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20. DIAGENESIS AND DEWATERING OF CLAY-RICH SEDIMENTS,
BARBADOS ACCRETIONARY PRISM!
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ABSTRACT

Physical properties measurements of samples from the toe of the Barbados accretionary prism were combined with
data from an earlier Barbados drilling study. Examination of porosity and velocity profiles in the light of both empirical
and theoretical relationships leads to several conclusions:

1. The initial stages of deformation at the tip of the accretionary prism do not result in a substantial loss of porosity
for the accreted sediments. Within 5 km of the toe of the accretionary prism, porosity profiles are similar to profiles at
reference sites seaward of the deformation when variations in lithology are considered. Further from the prism toe,
within the accretionary wedge (15-20 km), porosity profiles exhibit a loss of approximately 5% porosity relative to the
reference sites.

2. The décollement and most of the other major thrusts penetrated in the prism are associated with Miocene sedi-
mentary sections because of the higher porosity of those sediments and not because of some diagenetic change associ-
ated with cementation. The relatively high porosities correlate with abundant smectite derived from volcanic ash altera-
tion.

3. The Miocene lithology appears to compact more slowly than the sediments above and below them. This suggests
that the porosity, and probably strength, difference between adjacent units may become greater with depth, resulting in
an ever increasing tendency for the Miocene sediments to be the locus of slip in bedding-parallel faulting events as com-

paction proceeds.

INTRODUCTION

The accretion of sediments onto plate margins above sub-
ducting lithosphere is an important process in the evolution of
the Earth’s crust. High porosity, relatively uncemented sediments
undergo dewatering and diagenesis within the accretionary prism,
eventually becoming sedimentary and metamorphic rocks. Ex-
amples of the end products of this process are exposed and have
been studied in many places in the world (Moore and Karig,
1980; Moore and Allwardt, 1980; Lundberg, 1982; Schoonma-
ker et al., 1986). Deep Sea Drilling Project (DSDP) operations
at or near the deformation fronts of accretionary prisms along
the Pacific rim (Lee et al., 1973; Bouma and Moore, 1975; Car-
son and Bruns, 1980; Shephard et al., 1981; Bray and Karig,
1986) and off Barbados (Marlow et al., 1984; Pudsey, 1984)
have recovered samples of sediment that represent the beginning
of the accretion process.

Leg 110 of the Ocean Drilling Program (ODP) saw a return
to the Barbados accretionary wedge in an effort to augment
data collected during DSDP Leg 78 (Marlow et al., 1984; Pud-
sey, 1984) and extend our understanding of the early stages of
sedimentary accretion. Six sites were drilled during Leg 110 to
add to the three sites of Leg 78 (Fig. 1). Of the total of nine sites
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for the two legs, seven are within the accretionary prism and two
reference sites are located to the east of the deformation front.

The results of Leg 110 drilling shed new light on problems
left unresolved by Leg 78 and other accretion-directed drilling
experiments. First, how much dewatering takes place in the ini-
tial stages of sediment offscraping and deformation? Westbrook
et al. (1984) reasoned that because the rate of shortening and
accretion appear to be greatest at the tip of the accretionary
wedge, it is likely that much of the dewatering of the accreted
sediments takes place in this area. Furthermore, they postulated
high fluid pressures in the sediments below the décollement due
to the dewatering of downgoing sediments. Investigators drill-
ing in slope sediments above the accretionary wedge off of Ja-
pan (Arthur et al., 1980; Carson et al., 1982) observed sedimen-
tary structures such as scaly cleavage and carbonate veining that
pointed toward elevated fluid pressures within the accretionary
prism. Results of the earlier Barbados accretionary wedge drill-
ing (DSDP Leg 78) suggested that the sediments within the prism
were not greatly dewatered even though the section had under-
gone deformation (Marlow et al., 1984). Physical properties and
consolidation tests of samples from near the Nankai Trough
prism toe (DSDP Leg 87) also revealed only a minor amount of
sediment dewatering (Bray and Karig, 1986). Leg 110 results
generally support the observation of minimal dewatering while
looking at a much more extensive transect of the toe of the
prism, penetrating the décollement and drilling farther away
from the prism tip in the direction of the arc.

