encompasses. Motion may have been transferred from the lower bounding fault of 

the larger bend to the lower bounding fault of the smaller bend as the fault zone 

narrowed. This permitted further deepening of the smaller releasing bend segment 

until the bend was completely bypassed or motion along the fault zone ceased. 

Directly below the Gonave- Caribbean- North American triple junction 

shown as the intersection of the Swan Islands fault zone with the MCSC and the 

Walton fault zone, lies a fourth releasing bend (bend 4 on Table 3 and Figure 8B). 

This bend is more difficult to discern on the side-scan mosaic though bathymetry 

clearly indicates its existence (Figure 8A and Enclosure 1). The basin appears to be 

bounded by a now inactive portion of the Swan Islands fault zone (the discontinuous 

fault A on Figure 9B) which stepped right directly into the upper bounding fault, 

fault G, in the Wal ton fault zone. An anomalous high located in the north central 

portion of the basin may result from topography generated during early formation of 

the spreading center. The bypassing of this releasing segment was accommodated 

on the northern segment (fault G on Figure 8C), and may have lead to a more stable 

configuration for the transform- transform- ridge triple junction. 
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TABLE 2. Measuremeru of Slrik.c-slip faulls and sauctures widUn reSlraining 
bends along the Sw111 blands and Walton f.Wt zones 

Bcncl numbers correspond IO numbers idaitifying 1Cllr&ining 
bends on mipS shown in Figures 6B, 9B and lOB. 

Aver- Topo
age graphic

LowerLon Upper Sepa- Over- Number Trend Relief Bend 
Bend FIUlt Fault ation lap of of Fold Type 

Number N w Strike Strike km km Folds Axes m 

18"25' 78"34' 7 7 0.5 0.5 6 100 <100 gentk 

2 18°22' 78°49' 81 76 13 1.2 5 101 -200 gentle 

3 18°19' 78°46' 70 69 3.2 2.5 5 129 <200 sharp 

4 18°16' 78°47' 75 73 1.8 1.6 2 135 -150 gentle 

5 18"21' 78°57' 88 83 3.5 5.5 10 117 -100 sharp 

6 18°18' 78"58' 85 90 23 2.2 5 116 <200 sharp 

7 18°19' 78°59' 85 89 2.5 7 6 114 <200 gentle 

8 18°18' 78°58' 76 76 0.9 1.4 0 <100 

9 18°16' 78°57' 87 82 03 0 <100 gentle 

10 18°15'
18"21' 

79°15'
79"35' 

? 7 5 8.5 19 112 -1200 sharp 

11 18"22' 80°30' 85 90 1.5 7 119 <100 gentle 

12 17°18' 83"32' 82 65 7 9 4 105 -200 gentle 

13 17°16' 83"39' 89 85 2.5 8 5 110 200 gentle 

14 17°14' 83°50' 78 75 3 2 5 124 <200 sharp 

15 16°50'
17"30' 

85"30'. 
89"30' 

68 70 7 7 53 114 -5000 sharp 

16 17°17' 84°12' 66 65 4.5 3 8 109 -400 gentle 

17 17°22' 84"29' 97 73 3 10 6 134 -200 gentle 

18 17°15' 84"35' 59 68 20 77 140 -5000 sharp 

19 17°08' 85°03' 70 72 6 12 19 117 -300 gentle 

20 17°1 o· 85°13' 10 79 5.5 3 11 110 -200 sharp 

21 16"38' 84°58' 90 83 5.5 7 10 142 <200 sharp 

22 16"27' 85°02· 76 68 4 5 11 121 <200 sharp 

23 16°58' 85°12' 73 72 4 11 16 114 <100 sharp 

24 16°45' 86°10' 64 70 4 9 9 116 <100 gentle 

25 16"25' 81°12· 66 65 4.5 3 8 109 -400 sharp 

26 16"20' 87"20' 66 69 10 <40 0 1400 gentle 



T ABLE3. Measurements of strike-slip faults and structures within releasing 
bends along the Swan Islands and Walton fault zones 

Bend numbers correspond to numbers identifying releasing 
bends on maps shown in Figures 6B, 8B and 98. 

Left Right .Upper Lower BendLat Lon Sepa- Over- Oblique Oblique Relief
Fault FaultBend ation lap Fault Fault Type
Trend TrendN w km km Trend Trend m 

1 17°55'
18°25' 

79°30'
80°45' 

85 86 35 50 50 58 -1000 sharp 

2 17°49' 81°18' 82 87 2 4 58 44 -50 gentle 

3 17°46' 81°11' 82 83 13 27 50 40 <100 sharp 

4 17°35 81°40· 82 78 20 30 45 40 -100 sharp 

5 17°20' 83°30' 80 85 20 30 ? ? <100 gentle 

'° 
~ 
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Figure 9. (A) Interpreted SeaMARC II bathymetry of the Swan Islands restraining 
bend complex. Bold lines indicate the 1000 m contour intervals; dashed lines indicate 
200 m contour intervals. (B) Structures and lineaments interpreted from SeaMARC 
II side-scan sonar mosaics. Bold lines indicate prominent sea floor lineaments and 
lighter lines indicate less prominent lineaments. Dashed rectangles identified by 
numbered squares indicate the locations of releasing bends with the numbers 
COITClating to the measurements in Table 3. Dashed rectangles identified by 
numbered circles or ovals indicate the locations of restraining bends with the numbers 
COITClating to the measurements in Table 2. Restraining bend 15 is the entire Swan 
Islands restraining bend complex which includes numerous smaller bends within the 
area between 16°50' to 17°30' nonh latitude and 85°30' to 89°30' west longitude. (C) 
Generalized tectonic interpretation of the Swan Islands restraining bend complex. 
Gray area indicates accrctionary prism along the northwestern edge of the complex. 
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Eastern Swan Islands fault zone 

The Swan Islands fault zone lies at the base of the western part of the 

Nicaraguan Rise at an average depth of 3000 m (Enclosure 1). In plan view, the 

fault zone is characterized by three distinct main fault segments of about 250 to 400 

km in length and numerous subsidiary segments ranging from 1to100 km in length 

(Figures 8, 9 and 10). We name the three main fault segments faults A, Band C 

(Mann et al., 1991). The Swan Islands lie on the Swan Islands ridge, an elongate 

bathymetric high located adjacent to the northern edge of the Nicaraguan Rise 

(Figure 9). The Swan Islands are the emergent crest of the ridge, at 5300 m above 

the adjacent floor of the Cayman Trough. The two Swan Islands total 50 km2 in 

area and reach a maximum topographic elevation of 10 m. The geology of the Swan 

Islands includes vertical beds of early Miocene terrigenous turbiditic sandstone, 

siltstone, and calcarenite capped by Pleistocene coral reef terraces and related 

shallow water deposits (Ivey et al., 1980). 

The lineament to the west of the triple junction is herein referred to as "fault 

B" of the eastern Swan Islands fault zone (Figure SB). Fault Bis observed to be as 

a single continuous lineament at the base of the Nicaraguan Rise separating the 

Swan Islands from the Nicaraguan Rise. Fault B joins fault G of the Walton fault 

zone at the southern end of the MCSC. Fault A lies south of fault B; discontinuous 

segments of fault A ranging from 5 to 25 km in length can be mapped below the 

MCSC until approximately 87°20'S, 17°20W where the fault becomes continuous 

until it merges with fault Bat 85°00', 17°05'. As explained in the preceding 
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Figure 10. (A) Interpreted SeaMARC II bathymetry of the Bay Island fault angle 
depression. Bold lines indicate the 1000 m contour intervals; dashed lines indicate 
200 m contour intervals. (B) Structures and lineaments interpreted from SeaMARC 
II side-scan sonar mosaics. Bold lines indicate prominent sea floor lineaments and 
lighter lines indicate less prominent lineaments. Dashed rectangles identified by 
numbered circles or ovals indicate the locations of restraining bends with the numbers 
correlating to the measurements in Table 2. Dashed rectangle identified by numbered 
circles or ovals indicate the locations of restraining bends with the numbers 
correlating to the measurements in Table 2. Bold rectangles indicate locations of 
detailed maps shown in Figures 13 and 16. 
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section, fault A may have been the primary fault along which motion was 

accommodated, until stepping left to fault G at the MCSC. The bypassing of fault 

A and the formation of fault B were probably essential to the stabilization of the 

triple junction. Fault C is a linear continuous fault that lies north of the crest of the 

Swan Island Ridge. The eastern end of fault C lies about 50 km to the west of the 

Swan Islands. Faults A, B, and C overlap one another to form several convergent 

restraining bends west and south of the Swan Islands in a complex we term the 

Swan Islands restraining bend complex (SWIRB). A similar increase in the width 

of the zone of active faulting is observed in the Jamaica bend of the Walton fault 

zone complex to the east (Figure 5). 

The Swan Islands restraining bend complex is a bend of some 7,250 km2 

resulting in the emergence of the Swan Islands (bend 15 on Figure 9B and table 2). 

The bend shows about 5000 m of bathymetric and topographic relief from the floor 

of the Cayman Trough to above sea-level. The bend rises more rapidly on its 

eastern edge from the sea floor with a change in relief of greater than 4000 m over 

about 7 5 km while on the western side, the feature raises over 4000 m from the sea 

floor over a distance of greater than 150 km. Folds measured by Ivey et al. (1980) 

in the exposed Miocene limestones are en echelon to the two bounding faults and 

parallel to the trends of the en echelon folds observed on the sea floor within the 

bend. The large bend which is oriented symmetrically to the Walton basin with 

respect to the MCSC, is postulated to have formed during the Miocene when the 

MCSC propagated about 30 km to the south resulting in the widening of the Cayman 

trough from 80 to about 110 km (Mann et al., 1991). 
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Thirteen other restraining bends, much smaller than the SWIRB, have been 

identified along the fault zone (restraining bends 12 through 26 on Figures 9 and 

10). The bends are both gentle and sharp in geometry and the numerous en echelon 

folds within them have been measured and documented (fable 2). The areas of 

folding adjacent to the bends range from 1 km2 to over 500 km2. Bends 18, 19, 20 

and 23 occur within the greater S\VIRB each being observed to have as one of its 

bounding faults either fault 8 or fault C of the SWIRB and as its other bounding 

fault a much less extensive fault segment. The remaining bends which do not occur 

within the SWIRB form outside its bounding faults though adjacent to one of the 

main faults (bends 16 and 17, Figure 9B), within the extensional area of the main 

fault zone (bends 24, 25 and 26, Figure 108), or at some distance away from the 

active traces of Swan Islands fault zone (bends 12, 13, 14, 21, and 22, Figure 9B). 

Restraining bends 21and22 actually sit high on the Nicaraguan Rise and may be 

related to earlier faulting in the continental crust associated with the beginning of the 

eastward motion of the Caribbean plate (Figure 98). This is suggested because 

seismic evidence does not indicate that this is an area of active faulting, hence the 

bends are inactive and would have formed during an earlier period of activity. 

Deformationfront north of the Swan Islands restraining bend complex 

North of the Swan Islands Ridge and west of the Swan Islands, the 

topographic break between the lineated Swan Islands Ridge and smooth sea floor of 

the adjacent Cayman trough to the north is marked by a well-defined, sinuous 

lineament (Figure 9). UTIG multi-channel seismic lines CT1-4B and CT1-5A 
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indicate that the lineament marks a defonnation front between north-vergent folds 

and thrusts of the Swan Islands Ridge and undeformed sediments of the Cayman 

trough (Figures 11 and 12). In the seismic sections, the deformation front lineament 

overlies a buried thrust fault. The most basinward thrust breaking the sea floor 

(thrust front) is located higher on the slope. At depth, the section between Fault C 

and the deformation front consists of a fold and thrust belt along the northern edge 

of the ridge. On SeaMARC images (Enclosure 1 and 2), the surface lineations 

correlate directly with anticlines and thrust faults seen within the upper part of the 

seismic sections. The author suggests that the structurally higher (older?) thrust 

packages have been rotated into steeper orientations because the dips of thrust faults 

steepen away from the deformation front. 

The upper surface of oceanic crust of the Cayman Trough is characterized 

by a chaotic reflection character on the seismic lines (Figures 11 and 12). The top of 

this crust appears to be underthrust beneath the defonned sedimentary rocks of the 

Swan Islands Ridge. North of the Swan Islands, the deformation front loses 

definition at about 17° 30' N and 84° 20' Wand cannot be identified on SeaMARC 

images. With present data, it is undetermined whether the lack of sea floor 

expression of the deformation front in this area is the result of reduced deformation 

or is the result of burial by sediments shed from the top of the Swan Islands Ridge. 

The second possibility is favored because the defonnation front reappears and 

becomes prominent at the eastern end of the ridge (Figure 9B). 
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Figure 11. (A) UTIG multi-channel seismic profile CTI-SA of the Swan Islands 
ridge along the northern edge of the Swan Islands restraining bend complex. (B) 
Line drawing interpretation of line CTI-SA showing folds and faults in the Swan 
Islands ridge. Diagonal lines indicate oceanic crust of the Cayman Trough. Faults B 
and C are active strike-slip faults. Cross in circle indicates motion of the block into 
the plane of the section; dot in circle indicates motion out of the plane of the section. 
The location of the line is indicated on Figure 98. 
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Figure 12. (A) UTIG multi-channel seismic profile CTI-4B of the Swan Islands 
ridge along the northern edge of the Swan Islands restraining bend complex. (B) 
Line drawing interpretation of CT1-4B of folds and faults in the Swan Islands ridge. 
Diagonal lines indicate oceanic crust of the Cayman Trough. Gray area highlights 
area of active accretionary prism forming along the northern flank of the Swan 
Islands restraining bend complex. Faults Band C are active left-lateral strike-slip 
faults. Cross in circle indicates motion of the block into the plane of the section; dot 
in circle indicates motion out of the plane of the section. The location of the line is 
indicated on Figure 9B. 
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THE WESTERN SWAN ISLANDS FAULT ZONE AND CORRELATION OF 

THE FAUL TS WITH FAUL TS IN CENfRAL AMERICA 

Featwes ofthe western Swan Islands fault zone 

The eastern portion of the SeaMARC II study area extends from the 1000 

m depths along the northern margin of the Nicaraguan Rise, the Bonacca Ridge, 

the Bay Islands, and the Tela basin to 2000 to 5000 m depths in the eastern 

Cayman Trough (Figure 10). The submerged Bonacca Ridge separates the 

nearshore Aguan basin from the Cayman Trough (Figure 3) while the emergent 

Bay Islands separate the nearshore Tela basin from the Cayman Trough (Figure 

10). Shallow water depths prohibited surveys of the eastern and western ends of 

the Bay Islands-Bonacca Ridge. Both nearshore basins are heavily sedimented by 

the Aguan River of northeastern Honduras and forms the Aguan fan (Figure 3C). 

