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ABSTRACT

The sea floor morphology and geology around the Costa Rica Rift sites has been mapped using the long-range side-
scan sonar GLORIA. This enabled us to produce a map of basement outcrops and fault scarps. Analysis of the map
shows that, in the north, around Site 505, about 17% of the sea floor is constituted by outcropping basaltic basement,
and mainly northward-dipping normal fault scarps are common, occurring with a frequency of 0.2 km"1. In contrast,
the southern part of the survey area, around Sites 501 and 504, is almost devoid of basement outcrop and fault scarps,
although scarps buried under sediment are still common. However, a small probable basement outcrop occurs 5 km
southwest of Site 501. No other outcrops or fault scarps occur within 20 km of Sites 501 and 504.

INTRODUCTION

GLORIA is a long-range side-scan sonar system which
is ideal for mapping the regional physiographic and tec-
tonic setting of areas subject to more-detailed investiga-
tion, such as IPOD drill sites (Searle et al., 1979). Here I
report the use of this system over the Costa Rica Rift
drill sites, in a site survey carried out on June 15th and
16th, 1980, during R. R. S. Discovery Cruise 110.

One of the major aims of the drilling was to examine
the ways in which the regional heat-flow variation is de-
termined by changes in the crustal structure and compo-
sition. It was thought likely that the direct cause of high-
er conductive heat flow in the southern part of the area
might be the complete blanketing there of faults and
fractured, permeable basement rocks by continuous
overlying sediments, compared with the abundant out-
cropping faults and basement in the north. The main
purpose of our survey, therefore, was to determine quan-
titatively the distribution of faults and basement out-
crops in the area.

SONAR SYSTEM AND SITE SURVEY
A technical description of the GLORIA system has

been given by Somers et al. (1978). Operational meth-
ods were generally similar to those previously described
(Searle, 1980, 1981). For the Costa Rica Rift survey, we
used a 40-second pulse-repetition rate, and a survey
speed of approximately 10 knots (5 m/s), giving a cross-
range (or along-track) resolution of 200 meters at short
range. The beam width was 2.7°, so that cross-range
resolution decreased to about 700 meters at the maxi-
mum range obtained, 15 km. Down-range resolution
was around 50 meters.

After preliminary signal processing, the data were
anologue tape-recorded both with and without automat-
ic gain control (AGC). The non-AGC recording retains
the true relative amplitudes of strong signals, but fails to
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register low-level signals because of the limited dynamic
range of the tape recorders. The AGC channel records
signals of all levels, but with a non-linear distortion of
signal level. This, together with the action of the corre-
lator circuits on the 4-second-long FM pulse, gives rise
to "pre-shadowing" of strong reflections. Many ex-
amples are seen in the uppermost part of Figure 1, where
"shadows" appear to the north (i.e., the ship ward side)
of all strong reflectors.

The recorded tapes were replayed through a facsimile
recorder and anamorphosed to compensate for changes
in ship's speed and to make slant-range and along-track
scales equal. No slant-range correction was applied auto-
matically, but it has been applied manually to critical
areas of the data mapped in Figure 3. The slant-range
and horizontal scales are approximately equal at ranges
of more than about 1.5 times the water depth.

The ship's track was designed to run past each drill
site at a range of about 8 km and parallel to the crustal
isochrons. This allowed each site to be insonified in di-
rections looking toward and away from the spreading
axis, with the site at the mid-range of sonar coverage.
This is the optimum arrangement for viewing topograph-
ic and tectonic elements which strike east-west, parallel
to the spreading center, which is the expected case for
most sea-floor features produced at the Cocos-Nazca
spreading center (Klitgord and Mudie, 1974; Allmending-
er and Riis, 1979; Langseth et al., this volume).

Satellite navigation was used throughout the survey.
In regions where the same feature could be recognized
on two or more overlapping sonographs, the position of
the track was adjusted, usually by a few hundred me-
ters, to bring the observed positions of the feature into
coincidence. It is estimated that the absolute position of
the track is accurate to about half a mile; however, the
relative positions of features seen on the same sono-
graph will be somewhat more accurate than this.

The final anamorphosed records were printed at a
scale of 16 inches per degree of longitude and mounted
on charts against ship's track. South- and north-looking
sonographs were mounted separately. The AGC records
are shown in Figures 1 and 2.
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Figure 1. South-looking sonographs taken over the Costa Rica Rift sites. Reflections are white, shadows black. No slant-range correction has
been applied.
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In addition to GLORIA, we also ran a conventional
echo sounder, magnetometer, gravimeter, single-channel
air-gun reflection system and 2-kHz sediment profiler.
Data from these instruments are not reported here.

DATA INTERPRETATION

The intensity of the signal appearing on the processed
GLORIA records depends mainly on the acoustic reflec-
tance of the sea floor. This in turn is a function of sev-
eral variables, of which the most important are the angle
of incidence of the sound rays, and the composition,
texture, and slope of the sea-floor material. Although
the ideal of uniquely identifying lithology and morphol-
ogy from the sonographs is still distant, experience has
shown that a broad identification of sea-floor features
can be made.