Penetration of the décollement eluded Leg 78 investigators
due to drilling problems. There are several speculations as to
why the décollement develops in a particular sedimentary ‘hori-
zon. It might be a zone of overpressured pore fluid resulting
from a permeability contrast effectively limiting the dewatering
of sediments deeper in the accretionary prism. An overpressure
zone leads to an interval of low effective stress and shear strength
in the sedimentary column (Hubbert and Rubey, 1959; Westbrook
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Figure 1. ers&section of the Barbados accretionary wedge transect showing the locations of Leg 78 (Sites 541, 542) and Leg 110 (Site 671). Site 543
(not shown) is east of the deformation front but farther north than the sites included in this figure (from Moore, Mascle, et al., 1987).

and Smith, 1983; von Huene and Lee, 1983; Davis et al., 1983).
Another possibility explaining the stratigraphic position of the
décollement involves a diagenetic horizon. Softer, deformable
sediments overlying more extensively cemented and lithified sedi-
mentary rocks may present a contrast in sediment strength, with
the upper sediments being accreted and the lower sediments
subducted (Moore, Mascle, et al., 1975). Finally, the position of
the décollement may reflect a local zone of weakness caused by
differential compaction characteristics of differing sediment
types, causing a local porosity maximum (Karig and Sharman,
1975; Pudsey, 1984).

Leg 110 penetrated or entered the detachment thrust at three
sites as well as drilling through several major thrust faults within
the accretionary prism (Fig. 1). In this study we examine the po-
rosity and compressional-wave velocity profiles at each of the
Leg 110 and Leg 78 sites using measurements of samples from
recovered core. The relationship between velocity and porosity
can be used to infer differences in strength among the sediment
samples. Although the evidence is far from definitive, data sug-
gest that the décollement and virtually all of the other major
thrusts seen in the core are rooted in the same Miocene sedimen-
tary units that are relatively richer in volcanically derived smec-
tite (Pudsey, 1984; Tribble, this volume) and biogenic opal, re-
sulting in relatively higher porosities and inferred lower strength
than the surrounding sediments.

METHODS

The dewatering of the toe of the accretionary prism and mechanical
aspects of the stratigraphic location of the décollement can be examined
using the interrelationship between compressional-wave velocity and po-
rosity measured at regular intervals in the core. Details of the measure-
ment procedures are included in individual site chapters (Mascle, Moore
et al., 1988). Briefly, the compressional-wave velocity was determined
for samples removed from every other section of core. Measurements
were made with the Hamilton Frame Velocimeter using the methods of
Boyce (1976) modified by the addition of an electronic timing circuit of
ODP design.

The index properties of bulk density, porosity, water content, and
grain density were measured using an electronic balance (weight) and a
gas-operated pycnometer (volume). The balance records multiple weights
over a period of time, generally 10 to 20 s, and averages those values to
eliminate accelerations due to the heave and roll of the ship. Repeated
weighings of brass standards during the cruise showed the scale to be
highly accurate and stable, with an error on the order of a few tenths of
a percent.
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The pycnometer, unfortunately, was neither accurate nor stable. Sta-
bility problems were minimized by repeating volume measurements of
the same samples until three values agreed to within 1 percent. Accuracy
also presented a problem. The grain density data listed in the site chap-
ters are inconsistent with the listed porosities and bulk densities. Grain
densities calculated from the listed porosities and bulk densities are
commonly greater than 3.00 g/cm?, These values are unrealistically high
given that none of the major mineralogical components of the sedi-
ments have a grain density greater than 2.80 g/cm?.

At Site 676 the individual index property samples were split. Half of
each sample was measured using the pycnometer and the other half us-
ing Archimedes Principle (Boyce, 1976), the standard procedure used
during the DSDP. A comparison of the two data sets is presented in Fig-
ure 2, showing that pycnometer-derived values of porosity, bulk density,
and water content are larger than the results of older methods. While
the differences between the two data sets were not more than a few per-
cent, they were enough to complicate comparisons with data collected
during Leg 78. The problem is illustrated in Figure 3, a plot of the den-
sity vs. the porosity of Pleistocene sediment samples from Site 671 (Leg
110) and Site 541 (Leg 78). Two sets of Site 671 data are presented; the
original data and the data corrected using correlation equations from
the Site 676 comparison data. The corrected data are in good agreement
with the Leg 78 data and exhibit a range of grain densities that are rea-
sonable for a clay-rich marine sediment. We have applied the correction
formulas to all of the Leg 110 data and use the corrected values in fur-
ther discussion and in figures. The reduction of the measured porosity
and density values will not have any significant effect on the individual
site chapter discussions of uncorrected physical properties as the correc-
tion preserves all of the relative differences between samples from Leg
110 sites.

POROSITY

Porosity vs. depth functions of oceanic sediments are greatly
influenced by both physical and chemical composition (includ-
ing mineralogy, grain size, and grain morphology) and the ex-
tent to which alteration has influenced those factors. The data
from the two reference sites, Site 543 (Leg 78) and Site 672 (Leg
110), are displayed in Figure 4 with an empirical porosity-depth
function for terrigenous silts and clays (Hamilton, 1976). The
Hamilton porosity curve has been corrected using his estimation
of sample rebound from in situ to laboratory to compare them
to the Leg 110 and Leg 78 laboratory data. The terrigenous
curve comes from a single DSDP site (Site 222) drilled 1300 m
into the Indus Fan (Hamilton, 1976).