The Motagua fan from the Motagua River valley of eastern Guatemala fills the 

eastern Cayman trough (Binig, 1990). The Bay Islands expose approximately 

200 km2 of a metamorphic complex of marble, schist, and intrusive rocks thought 

to be of Paleozoic age on three islands whose long axes are parallel to the strike of 

faults in the Cayman trough (McBirney, 198?). A small(< 1 km2) wave-eroded, 

Quaternary pyroclastic cone is present on the southwesternmost island of Utila and 

small Quaternary dikes and flows are present on some of the larger islands 

(McBirney and Bass, 1969). 
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Bay Islands fault-angle depression 

A 150 km-long, 10-15 km wide, sediment-filled, fault-bounded trough 

extends parallel to active faults of the Swan Islands fault zone to the north and east 

of the Bay Islands (Figure 10). The basin is here named the Bay Islands basin. 

Because there is no obvious step-over in the active strike-slip fault trace, the Bay 

Islands basin is classified as a "fault-angle depression" (Ballance, 1980). The area 

of the fault-angle depression is characterized by mainly left-lateral strike-slip focal 

mechanisms (Figure 3A) and ranges in water depth from 5000 to 5800 m (Figure 

10). The Bay Islands basin forms the deepest area of the western Cayman Trough 

to the west of the MCSC. 

Structure of the Bay Islands basin 

Side-scan images (Figure 13) and lITIG multi-channel line CT1-3B (Figure 

14A and B) show the three dimensional relations of faulting and sedimentation in 

the fault-angle depression. On side-scan images, the basin is defined on its 

southern and northern edges by Faults B and C which extend eastward from the 

Swan Islands Ridge (Figure 13). As in the Swan Islands area, Fault B forms a 

steep escarpment with over 4800 m of relief and separates the Nicaraguan Rise 

from maximum water depths of 5800 m on the floor of the basin (Figure 10). Mass 

wasting along the steep escarpment has produced extensive rock fall and avalanche 

deposits characterized by high acoustical reflectivities. These deposits form lobate 

fans filling the bottom of the basin (Figure 13). Fault C splays into two to three 



Figure 13. (A) SeaMARC II side-scan image of a basinal area (Bay Islands fault 
angle depression) within the Swan Islands fault zone (see Figure lOB for location). 
Note I 0 km scale bar in upper left corner of image. Data gaps correspond to ship's 
tracks. (B) Schematic inteipretation of sea floor features in the western part of the 
Bay Islands fault angle depression at the same scale as the image in Fig. 13A. 
Arrows show major channel features and direction of sediment transport. Heavier 
lines indicate more prominent fault scaips. The gray shading along the ship's track 
indicates the location of the 3.5 kHz and single-channel seismic profile shown in 
Figure 15. 
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Figure 14. (A) UTIG multi-channel seismic profile CT1-3B of the Bay Islands 
fault angle depression along the Swan Islands fault wne. (B) Line drawing 
interpretation of CT1-3B of faults in the Bay Islands fault angle depression. Faults 
Band Care active left-lateral strike-slip faults. Cross in circle indicates motion of the 
block into the plane of the section; dot in circle indicates motion out of the plane of the 
se.ction. The location of the line is indicated on Figure lOB. 
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strands which are downthrown to the southeast and form the northern edge of the 

basin (Figure 10). Numerous channels can be observed indenting the northern, 

upthrown edges of fault blocks formed by uplift along the fault splays of Fault C. 

The least reflective and probably finest-grained elastic sediment is pooled in the 

center of the elongate basin (Figure 13). 

Single-channel and 3.5 kHz profiles confinn active faulting along 

the edges of the Bay Islands fault-angle depression (Figure 15). Fault Cat the 

northern edge of the basin forms a furrow on both the 3.5 kHz and single-channel 

line. 

Multichannel-seismic line Cfl-3B shows the deeper structure of the basin 

to a depth of 2 seconds (Figure 14). The thicker sedimentary section observed on 

line CT1-3B in comparison with line CT1-4B (Figure 11) in the Swan Islands is 

consistent with the location of this profile 300 km closer to the source area of the 

Motagua submarine fan filling the basin. The upper 1.0 second of the line is 

correlated with seismic stratigraphic unit D and the lower 0.8 seconds of the line 

with seismic stratigraphic unit C of Binig ( 1990). Diffraction hyperbolae at the 

base of the sedimentary section are interpreted as oceanic crust of the Cayman 

trough. As seen on the side-scan image, Fault C forms a 4-5 km wide zone 

composed of three fault splays. The faults are listric in profile, downthrown to the 

south, and break the uppermost sedimentary layer. Two other faults are present to 

the north of Fault C and are interpreted as faults reactivating older basement 

structures in the oceanic crust of the Cayman Trough (Figure 11). 

An excellent example of a restraining bend is present along the western 

continuation of Fault Bat the base of the Bay Islands-Nicaraguan Rise slope 
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Figure 15. (A) Analog 3.5 kHz profile across the Bay Islands fault angle 
depression (nonh to right). Locations of active strike-slip faults A and C are shown 
at the breaks in slope. (B) Single channel seismic profile number xx coincident with 
the 3.5 kHz profile shown in A (profile was replotted with north to left to be 
consistent with other single-channel seismic profiles used in this thesis). The location 
of both profiles is shown by the gray shaded area of the ship's track on Figure 13B. 
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(Figure 16). The bend (bend 24 on Table 2 and Figure IOB) occupies an area of 

about 125 1an2 and consists of nine "Z"-shaped mounded features that are 

interpreted as active folds formed in the bend. The fault overlap is 9 km and the 

fault separation is 4 km. Single-channel seismic lines and 3.5 kHz profiles show a 

hummocky and folded sea floor similar to that seen in restraining bends of the 

Swan Islands restraining bend complex to the east. The 3.5 kHz profile shows that 

the area of rough sea floor is contained within the overlap area of the two faults 

(Figure 17). 

A series of single-channel lines collected at 8 to 10 km spacing during the 

cruise document the transition from convergent strike-slip structures along the 

Swan Islands Ridge to divergent strike-slip structures along the Bay Islands fault

angle depression (Figure 18). The Swan Islands Ridge decreases progressively in 

relief from a water depth of 3600 m in the east at line 42 to a water depth of 5800 m 

by line 48. The decrease in ridge depth is attributed to the reversal of slip along 

Faults C and D at the northern edge of the complex seen to occur at line 54 through 

line 57. Fault C becomes a south-dipping normal fault which bounds the northern 

edge of the Bay Islands fault-parallel depression (Figure 18). 

Bay Islands restraining bend 

Fault C of the Swan Islands fault zone separates the Bay Islands-Bonacca 

Ridge from the flat floor of the Cayman trough as far as 87° west (Figure 10). 

West from this point to the edge of the survey area, a 10 km wide ridge is present 

on the north side of the fault. The ridge is directly along-strike from the Bay 
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Figure 16. (A) SeaMARC II side-scan image of a restraining bend area within the 
Swan Islands fault zone (see Figure lOB for location). Note 10 km scale bar. Data 
gaps correspond to ship's tracks. (B) Schematic interpretation of sea floor features in 
the restraining bend area at the same scale as the image in Fig. 16A. Heavier lines 
with balls and ticks indicate more prominent fault scarps. Shaded area to south 
indicates major scarp separating the Nicaraguan Rise from the Cayman Trough. 
Distorted elliptical areas indicate active folds (anticlines?) on the sea floor. Lines in 
the fold areas represent the topographic crests (anticlinal axis?) of the folds. The gray 
shading along the ship's track indicates the location of the 3.5 kHz and single-channel 
seismic profile shown in Figure 17. 



69 



70 

0930 0945

IA...'.-..-.· 
FAULTB 

·· ..... 

·~ FAULT 

.. ··~~; . ~ 
£ 
.!!' 
0 

'i 
~ 

IN->~J ~ 
-11un 

L:.........J 
ve -1ox 

FAULT B 

B 

Figure 17. (A) Analog 3.5 kHz profile across the restraining bend area shown in 
Figure 16 (nonh to right). Locations of active strike-slip fault B is shown at the 
break in slope. (B) Single-channel seismic profile coincident with the 3.5 kHz profile 
shown in A (profile was replotted with nonh to left to be consistent with other single
channel seismic profiles used in this thesis). The location of both profiles is shown 
by the gray shaded area of the ship's track on Figure 16B. 
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Figure 18. Perspective view of line drawings of single-channel seismic profiles 
collected during cruise MW8909. The vertically exaggerated view (note vertical and 
horizontal scales) is from above the approximate location of the Central American 
coastline looking to the cast along the soike of the Cayman Trough. Inset map shows 
the locations of profiles 18 to 66 (heavier lines) that were used to make this diagram. 
Numbered gray bars indicate approximate locations of magnetic anomalies in oceanic 
crust of the Cayman Trough (from Rosencrantz et al., 1988). Note the zone of 
bathymetric uplift between Faults A and C (Swan Islands restraining bend complex), 
bathymetric depression between Faults A and C (Bay Islands fault angle depression), 
and bathymetric uplift to the nonh of the Bay Islands. Altcrating zones of active fault 
convergence and divc-gcnce is a fundamental characteristic of the active strike-slip 
faults studied in this survey. 
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Islands fault-angle depression to the east. Because Fault C exhibits a gentle, left

stepping bend in this area, we interpret the ridge as the Bay Islands restraining 

bend. The Bay Islands ridge has a maximum relief of 1400 mas measured from 

its lowest point in 4000 m water depth in the east to 2600 m depth in the west 

(Figure 10). The formation of the ridge is attributed to the reversal of slip along 

fault C at the northern edge of the complex. Fault C becomes a south-dipping 

reverse fault which bounds the northern edge of the Bay Islands restraining bend 

(Figure18). 

Tela basin 

Four swaths of SeaMARC data were collected over an area of 500 km2 in 

the Tela basin to the south of the Bay Islands (Enclosure 1). No strike-slip related 

features were identified in the basin. Numerous sedimentological features such as 

channel and fan complexes are identified on the side-scan images (Tyburski, in 

prep.) 

Motaguafault zone in Guatemala 

The Swan Islands fault zone continues onshore in Guatemala as the 

generally down-to-the-north Motagua strike-slip fault zone (Figure 2). The 

February 4, 1976 earthquake along the Motagua fault in Guatemala provided 

detailed data on both co-seismic and after-slip displacement along the Motagua 

segment of the fault zone. The event resulted in about a meter of left-lateral offset 
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along a 230-krn long, well-defined rupture (Plafker, 1976) that coincided with a 

previously mapped late Quaternary fault known to mark part of the southern side 

of the Motagua Valley (Schwartz et al., 1979). Despite the pronounced curvature 

of the fault trace, the 1976 rupture consistently fonned en echelon, left-stepping 

fractures and fissures connecting low ridges that locally formed "mole tracks" 

diagnostic of left-lateral strike-slip faults. After-slip measurements along the 

Motagua fault zone in the months following the 1976 co-seismic rupture revealed 

as much as a 42% increase in displacement over the co-seismic displacement 

(Bucknam et al., 1978). 

Offsets on late Pleistocene-Holocene terraces along the Motagua fault show 

left-slip and a vertical (up-to-the-north) slip that is about 5% of the lateral 

component of movement (Schwartz et al., 1979). Total post-5 Ma offset on the 

Motagua fault is unknown because of the lack of piercing points. Trenching 

studies across the Motagua fault indicate a maximum slip rate of 11 mm/yr over 

approximately the last 1870 years but stratigraphic relationships suggest that this 

rate is lower (Schwartz, 1985). 

Other strike-slip faults and rifts in Guatemala and Hondwas 

Strike-slip motion on the Swan Islands fault zone may be accommodated in 

Central America by the Polochic fault zone of Guatemala, although Schwartz 

(1985) has argued that total Neogene left-slip on the Motagua fault zone is greater. 

Deaton and Burkart (1984) have suggested that most of the 130 km of strike-slip 

displacement documented by river and lithologic offsets along the Polochic fault has 
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occurred during the Late Miocene (10.3 to 6.6 Ma). Other possible faults which 

may accommodate some of the fault motion along the Swan Islands fault rone 

include the Chamelec6n-Jocotin (Gordon, 1990), San Augustin (Plafker, 1976), 

Ceiba, and Aguan (Calais et al., in prep). Gordon (1990) has noted that the 

Chamelec6n-Jocotin fault probably is not an active strike-slip fault because it is 

displaced by active normal faults (Clemons, 1966). 

The Honduras depression consists of a north-trending rone of active rifts 

across the continental Chortis block of Honduras (Muehlberger, 1976; Gordon, 

1990). Faulting in the depression appears active based on: 1) instrumentally 

recorded earthquakes and focal mechanisms (Gordon et al., in prep.); 2) historical 

seismicity (Osiecki, 1981), and Quaternary fault scarps (Everett and Fakundiny, 

1976). Our SeaMARC II survey detected no active faults connecting the Swan 

Islands fault rone with either rifts or potential strike-slip faults of northern 

Honduras like the Aguan or Ceiba It is possible that active fault traces are rapidly 

buried and are not visible on the sea floor in this area of high coastal sedimentation. 

DISCUSSION 

lnJerpretation ofregional strike-slip fault pattern 

A generalized interpretation of faulting in the study area is given in Figure 19. 

The structure of both the Walton and Swan Island fault zones consists of alternating 

rones of convergent, divergent and pure strike-slip deformation. Abrupt 

alternations between convergent (restraining) and divergent (releasing) bend 
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Figure 19. Schematic perspective view illustrating the along-strike variation in 
struct\U'Cs formed by strike-slip faulting between the North America and Caribbean 
plates. As in Figure 18, the view is from above the approximate location of the 
Central American coastline looking to the east along the strike of the Cayman Trough. 
Length of the field of view is about 1100 km. Note the alternation between zones of 
fault convergence at restraining bends and wnes of fault divergence at releasing 
bends or fault-angle depressions. Paired zones of alternating fault divergence and 
convergence are called "paired bends" and appear to be characteristic for most major 
strike-slip faults. 
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segments are called "paired bends". The combined effect of a paired bend segment 

is to restore the fault to a slip-parallel orientation. Paired bend segments extend 

along strike distances of IO's to lOO's of km. 

From east to west, the first paired bend segment comprises the Jamaica 

restraining bend and the West Jamaica basin releasing bend (Figure 19). The 

separation of the bend fonning faults in Jamaica is approximately 75 km and overlap 

is presumed to be about 225 km. The outline of the island retains the "Z" shape of a 

gentle restraining bend (Figure 5). A small composite restraining bend of the 

Walton fault zone of about 40 km2 extends the Jamaica bend Walton fault with 

faults E and F serving as the bounding faults (Figure 5). This smaller bend is 

termed a composite bend such that there appear to be several "bounding fault 

segments" separating adjacent portions of the releasing bend (Figure 20). Fault 

motion may have been diffuse with all segments active simultaneously; or successive 

right steps may have been made through the bend resulting in abandonment of one 

of the lower bounding faults. The bathymetric profile of the 3.5 kHz record seems 

to support the case where there was progressive right stepping of at least the upper 

bounding fault for the greatest relief lies to the south and gets progressively lower to 

the north (Figure 21). 

