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8. DIRECTIONAL PROPERTIES OF P-WAVE VELOCITIESAND ACOUSTIC ANISOTROPY
IN DIFFERENT STRUCTURAL DOMAINS OF THE NORTHERN BARBADOSRIDGE
ACCRETIONARY COMPLEX!

W. Briickmanr? K. Moran? and B.A. Househ

ABSTRACT

Ocean Drilling Program (ODP) Leg 156 revisited the northern Barbados Ridge, where the previous Deep Sea Drilling Pro-
gram Leg 78A and ODP Leg 110 studied the frontal part of this accretionary prism. Drilling and logging-while-drilling at Sites
947, 948, and 949 successfully identified major thrust faults and the décollement, which was the target of several downhole
experiments. Two of the eight holes drilled were equipped with borehole observatories that will monitor temperature, pressure,
and fluid flow over the next years. Coring at Hole 948C recovered 180 m of sediment, centered around the décollement, which
was positively identified based on structural information. The aim of this study is the evaluation of the possible cafrelation
preferred orientation of acoustic properties and the direction of maximum compressive strain in the frontal part of tive accreti
ary prism. For this purpose, shipboddvave velocities from Holes 948C and 949B were reoriented. This information was
then used to compare the directional properties of accreted and subducted sediments. In Hole 948C, lowest transverse velocities
(Tmin) Were observed to be consistently oriented perpendicular to the maximum horizontal compressive stress, believed to be
parallel to the convergence vector. In the underthrust domain of Hole 948C, several preferred orientatignswiereT
detected, but no correlation with the geotectonic reference frame could be identified. Acoustic anisotropy does not show a com-
parable pattern in Hole 948C. It is concluded that the observed directional dependemaevefvelocity in the accreted sedi-
ment domain in Hole 948B is the result of moderate to steeply inclined bedding, although this conclusion can not adequately be
tested due to the lack of corrected structural data.

INTRODUCTION sures at the base of an accretionary prism, which have been proposed
. based on theoretical reasoning (Hubbert and Rubey, 1959) or numer-
L eg 156 Objectives and Results ical models (Davis et al., 1983).

The objective of Ocean Drilling Program (ODP) Leg 156 wasthe
experimental evaluation of the temporal and spatial scale of effects,
rates, and episodicity of fluid flow in the frontal part of an accretion-
ary complex (Shipboard Scientific Party, 1995a). This task could be
accomplished in the northern Barbados Ridge accretionary complex,
which had been extensively studied during previous Deep Sea Drill-
ing Project (DSDP) Leg 78A (Biju-Duval, Moore, et a., 1984) and
ODP Leg 110 (Moore, Mascle, et al., 1990). From these previous
cruises, the stratigraphy, structure, and sedimentology of this accre-
tionary complex, forming at the leading edge of the Caribbean Plate
(Fig. 1), are well known (Moore et al., 1988). During Leg 156, eight

Hole 948C

Building on the results of the highly successful drilling of Site 671
during Leg 110, Site 948 was chosen. By recoring the immediate vi-
cinity of the décollement zone penetrated in Hole 671B, Site 948
(Fig. 2A) was to provide the information necessary for the installa-
tion of screened casing in this zone. Hole 948C was cored from 420.8
to0 592.0 m below seafloor (mbsf) with 95% recovery. A boundary at
513.9 mbsf separates the lower Miocene and upper Oligocene lower
unit (Unit 11l) consisting of greenish gray claystone from the upper
roles e il Stes 47,40 v s, CormgchningLeg s {12 (UL 1) WIS characteriz by rey iyt i hae,
was minimized, ast was only required to define the exact position of volcanic ash of undetermined to late Miocene age (Fig. 3A). The dé-

the décollement zone, the target interval for most downhole experl e ment (498-529 mbsf) is defined by a succession of zones of

ments and long-term observations. Employing an array of new expeé- aly fabric, fracture networks or stratal disruption, and structurally

imental tools and techniques, some of which had never been used : : P
fore from a research vessel, it was possible to obtain the first densitg act sediments (Shipboard Scientific Party, 1995b). Whereas the

neutron porosity, resistivity, and natural gamma-ray logs (Shipboar oundary of the décollement zone is gradational at the bottom, it is