The empirical curve is assumed to represent a “normal” end-
member compaction curve. Divergence from the curve (positive
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Figure 2. Comparison of index properties measured with two different
volume determinations: pycnometer, and using Archimedes’ Principle.
The Y axes (grav) samples use the DSDP (Archimedes’) method. Regres-
sions of the data have a slope near 0.9 rather than 1.0.
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Figure 3. Bulk density vs. porosity for Pleistocene sediments from Site
671 (Leg 110) and Site 541 (Leg 78). The Site 671 values labeled C have
been corrected according to relationships developed using Site 676 data
(see Fig. 2). Lines of constant grain density have been superimposed on
the plot. The original Site 671 data exhibit grain densities that are too
large for samples that are predominantly clay.

or negative) may be caused by a change in the sediment compo-
sition, as in the Miocene sediments discussed below. Positive
values may also be the result of either abnormal compaction,
with sediments exhibiting excess porosity due to pore pressures
greater than hydrostatic pressure, or of cementation of sediment
grains, which signals a change in the regime of porosity reduc-
tion from purely mechanical consolidation to include dissolu-
tion and precipitation of mineral phases.

At both Sites 672 and 543 there is general agreement with the
trend of the empirical curve for terrigenous clays, although the
data, particularly at Site 672, are on the order of 5 to 10% less
than the predicted porosity. Agreement between the Hamilton
profile and Site 543 measurements may be misleading. Oligo-
cene and older sediments at Site 543 contain greater amounts of
biogenic silica (radiolarian tests) than any of the other Leg 78 or
Leg 110 sites with the exception of Site 673. Radiolarian tests
tend to hold open the sediment framework, resulting in higher
porosities at depth than the terrigenous curve (Hamilton, 1976;
Tada and lijima, 1983). The difference in porosity at the top of
Site 543 and at Site 672 may also be attributable to a somewhat
different physical or chemical composition of the sediments in
the Barbados region relative to Indus Fan sediment, or perhaps
to the fact that the fan sediments undoubtedly accumulated at a
much faster rate than at the oceanic reference sites and are less
consolidated.

Sites 543 and 672 exhibit zones of anomalously high porosity
associated with Miocene sediment. The Miocene sediments are
compositionally distinct due to an abundance of smectite. Trib-
ble (this volume) and Pudsey (1984) suggest that authigenic smec-
tite (formed as a result of volcanic ash alteration) may cause
sediments to exhibit relatively large porosities due to their abil-
ity to absorb quantities of interlayer water. Analytical data show
a coincidence of smectite concentrations and relative porosity
maxima at all of the Leg 78 and Leg 110 sites examined (Trib-
ble, this volume; Pudsey, 1984).

The anomalously high porosity in the lower 15 m of Hole
672A (at the bottom of Site 672) and below 250 mbsf at Site 543
can be attributed to the presence of biogenic silica and to silica
cement in the form of opal-CT in lower Eocene sediments. A
small amount of cementation strengthens the sediment frame-
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Figure 4. Laboratory porosity vs. depth in Holes 672A (A) and 543 (B). These holes are the reference sections for Legs 110 and 78. The line
drawn on the data is Hamilton’s (1976) empirical curve for terrigenous silts and clays. The curve was calculated using Hamilton’s in-situ

equations and his estimation of rebound.

work, increasing the ability of the sediments to resist mechani-
cal compaction.

DELTA POROSITY

We now examine the porosity profiles of sites within the ac-
cretionary wedge to ascertain how much they diverge from the
reference sites. Original data are plotted and tabulated in the in-
dividual site chapters (Mascle, Moore et al., 1988). To make dif-
ferences between sites, as well as within sites, more easily com-
parable, the data are displayed as delta porosity (DP), the dif-
ference in porosity between the sample measurements and the
porosity predicted by the empirical terrigenous sediment com-
paction curve (Hamilton, 1976). Negative values of DP indicate
porosities less than predicted by the reference curve; positive
values, porosities greater than predicted. Hamilton’s curve is
used in preference to a fit of Site 672 or Site 543 data because of
the inhomogeneous nature of the lithologies at the reference
sites.

Delta porosity profiles from the two reference sites (672, 543)
are plotted in Figure 5. Porosities of smectite-poor non-siliceous
sediments at Site 672 generally fall between 0 and 10% less than
the values predicted by the terrigenous sediment curve. Pleisto-
cene and Pliocene sediments at Site 543 agree with the Site 672
trend, while the more siliceous Oligocene and older sediments at
Site 543 have positive DP values that reflect their different com-
position.