The releasing segment of the paired bend configuration is the Western Jamaica 

basin where fault E steps left to Fault F. These divergent areas of the Walton fault 

zone restore the original orientation of the zone to a slip-parallel orientation. The 

similarity in dimensions, separation and activity of the West Jamaica basin and 

Jamaica bends suggests that both formed simultaneously following bending in the 
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Figure 20. (A) SeaMARC II side-scan image of a restraining bend area within the 
Walton fault zone (see Figure 6B for location). Note 10 km scale bar in upper left 
corner of image. Data gaps correspond to ship's tracks. (B) Schematic interpretation 
of sea floor features in the restraining bend area at the same scale as the image in Fig. 
16A. Despite along-track stretching and other data artifacts, I interpret the area to be 
deforming by restraining bends that transfer slip between the three main strike-slip 
fault traces. Heavier lines with balls and ticks indicate more prominent fault scarps. 
Distorted elliptical areas indicate active folds (anticlines?) on the sea floor. Lines in 
the fold areas represent the topographic crests (anticlinal axis?) of the folds. The gray 
shading along the ship's track indicates the location of the 3.5 kHz and single-channel 
seismic profile shown in Figure 21. 
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Figure 21. Analog 3.5 kHz profile across the restraining bend area of the Walton 
fault zone shown in Figure 20B (north to right). Locations of active strike-slip fault 
E is shown at the break in slope. 
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strike-slip fault zone resulting in the formation of the southern margin of the Gonave 

microplate (Figure 2). 

The western Walton fault system and the eastern Swan Islands fault zone 

form straight segments along the plate boundary without large restraining or 

releasing bend complexes. The presence of the plate triple junction at the southern 

end of the MCSC does not seem to have any effect on the linearity of either the 

Swan Islands or Walton fault zones; more-so, its stability probably necessitates the 

linearity of the intersecting faults. 

A second major paired bend is composed of the Swan Islands restraining 

bend complex and the Bay Islands releasing bend complex (Figure 19). Divergent 

strike-slip faults of the Swan Islands restraining bend complex restore the orientation 

of the Swan Islands fault zone to a slip-parallel orientation. The total area occupied 

by the Swan Islands-Bay Islands bend complex is about 1200 km2. The similarity 

in dimensions, separation, and activity of the Swan Islands and Bay Islands bend 

suggests that both formed simultaneously following bending in the strike-slip fault 

zone forming the boundary between North America and the Caribbean plates. 

Mechanisms for large-scale paired bendformation 

Magnetic anomalies and basement depths in the Cayman Trough suggest that 

the MCSC began spreading during middle Eocene time (anomaly 19) at a rate 

between 25 and 30 mm/yr (Rosencrantz et al., 1988). In the interval between 26 

and 20 Ma (late Oligocene to early Miocene), the spreading center lengthened 

southward from 80 to about 110 km and the spreading rate slowed to about 15 
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mm/yr. Continued Miocene-Holocene opening along the longer MCSC formed 

right-stepping sharp restraining bends along the eastern part of the Swan Islands 

Ridge. The Bay Islands fault-parallel depression presumably formed as a divergent 

area adjacent to the restraining bend. 

By late Miocene time, the island of Jamaica formed due to uplift at the 

Jamaican bend (Mann et al., 1985) and presumably subsidence began in the West 

Jamaica basin. The activation of this fault is probably not related to lengthening of 

the MCSC. Huebeck et al. (1991) conclude that the propagation of a strike-slip fault 

along the southern edge of the Gonave microplate was initiated by transpressional 

tectonics in the Hispaniola segment of the plate boundary. 

Catalogue and orientation ofstructures in restraining bends 

Data on 26 restraining bends identified using SeaMARC II side-scan data 

from all sections and splays of the Walton and Swan Islands fault zones are 

compiled in Table 2. The numbers of the bends on Table 2 correspond to the 

numbers of the bends on Figures 5, 8,9 and 10. These data show that the majority 

of the restraining bends have an adjacent folded area ranging from 1 to 500 km2 

with the average fault separation being 4.5 km and the average overlap being 6.8 

km (these separation and overlap averages do not include the data from the greater 

SWIRB). All but three measured bends (bends 10, 15 and 18 on Table 2 and 

Figure 9B) have relief less than 400 m with most showing under 200 m of relief. 

Equally half of the bends are along gentle curves in the fault trace while the other 
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half are at sharp steps. Bends are distributed widely over the study area but most 

are concentrated in the area of the larger restraining bend complexes ( bends 1-10 lie 

within the Jamaica bend-Walton fault zone as seen on Figures 58 and 78; bends 

15-20 and 23-26 within the restraining and releasing bends of the Swan Islands 

fault zone as seen on Figures 98 and 108). Some bends appear as isolated features 

on faults lying well to the south of the continuous active faults of the plate boundary 

(bends 11-14 and 21, 22 on Figure 98). 

The orientations of folds, faults and lineations within restraining bends as 

seen on SeaMARC side-scan images are compared with the orientations of strike

slip faults forming the restraining bends in Figure 22. The orientations of both the 

restraining bend folds, faults, and lineations and the bounding strike-slip faults 

were measured at the numbered restraining bends shown in Table 2 (except for the 

orientations of structures within bend 18). The average trend of features within the 

restraining bends is 108° and the average strike of the bounding strike-slip faults is 

76°. The acute angle described by the intersection of the average orientation of the 

strike-slip faults and restraining bend structures is 42°. 

A separate rose diagram was constructed using measurements made in the 

largest restraining bend of the Swan Islands restraining bend complex (bend 18) 

(Figure 23). The average trend of features within the restraining bend is 114° and 

the average strike of the bounding strike-slip faults is 69°. The acute angle 

described by the intersection of the average orientation of the strike-slip faults and 

the restraining bend structures is 45°. 
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Figure 22. Rose diagram comparing the trends of sea floor lineaments within 25 
restraining bends indentified in the MW8909 study area and the orientations of 29 
strike-slip fault traces that overlap to form the restraining bends. Note that the 
structures form at an average acute angle of 42° with the strike-slip faults forming the 
bend. The lineaments are interpreted to correspond to small faults fonned by 
interaction of the two strike-slip faults. Data for bend 15 within the Swan Islands 
restraining bend complex on Table 2 are not included in this plot but are presented on 
a separate rose diagram to show the orientation of structures within this larger 
restraining bend feature. The average trends are discussed in the text 
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Figure 23. Rose diagram indicating the trends of the lineaments within bend 15 
between strike-slip faults B and C of the Swan Islands restraining bend complex (sec 
Fig. 9B for location). The trend of the bounding faults is indicated. Note that the 
structures f onn at an average acute angle of 45° with the strike-slip faults forming the 
bend and corresponds to the average acute angle of 42° observed between the 
linements of 25 other restraining bends from the study area and their bounding strike
slip faults. 
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Caralogue and orienlations of structures in releasing bends 

Data on 5 releasing bends identified using SeaMARC side-scan data from 

all sections and splays of the Walton and Swan Islands faults zones are compiled 

in Table 3. The numbers of bends on Table 1 correspond to the numbers of bends 

on Figs. 5, 8, and 9. Three of the five measured bends are between 300 to (JO() 

1an2 in area (bends 3-5 as shown on Figures 5B, 8B, and 9B). These bends show 

several 1 O's of meters of relief and have an average separation of 18 km and an 

average overlap of 29 km. The largest bend, the West Jamaica basin is about 

1750 km2 with a separation of 35 km and an overlap of 50 km. One small bend 

of less than 10 1an2 was identified with a separation of 2 km and an overlap of 4 

km. Three of the bends form along sharp steps along the fault trace and two form 

along gentle curves (Table 3).The average orientation of structures within the 

releasing bends is 48° with the average orientation of the bounding faults being 

83°. The acute angle described by the intersection of the average orientation of the 

strike-slip faults and the releasing bend structures is 36°. Releasing bends are 

randomly distributed over the study area Some appear as isolated basins between 

faults lying well to the south of the continuous active faults of the plate boundary. 

Clearly, a far greater number of restraining than releasing bends have been 

identified both along the Swan Islands fault zone and along the Walton fault zone. 

This might suggest one or both of the following: 1) that there is a predisposition for 

faults to step to the right at inhomogeneities along this left-lateral strike-slip fault 

system; or 2) that releasing bend geometries which arc commonly identified 
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as pull-apart basins onshore, may be quickly obscured by high rates of 

sedimentation in the submarine environment, whereas subaerial erosion of uplifted 

restraining areas onshore quickly destroys their geometry and renders them less 

easily identified , while the submarine expressions of the restraining features are less 

exposed to erosion and are more easily identified. If a predispositon for right

stepping offsets does exist, it may be related to the nature of the inhomogeneities 

along which offsets are generated, or it may be a function of plate motion. Wallace 

(1968) notes an area along the San Andreas fault zone where fault segments related 

to a single seismic event had developed, with a dominant trend of left-stepping 

offsets. 

Orientations offolds andfaults in the fault-parallel fold and thrust belt to the north 

ofthe Swan Islands restraining bend complex 

The orientation of folds, faults, and lineations from the fold and thrust belt 

north of the Swan Islands restraining bend were compared with the strike of fault C 

and the general trend of the deformation front (Figure 24 ). The average trend of 

features within the thrust belt is 73° and the average strike of the bounding strike-slip 

faults is 71°. The acute angle described by the intersection of the average orientation 

of the strike-slip faults and the fold belt structures is 3°. 
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Figure 24. Rose diagram indicating the orientation of lineaments within the fault
parallel fold belt from north of the Swan Islands ridge. These lineaments arc 
interpreted as reverse faults, thrust faults, and folds based on seismic profiles across 
the belt The ttcnds of the deformation front (at approximately 71°) and strike-slip 
fault C (at approximately 73°) arc shown. Note that the convergent defonnational 
featm"cs are almost exactly parallel to the strike of the major strike-slip fault in the area 
and contrast to the oblique structures observed in restraining bend areas (Fig. 22 and 
23). 
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Comparison ofresults to wrench tectonics model 

The "classic wrench tectonics" model of Wilcox et al. (1974) predicts en 

echelon folds in a narrow zone along straight segments of active strike-slip faults 

(Figure lA). The fold axes are predicted to be oblique (-45°) to the main strike-slip 

fault zone. En echelon folds are conspicuously absent from straight segments of 

either the Swan Islands or Walton fault zones (Figure SB - faults near MCSC). 

However, 1 to 7 ,250 km2 size zones of en echelon folds are observed within 

restraining bends such as the B-C bend in the Swan Islands restraining bend 

complex (Figure 9) and the bend along fault B of the Bay Islands basin (Figure 10). 

The presence of en echelon folds in the restraining bends suggests that there is a 

strain incompatibility at the change in orientation of the trace of the main bounding 

faults. The orientation of strain indicators faults, folds, and lineations, within the 

restraining bend segments is consistent with the wrench tectonic hypothesis that 

such structures are produced by a maximum horizontal stress oriented about oblique 

to the strike-slip fault plane (Figure lA). 

Comparison ofresults to San Andreas model 

The "San Andreas" model of Mount and Suppe (1988) and Zoback et al. 

(1987) seeks to explain an observed 50 to 100 km wide fold and thrust belt parallel 

to the strike-slip fault (Figure IB). The fold axes and thrusts within the thrust belt 

are predicted to be parallel or sub-parallel to the main strike-slip fault zone. There is 
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only one fault-parallel fold and thrust belt along the length of either the Swan 

Islands or Walton fault zones (Figure 9). The fold and thrust belt is at least 150 km 

long, 20 km wide, and extends along at least 10% of the length of the Swan Islands 

fault zone. If the area north of the Swan Islands is actually a recently buried 

extension of the fold and thrust belt identified to the east and west, then the belt 

would extend along as much as 20% of the length of the fault. The orientation of 

faults, folds, and lineations within the fault parallel fold and thrust belt north of the 

Swan Islands is consistent with observatons that lead to the San Andreas model 

which puts forth the hypothesis that the structures are produced by a maximum 

horizontal stress oriented about 900 to the strike-slip fault plane (Figure lB). Both 

single-channel (Figure 18) and multi-channel (Figures 11 and 12) seismic data 

indicate that the fold and thrust belt is an active feature that is closely related to the 

present-day slip along the Swan Islands fault zone. Contemporary faulting on both 

the fold and thrust belt and the parallel strike-slip faults (faults A, B, and C of the 

Swan Islands fault zone) adjacent to it, suppon the San Andreas fault model 

hypothesis that strains are partitioned as evinced by the fault parallel folding and 

thrust faulting with seemingly incompatible fault parallel motion. 

Comparison ofresults to rigid plate model 

The rigid plate model of Le Pichon and Francheteau (1978) predicts that 

strike-slip deformation is concentrated at restraining or releasing bends along strike

slip faults (Figure 1 C). Bends along the fault trace produce either areas of crustal 

shortening and uplift (restraining bends) at areas of plate to plate convergence or 
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areas of crustal stretching and subsidence (releasing bends) at areas of plate to plate 

divergence. In order to compare the observed structures in the study area to the 

predictions of the rigid plate model, we digitized the Walton and Swan Islands fault 

zone and rotated the Caribbean plate relative to a fixed North America plate and 

Gonave microplate (Figure 25). Heubeck and Mann (1991) carried out a similar 

analysis for the entire North America-Caribbean plate boundary. However, at the 

time of their study, the pattern of active faults between Jamaica and Central America 

was not well known. 

Relation ofbends to interplate slip vectors 

The major fault segments mapped from the side-scan sonar data were used in 

the PALEO MAP plate rotation modelling program of the Paleo-oceanographic 

Mapping Project (POMP) of the University of Texas Institute for Geophysics on a 

Sun™ workstation. The Nuvel -1 poles from DeMets et al. (1990) were used to 

rotate the Caribbean plate with respect to North America to 500,000 years B.P. and 

1 Ma B.P. (Figure 25). (The Nuvel-1 data are understood to better define plate 

motion along the North American-Caribbean plate boundary that those previously 

published by Stein et al. (1988)). The Nuvel-1 poles and vectors are applicable 

along the plate boundary only up to 3 Ma B.P., thus constraining our 

reconstructions to the Quaternary (DeMets et al.,1990). Colored regions on the 

reconstructions represent areas of present convergence (red) or divergence (green) 

between fault blocks produced when the Caribbean plate is returned, relative to the 

North American plate and Gonave microplate, to its position 500,000 years ago and 
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Figure 25. Reconstruction of of the positions at 500,000 years (B) and 1 million 
years (C) before the present for the Swan Islands and Walton fautlt zones using the 
pole of rotation published by DeMets et al. (1990). Colored regions represent 
overlaps (red) or gaps (green) between fault blocks produced when the Caribbean 
plate is moved relative to the North American plate from its position at 500,000 and 1 
million years ago to its present position. Fault overlaps in red should be the sites of 
crustal shortening an topographic uplift; fault gaps should form the sites of crustal 
stretching and topographic depression. Note large amount of predicted crustal 
convergence in the area of the Swan Islands restraining bend complex and predicted 
crustal divergence at the Mid-Cayman spreading center. The correspondence in width 
between the predicted overlap areas to the observed areas of restraining bends 
(Figures 68, 98, andl08) suggest that these structures may be about 1 million years 
old. 
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1 Ma ago. Fault overlaps in red correlate to the sites of crustal shortening and 

topographic uplift. Fault gaps in green correlate to the sites of crustal stretching and 

topographic depression. 