S d harp at the top. The lithologic boundary between Units Il and Il at
Scientific Party, 1995b, 1995c). Moore et al. (1995), using bulk denz - .
sity data collected from logging-while-drilling (LWD) to infer fluid 513.9 mbsf also separates the brittle deformation above from a more

pressures in Site 948, showed the existence of excess fluid pressudUCtIIe type of deformation below. Anisotropy of magnetic suscepti-

near fault zones and in the décollement. This was the first clear eé(-ﬁﬁy (AMS) data indicate horizontal, east-west shortening in the

perimental evidence for the existence of near lithostatic fluid presgnsm’ which changes immediately below the decollement to a geom-
etry consistent with a vertical compaction fabric that also prevails in

the underthrust domain.
1Shipley, T.H., Ogawa, Y., Blum, P, and Bahr, J.M. (Eds.), 1997. Proc. ODP, ci.

Results,156: College Station, TX (Ocean Drilling Program). Hole 949B
- Researcl enter Tor Marine Geosciences, Ischnorstr. 1-5,
Kiel, Federal Republic of Germany. wbrueckmann@geomar.de In the area of Site 949, the décollement was modeled as a low-

3Geologica Survey of Canada Atlantic, Bedford Inst. of Oceanography, Box 1006, ; F : ; ;
Dartmouth, Nova Scotia B2Y 4A2, Canada. velocity, high-porosity zone occurring at about 375 mbsf based on its

“Ingtitute for Rock Magnetism, University of Minnesota, Minneapolis, MN 55455, S?ismic signature (Shipley et al., ;-994)- The ObjeCtive_ O_f drilling at,
USA. Site 949 was therefore the comparison of the characteristics of the dé-
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Figure 1. Location map for ODP Leg 156. A. Index chart of the Lesser Anti-
llesIsland arc. Shaded zone indicates the extent of the Barbados Ridge accre-
tionary prism studied. B. Location map showing ODP Legs 156 and 110.
Depth contours are based on the evaluation of three-dimensional seismic data
(from Shipboard Scientific Party, 1995b).

collement with that of other sites drilled during Leg 156. However,
with a core recovery of 39.8% in Hole 949B and 3.5% in Hole 949C,
coring at Site 949 was less successful than at Site 948. Although the
basic stratigraphy could be established by comparison with other
sitescored during DSDP Leg 78A and ODP Leg 110, the limited core
recovery precluded any detailed downhole correlation with Site 948.

Major thrusts were detected in Cores 156-949B-2X and 13X. The d
collement zone is believed to be located between 400 and 437 mb
Cores 156-949B-19X and 22X share lithological and deformation
characteristics with sediments from this closely defined zone in Holg,
948C. The boundary between Units Il and IIl, believed to be respory
sible for the localization of the décollement, occurs in Core 156:

949B-22X (Shipboard Scientific Party, 1995c).

Acoustic Anisotropy

al

of P-wave velocity (or acoustic anisotropy) is defined here following
Carlson and Christensen (1977) as the difference between velocities
in horizontal and vertical direction expressed as percentage of the
mean velocity,

Ap [%] = 200x (th _Vpl)/(vpt + Vpl)l (1)
whereV,, is theP-wave velocity measured in the direction parallel
(longitudinal) to the core axis, ang; is theP-wave velocity in the
horizontal (transverse) direction. In clay-rich marine sediments, pos-
itive transverse anisotropy will vary from 0% near the surface (com-
plete isotropy) to >12% at depths of several hundred meters. In the
interpretation of seismic reflection and refraction data, velocity
anisotropy has to be taken in consideration because it will determine
the mode of wave propagation in the sediment (Bassinot et al., 1993;
Carlson and Christensen, 1977; Bachman, 1979; Milholland et al.,
1980). Compactional anisotropy, parallel alignment of pores and
particles parallel to bedding because of gravitational compaction un-
der increasing overburden, is commonly assumed to be the most im-
portant single source for the downhole increase in acoustic anisotro-
py in fine-grained, clay-rich sediments (Hamilton, 1970; Kim et al.,
1983, 1985; O'Brien, 1990).