Almost all very high intensity reflections come from
outcrops of oceanic basement, and have been so map-
ped in Figure 3. Many of these high-intensity reflections
are narrow, sharp, and highly linear (for example, most
reflections in the northernmost part of Figure 1). Such
reflectors are identified as fault scarps. Fault scarps are
also deduced from narrow, linear shadows (for exam-
ple, on Figure 2 at 2°05'N, 83 °30'W to 83°5O'W). In
these cases, the direction the scarp is facing can also be
inferred (toward the ship for a reflection, away from it
for a shadow). When the ship's track is oblique to the
strike, echoes from fault scarps appear less narrow and
sharp, because the cross-beam resolution is poorer than
the down-beam resolution (see, for example, the sono-
graph north of 2°00'N in Figure 1). In such cases, fault
scarps have been identified unambiguously only where
the same feature has been seen to display strong asym-
metry when insonified from opposite directions, or where
a shadow has been seen.

Outcrops other than along fault scarps give rise to
high-intensity, but less-linear and more-diffuse reflec-
tions (e.g., the broad reflector at 1°58'N, 83°33' to
84°02' W on Figure 2, which corresponds to the summit
of the prominent ridge north of Site 505). Such outcrops
may be either constructive volcanic ridges or unsedi-
mented basement on the dip slopes of tilted fault blocks.

Finally, we see linear echoes and shadows which are
much less bright and whose edges are less sharp than
those identified as basement outcrops along fault scarps.
These latter features are interpreted as fault scarps which
have been partially covered by sediment, so that there is
no basement outcrop. Langseth et al. (this volume) have
reported that in the northern part of the area there are
strong indications that some faulting has occurred after
the deposition of the major part of the sediment cover,
but we are unable to distinguish between a freshly fault-
ed sediment scarp and a steep slope of draped sediment.

TECTONIC SETTING OF DRILL SITES

Site 505, in the north of the survey area, is situated in
a region characterized by closely spaced east-west fault
scarps and basement outcrops. The scarps are up to 30
km long and spaced about 2.5 km apart in the north-
south direction. Basement outcrops, mostly associated

with the fault scarps, are very common, amounting to
some 17% of the total sea-floor area (Table 1).

As stated above, errors in our track position may
amount to several hundred meters, though the relative
positions of features on a sonograph are much more
precise. The positions of the drill holes at Site 505, as in-
dicated on Figure 3, have therefore been relocated with
respect to features on the sonograph to agree with the
known physiographic setting of the site. Hole 505 is re-
ported to be at the southern foot of a small ridge situ-
ated near the center of the major valley outlined by the
3500-meter contour near 1°56'N, and 5O5B is at the
crest of that ridge at 1°55.19'N, 83°47.29'W. The
GLORIA data show a 15-km-long outcrop extending
eastward from very near this reported position. The small
ridge on which Hole 5O5B is located would appear to be
the westernmost, sediment-covered tip of a long ridge
associated with this outcrop. At the longitude of Hole
505 B, the crest of this ridge (corrected for slant-range
distortion on the sonograph) is at 1 °55.7'N. Hole 5O5B
has therefore been relocated at that latitude on Figure 3,
and moved slightly to the west of the western end of the
outcrop. This is believed to be its correct position rela-
tive to the mapped geological features, and is about half
a mile northwest of its true geographic position. This
discrepancy is within the limits of our navigational accu-
racy. Holes 505 and 505A have been relocated in their
correct relative positions with respect to Hole 5O5B. Hole
5O5A lies between 505 and 5O5B, and is not shown on
the figure.

We can now make the following statements concern-
ing the geological setting of the holes. Hole 505, the
southernmost of the three holes at this site, lies in a sedi-
mented valley which is uninterrupted for over 20 km to
both the east and the west. The hole is 1 km north of the
eastern end of a 12-km-long, sediment-covered, north-
facing scarp. A more extensive system of scarps expos-
ing basement occurs about 2.5 to 3 km south of the
hole. One of these scarps extends continuously for 25
km west of the longitude of the hole; to the east, it ex-
tends, with two small breaks, up to 20 km away.

Holes 5O5A and 505B are near the western end of a
ridge. Basement crops out extensively along the crest of
the ridge for 15 km to the east of Hole 505 B. The near-
est outcrop must be very close by to the east (probably
only a few hundred meters away—certainly less than the
resolution of our underway satellite navigation). To the
west of the holes, there appears to be an uninterrupted
sedimented valley for 20 km. North of Hole 505B, the
ridge drops away into a sedimented valley, the next fea-
ture northward being the major ridge whose foot is about
3 km away.