The pattern of contemporaneous paired opening and shortening is well 

illustrated in both the Jamaica-Walton fault area and in the Swan Islands-Bay 

Islands area. Similar paired bends are seen on varying scales throughout the survey 

area. The paired bend configuration most likely results from the following 

scenario: 1) the fault trace geometry deviates from the predominant trend at a 

preexisting inhomogeneity in the rocks; 2) the deviation leads to the formation of 

either a restraining or releasing bend depending on the direction the fault trace has 

deviated; 3) the inhomogeneity is bypassed and the fault trace geometry returns to 

the original plane of weakness; 4) a bend of opposite nature to the first is formed as 

the trace steps back to the original trend The paired bend system may eventually be 

bypasses by a straight through-going segment of the fault (Mann, in preparation). 

CONCLUSIONS 

The rigid plate model (Figure IC) explains the following aspects of the Swan 

lslands-W alton fault zones over the entire length of the surveyed plate boundary: 1) 

restriction of active folding to areas of restraining fault bends due to strain 

incompatibility; and 2) areas of pull-apart formation to areas of releasing bends. 

Neither the San Andreas model or classic wrench tectonic models adequatley 

explains the structural features mapped in the study area. For example, the wrench 

model explains the orientation of en echelon folds mapped at orientations of -45° to 
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the main strike-slip fault zone across the fault trace or along straight segments of the 

fault trace (Figure lA). En echelon folds were observed in this study only, 

however, within restraining bends where there were changes in the fault geometry. 

No en echelon features were observed along straight segments of the faults in the 

survey area. 

The San Andreas model may be called upon to explain the orientation of the 

fold and thrust belt, located to the north of the Swan Islands restraining bend 

complex, suggesting that the strike-slip fault may be a low-drag, decoupled surface 

along which a maximum horizontal stress is partitioned into a fault-normal 

component responsible for the fault-normal component responsible for the folding 

and thrust faulting and a fault-parallel component responsible for the strike-slip 

motion. However, the San Andreas model does not explain the absence of a fault

parallel fold and thrust belt along the remaining 80% of the Swan Islands fault and 

along the entire Walton fault zone (Figure lB). The close spatial association of the 

Swan Islands restraining bend with the fold and thrust belt to the north more 

strongly convinces the author that present-day plate convergence at the bend is 

responsible for the fold and thrust belt rather than north-south regional compressive 

stresses along the length of the entire plate boundary. Also localized folding and 

thrust faulting over an along-strike distance of 150 km at the Swan Islands 

restraining bend contrasts to more extensive zones of fault-parallel folding over 

along-strike distances of 500 km in California. Wentworth and Zoback (1989) have 

interpreted the more extensive zones of fault-parallel folding and thrust faulting in 

California as the result of a regional maximum compressive stress that is nearly 

perpendicular to the strike of the San Andreas fault. 



Chapter 2 

Neogene Extension of the Northwest Corner of the 

Caribbean Plate 

INTRODUCTION 

The northwest comer of the Caribbean plate exhibits primarily extensional 

structural features, volcanoes and seismicity. Diffuse seismicity is marked by: 

faulting that is predominantly strike-slip or nonnal; Quaternary rift zones and 

Pleistocene alkaline volcanism (Wadge and Wooden, 1982; Manton, 1987). The 

area of interest in this study lies primarily on the Chortis Block in northwestern 

Honduras. The Chortis Block is a part of the semi-rigid Caribbean plate identified 

by its basement and Mesozoic geology which is unique from that of other portions 

of the Caribbean plate (Gordon, 1990). Recent studies suggest that deformation 

within this area results from interaction between the North American and Caribbean 

plates. 

Many faults have been identified on the northwest parts of the plate boundary 

using various methods including remote sensing (Manton, 1987), alignment of 

alkaline volcanoes (Wadge and Wooden, 1982), compilation of existing geologic 

maps (Emmet, 1983), and seismic reflection data from offshore (Bowland, 1984). 

The previous studies have used different data sets and thus have resulted in the 

postulation of differing mechanisms for rift fonnation. Because there has been very 

little detailed mapping of individual fault zones within the onshore area of the 

96 



97 

extensional zone, little is known about the age of faulting, timing, and amounts of 

fault displacement, stress history and fault related sedimentation. 

For this study, an area within the extensional part of the northwest comer of 

the Caribbean plate was identified in which to carry out detailed observation of 

faults with a concerted effort aimed at determining the age of defonnation, amount 

of offset and the nature of faulting. This area is covered by Villa Nueva, Rio Lindo 

and Santa Cruz de Y ojoa topographic quadrangle maps. Microtectonic features 

were also to be observed and measured on fresh fault surfaces in order to identify 

the orientation of the fault plane, the orientation of slickenside lineations, and the 

sense of movement based on a variety of fault plane features. These data were then 

be inverted to identify the stress regime responsible for forming and reactivating the 

faults using the method of Angelier (1979). Tropical weathering and poor exposure 

precluded the collecting of a statistically significant number of measurements for 

each location in order to invert the data in this manner. The information that was 

obtained, however, is documented herein and results of the efforts are discussed. 

TECTONIC SETTING 

The Chortis block comprises Honduras, southeastern Guatemala, northern 

Nicaragua and El Salvador (Dengo and Bohnenberger, 1969). The Chortis block is 

currently slipping past the Maya block of the North American plate along a system 

of left-lateral strike-slip faults; onshore the Motogua and Polochic fault systems and 

offshore, the Swan Islands fault system (Figure 1). Seismicity of the onshore fault 

systems has been well studied (Kanamori and Stewart, 1978; Molnar and Sykes, 
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Figure 1. Plate tectonic setting of the Caribbean region and location of the 
Honduras rift study area in northern Honduras. The study area was adjacent to the 
SeaMARC II study area of the North American-Caribbean left-lateral strike-slip plate 
boundary that is described in Chapter 1 of this thesis. Black arrows give the direction 
of plate motions relative to a fixed Caribbean plate. 
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1969; Osiecki, 1981; Plafker, 1978) and mapping in the field has identified with 

certainty the location of the major faults (ex: Burkart, 1978). Mapping of the 

offshore fault system has recently been undertaken along the Swan Islands fault 

zone and detailed maps of the system have been produced (Mann et al., 1991; 

Tyburski and Mann, in prep.). The pattern of previously studied Neogene faults 

and rifts in northern Honduras, as compiled by Gordon (1990), is shown in Figure 

2. 

The primary Neogene extensional deformation feature within northwestern 

Honduras that was investigated in this study was the Sula-Yojoa rift, the 

northernmost basin in a series of normal fault-bounded extensional basins which 

make up the Honduras depression of Muehlberger (1976). The Sula-Y ojoa rift 

extends from the Honduran coast south to Lake Y ojoa. Lake Y ojoa is a part of the 

rift, dammed at its north end by Quaternary alkaline volcanic cones (Mertzinan, 

1976). A structural interpretation from radar imagery shows the major features in 

the area of the Sula-Y ojoa rift (Figure 3). 

STRATIGRAPHY OF Tiffi R1Ff AND R1Ff FLANKS 

A generalized stratigraphic column for western and eastern Honduras as 

modified from Kozuch ( 1989) is shown in Figure 4. Kozuch's column combines 

much of the work of numerous previous investigators in the area (Mills, et al., 

1967; Everett, 1970; Fakundiny, 1971; Finch, 1972; Curran, 1981 and Emmet, 

1988). No Paleozoic rocks were found in the study area. For the purpose of the 

presentation of data here, the rocks of the study area were grouped according to 
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Figure 2: Major faults and Neogene sedimentary basins (shown in gray) in the 
Chortis block of Honduras, Guatemala, and Nicaragua (from Gordon, 1990). Key 
to abbreviations: SO= Sula basin (the field area for this study); 00 = Otoro graben; 
SBG = Santa Barbara basin; IO = Ipala basin; LY = Lake Y ojoa; Ag = Valle de 
Agalta; MG = Morocelli graben; T =Valle de Talanga; CG= Comayagua graben; J = 
Valle de Jamastran; C =Valle de Catacamas; A= Valle de Azacualpa; PF= Polochic 
fault zone; MF = Motagua fault zone; JF = Jocotan fault zone; ChF = Chalmecon fault 
zone; CF = La Ceiba fault zone; AF = Aguan fault zone; GF = Guayape fault zone; 
CAVD = Central American volcanic depression. The inset shows the fault 
tcnnination model as applied to the northern Honduran area. Key to abbreviations in 
the inset: PFZ = Polochic fault zone; MPRB = Motogua-Polochic restraining bend; 
MFZ = Motogua fault zone; GCG = Guatemala City graben; IO = Ipala graben; JFZ 
=Jocotan fault zone; SFZ =Swan Islands fault zone; LCFZ =La Ceiba fault zone; 
YG = Sula-Yojoa rift; CG =Comayagua graben; AGFZ =Aguan fault zone; SRB = 
Swan Islands restraining bend; and MCSC = Mid-Cayman spreading center. 
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Figure 3: Structural interpretation of radar imagery superimposed on a topographic 
map of the Sula-Yojoa rift of northern Honduras. Quaternary fill of rift basins is 
shown in dark gray. Topographic areas over 800 feet arc shown in light gray and 
areas under 800 feet arc uncolored. Topographic contours arc taken from 1 :50,000 
topographic sheets of northern Honduras. Black area north of Lake Y ojo is area of 
Pleistocene basaltic cones and flows. The box indicates the area of fault and bedding 
measurements. Note the higher topographic areas corresponding to the shoulders of 
the rift. 
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basic lithology and age as follows; Cretaceous limestones, Cretaceous sandstones, 

Tertiary volcanics, Tertiary-Quaternary volcanics and Quaternary volcanics. The 

Cretaceous limestones and sandstones and Tertiary volcanics are found primarily on 

the rift shoulders, while Tertiary and Quaternary volcanics comprise the rift fill 

deposits. 

Cretaceous Limestones and Sandstones 

Limestones of the Lower Cretaceous Y ojoa Group and the Upper Cretaceous 

Valle de Angeles Group were commonly found on the rift shoulders. The Atima 

Formation of the Y ojoa Group is a thick to thin bedded micritic limestone, ranging 

from light to dark bluish-gray. It crops out extensively in Honduras and its age is 

well constrained as primarily Albian -Aptian in age (Gordon, 1990). The Atima is 

a shallow water limestone with planar bedding well formed in many locations and 

shalier interbeds also occurring. At two Atima locations, a reef assemblage of 

fossils was found. Striations on fault planes in the Atima Formation were well 

preserved and easily measured. 

The younger limestones of the Valle de Angeles group are less extensive than 

the Y ojoa Group limestones and occur separated strati graphically by red beds. The 

limestone members noted to occur within central Honduras are the Jaitique and the 

Esquias. Prominent red bed outcrops were not identified in the field area although 

poorly lithified sands were identified stratigraphically bounded by Valle de Angeles 

type limestones. Folding in the Y ojoa and Valle de Angeles Group rocks is 

considered to be constrained to the Mesozoic (Gordon, 1990). 
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A poorly lithified sandstone sequence was identified on the east shoulder of 

the rift. The sequence was no more than 50 feet thick with interbedded layers of 

coarse and fine grained sandstones and was mapped along several hundred meters 

of the road. The sandstone was found in contact with basalt flows of the Tertiary 

volcanics, possibly of the Matagalpa Formation, at an angular unconformity. 

These sandstones were attributed to the Valle de Angeles Group and interpreted as 

freshwater sands with younger basalt flows channeled through small erosional 

canyons. A non-marine environment of deposition for much of the Valle de 

Angeles Group is corroborated by Gallo and Van Waggoner (1978) and by 

Gordon, ( 1990). 

Tertiary and Quaternary Volcanics 

The Cenozoic rocks of the area largely comprise several groups of volcanics. 

In some areas the Tertiary age volcanics can be separated from the Quaternary 

whereas in others, age is undetermined and the rocks are grouped as both. The 

Matagalpa Formation of the early Tertiary comprises generally mafic volcanics 

which were seen in the study area as basalt flows in unconformable contact with 

Valle de Angeles sandstones, and have similarly occurred in areas mapped by 

Finch (1972) and Everett (1970). Andesites of the Matagalpa group were also 

encountered on the west shoulder of the rift and faults within these were measured 

(location Bon Figure 4). The Padre Miguel lgnimbrite Group is extensive 

throughout the area as well as through much of Honduras (Williams and 
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McBirney, 1969) The rocks of the Padre Miguel Group ranged from water-lain to 

air fall tuffs with accretionary lapilli, most being pinkish gray to grayish green. 

Several undefined Tertiary-Quaternary volcanics were identified based on the 

previous mapping of Curran ( 1981) in the Santa Cruz de Yojoa Quadrangle. As 

observed in this study, these deposits are ash flows with gray volcanic ground 

mass and some feldspar phenocrysts. The Quaternary volcanics are primarily 

basalt flows on the floor of the valley and some gray to pinkish gray ash deposits 

which overlay them. 

Faults were easily measured in the Tertiary and Quaternary volcanic rocks 

however, few surface striations existed. 

DISCUSSION 

Six mechanisms for rift formation in the northwest comer of the Caribbean 

Plate have previously been published and are depicted in Figure 5. The six 

mechanisms are summarized as follows A) tectonic escape (Malfait and Dinkelman, 

1972); B) back-arc extension (Burke et al., 1984); C) fault termination (Langer and 

Bollinger, 1979); and D) bending along arcuate faults (Mann and Burke, 1984); E) 

differential rotation (Gordon, 1990); and F) regional north-south compression. 

Each of the mechanisms results in internal plate deformation and thus may absorb 

an unknown amount of the convergence between the Cocos and the Caribbean plate 

(as with mechanisms A and B), or the strike-slip offset between the North 

American and Caribbean plate (as with models C and D), or noted compression at a 
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Figure S: Previous tectonic models for rift formation in nonhem Central America: 
A) Tectonic escape of the Otortis block from between the North American plate and 
the Middle American subduction zone (Malfait and Dinkelman, 1972); B) Back-arc 
extension and de.coupling of the Chortis block from the Middle American volcanic arc 
(Burke et al.. 1984); C) Fault tennination of the North American-Caribbean inter
plate strike-slip faults in Central America (Langer and Bollinger, 1979); D) Bending 
and internal deformation of the Chortis block as it moves eastward around arcuate 
strike-slip faults (Mann and Burke, 1984); E) Differential rotation of blocks within 
the Chortis block (Gordon, 1990); and F) Regional north-south shonening of the 
Chortis block. Half-headed arrows indicate sense of motion on strike-slip faults. 
Open arrows indicate relative motion of plates and tectonic blocks. 
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fault parallel fold belt along the Swan Islands fault wne as mapped by Tyburski and 

Mann (in prep.) (as with models E and F). 

Mechanisms C and Dimply that extension within the northwest comer of the 

Caribbean plate may rectify the offset discrepancy of approximately 900 to 1000 km 

between the Cayman Trough and the onshore faults in Central America In 

mechanisms C and D, interplate fault motions are closely linked to adjacent 

intraplate deformation. 