Another relevant mechanism for the generation of acoustic anisot-
ropy in carbonate-rich marine sediments is the development of pre-
ferred orientation of calcite-axes normal to bedding (O’Brien,
1990). This will cause anisotropic behavior as the compresdtonal
wave velocity is lowest parallel to tlweaxis of calcite crystals, and
highest parallel to theia-axes. Diagenetic reprecipitation of dis-
solved calcite normal to bedding, due to deformation, is also cited as
a possible mechanism to create a uniform orientation of calcite crys-
tals (Carlson and Christensen, 1979; Milholland et al., 1980).

The generation of acoustic anisotropy in the course of deposition
in current-dominated environments has been described (Nacci et al.,
1974, O’'Brien et al., 1980). Comparing compositionally similar
argillaceous sediments of hemipelagic and turbiditic origin from the
Mississippi Fan, Wetzel (1986, 1987) found clear differences in pat-
terns of inferred strain and acoustic anisotropy. This primary deposi-
tional anisotropy is attributed to the preferred orientation of elongat-
ed or oblate grains during turbiditic deposition. Other studies have
described acoustic anisotropy as an intrinsic sedimentary property in-
duced or amplified by alternating thin layers of isotropic or anisotro-
pic materials (Postma, 1955; Bachman, 1979; Carlson et al., 1983),
although this has not been demonstrated to exist under natural condi-
tions. A dependency of acoustic anisotropy in marine sediments on
the overall content of CaGMas also been suspected, although no
specific genetic origin is implied. O'Brien (1990) showed, for some
calcareous claystones of ODP Holes 603B and 672A, a positive cor-
relation of calcite-content and acoustic anisotropy, whereas an in-

?/',rse trend was found by Carlson et al. (1983) for pelagic chalks and

ﬁ estones.

Microstructures have long been acknowledged as an important
ntrolling boundary condition for the development of acoustic
isotropy, but has rarely been quantitatively evaluated. In the explo-
ration industry however, this problem has been extensively studied
with the objective of predicting in situ stress orientations in reservoir
rocks. Ramos and Rathmell (1989) demonstrated that the orientation
of microfractures and microcracks, generated in situ, will control the
spatial configuration of acoustic anisotropy in sandstone core sam-

The term anisotropy refers to the observed quantitative directiongles. By continuously mapping the direction of maximum acoustic

dependence of physical properties of sediments. It is well known thamisotropy, they were able to verify the direction of maximum in situ
most physical property anisotropies result from modifications of theompressive stress, which was also independently determined by oth-
pore-to-particle orientation during deposition and subsequent buriaér means.

In normally consolidated sediments with predominantly horizontal Summarizing, it can be said that acoustic anisotropy has been
beddingP-wave velocities will increase faster with depth in the di- identified as a very common property of marine sediments, which, al-
rection of the bedding plane than perpendicular to it. The anisotrophough its physical characteristics can be theoretically explained, has
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P-WAVE VELOCITIES AND ACOUSTIC ANISOTROPY
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Figure 2. Detail of seismic sectionsin the (A) Site 948

and (B) Site 949 areaillustrating the penetration of

Holes 948C and 949B, the position of décollement,
accreted sequence, and underthrust sediments (modi-
fied from Shipboard Scientific Party, 1995a, 1995b).

yet to be quantitatively determined or constrained through experi- trols all functions of the velocimeter. The transmitted and received
mental work. signals are digitized by a Nicolet 320 digital oscilloscope and trans-
ferred to the microcomputer for processing. The DSV software se-
METHODS lects th_e f_irst arrival and cal_culates sedir_nent velocity. '
Periodically, the separation was precisely evaluated by running a
Shipboard Procedures for the M easurement of P-waves calibration procedure in distilled water. A value of sound velocity in
distilled water is determined (based on standard equations) for the
Compressional-wave (P-wave) velocity measurements were ob- measured temperature, with the computer calculating the transducer
tained using two different systems during Leg 156, depending on the separation using the signal travel time.