SITES 501/504
The holes at these sites were drilled on a more-or-less

flat, featureless sediment plain.
Figure 2 shows three small, high-intensity reflections

just south of the drill site, near 1°12'N, 83°47'W. At
first these reflections were all thought to represent out-
crop; however, the pre-drilling site survey (Langseth et
al., this volume) failed to find evidence of outcropping
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Figure 3. Regional geology of area, interpreted from Figures 1 and 2. Stippled areas represent basement outcrops; heavy lines
are fault scarps, with tick on down-thrown side. Broken lines indicate relatively steep, sediment-covered slopes (possibly,
but not necessarily, buried fault scarps), with tick on down-slope side; broken line with cross in center represents axis of
valley in sediments; dotted line is track of Discovery Cruise 110; diamonds represent positions of drill sites. Positions of
geological features have been adjusted to correct approximately for slant-range distortion.
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Table 1. Areas of outcropping basement and lengths of exposed fault
scarps within various radii around Sites 501, 504, and 505.

Parameter Sites 501/504 Site 505

Radius (km) 5 10 20 5 10 20
Total length of fault scarps (km) 0 2 2 6 55 223
Length/km2 (km" 1 ) 0 0.006 0.002 0.08 0.18 0.18
Total area of outcrop (km2) 0 0.2 0.2 10.8 54.5 208.3
Area of outcrop (%) 0 0.06 0.02 13.8 17.4 16.6

basement in this area, so these features were carefully
examined further. All three show up clearly only on the
north-looking sonograph, where they are at a very short
range (< 3 km) from the ship's track, so that they would
be expected to record exceptionally strongly. In that
light, their reflection intensities are probably near the
borderline for classification as outcrops. As a further
test, the sonographs which had been recorded without
AGC were also examined, because they retain the real
level of strong signals more faithfully than the AGC rec-
ords. This revealed that only one (the westernmost) of
this group of three reflections had a truly high intensity.
It is also very narrow, suggesting a very small outcrop,
probably less than 100 meters across. The outcrop strikes
east-west, is about 2 km long, and lies 5 km southwest
of Site 501 (Fig. 3). It probably is associated with the
top of a south-facing fault scarp which is not quite cov-
ered by sediment.

Apart from this, the outcrops nearest the site are 22
km to the southeast, where basement appears to be ex-
posed along a set of north-facing fault scarps which ex-
tend over 20 km in an east-west direction. R/V Robert
Conrad (Cruise 21-17) passed (at 83°39'W) near the
western end of this system of scarps at 0900 on 20 De-
cember 1978, crossing a north-facing basement scarp
completely draped by sediment. Our data indicate that
basement does crop out along this scarp to the east of
the Conrad crossing.

Finally, two very small outcrops occur 23 km north-
east and 26 km west of the site. The average nearest-
neighbor distance between all four outcrops is 25 km.

Apart from the faults and outcrops mentioned above,
we have no evidence for breaches of the sediment sur-
face within a radius of at least 25 km of Sites 501/504;
however, several extensive areas of graduated shadow
and low-intensity reflections appear on the sonographs
(particularly the south-looking ones; Fig. 1) around the
site. They are considered to result from variations in the
slope of sediments overlying basement ridges and val-
leys. They probably mark the positions of buried fault
scarps in the basement, as suggested in Figure 3.

DISCUSSION

The GLORIA survey confirms the findings of other
geophysical surveys in the same area (Langseth et al.,
this volume), that there is a gross difference in surface
morphology and degree of sediment cover between the
northern and southern parts of the survey area. The
change appears from our data to take place very abruptly
near 1 °41'N, and the zone of transition seems to be no
wider than the typical 2.5 km width of a single fault

block. The cause of the change is unclear, but it does
seem to be related to a sudden change in basement re-
lief. Klitgord et al. (1975) found that the spreading rate
in this area increased from 26 to 38 mm/yr about 4.1
Ma. It is possible that the change in basement relief was
associated with that spreading-rate change, but, if so, it
is strange that higher relief should be associated with
faster spreading: usually the opposite is the case.

These differences in basement outcrop and fault oc-
currence are believed responsible for the observed differ-
ences in conductive heat flow along a north-south tran-
sect of the survey area, by allowing greater convective
heat flow in the north (Langseth et al., this volume). The
GLORIA data (Fig. 3) permit precise estimates of both
the area of basement outcrop and the length of exposed
fault scarps (Table 1). In Table 1, estimates of these
quantities within circles of radius 5, 10, and 20 km from
each drill site are given. The principal sources of error in
these estimates are: (1) the area of outcrop has been
mapped on the basis of slant range, and will therefore in
general be less than the horizontal outcrop area, except
in the case of grazing incidence; (2) small (approximately
50-m width) patches of sediment within areas of outcrop
will not be resolved; (3) areas thinly covered by sediment
(approximately 5-m thickness?) may not be readily dis-
tinguishable from unsedimented areas. Table 1 shows
that, in the north, basement outcrops over about 17%
of the sea floor, and the density of fault scarps is about
0.2/km. In the south the densities are respectively 1/300
and 1/30 of these. However, it should be remembered
that, because the figures for the south are based on a
single small outcrop and fault scarp, they have high rel-
ative errors (approximately 100%).
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