The pattern of major faults and Neogene sedimentary basins of northern 

Honduras can be explained by the fault termination model as shown in the inset of 

Figure 2. The fault termination model implies structural continuity between largely 

offshore, interplate faults and largely onshore intraplate features seen in northern 

Honduras. Note that in the inset of the figure, there are two wnes of active 

interplate faulting, the Swan-Motogua-Polochic fault zone to the north and the La 

Ceiba-Aguan fault wne to the south. In the fault termination interpretation, the 

Swan-Motagua-Polochic fault zone terminates on the Guatemala City and Ipala rifts; 

whereas, the La Ceiba-Aguan fault zone terminates on the Yojoa-Comayagua rift 

system (the Honduras depression). The Jocotan fault zone appears to have 

previously formed the western extension of the La Ceiba-Aguan fault zone. 

The fault termination model in the inset of Figure 2 is similar to the 

interpretation of Langer and Bollinger ( 1979) for the western end of the Motogua 

fault zone, and correlates spatially with mapped surface lineaments and with ground 

breakage patterns on normal faults bounding the Guatemala City rift 

A structure/ lineament map derived from radar imagery over the field area 

shows features similar to those described by Rosendahl and others (1986) in the 
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East African rifts (Figure 6) and which are best explained by the the fault 

tennination model (model C). For example, the eastern edge of the arcuate lower 

Yojoa Valley appears to be a large half-graben down-dropped along a major, west 

dipping "main border fault". A topographically high, rift shoulder is found adjacent 

to this fault Transfer faults appear to bound the main border fault to the north and 

south and to shift the axis of the half graben to the west The most prominent 

transfer fault forms a prominent interbasinal ridge in recent volcanic rocks to the 

north of Lake Yojoa and transfers displacement to the western edge of the rift, west 

of Lake Yojoa (Finch, 1985). Most intrabasinal normal faults are parallel to the 

main border fault and are, likewise, downthrown to the west "Dogleg" fault 

patterns typical of normal fault swarms are observed. To the nonh of Lake Y ojoa, 

the western margin of the Yojoa Valley appears to be largely unfaulted. In the half

graben interpretation, this edge of the basin consists of a monoclinal flexure. 

Fault Measwements 

A series of measurements were made on faults on the east and west rift 

shoulders and on the valley floor (Figure 7). Bedding orientations, the 

orientations of normal faults, reverse faults, strike slip faults and faults of 

indeterminate motion along with the orientation of slickensides on these surfaces 

are plotted in Figure 8 for each of the lithologic divisions. On the west side of the 

rift, measurements were made on two lithologic types, the Cretaceous limestones 

(site A) and Tertiary volcanics (site B) (Figure 8A). 
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Figure 6: Interpretation of radar imagery of Sula-Yojoa rift. Note that the most 
prominent fault is along the eastern edge of the rift. The western margin of the rift 
docs not fonn a prominent escarpment and is locally onlapped by Quaternary 
sediments of the rift valley. Lineaments in the rift trend nonh and arc parallel to the 
rift edges. Lineaments in older Cretaceous-Tertiary rocks outside of the rift trend 
east-nonheast A half-graben interpretation of the Sula-Yojoa rift is suggested 
because of the prominence of faulting on one side of the valley and the possibility of 
transfer faults in the area north of Lake Y ojoa. Inset block diagram of typical half
grabcn structure is from Rosendahl et al. (1987). Box shows postulated 
interpretation of Yojoa-Sula half-grabcn. 
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Figure 7: Locations of sites from which fault measurements were taken in the Sula
y ojoa rift The letters correspond to the letters shown on the stratigraphic column in 
Figure 4 and identify the stereoplots in Figure 8. 
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Figure 8: Lower hemisphere stereoplots of bedding and fault measurements taken 
from outcrops in the Sula-Yojoa rift from (A) sites A, B, D, and F; (B) sites Cl, C2 
and C3; (C) sites El, E2-B 127, E2-Dl 13 and E2-Gl 16; and (D) sites E2-Ml26, E2
0Z127 and E2-El 15 (see Figure 7 for location). Bedding measurements are plotted 
as both poles and poles to planes. Fault measurements are plotted as planes and are 
classified according to apparent offset of bedding and the shear sense using 
slickenside striations. Striations are plotted as dots on the fault planes where 
observed. 
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Site A 

Site A is a limestone quarry located on the west side of the Sula-Yojoa rift in 

the Rio Lindo quadrangle near El Aguacate at 15° 07.0' N, 87° 56.9' W. The 

rocks are fine-grained, and yellowish brown in color with numerous fractures 

along which mineralization had occurred. Quarrying at the site exposed numerous 

fresh surfaces on which measurements could be made. Bedding orientations in 

these limestones have a predominant trend of east-northeast with moderate to steep 

dips. Slickenside lineations on the faults indicate that dip-slip motion predominated 

along the surfaces. Six faults were determined to be normal faults while seven 

other faults showed dip-slip motion of an undetermined nature. A single reverse 

fault and a single strike-slip fault were measured (Figure 8A, Site A). 

Site B 

Tertiary volcanics are exposed on the west side of the rift, near Potrerillos at 

15° 06.9' N, 87° 58.0 W. The rocks, which are andesites weathering to a pinkish 

gray, show bedding planes oriented approximately horizontal, with primarily 

normal faults and many faults whose sense of motion could not be determined. 

Five normal faults were measured and 19 faults of indeterminate motion were 

measured. the striation information shows that the dominant direction of motion 

was in a dip-slip sense (Figure 8A, Site B). 
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Sites Cl, C2 and C3 

On the east side of the rifts, measurements were made in the Tertiary

Quaternary volcanics (sites Cl, C2 and C3, Figure 8B). These rocks are grouped 

together because of their very similar lithologies, they each comprise reddish 

volcaniclastics with ignimbrite fragments. The locations are widespread with sites 

Cl and C2 appearing in the Santa Cruz de Yojoa quadrangles and C3 in the Villa 

Nueva quadrangle. Cl is located in a quarry at 14 52.0' N, 87° 57. O' W. Site C2 

is located just to the south of San Isidro, also in a quarry locally called Ballasteres, 

at 14° 54. 5 N, 87° 53.4' W. Site C3 is located farther north, near Tapiquilares 

south of the Carretera de Yoro at 15° 13.25' N, 87° 50.0 W. Data from sites Cl 

and C3 are inconclusive, however the data at site C2 show three strike-slip faults 

trending northeast, six normal faults of various orientations, and thirteen faults 

with dip-slip motion where direction of motion cannot be determined, also with 

various orientations. Each of the dip-slip faults has a strong component of 

obliquity. 

SiteD 

Quaternary volcanics comprising rift fill were located at site D. The location 

is north of lake Y ojoa, near the Quaternary alkaline volcanic cone at Cerro el 

Hoyo, at 14° 54.5 N, 87° 58.0' W, in the Santa Cruz de Yojoa quadrangle. 

Measurements were made in primarily horizontal, pinkish-gray to white, ash bed 

deposits. Three normal faults were measured with varying orientations (Figure 

8A). No slickensides or other motion indicators were present, sense of 

displacement was determined from offset bed relationships. 
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Sites El and E2 

Fault infonnation was obtained in the Cretaceous limestones of the eastern 

side of the rift from two sites El and E2. Site E2 is further divided into several 

locations, all along a 5 km section of the primarily east-west Carretera de Yoro 

(E2-B 127, E2-D 113, E2-G 116, E2-M 126, E2-0Z127, E2-E 115, Figure 8C and 

8D). At site El, located on a closed military road to the El Cajon dam, at 15° 

04.5' N, 87° 46.2' W, the beds dipped shallowly to the east. Here two fault 

surfaces were measured, no striae were observed and the sense of motion was 

undetennined. The locations which make up site E2 are as follows: E2-B 127 at 

15° 12.3' N, 87° 54.75' W; E2-D113 at 15° 15.5' N, 87° 51.9' W; E2-Gl 16 at 15° 

10.9' N, 87° 49.0' W; E2-M126 at 15° 12.55' N, 87° 49.25' W; E2-0Z127 at 15° 

12.3' N, 87° 53.25' W; and E2-El 15 at 15° 10.5' N, 87° 48.8' W. 

At site E2-B127 the limestones were grey, weathering to a yellow-brown. 

The limestones are well bedded with thicknesses ranging from 30 cm to 1 m, 

bedding dips shallowly to the south. Two fault surfaces were measured with no 

striae being observed and no sense of motion determined. The limestone at sites 

E2-D 113 and E2-G 116 was massive and microcrystalline with planar fractures 

where bedding planes could not be identified with certainty. At E2-Dl 13, seven 

faults, the direction of motion on which could not be determined, were measured 

with striations indicating dip-slip motion and oblique motion on separate fault 

planes. Three normal faults were identified at E2-G 116, with differing 

orientations and inconsistent orientations of striae. Seven strike-slip faults were 

also identified with strikes ranging from northwest to northeast and dips from 
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mcxlerate to steep. Nine faults whose direction of motion could not be detennined 

were measured. The strikes of these faults were predominantly north-northwest to 

northeast, striae indicate oblique slip. The gray limestones similar to those at E2

B 127 were again seen at E2-M126. Bedding at E2-M126 showed moderate 

northward dips, three faults were measured with primarily dip-slip motion. At E2

0Z127 the limestones were similar to those at E2-B 127 and E2-M 126 with 

interbedded layers of shales 3 to 10 cm thick occurring between the beds. The 

rocks had a range of dips, due to several small faults disrupting bedding. 

Vegetation and weathering had eliminated measurable fault plane surf aces, hence 

only two fault measurements could be made, neither exhibiting striae or other 

motion indicators. A very fossiliferous reef assemblage was found at site E2

E1l5. At site E2-El 15, bedding was consistently dipping moderately to the south. 

Nine faults were measured, with six of which strike between west-northwest and 

northwest and two of which strike approximately north. Motion on the faults is 

predominantly oblique. 

Site F 

Sandstones (site F, Figure 8A) on the east shoulder of the rift were observed 

along the military road to the El Cajon dam at 15° 03.0' N, 87° 47.0' W. The 

lateral extent of the sands could easily be identified on topographic maps and aerial 

photographs as an area of broad, flat grasslands lying between more indurate 

volcanics. The sandstone beds were horizontal to shallowly dipping. Three major 

normal faults were measured with the sense of motion being determined by 

observed offsets in the absence of striae. 
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Tectonic Interpretation 

A consistent observation in the Cretaceous limestones was that two sets of 

slickensides commonly occurred on the fault surface. The older, and overprinted 

set shows a strike-slip sense of motion, whereas the younger set shows a dip-slip 

or oblique sense of motion. This observation would suppon the postulation of an 

earlier period of strike-slip faulting along east trending faults, with faults being 

reactivated as normal and oblique faults during a second, more divergent phase of 

faulting when rift formation was occurring. Prominent east-trending lineaments 

that are observed on radar imagery (Figure 3) may well be related to the earlier 

strike-slip faulting. 

The fault plane measurements and observations in the field do not uniquely 

suppon any of the previous models for rift formation. The observations do, 

however, permit the elimination of three of the models, while giving credence to the 

remaining three. The back arc extension model is not supponed based on the 

orientation of the normal faults which do not parallel the trend of the Middle 

America Trench system. The differential rotation model (model E) necessitates the 

observance of right lateral motion such as that on the Guayape fault in northern 

central Honduras, and no such motion was observed. The regional north-south 

compression model (model F) requires the observation of north and south directed

thrusting and very few thrust faults of any direction were observed in the study 

area. 
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Observations made in this study could be used to support to the tectonic 

escape model (model A), the fault termination model (model C) and to the bending 

on arcuate fault model (model D). 

With the existing data set, further constraint on the timing of faulting cannot 

be made. Such constraint is necessary before determining which of the three 

plausible mechanisms for rift formation should be applied to this area 

CONCLUSIONS 

Measurements made on fault planes and bedding in the area of the Sula

Yojoa rift permit the elimination of postulated models of the mechanisms of rift 

formation. The models which remain plausible are equally applicable to the area 

based on the acquired data. Further constraints on the age of faulting, timing and 

amounts of fault displacement, stress fields, and fault related sedimentation are 

necessary before support of a model for rift formation for this area can be 

undertaken with greater confidence. 

Patterns of faulting and Neogene basin formation in the field area are best 

explained by the fault termination model wherein the lower Y ojoa Valley is 

interpreted as a half-graben down-dropped on the east side of the valley. A series 

of east-trending faults with strike-slip motion indicators which have been 

overprinted by normal fault motion indicators may represent earlier transfer faults. 

These faults may have permitted motion to be transfered to the west side of the 

rift. and later were reactivated as normal faults. 



Appendix I: Logistics, Personnel, Scientific Objectives and 
Operational Results of MW8909 Cruise 

Pwpose 

The purpose of Appendices 1 through 4 is to: 1) provide inf onnation on the 

objectives, logistics, amount and type of data collected in order to facilitate future 

work with this data set; and 2) describe in detail the SeaMARC II and single 

channel seismic systems used on the cruise. As these systems are changed from 

cruise to cruise, it is imponant to document the specific system used to collect the 

data described in this thesis. 

Cruise logistics and participanJS 

The cruise departed aboard the RIV Moana Wave from San Juan, Pueno 

Rico at 0815 Eastern Standard Time (EST) on Wednesday, July 26, 1989, and 

arrived in Montego Bay, Jamaica, at 1230 EST on Saturday, August 26, 1989. 

The cruise was extremely successful because of calm weather and no major 

equipment problems. 

The cruise was designated "Swan Islands Transform Survey - MW8909". 

Because we operated ahead of schedule, we actually mapped areas well to the east 

of the Swan Islands fault zone in the vicinity of western Jamaica. 

The scientific party included the following: 

Dr. Paul Mann, UTIG (Co-chief Scientist) 
Dr. Eric Rosencrantz. UfIG (~hief Scientist) 
Dr. Bernard Mercier de Upinay, University of Nice, France-Sophia 

Antipolis (Research Scientist) 
127 
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Eric Calais, University of Nice, France-Sophia Antipolis (Ph.D. Aspirant) 
Stacey A. Tyburski, UT Department of Geological Sciences (M.A. Aspirant) 
David DeBalko, UT Department of Geological Sciences (M.A. Aspirant) 
David Grote, UT Department of Marine Studies (Ph.D. Aspirant) 
Cynthia Goszewski, UT Department of Geological Sciences (Ph.D. 

Aspirant) 
Michael Kozuch, Peace Corps-Honduras (Geophysicist and unofficial 

observer for Honduran Ministry of Mines and Hydrocarbons) 

The HIG SeaMARC II party included: 

Dr. Thomas Reed, SeaMARC party chief 
Joel Erickson, SeaMARC Engineer 
Les Kajiwara, Data Technician 
Gail Yamada, Data Technician 

The HIG Seagoing Technical Assistance Group (STAG) included: 

Mike Simpson, Electronics Technician 
Steve Poulos, Programmer 
Dave Gravatt, Deck Technician 
Wil Hervig, Electronics Technician 

The captain was Robert Hayes and the chief engineer was Lew Skelton. The 

eleven member crew was larger than normal because additional crewmen were 

painting and carrying out other maintenance at sea. All cruise participants arrived 

on time and without incident to Puerto Rico. 

Operational objectives 

The primary objective of MW8909 was to acquire SeaMARC II side-scan 

and single channel seismic data from the Swan Islands Fault Z.One. Our final area 

of side-scan coverage was -89,000 km2. 