degree of lithification of the sediment. P-wave velocities were mea- The Hamilton Frame Velocimeter was used to measure compres-

sured in softer sediment using a Digital Sound Velocimeter (DSV) sional-wave velocities at 500 kHz in discrete sediment samples when
(Shipboard Scientific Party, 1992). Velocity calculation is based on induration made it difficult to insert the DSV transducers into the sed-
the accurate measurement of the delay time of an impulsive acoustic iment without making any perturbations around them and in indurat-
signal travelling between two pairs of piezoelectric transducers in- ed sediments when insertion became impossible. Samples were care-
serted in the split sediment cores parallel and orthogonal to the core fully cut using a double-bladed diamond saw from intact “biscuits.”
axis. Thetransducersarefirmly fixed to asteel plate so that their sep- Three measurements were made on each individual savhple,

aration remains constant during the vel ocity determinations. Thelon- longitudinal direction, i.e., propagation parallel to the core axis, and
gitudinal and transverse transducer separation is 8.5 cm and 4.5 cm, V, andV,, in transverse directions, i.e., propagation in a horizontal
respectively. plane normal to the core axis with a 90° angle between both trans-

The signal used is a 2-ps square wave; the transducers have regerse measurements. To facilitate later reorientation of the transverse
nances at about 250 and 750 kHz. A dedicated microcomputer cowelocities using paleomagnetic techniques, a consistent naming con-
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Figure 3. Generalized lithologic section for (A) Hole 948C and (B) Hole
949B. Arrows indicate the position of major thrusts (modified from Ship-
board Scientific Party, 1995a, 1995b).
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vention was used for V;; and V,, with respect to the surface of the split
core. Sampl e thickness was measured directly from the velocimeter-
frame lead screw through a linear resistor output to a digital multi-
meter. Zero traveltimes for the velocity transducers were estimated
by linear regression of traveltime versus distance for a series of alu-
minum and lucite standards. Filtered seawater was used to improve
the acoustic contact between the sample and the transducers. The
DSV oscilloscope and processing software were used to digitize
waveforms and calculate velocities. Measurements were routinely
made by propagating the waveform parallel to the core axis (longitu-
dinal) and parallel to the split core surface (horizontal or transverse).
This approach then provides a measure of the acoustic anisotropy
within the sediments.

Reorientation Procedure

Reorientation of the rotated portions of XCB cores was accom-
plished using paleomagnetic results. Discrete samples were alternat-
ing field demagnetized, and the characteristic remanence direction
was calculated using principal component analysis. The declinations
of the characteristic directions were then rotated to 360° (for normal
polarity) or 180° (for reversed polarity). An orientation procedure us-
ing paleomagnetic data is described in Taira, Hill, Firth, et al. (1991),
and in Byrne et al. (1991). In general, reorientation of structural and
magnetic fabric data using paleomagnetic results was highly success-
ful during Leg 156.

SHIPBOARD RESULTS
Compressional-wave (P-wave) Velocity Data, Hole 948C

As is true for all physical properties from Hole 948C, the velocity
data are characterized by an apparent lack of correlation with recent
physical processes generally thought to be associated with accretion-
ary prism dynamics. Although an offset can be found in all downhole
profiles of physical properties across the décollement zone, this
change is more likely to be governed by the difference in lithologic
composition above and below the décollement than by changes in the
in situ stress state or fluid-flow activity within this depth interval
(Shipboard Scientific Party, 1995b). The compressional-wave veloc-
ities from core samples also display an unusually large degree of vari-
ation over most of the cored interval in Hole 948C (Fig. 4A). For sed-
iments of lithologic Subunits 1A through IID, no apparent downhole
trend in P-wave velocities is found, with values varying between
1766 and 1608 m/s. The upper part of the décollement zone shows an
anomalous decrease in velocity from 1692 to 1581 m/s over a 25-m
interval, coinciding with decreasing porosity and an increase in bulk
and grain density. The lower part of the décollement zone as well as
the lithologic Unit Ill below it are characterized by velocities scatter-
ing over a wide range from 1531 to 1755 m/s. The overall pattern ob-
served in the longitudind-wave velocities can also be found in the
transverse velocities. In general, longitudinal and transevsave
velocities show a fair amount of separation from 421 to 495 mbsf,
and they are closely matching between 490 and 510 mbsf, whereas
they are extremely variable between 508 and 592 mbsf. The offset
from higher to lower average-wave velocities at 510 mbsf is con-
trolled by a change in the sediment composition between lithologic
Subunits Ile and IIf. The high degree of dispersioR-imave veloc-
ities below the décollement with transverse velocities much higher
than the longitudinal velocities follows a pattern typical for normally
consolidated sedimentB-wave velocity anisotropy was calculated
using the longitudinal and the average transverse velocity,