For the single channel seismic work, a small air gun sound source ( 40 

in3) and a 100 m long streamer were deployed. As streamer noise progressively 

increased near the Swan Islands, we briefly experimented with a 120 in3 air gun. 
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When the noise problem was identified in the streamer, we went back to the 40 

in3 air gun. Because of poor data quality, no seismic data was collected after the 

western most segment of the Swan Island fault zone. A large amount of 

SeaMARC II data was collected in the area west of Jamaica because the ship 

could travel faster (at about 10 knots) without the seismic system in operation. 

Operational results 

A map showing our side-scan and single channel seismic coverage is 

given in Figure 1. Data gaps in single channel seismic and SeaMARC data are 

indicated. Table 1 ("Cruise Statistics") provides a summary of the amounts of 

data collected by the various techniques and illustrates the small percentages of 

downtime for the single channel seismic and SeaMARC II system. A complete 

description of all seismic tapes is given in Table 2. Table 3 provides an overall 

inventory of the various kinds of data logs generated during the cruise. Table 4 

lists the header information for 1) departure and arrival times; 2) SeaMARC II 

data collection; 3) gravity data collection and 4) magnetic data collection. It also 

shows the file names for files containing: 1) gravity readings; 2) magnetic 

readings; 3) 3.5 kHz bathymetry readings; 4) navigation fixes; and 5) a merged 

file of 1), 2), 3), and 4) recorded in the Marine Geophysical Data Exchange 

(MGD77) format The information is all recorded on a single 6250 bits per inch 

tape which is archived both at HIG and UTIG. 



Figure 1. Area of coverage by side-scan sonar (gray shaded) and location of lines 
of single-channel seismic data (black lines). 
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Table 1: Summary of Cruise Statistics - MW8909 

1. Duration of entire cruise: 31 days, 0 hours, 40 minutes (32 days planned). 

2. Total distance covered during cruise: 5922 nm (10,860 km). 

3. Duration of SeaMARC II survey: 29 days, 2 hours, 4 minutes (28 days 
planned). 

4. Total distance covered during SeaMARC II survey: 5655 nm (10,372 km). 

5. Total area survey by SeaMARC Il: 55,772.5 miles2 (89,753 km2). 

6. Average ship speed during SeaMARC II survey: 8 knots. 

7. Time of first deployment of SeaMARC II: July 28, 1989, 2100 GMT. 

8. Time of final recovery of SeaMARC II: August 26, 1989, 1130 GMT. 

9. Percent of downtime of SeaMARC II system: 0%. 

10. Duration of transits during cruise: 2 day, 0 hours, 40 minutes. 

11. Total distance covered during transits: 267 nm (488 km). 

12. Average ship speed during transits: 10 knots 

13. Total distance covered during single channel seismic survey: 3780 run (7102 
km) 

14. Amount of planned seismic survey lost because of streamer problem: 163 nm 
(290km) 

15. Percent of downtime of seismic system: 4% (-20 hours of 535 hours). 

16. Survey lines affected by loss of seismic system: 27, 28, 29, and 97. 

17. Total distance coverage with magnetometer: 5690 nm (10,435 km). 

18. Total distance coverage with gravimeter: 5890 nm (10,800 km). 

19. Total distance coverage with 3.5 Khz: 5890 nm (10,800 km). 

20. U.S. state whose area most closely matches size of area mapped with 
SeaMARC II: Wisconsin. 
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Table 2: Description of Seismic Tapes - MW8909 

Reel Number Tape Number Shotpoint Numbers Survey Line Number 

1 30228 1 - 4805 1 - 2 

2 30229 4806- 9583 2-4 

3 30230 9584 - 12646 4-5 

4 30231 12647 - 17479 5-6 

5 30232 17480 - 22285 6-8 

6 30233 22286 - 27107 8 - 12 

7 30234 27108 - 31907 12 

8 30235 31908 - 36748 1 - 14 

9 30236 36749 - 41542 14 - 15 

10 30237 41550- 51204 15 - 17 

11 30238 46350 - 51204 17 - 20 

12 30239 51205 - 56012 20- 21 

13 30240 56013 - 60858 22 

14 30241 60859 - 65690 21 - 22 

15 30242 65691 - 69557 22 - 23 

16 *30243 69558 - 70255 23 - 25 

17 30244 70255 - 76361 25 

18 30245 7 6362 - 82560 25 -Transit 

19 30246 82561 - 88709 Transit - 34 

20 30247 88710 - 94158 34- 36 

(Continued on next Eage.) 

*At shotpoint number 69711 on tape 30243, the records were changed from 4 
second records to 3 second records. 
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Table 2: Description of Seismic Tapes - MW8909, continued 

Reel Number Tape Number Shotpoint Numbers Survey Line Number 

21 30248 94159 - 100292 36- 37 

22 30249 100319 - 100643 37 - 39 

23 30250 100644 - 111490 39 - 41 

24 30251 111491 - 117573 41 - 42 

25 +30252 1 - 6133 42-44 

26 30253 6134- 12267 45-46 

27 30254 12315 - 18400 46-49 

28 30255 18401 - 24533 49- 53 

29 30256 24534 - 30667 53 - 56 

30 30257 30668 - 34007 57 - 59 

31 30258 34019 - 40151 59- 62 

32 30259 40152 - 46292 62-68 

33 30260 46292 - 50316 68 - 73 

34 30261 50318 - 56456 73 - 77 

30262 56457 - 58870 78 - 80 35 

36 30263 58871 - 60776 80- 82 

37 30264 60777 - 64727 97 

+Shotpoint numbers were reset at the beginning of this tape, 30252, because 
shotpoint numbers were too large to be fully displayed on screen. 



134 

Table 3: List of Data Logs and Data from MW8909 

1. UTIG Lab Notebook 
Preliminary geologic interpretations, rationale for waypoint selection 
descri_Ption of i:najor equipmen~ problems, etc. UTIG has the only c~py. 
A cruise narranve sent to NSF m the cruise report was abstracted from this 
notebook and the A-log. 

2. Electronics Lab Watch Notebook ("A-log") 
Course changes, transit satellite fixes, wind direction and speed, gyro 
heading, gravity, magnetics, water depth, description of major events. 
HIG and UTIG have copies. The cruise statistics (Table 1) were 
abstracted from this notebook. Paper copies of 3.5 bathymetry were 
shipped to HIG following the cruise to be microfilmed and archived. The 
paper copies were then returned to UTIG. 

3. Notebook with SeaMARC sonograph and correspondine SeaMARC color 
bathymetl)' (2 volumes) 

HIG and UTIG have copies. SeaMARC tapes are stored at HIG; one 
tape was taken to UTIG as a sample. 

4. Loe of single channel seismic data 
Tape inventory, shot numbers, lines, etc. All tapes are stored at UTIG. 

5. SeaMARC II Lab Watch Loe (115 p.) 
Towfish altitude, gain, ship speed, etc. Copy made for UTIG; 
original at HIG. 

6. Thermocline Sheets 
Water temperature profile. All sheets at UTIG. 

7. 35 SeaMARC Il mosaics of survey area on corrected navieation and with 
uncorrected oyerlay of color bathymeo:y. 

These were hand carried to UTIG where each of the 35 mosaics was 
photographed on a black and white 8 x 10 negative from which 8 x 10 
prints can be made. 

8. Shotp<>int maps (4 sheets)
Shotpoint maps were generated post-cruise by technicians at HIG. Hand 
generation of shotpoint maps was necessary because shotpoint 
information recorded on the MASSCOMP™ computer was not merged 
with navigation information and, therefore, could not be plotted with a 
track chart. Such maps are necessary to facilitate interpretation of seismic 
data, particularly for placement of structures or mapping of isopachs on 
track charts. 
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Table 4: List of Infonnation Recorded to Navigation File Tape for 
Cruise MW8909 

1. IXparture and Arrival Times 
Depart: San Juan, Puerto Rico, Wednesday 26 July 1989 (207J), 1200 
GMT, (0800 local time, time zone +4). 
Arrive: Montego Bay, Jamaica, Saturday 26 August 1989 (238J), 1730 
GMT (1230 local time, time zone +5). 

2.SeaMARC II Data Collection 
Start: Thursday 28 July 1989 (209J), 1900 GMT, (1500 local time, time 
zone +4). 
End: Saturday 26 August 1989 (2381), 1730 GMT (1230 local time, time 
zone +5). 

2.Gravity Data Collection 
Start: Friday 27 July 1989 (208J), 1604 GMT, (1204 local time, time 
zone +4). 
End: Saturday 26 August 1989 (2381), 1730 GMT ( 1230 local time, time 
zone +5). 

3.Magnetic Data Collection 
Start: Friday 27 July 1989 (208J), 1710 GMT, (1310 local time, time 
zone +4). 
End: Saturday 26 August 1989 (238J), 1730 GMT (1230 local time, time 
zone +5). 

(Continued on next page.) 
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Table 4: List of lnfonnation Recorded to Navigation File Tape for 
Cruise MW8909, continued 

4. File Descriptions 
mw8909.Cbat contains two-way travel time and corrected bathymetry in 

meters 
mw8909.Cgrv contains dial readings of free air, eotvos, and observed 

gravity information 1 
mw8909.Cmag contains total field magnetic anomaly information2 
mw8909.nav contains all navigation information of the survey (from 

GPS, Transit and Loran-C information sources 
mw8909.sm.mgd contains SeaMARC II navigation variation from 

mw8909 .nav in MGD77 form 
mw8909.fix.changes contains information on differences between the 

ships navigation and the navigation of the SeaMARC II towfish 
(which varies where changes in heading, particularly turns, occur) 
picked from mosaic navigation 

mw8909.mgd contains merged files of ".Cbat", ".Cgrv", ".Cmag", and 
".nav" in MGD77 format 

mw8909.helps contains the file descriptions presented in this table 
regarding the files recorded to the navigation tape 

I Corrections to observed gravity measurements must be made using the tie at the 
Frontier Pier of the Naval Oceanographic Office. A reading of 978,666.88 at the 
Naval Oceanographic Office correlates to a dial reading of 6672.7 on the 
gravimeter used in the survey. 

2 Problems with electronic unit crystal failure in the magnetometer from the outset 
of the survey required a change of frequency in the meter from the normal setting 
of 5.71449 MHz to 5.0 MHz on the cesium standard. The file "mw8909.helps" 
contains further information regarding the necessary formulae for correction of 
readings based on the new setting. 
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Archiving ofCruise Data 

Data from MW8909 is archived at both HIG and UTIG. The following data 

is archived at UTIG and can easily be obtained through the UTIG data archives 

coordinator: 

1. All data and data logs from MW8909 listed in Table 2. 

2. All magnetic tapes (37) with unprocessed single channel seismic data 

listed in Table 3. 

3. All navigation information (1 tape) described in table 4. 

4. All paper hard copies (97) of single channel seismic lines processed by 

S. A. Tyburski at UTIG in 1990. 

5) All folded analog shipboard records of 3.5 kHz bathymetry profiles. 

6) All folded analog shipboard records of pre-processed side-scan sonar 

swaths. 

7) All folded analog shipboard records of 3.5 kHz bathymetry profiles and 

adjacent pre-processed side-scan sonar swaths. 

8) All folded analog shipboard records of single channel seismic profiles. 

Archived at HIG are the following: 

1. Duplicates of MW8909 data logs listed in Table 2. 

2. Duplicate navigation information (1 tape) described in table 4. 

3. Microfilm of analog shipboard records of 3.5 kHz bathymetry profiles. 

4. Microfilm of analog shipboard records of pre-processed side-scan sonar 

swaths. 
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5. Microfilm of analog shipboard records of 3.5 kHz bathymetry profiles 

and adjacent pre-processed side-scan sonar swaths. 

6. Microfilm of analog shipboard records of single channel seismic profiles. 

8. Field tapes containing SeaMARC II side-scan sonar and bathymetry 

information. 



Appendix Il: Description of SeaMARC Il system, data collection data 
processing, and data plotting for cruise MW8909 ' 

The "Seafloor Mapping and Remote Characteri:zation System II" (SeaMARC 

mis a long-range side-scan sonar and swath bathymetric mapping system 

developed by International Submarine Technology (IS1) of Redmond, Washington, 

in cooperation with the Hawaii Institute of Geophysics (HIG) of the School of 

Ocean and Earth Science and Technology (SOES1) at the University of Hawaii at 

Manoa. In 1989, the system was operated by HIGl. The SeaMARC II system was 

used in a month-long survey in July and August of 1989 aboard the HIG vessel, 

RIV Moana Wave, to collect sea floor and bathymetry data along the Swan Islands 

fa.ult zone during the cruise MW8909. 

Side-scan sonar systems and acoustic bathymetric mapping tools have been 

used since the early 1970's to generate detailed maps of sea floor morphology. 

These maps are valuable for observing present-day marine geological processes 

(Davis et al., 1987). Side-scan sonar systems and bathymctric mapping tools 

transmit acoustic signals to the sea floor and record the returned signal as a function 

of time. The "Geological Long Range Inclined Asdic" side-scan sonar system 

(GLORIA), SeaMARC II system and Sea beam system are three submarine mapping 

tools which are commonly used by researchers to study the sea 

floor. Operating parameters and system specifications of each of these systems are 

summarized in Table 1. GLORIA I, developed by the National Institute of 

Oceanographic Sciences, in W ormsley, England. was introduced in 1969 and 

llbe StaMARC II rowfish was lost at sea in February 1991 during recovery au.empts in heavy 
weather. At this time, HIG is running sea trials of an new, upgraded sysrem, the "Hawaii Acoustic 
Wide-Angle Imaging Insuument" (HAWAll MRI). 

139 
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Table 1: Comparison of GLORIA, SeaMARC II and SEA BEAM Systems 
Modified from de Moustier et al. ( 1989) 

SeaMARCII GLORIA II Sea Beam 

Introduced 1982 1977 1975 

Frequency 11/12 kHz 6.2/8.8 kHz 12.158 kHz 

Pulse Length 0.25-10 seconds 2-4 seconds 7 millisec. 

Pulse Repetition 1-16 seconds 20-40 seconds 1-22 seconds 

Band Width 0.1-4 kHz 0.1 kHz 0. 14 kHz 

Beam Width 2X40° 2.5 x 30° 2.7 x 2.7° 

Array Length 3.8 m 5.33 m 2.8 X 2.8 m 

Vehicle Length 5.5m 7.75 m hull mounted 

Weight (metric) 2 tons 2 tons n/a 

Stabilization all axes heading all axes 

Data Type digital digital digital 

Tow Depth 50-100 m 30-60m hull mounted 

Swath Width 1-10 km 14-60 km 0.8 X depth 

Survey Speed 6 knots 8 knots 15 knots 

Cross Track 5m 30m 14-233 m 

Resolution 

Along Track 175 m 218 m 233m 

Resolution 

Bathymetric 150 m (3%) n/a 10-50 m 

Accuracy 
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became the first long range side-scan sonar system used sea floor mapping. 