Ap[%] = 200 ([{ Vou + Vol 2] = Vi)l ([{ Vou + Vied/2] + V). (2)

The varying degree of dispersion between transverse and longitudi-
nal P-wave velocities in the two domains is clearly imaged irPthe
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Figure 4. Shipboard P-wave velocity datafrom (A)
Holes 948C and (B) Hole 949B, showing measure-
mentslongitudinal and transverse (1,2) orientation to
the core axis (from Shipboard Scientific Party,
1995a, 1995bh).

Figure 5. Acoustic anisotropy datafrom (A) Hole
948C and (B) Hole 949B shipboard data (from Ship-
board Scientific Party, 1995a, 1995b).

wave velocity anisotropy. In the accreted section above the décollénhuous groups of measurements. The longest coherent downhole

ment, the downhole increase of tRevave velocity anisotropy is

record extends from 244 to 311 mbsf (Cores 156-949B-1X through

very gradual (Fig. 5A), whereas a much stronger increase with dep#X), with velocities ranging from 1532 to 1629 m/s. Despite large
scatter, a slight downhole increase in the average velocity is evident.
Between 350 and 369 mbsf (Cores 156-949B-13X through 15X),

is apparent in the underthrust sequence.

Compressional-wave (P-wave) Velocity Data, Hole 949B

velocities vary from 1522 m/s in the shallower part to 1608 m/s in the

deeper part of the interval, delineating a moderately scattered trend of
Like all other shipboard datasets the velocity data display a disacreasing velocity with depth. The very limited recovery within the

continuous downhole profile related to the poor recovery in Holgpresumed décollement zone between 390 and 445 mbsf only allowed

949B (Fig. 4B). The velocity data set can be divided into three cona fewP-wave measurements. Data from Core 156-949B-19X in the
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upper part of this zone range from 1525 to 1554 m/s over an interval anisotropy does not show clear maxima in the accretionary prism
of only afew meters. Velocitiesin Cores 156-949B-22X and 23X at domain, and no samples were found to have maximum acoustic
the bottom of the décollement zone are significantly higher, rangingnisotropy perpendicular to the convergence vector (Fig. 7A). Simi-
from 1576 to 1684 m/s. larly, no obvious preferred orientation of acoustic anisotropy data is
Only two reliableP-wave measurements were obtained in the topevident in the underthrust domain (Fig. 7B).
of the underthrust sediments (Core 156-949B-25H and Core 156-
949C-7R), yielding an average velocity of 1618 m/s, comparable to
that determined in Hole 948C. DISCUSSION
As in Hole 948C, longitudinal and transverse velocities in the un-
derthrust sediments show a compositionally controlled higher disper- |t is difficult to evaluate directional dependence of acoustic prop-
sion. _ ] ] erties observed in the Barbados accretionary complex without refer-
The downhole profile of transver§ewave anisotropy displays ences to other accretionary systems. For the Nankai Trough accre-
an equally large degree of scatter without an apparent trend througdlionary prism it has been shown that the compressive tectonic regime
out all cored intervals in Hole 949B (Fig. 5B). The scatter is largesfil| alter the directional properties of physical parameters fke
in the topmost interval (Cores 156-949B-1X through 7X), withwave velocity of sediment (Briickmann et al., 1993). Preferential ori-
anisotropy ranging from3.76% to 5.14%. It ranges frorl.7%t0  entation ofP-wave velocities can be used to determine the fracture
2.3% in Cores 156-949B-13X through 15X, fret.2% to 3.57% direction in areas of pervasive microfracturing to identify the orien-
within the décollement zone, and from 0.1% to 5.4% in the undergtion of the maximum in situ stress (Ramos and Rathmell, 1989;
thrust section. Again, the discontinuous downhole profile precludeyale and Sprunt, 1989). The orientation of microcracks can be in-