GLORIA is towed at shallow depths (30-60 m) and has a maximum swath width of 

60 km. Sea beam is a hull-mounted, echo-sounding system which generates 

bathymetric maps with an accuracy of 10-50 m. The system was introduced in 1975 

by General Instrument Corporation of Westwood, Massachusetts, and is one of the 

most widely used bathymetric mapping tools (Davis et al., 1987). The SeaMARC II 

system, introduced in 1982, is also a shallow-towed instrument (50-100 m) that can 

ensonify up to 10 km of the sea floor as well as collect bathymetric information 

(Figure 1). SeaMARC II was chosen for use in this study over GLORIA or Sea 

Beam because of its greater side-scan resolution and its capability to simultaneously 

collect bathymetric data. 

The SeaMARC II system comprises three primary sub-systems: 1) the 

external tow vehicle and its control ports; 2) the processing elements; and 3) the data 

logging system aboard ship. Processing systems, plotting techniques and geological 

interpretation of the SeaMARC II data are briefly summarized below. 

Towjish and SeaMARC Rack 

The SeaMARC II data collection instrumentation is enclosed in a 5.5 meter 

long towfish and comprises two parallel sets of transducer arrays on each side of 

the towfish. Transducers are operated at 11 kHz on the pon side arrays and 12 kHz 

on the starboard arrays in order to minimize "crosstalk," or mutual interference (de 

Moustier et al., 1987) (Table 1). 



,Jm 

............ 
AlONQ TRAC« ...... 

.......... 
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~ -
N 



143 

The towfish is towed at speeds averaging 8 knots and can be operated in 

waves of 20-30 feet (sea state 4 or 5). Including a one ton depressor weight, the 

deployed towfish assembly weighs about tow tons and includes: 1) a 750 to 800 m 

long drogue line; 2) an attached buoy mounted radio system and strobe lights to 

facilitate recovery; 3) the towfish itself; and 4) a 300 m annored cable with a one 

ton depressor weight (Figure 1). 

The SeaMARC II system simultaneously collects reflectivity data based on the 

strength of the returning signal from the sea floor, and bathymetric information 

based on the differences of the phases of the returning acoustic signals. For the 

side-scan data, the amount of energy reflected by the sea floor depends on the 

following factors: 1) backscatter, or diffracted energy, which is a product of the 

texture or roughness of the sea floor; 2) specularly reflected energy from the sea 

floor, which is a product of the geometry of the sea floor and the angle of incidence 

of the acoustic signal with the sea floor; and 3) the acoustic impedance contrast 

between the sea floor and the seawater which affects the strength of the returning 

signal (Johnson and Helfeny, 1990). 

Transducer arrays in the towfish allow a 60° "look angle" to either side of the 

towfish, resulting in a 120° beam width. In water depths greater than 1000 m, a 10 

km wide swath of the sea floor may be ensonified. Across-track resolution of the 

system is 5 m and along track resolution is a function of the beam width which in 
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1000 m of water is about 175 m. Bathymetric data has an accuracy of approximately 

175 m (Shor, 1990). 

Data collection in the towfish involves sequential application of a series of 

amplitudes, gain conversions and filters to the returned signal (Figure 2). 

Bathymetric data are combined in a phase meter which compares the returning 

signals to standard outputs by measuring the phase difference between a third 

arbitrary phase. The bathymetric data is digitiz.ed and telemetered through the 

armored tow cable to the ship. The side-scan infonnation remains in analog form 

until after it reaches the ship. 

On board ship, the data collection can be monitored and controlled at the 

SeaMARC II rack in the electronics laboratory (Figure 3). A threshold voltage is 

maintained in the SeaMARC II rack by signal amplification to insure that the signal 

is maintained at a sufficient strength for processing. The following attitudes of the 

the towfish can be controlled and monitored at the SeaMARC rack: 1) depth of 

towfish below the sea surface (e.g. towfish depth will vary slightly with changing 

ship speed); 2) altitude of towfish above the sea floor as determined from the time 

between signal transmission and signal reception in the vehicle; 3) towfish heading 

determined from a magnetic compass within the towfish; 4) pitch or the angle 

between the long axis of the towfish and a horizontal plane; and 4) towfish roll or 

the angle between the cross track axis and a horizontal plane. Hydrodynamic design 

of the towfish ensures minimal variation in depth, altitude, pitch and roll. The 

information is logged to a Micro PDP 11/23TM computer system and displayed to a 

cathode ray tube monitor where aberrations in attitude can be noted and corrected. 
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Gain, pulse length and band width of the outgoing signal are controlled at the 

SeaMARC rack. These parameters are generally maintained at the same setting 

throughout the survey to standardize the transmitted signal. Gain, which affects the 

sensitivity of the system to the returning signal, is controllable in nine, three decibel 

steps. Pon and starboard gain are controlled separately. Gain is generally adjusted 

according to the analog output of pre-processed side-scan data as viewed on a 

Raytheon flatbed recorder. The pulse length of the outgoing signal from the 

towfish is the same for both pon and starboard transducer arrays. Pulse length is 

maintained at less than or equal to 1 millisecond in length. Pulse lengths larger than 

1 millisecond will result in the degradation of the data. Although a smaller pulse 

length permits the detection of smaller features, longer pulse lengths have a lower 

range of frequencies that permit easier filtering of noise (Johnson and Helfeny, 

1990). Band width of the filter applied to the raw data from the towfish prior to 

logging is approximately 5 kHz. Smaller band width permits a greater response to 

closely spaced sea floor reflectivity changes. Larger band width decreases the 

response to such reflectivity changes. A higher frequency band width filter does not 

pass returning signals that have small frequency differentials and that are reflected 

from adjacent sea floor features. Adjacent sea floor features may appear as a single 

feature because their similar reflectivities are lumped into a single higher frequency 

signal. 

Swath width is set according to water depth but at depths greater than 1000 m 

it can be set for the minimum (1 km) or maximum (10 km) width depending on 

preference of coverage. For a swath width of 10 km, 1024 picture elements, or 
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"pixels", are ensonified for each array of two transducers. Each pixel represents 

about 5 m2 of sea floor (de Moustier al., in press). Based on the high strength of 

the specular returns from directly below the ship, 40 pixels of data are blocked out at 

the midline of the swath. For a 10 km wide swath, about 200 m of data, or 2% of 

the swath width is lost in the midline beneath the ship. (Johnson and Helferty, 

1990). 

Several other parameters of the SeaMARC II system must also be regulated 

according to specific aspects of the survey. The ship's "speed over ground" (that is, 

the distance over the surface of the sea floor traveled in knots per hour) is read from 

either: 1) a Magnavox™ terminal which is updated approximately every two 

minutes with Global Positioning Satellite (GPS) information; or 2) a Transit satellite 

receiver, or 3) a Doppler speed logger. 

The repetition rate of the signal transmission from the towfish must -be 

adjusted frequently according to water depth to ensure that received data are cleared 

from the buffer before the next signal is received. A threshold depth must be 

established at which the system should expect to detect the bottom. If the system 

traverses an area with hundreds of meters of sea floor relief between transmission of 

signals, the system may not be able to track the bottom and manual adjustment of the 

depth threshold based on visual checks of the 3.5 kHz record may be required. The 

3.5 kHz record shows bathymetry directly below the ship since the 3.5 kHz echo

sounder is a hull-mounted device. The alert operator can track the bottom because at 

a ship speed of 8 knots, the towfish is approximately one minute behind the ship. 

Because the towfish is one minute behind the ship, bathymetry checks on the 3.5 
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kHz recorder should be made at a point recorded one-minute previous to the 

currently recording data 

Data Pre-processing 

Pre-processed analog side-scan data is plotted on several recorders before 

undergoing analog to digital conversion. Analog records are primarily used for the 

instantaneous identification of sea floor features and for quality control of data 

collection parameters. Bathymetric data is not plotted in an instantaneous analog 

record but is stored directly in digital form to magnetic tape. Pre-processing of the 

side-scan signal involves corrections for several factors: 1) slant ran~ corrections 

which account for the increased width of the beam footprint at its outer edges; 2) 

spreadin~ correction to account for the reduction of the intensity of the transmitted 

signal with distance from the transducer corrected by the application of a time 

varying gain (this correction compensates for intensity reduction of the signal from 

sound absorption by dissolved particulate matter and bio-organisms or bubbles in 

the water column; 3) blank-out of near-nadir soecular returns from beneath the 

ship's track; and 4) variable ship speed. All four of these corrections permit accurate 

pixel placement with respect to sea floor location (Johnson and Helfeny, 1990). 

Datawgging 

Following analog to digital conversion the side-scan data collected in this 

survey was logged to the same tape as the bathymetric data. The side-scan 
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infonnation was logged in files of 300 "pings", or outgoing signals, each with 25 

files numbered from 0 to 24 and recorded to tapes with 6250 bits per inch tape 

density. Information recorded for each ping includes: 1) interval in seconds from 

signal transmit to signal return; 2) Julian date; 3) Greenwich Mean Time (GMf) of 

the signal transmit in hours minutes and seconds; 4) towfish depth in meters; 5) 

towfish altitude in meters; 6) towfish heading in degrees; 7) towfish pitch in degrees; 

8) towfish roll in degrees; 9) gain settings for port and for starboard; 10) pulse 

width; and 11) ping repetition rate. 

Data Processing and Plotting 

The majority of SeaMARC II data is processed aboard ship by sea-going 

technicians of the SeaMARC II Technical Assistance Group (STAG). As time 

permits, ship-board processing may involve more sophisticated techniques than 

described here. For the MW8909 survey, gain corrections were applied and bottom 

detect failures were corrected for bathymetric data but not for the side-scan data. For 

the bathymetric data, corrections were interpolated from proximal data, and missing 

bathymetry was infilled based on the bathymetry observed along adjacent swaths. 

For the side-scan data, data gaps could not be interpolated from adjacent swaths as 

the reflectivities varied on a smaller horizontal scale along the sea floor. Where 

bottom detect failures occurred, the side-scan images show gaps or "angel wings". 

Image generation requires correction of the SeaMARC II towfish position with 

respect to ship's navigation. Corrected navigation sheets are plotted on a Universal 
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Transverse Mercator projection {UTM) grid and used as the base for the mosaicking 

of adjacent swaths. 

Johnson and Helferty (1990) point out that acoustic images of the sea floor do 

not represent what would be seen were the oceans to be emptied, rather images are 

how the sea floor "sounds" or how it interacts with acoustic energy. The symphony 

of sea floor "sounds" from the side-scan sonar survey are plotted using a 256 tone 

gray scale. Highest acoustical reflectivities are at the darkest (black) end of the gray 

scale and the lowest acoustical reflectivities at the lowest (white) end of the gray 

scale. Swaths may be plotted at a range of map scales depending on user 

preference. A typical scale for most surveys is 1 :50,000. The large size of the 

MW8909 survey area necessitated a smaller than average scale of 1:100,000; a 

1 :50,000 scale would have generated mosaics that were too large for easy handling. 

Bathymetric data is printed using an Advanced Color Technologies (ACT II™) II 

printer in a ten color rainbow scale at a 100 m contour interval. These swaths are 

mosaicked and overlain on the side-scan data. 

Post-processing 

No post-cruise processing was undertaken for the SeaMARC data from the 

MW890'J survey. Field tapes now archived at HIG are available for future post

processing efforts. The following text describes some of the post-processing 

techniques which may be applied to this data set in the future. Additional 

information on post-processing techniques is presented in Reed and Hussong 

(1989), Malinverno and others (1990) and Johnson and Helferty (1990). 



152 

Post-processing techniques allow: 1) geometric corrections to pixel locations 

but do vary the intensity of the pixel values; and 2) radiometric corrections to change 

pixel value (Johnson and Helferty, 1990). Geometric errors are a common problem 

of Sea.MARC data and are correctable by post-processing techniques. Geometric 

errors can result from an uneven or sloping bottom that causes error in across track 

positioning of a pixel. Large-scale regional variation in bottom topography can be 

problematic because the side-scan system operates with the assumption that there is a 

flat bottom. The flat bottom assumption results in the misplacement of up-slope 

acoustic targets closer to the ship's track than their true position (see Figure 8 of 

Johnson and Helferty, 1990). Radiometric errors can also result from uneven or 

sloping sea floor. Corrections for radiometric errors modulate the amplitude of pixel 

values and can make them more reasonable (Reed and Hussong, 1989). 

Artifacts and Distortions 

Post-processing of the data collected in this survey was not undertaken and 

numerous artifacts remain in the data. The acknowledgment. identification and 

understanding of the origin of these artifacts is essential for accurate bathymetric and 

side-scan image interpretation of the MW8909 study area. Reed and Hussong 

(1990) discuss extensively the nature and elimination of artifacts and distortions. I 

describe examples of artifacts seen in this data set and the reasons for their 

occurrence. 
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Angel Wings 

"Angel wings" are areas where bottom detect failure has occurred and the 

SeaMARC II system is unable to receive the returning signal. This occurs where the 

bottom detect window is either set either too high or too low and the system "listens" 

for the signal at the wrong time. The data gap appears on the side-scan image as a 

gray area of no pixels which is symmetrical about the mid-line of the ship and has 

the shape of a pair of triangular "angel wings"(Figure 4A). Because bathymetric 

data is obtained despite bottom detect failure, no gap appears on the bathymetric 

swath (Figure 4B). 

Distortions at Tums 

Distortion at turns reflects poor merging of the ship's navigation with the 

towfish navigation. Distortion at turns produces "expanded incomplete coverage" at 

the outside of a tum and "compressed redundant coverage" to the inside of a tum 

(see Figure 7 of Johnson and Helferty, 1990). Undersampling of the sea floor to 

the outside of the tum and the oversampling of the sea floor to the inside of the turn 

result both in stretching of compressing of the imaged sea floor. 

For example, Figure 5 shows a swath on a turn: from time 0800 to 

immediately before time 0830, the towfish made a 900 tum as it changed heading 

from from northwest to southwest. Turning produced stretching of the sea floor 

feature that lies to top of the side-scan swath in this area, and compressing of the 

feature lying to the bottom. The hyperbola-shaped feature which appears on the port 

side of the track between 0800 and 0830 is probably a lineament that has been 

oversampled on the inside of the tum. At about time 0830, the ship changed 
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Figure 4. Example of "angels wings" data gaps where side-scan infonnation was 
lost due to bottom detect errors (A) side-scan swath. (B) bathymetry swath. 
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Figure 5. Example of distortion at a tum, (A) side-scan swath, (B) bathymetry 
swath. 



157 

~~,~ .:~ , ~=--~~~/.~~~~-=~:: ~~·~======~~~~~~.~~=-
::: ..,.. ......~ 

' 

. 
~ 

.... 

- - --f -



158 

heading from southwest to southeast and began a second 90° tum to starboard. 

Turning resulted in stretching of the image on the port side and compression of the 

image on the starboard side. On the bathymetric swath, the stretching on the 

starboard side between 0800 and 0830 side resulted in large data gaps manifested as 

"white spots" and on the starboard side after 0900 (Figure 5B). 

Track Parallel Stretching 

Stretching of the bathymetric data along track occurs quite commonly and is 

difficult to avoid despite careful monitoring and "tweaking" of data collection 

parameters. Stretching occurs because the width of the beam footprint and the rate at 

which the data are sampled differ with increased distance from nadir. Directly below 

the ship where the beam footprint is most narrow, bathymetric data is compressed as 

more data from a smaller area is sampled. Farther from nadir, data sampled from a 

wider area permits a better normalized bathymetric value to be recorded. In Figure 

6A, bathymetry is stretched particularly on the port side of the track but is not 

stretched in Figure 6B. 

Mutual Interference 

Mutual interference or "cross talk" occurs when the system has difficulty 

determining whether a returning signal originated from the port or starboard 

transducers. Cross talk occurs when the frequency of the returning signal is very 

close to that of the opposite transducer. Close frequencies may be a product of 

improper frequency settings at the SeaMARC II rack or of regional bottom 

roughness or rapid changes in bathymetric relief. In the MW8909 study area, 
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Figure 6. Example of along track stretching of bathymetric data, (A) bathymctry 
swath, (B) side-scan swath. 
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regional bottom roughness and rapid changes in sea floor relief are particularly 

common in the area of the Mid-Cayman speading center and along the northern edge 

of the Nicaraguan Rise. 

In Figure 7 A, the side-scan image clearly shows a highly reflective scarp on 

the bottom of the track with numerous channels on the port side of the track, with 

the direction of transport slightly oblique to but primarily in the direction of the 

ship's heading. Along the starboard side of the track is a faint mirror image of the 

feature lying in direct symmetry across the center of the track. The bathymetric 

swath indicates that the features on the port side of the track are channels runing 

down a scarp to more level sea floor (Fig. 7B). No scarp appears on the starboard 

side of the track on the bathymetry, the image on the starboard side of the track in 

the side-scan image was produced by cross-talk between the transducers. 

Ship-Parallel Lineaments 

Heavy lineaments which closely parallel the ship's track occur commonly on 

the SeaMARC mosaics. Ship-parallel lineaments are the product of an electrical 

malfunction in the towfish which produces a consistently high frequency signal that 

appears on the processed data. This high frequency signal is analogous to the noise 

of heavy ship traffic that may appear on seismic profiles. The side-scan image in 

Figure 7 A shows a ship-parallel lineament, about 1 cm from the center of the track 

line tp both the port and starboard sides, which appear more faintly in the 

bathymetric swath. 
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Figure 7. Example of mutual interference or cross-talk, (A) side-scan swath, (B) 
bathymetry swath. 
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Sea Floor Multiples 

Water bottom multiples similar to those seen on seismic data also appear on 

side-scan data. Water bottom multiples commonly occur in flat-bottomed, shallow

water areas where a signal is reflected back from the sea floor to the sea surface, 

back to the bottom again, and to the towfish where it is received along with the true 

signal. Multiples may bounce between the sea floor and sea surface several times 

before being recorded by the system. The return times of multiples will always be 

greater than the return time of the true signal by a factor of two. Figure 8 shows an 

example of multiples on both sides of the track until from before 1800 until time 

1830 when sea floor relief on the starboard side of the track inhibits the direct return 

of multiples. Multiples do not appear on the bathymetric swath. 

Flat Bottom Basins 

In areas of deep fault bottom basins, the bathymetric data becomes very erratic 

(Figure 9A) because signal returns are not concentrated by geologic or bathymetric 

features. Data appears "splotchy" and are commonly also affected by along track 

stretching. The side-scan sata shows no such distortion (Figure 9B). 

Data Interpretation 

Following the cruise side-scan images and the bathymetric overlays were 

interpreted from the 1:100,000 scale mosaics. Mylar overlays were used to create 

manual contours of bathymetry at a 200 m contour interval, and for interpretation of 
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Figure 8. Example of multiples or ringing, (A) side-scan swath, (B) bathymetry 
swath. 
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Figure 9. Example of poor data quality in a flat-bottom basin, (A) side-scan swath, 
(B) bathymetry swath. 
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structures on the side-scan images. Bathymetric interpretations aided the 

interpretation of structures in most cases, and, conversely, the side-scan images 

aided recognition of bathymetric features. Comparisons of both types of data also 

reduced the mis-identification of distortion of bathymetty and the mis-interpretation 

of artifacts on the side-scan images. 3.5 kHz bathymetric profiles and single 

channel seismic profiles were also compared to SeaMARC II data (Chapter 1, this 

thesis). 

Bathymetric accuracy of the SeaMARC II system is approximately 3% of the 

swath width, or about 150 m for this survey (Shor, 1990). Bathymetty directly 

below the ship can be checked against the 3.5 kHz record which has an accuracy of 

about 50 m. Bathymetric checks were made at several points on each mosaic for a 

cross reference. Features not resolvable within the limits of the bathymetric 

accuracy appear on side-scan images which have an across-track resolution of 5 m 

and an along-track resolution of 175 m. Small features are thus more difficult to 

interpret and checks against the 3.5 kHz record were needed to verify 

interpretations. 

After interpretation of the side-scan and bathymetric data was completed, the 

mylar sheets were reduced using a standard reduction function of a commercial 

copying machine. These reductions were digitized with a Hewlett-Packard Scan 

Jet™ flat bed scanner and saved on the hard drive of a MAC II™ desk top 

computer. These files were converted to pict files and opened in the MACDraw 

11.1© drafting program. The scanned images were retraced in separate layers for 

bathymetty, structures, sedimentary features and reefs. The structural and 



170 

bathymetric interpretations derived from this process are shown on Enclosure 1 in 

Chapter 1 of this thesis. 



Appendix III Description of Single Channel Seismic System, Data 
Collection, Data Processing and Data Plotting for Cruise MW8909 

Eighty-one lines of single channel seismic data was collected along with SeaMARC 

II data on cruise MW8909 (Table 1 ). Dual operation of the seismic system and the 

side-scan system constrained the maximum ship speed to approximately 8 knots in 

order to maintain a reasonable signal to noise ratio for the seismic data. A single 40 

in3 Bolt™ air gun was towed to either the port or starboard stern and was fired with 

1900 psi of compressed air every 10 seconds. Seismic signal returns were collected 

with a single 100 m long streamer with 48 hydrophone elements. Data were 

telemetered aboard ship in raw analog form where they underwent a pre-filter 

amplification of 10 to 20 times. Water-bottom delays were set manually as specified 

by analog records. Background noise was then filtered using a 20 Hz low cut and a 

300 Hz high cut filter. A second post-filter amplification of 10 to 20 times was then 

applied to the clean signal and data were sampled every two milliseconds at a 

sampling frequency of 500 Hz in order to satisfy the Nyquist condition for a 

maximum incoming signal of 200 Hz. The Nyquist condition requires that a sample 

is taken more than two times per cycle to avoid aliasing the signal (Sheriff, 1972). 

Data were converted from analog to digital form and recorded to magnetic tape in the 

standard SEGY format using the HighRes© program on a MassComp™ computer 

with a four second record length. Ship board analog seismic records were plotted at 

differing vertical scales: one record was plotted on a Raytheon flatbed recorder, the 

other record on a Printronix™ dot matrix recorder. Digital data was recorded using 

1/2 inch by 2400 foot magnetic tapes on a nine track CIPHER™ manufactured tape 

drive at 6250 bits per inch (Figure 1). 
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Table 1. MW8909 Single channel seismic Une parameters 

Unt Start Date End Date Start nme End nme Plot Reel 
No. (Julian) (Julian) (GMT) (GMT) Direction No. 
1 211 
2 211 
3 212 
4 212 
5 212

• 213 
7 213

• 213 
9 214 

1 0 214 
11 214 
1 2 214 
1 3 215 
1 4 215 
1 5 216 
1S 216 
1 7 216 
1 8 217 
19 217 
20 217 
21 218 
22 218 
23 219 
24 219 
25 220 
2S 220 
27 220 
28 220 
29 221 
30 221 
31 221 
32 221 
33 222 
34 222 
35 222 
31 222 
37 223 
38 223 
39 224 
40 224 
41 224 
42 225 
43 225 

211 
212 
212 
212 
213 
213 
213 
214 
214 
214 
214 
215 
215 
215 
216 
216 
217 
217 
217 
218 
218 
219 
219 
220 
220 
220 
220 
221 
221 
221 
221 
222 
222 
222 
222 
223 
223 
224 
224 
224 
225 
225 
226 

0745 
1500 
~ 

0830 
1730 
0120 
1220 
1925 
0255 
0900 
1730 
2355 
0825 
1605 
0010 
0800 
1740 
0340 
1420 
2355 
1000 
2010 
0700 
1830 
0810 
1520 
1920 
2355 
0425 
1410 
1800 
2210 
0 150 
0555 
0950 
2325 
1215 
2130 
0620 
1450 
2215 
0725 
1550 

1420 
cx:x:o 
0750 
1700 
~ 

1150 
1855 
0215 
0810 
1655 
2300 
0745 
1520 
2345 
0730 
1655 
0300 
1350 
2310 
0935 
1945 
0625 
1755 
0730 
1450 
1900 
2233 
0350 
1000 
1725 
2130 
0110 
0515 
0905 
2245 
1140 
2055 
0545 
HOS 
2150 
0650 
1510 
0030 

RTL 
LTR 
RTL 
LTR 
RTL 
LTR 
RTL 
LTR 
RTL 
LTR 
RTL 
LTR 
RTL 
LTR 
RTL 
LTR 
RTL 
LTR 
RTL 
LTR 
RTL 
LTR 
RTL 
LTR 
RTL 
LTR 
RTL 

~scs 

~scs 

RTL 
LTR 
RTL 
LTR 
RTL 
LTR 
RTL 
LTR 
RTL 
LTR 
RTL 
LTR 
RTL 
LTR 

28 
28-29 

29 
29·30 
30-31 

31 
32 

32·33 
33 

33.34 
34 

34.35 
35 

35·36 
36 
37 

37 ·38 
38·39 

39 
39·40 
40·41 

41 
42 

43.44 
44.45 

45 
45 
45 

45·46 
46 
46 
46 
46 

46·47 
47 
48 

48·49 
49 

49·50 
50 

50·51 
51 
52 
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Table 1. MW8909 Single channel seismic line parameters (continued). 
unt Start Date End Date Start Time End Time Plot Reel 
No. (Julian) (Julian) (GMT) (GMT) Direction No. 
44 226 226 0011 0920 RTL !52 
45 226 226 1000 2020 LTR 53 
45 226 227 2120 0745 RTL 53-54 
47 227 227 082!5 121 !5 LTR !54 
48 227 227 1320 1715 RTL !54 
49 227 227 1750 2125 LTR 54 -55 
50 227 228 2155 0230 RTL 55 
51 228 228 0310 0710 LTR 55 
52 228 228 075!5 1240 RTL 5 !5 
53 228 228 1315 171 !5 LTR 55 -56 
54 228 228 1755 2255 RTL 56 
55 228 229 2330 0255 LTR 56 
58 229 229 0330 0745 RTL 56 
57 229 229 0825 1125 LTR !5 7 
58 229 229 1200 1640 RTL 5 7 
59 229 229 1725 220!5 LTR 58 
60 229 230 2240 0540 RTL 58 
61 230 230 0410 0820 LTR 58 
62 230 230 0855 1320 RTL 58-59 
63 230 230 1355 1555 LTR 59 
64 230 230 1630 1850 RTL 59 
65 230 230 1925 2110 LTR 59 
66 230 231 2150 c:x:x:x:> RTL 59 
67 231 231 00.0 0230 LTR 59 
68 231 231 0330 0450 RTL 60 
69 231 231 0450 0600 RTL 60 
10 231 231 0800 1100 LTR 60 
71 231 231 1100 1300 LTR 60 
72 231 231 1300 1600 NOSCS 60 
73 231 231 1656 2000 LTR 61 
74 231 231 2000 2215 LTR 61 ! 
75 231 232 2250 0100 RTL 61 
76 232 232 0100 0350 RTL 61 
77 232 232 0430 1130 LTR 61 ·62 
78 232 232 1130 1350 LTR 62·63 
79 232 232 1350 1530 LTR 63 
80 232 232 1530 1730 RTL 63·64 
81 232 232 1805 2205 LTR 64 
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HI LO 

20 Hz 

A2D 1------~ BUFFER 

Figure 1. Diagram of single channel seismic system operation configuration both in 
the water and aboard ship. 









seven profiles plotted. Processed data were not recorded to tape because of cost. 

Re-processing and re-plotting are simple tasks which may be easily completed for 

areas of interest in future studies. 
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Appendix IV: Description of Existing UTIG Multichannel Seismic 
Data Integrated in this Study 

Six-fold seismic data collected previous to the MW8909 cruise by the 

University of Texas Marine Science Institute (now UTIG) were used to complement 

the single channel seismic data. The lines used were from the CTl (Caribbean 

Tectonics Phase 1) Cruise IG/29 aboard the RIV Ida Green collected in 1978. The 

lines used in Chapter 1 include: 1) CT1-3A (Figure 14 of Chapter l); 2) CT1-4B 

(Figure 11 of Chapter 1 ); and CT1-5A (Figure 12 of Chapter 1 ). The data were 

collected using 4 Bolt air guns with a total capacity of 6000 cubic inches fired with 

380-400 psi of air. The hydrophone cable comprised 24 traces with a group interval 

of 100 m over 2708 m of cable. The near trace was at 400 m and the far trace at 

2700m. 

The data length was 11 seconds at a sample rate of 4 milliseconds. The shot 

distance was approximately 97 m. The data logging process is not known. The 

following processing sequence was applied to the data at UT Marine Science 

Institute: 1) data were demultiplexed to TEMPUS format; 2) a static correction was 

applied along with a standard sort; 3) velocity analysis was undertaken with normal 

moveout stacking; 4) data were filtered through a 5 to 10 Hz and 40 to 50 Hz pair of 

passbands; and 5) a mute to the water bottom and scaling with an automatic gain 

control for amplitude normalizaton was carried out with a window length of 500 

milliseconds (fable 1 ). 

For this study, digital records of the data as processed through the above 

sequence were acquired. This information was converted from TEMPUS to 
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Table 1: Field lnfonnation and Processing Sequence of UTIG Caribbean Tectonics 

Phase 1 Multichannel Seismic Lines 

1. Field Information 
Source 
Pressure 
Source Capability 
Source Depth 

Cable 
Cable Length 
Group Interval 

Near Trace 
Far Trace 
Data Length 
Sample Rate 
Shot Distance 

2.Processing Seguence 

4 Bolt Air Guns 
380-400 psi 
6000 cubic inches 
lOm 

24 traces 
2708m 
lOOm 

400m 
2700m 
11 seconds 
4 milliseconds 
-97m 

Demultiplex to Tempus format (Raytheon 32 bit pt) 
Static correction 
Sort 
Velocity analysis 
Normal moveout /stack 
Filter (BP 5, 10, 40, 50)/ mute/ scale (age window length 500) 
Filmed at horizontal scale = 984 ml cm 
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SEGY format using the DISCO processing program on a Vax™ VMS system. The 

data of interested were then migrated by Don Dean at UTIG using water bottom 

velocities appropriate for the bathymetric depths from which the data were obtained. 

Migration resulted in the enhancement of structures at the water bottom and through 

the section. Migrated data was stored to taped and is archived at UTIG. 

Only three of the lines available from the Caribbean Tectonics Phase 1 and 2 

data sets were used in this thesis. Other seismic data collected in the Caribbean 

Tectonics Phases 1and2 surveys were used in studies by Rosencrantz (1988 and 

1990) and Binig (1990). 
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