any detailed interpretation of tikewave anisotropies. ferred from the direction of maximum and minim&wave veloci-
ties, as small scale discontinuities will impede and deflect the propa-
RESULTS gation of sonic energy, yielding higheBtwave velocities along

strike and lowest perpendicular to strike. In the Nankai Trough, the
acoustic anisotropy peaks in two directions, parallel and perpendicu-
lar to the maximum compressive strain. This is thought to be con-
trolled by two processes operating at the same time: the formation of
vertical microfractures normal to the maximum in situ compressive

strain after core recovery (stress relief) and the development of verti-
Bal tensile microfractures parallel to the maximum compressive

strain. Judging from the observed random orientation oPtvave

Using paleomagnetic techniques, a subseP-vfave measure-
ments on individual samples from Holes 948C and 949B were reor
ented to yield true geographical direction.

A total of 71 measurements \¢f, andV,, from Hole 948C and 41
measurements from Hole 949B were successfully reoriented. The o
entation of T, the slower of the twB-wave measurements in trans-

verse directions to the core aXi, andV,,, shows a clear correlation ,q14city anisotropy in both accreted and underthrust domains of Hole
W'th pfes“'.“ed compressive s_tres_s. The direction of the maximum 5'48C, itis unlikely that similar processes are active here. A structural
Situ stress in the accreted section is assumed to bf parallel to the d"@&htrol through the formation of stress relief features can be ruled out
tion of the plate convergence vector (PCV) of 78° (Deng and Sykegero ‘hecause the slower horizontal velocity, b the accretionary

1995). This assumption i_s based on A.MS ori(_entation data pres_entedﬂtasm domain in Hole 948C is perpendicular to the plate convergence
Housen et al. (1996), which are consistent with lateral shortening pafg,cor  the inferred direction of the maximum compressive strain
allel to the PCV in the prism sediments above the décollement. The,,,qen et al., 1996). Opening of cracks as a stress relief process nor-
bulk of all reorientedP-wave measurements in the accretionary prism

d in in Hole 948C vield iented dicular to th mal to the direction of the maximum stress would result in slowest
omain in ote e gf a,&'iI; or[enle perplen 'C:‘dar tob .edco?]:. ave velocities parallel to the plate convergence vector (Fig. 6A), the
vergence vector (Fig. 6A), and a single sample could not be identifiegl)site of what was observed here. The same is true for the accre-

where T,;, parallels the subduction vector.

In th derth d . | oreferred ori . T tionary prism domain in Hole 949B (Fig. 6B).
n the underthrust domain, several preferred orientations,for Inclined bedding is another important parameter to be considered.
were observed, most prominently one between 0° and 20° and

broad maximum between 60° and 100°, clustered around the PCV\Tg]e occurrence of inclined bedding with respect to the core axis

78° (Fig. 6A). Because of the much smaller number of reoriéhted Buld, depending on the dip angle, significantly affect the relative

ts f Hole 949B. onlv th i ._proportions oV, V., andV, when measured on a standard physi-
wave measurements from Hole , Only the accretionary pristiy| nroperty cube sample, because of the rotation of the velocity ten-
domain can be evaluated. As in Hole 948(, T the accretionary

prism domain is predominantly oriented normal to the convergence
vector, although an additional strong component can be identifiegm
that clusters between 20° and 60° (Fig. 6B). When interpreting the res

Because of the homogeneous nature of the sediments recovered,
y a small number of bedding dips in the accretionary prism do-

%hat only an insignificant number of selected marker horizons (Ship-
. ' ¢ . L oard Scientific Party, 1995b) could successfully be reoriented. It is
celtvalble lth‘?‘t the tdrue orientation of the maximiwave velocity is  therefore difficult to directly correlate the observed preferred orien-
no FC e?ryrllmage I. . f the ob d oref ial ori . Lation of slower horizontaP-wave velocities (;,) with corrected

or further evaluation of the observed preferential orientation of.yqing orientations. However, the Shipboard Scientific Party

transversep-wave velopltles, acoustic anisotropy in Hole 948C 1995b) reported paleomagnetically reoriented structural data from
above and below the décollement zone was calculated and plotted @ges apove the décollement that suggest variable bedding dips to-
a function of true geographical orientation. wards the northeast and west.

To facilitate the further evaluation of directional acoustic proper- A plot of bedding dips vs. depth in Hole 948C clearly distin-

ties,P-wave anisotropy was calculated using,T guished sediments in the accretionary prism domain from those in the
underthrust domain (Fig. 8). In the accreted sediments above the dé-
Ap [%] = 200% (Vpmax = Vi) / Votmax + Vi), (3)  collement, most bedding dips are moderate to steep, from 20° to 60°
(Shipboard Scientific Party, 1995b). In the lower half of the décolle-
where Vi, i T, the higher of the tw®-wave velocities mea- ment zone, from 514.2 to 520.5 mbsf, bedding dips are variable (Fig.
sured normal to the core axis. The orientation pattern of acoustR), ranging from 18° to 39°. From 521 mbsf to the base of the décol-

smaller number of samples, as is the case for Hole 949B, it is co
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Figure 7. Orientation of transverse velocity anisotropy above and below dé-
collement in (top) Hole 948C and (bottom) Hole 949B averaged over 20°
intervals. Arrow indicates direction of convergence.

lement zone, bedding is much more shallowly inclined, identical to
the underthrust section where beds are consistently inclined 0°-20°.
Based on this structural information and the limited set of correct-
ed structural data, the observed directional properti€svedve ve-
locity in Hole 948C can cautiously be attributed to the variability in
bedding inclination. Below the décollement in normally consolidated
sediments with predominantly near-horizontal beddmgiave ve-
locities are generally higher in the direction of the bedding plane than
perpendicular to it. The smaller difference between longitudinal and
transversé>-wave velocities in samples from the accreted domain is
related to generally steeper bedding dips in this part of Hole 948C.
When measured in the direction of bedding dip, the transWwerse
wave velocity in the accreted domain will decrease with increasing
bedding inclination, whereas the second transvens@ave velocity

above and below décollement in Hole 948C aBpigbove décollement in  measured normal to it will remain unchanged. This concept is in
Hole 949B, presented as a percentage of total counts. Arrow indicates dirégreement with the observation of predominantly northwest-oriented

tion of convergence.

T.in Values in the accreted domain of Hole 948C. However, in the ab-
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Figure 8. Plot of bedding dip vs. depth in Hole 948C, showing structurally
rotated layers above ~521 mbsf and shallow to subhorizontal beds below.

sence of acomplete data set of geographically corrected bedding ori-
entations this conclusion can not adequately be tested.

SUMMARY

To evaluate the possible correlation of preferred orientation of
acoustic properties and the direction of maximum compressive strain
in the frontal part of the northern Barbados accretionary prism, ship-
board P-wave velocities from Holes 948C and 949B were reoriented
to yield P-wave velocity and P-wave velocity anisotropy as a func-
tion of geographical direction. This information was then used to
compare accreted vs. subducted sedimentsin termsof their direction-
al properties. The bulk of all reoriented P-wave velocity measure-
ments in the accretionary prism domain in Hole 948C show that the
lower of thetwo transverse velocities (T,,,,) isoriented nearly perpen-
dicular to the convergence vector. In the underthrust domain, several
preferred orientations for T,,;,, were observed, but no strong correla
tion with the geotectonic reference frame was found. A similar, a-
though less pronounced, pattern was found in the accretionary prism
domaininHole 949B. Unlikethetransverse vel ocity, acoustic anisot-
ropy data does not show aclear pattern in the accretionary prism do-
main of Hole 948C. In addition, no obvious preferred orientation was
identified in the underthrust domain or in the accretionary prism do-
main of Hole 949B. It is proposed that the observed directional de-
pendence of P-wave velocity in the accreted sediment domain in
Hole 948B is the result of moderate to steeply inclined bedding, a-
though this conclusion can not adequately be tested due to the lack of
atrue geographic reference for the structural data.
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