Located 600 m behind the frontal thrust fault of the wedge
(Fig. 1), data from Site 676 (Fig. 6) are similar to the upper part

312

of the reference sites. The porosity of Pliocene-Pleistocene sedi-
ments in the uppermost lithologic unit fall within 0 to —10%
porosity. These sediments overlie a local porosity maximum in
Miocene age sediments that correlates with the maxima at the
reference sites. The décollement zone at Site 676 starts at the
base of the upper Miocene, Unit 2B, and is composed of a Mio-
cene silicious mudstone that structurally and lithologically looks
much the same as the décollement strata penetrated at Site 671.
As in the reference sites, increased smectite content corresponds
to porosities greater than expected in clay-rich sediments.

Sites 671 and 541 are adjacent to one another, located about
5 km arcward of the tip of accretion-related deformation (Fig.
1). The differential porosity pattern at these two sites is one that
is becoming familiar in this discussion (Fig. 7). In the upper
parts of the sediment column the porosities of the samples are
generally between 0 and 10% less than the reference curve, re-
flecting no substantial loss of pore volume as compared to the
reference sites. Local maxima in porosity occur in Miocene li-
thologies that are carbonate poor, smectite rich, and are termi-
nated at their lower boundary by a thrust fault. At Site 671 the
lower two lithologic units (3 and 4) that lie below the décolle-
ment contain a relatively greater abundance of coarse-grained
continental detritus than sediments being accreted to the prism
and appear to have a more significant amount of cementation.
Tribble (this volume) suggests that fluid flow from deeper levels
of the subduction complex may enhance diagenetic processes in
the sub-décollement sediments. Increased cementation and/or
the presence of opal and smectite may be responsible for the rel-
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Figure 5. The difference between shipboard measurements of porosity in Holes 672A (A) and 543 (B), and porosity predicted by the terrige-
nous silt and clay relationship plotted on Figure 4. With the exception of the units discussed in the text, the data generally lie between 0 and

—0.10.

atively high porosity of these units; the cementation strengthens
them to resist mechanical compaction in much the same manner
as in the lowermost units at Sites 672 and 543.

Farther west and farther into the accretionary complex, Sites
673 and 674 (Fig. 1) offer a look at sediments that have under-
gone more advanced deformation. Site 673 (Fig. 8) appears to
have undergone no water loss as compared to the reference site
(672). However, the sediments of Site 673 contain a larger amount
of biogenic silica than any of the other sites within the accre-
tionary prism and should perhaps be compared with the more
opaline Oligocene and older sediments of Site 543. Site 673 ap-
pears to have undergone a reduction of 5% porosity on the ba-
sis of comparison to Site 543 data. Site 674 may also reflect a
decrease of around 5% porosity through the column. Lithology
at this site is closer to that of Site 672, and average differential
porosity values are between — 5 and — 15%. The pattern of rel-
atively high-porosity Miocene sediments overlying faults can also
be seen at this site at 90-100 mbsf, and 250 mbsf at Site 674.
Closely spaced faults below 250 mbsf make detailed correlation
somewhat tenuous for the mostly Oligocene and Eocene sedi-
ments at those depths.

Observations of the porosity-depth or differential porosity-
depth profiles for sites drilled during Legs 78 and 110 suggest
that the amount of dewatering undergone by the sedimentary
pile is minimal near the toe of the accretionary wedge. The
changes of porosity with depth are generally the same as those
seen in other clay-rich sedimentary regimes. Only the two west-
ern-most sites (673 and 674) suggest a volume loss, on the order
of 5% porosity, when compared to the reference sites.

VELOCITY

Profiles of ultrasonic compressional-wave velocity measure-
ments made on samples at each site are contained in individual
site chapters (Mascle, Moore, et al., 1988). The compressional-
wave velocity of unconsolidated marine sediment is dictated al-
most entirely by the porosity of those sediments (Wood, 1930).
Differences in composition of the sediment are important be-
cause of the porosity-depth relationships of differing sediment
types (Hamilton, 1976), but intrinsic differences in individual
sediment grain elastic moduli have very little effect on the veloc-
ity of a mixture dominated by the properties of water. Thus, un-
cemented sediments of the same porosity will have virtually the
same compressional-wave velocity regardless of mineralogy. The
compressional-wave velocity of sedimentary rocks, on the other
hand, is controlled not only by porosity, but also by the mineral-
ogy of the grains and the extent to which those grains are ce-
mented into a solid framework (Ogushwitz, 1985; Wilkens et
al., 1986). It is expected that samples recovered from near the
seafloor will behave according to systematics of a seawater-
dominated system. Samples from progressively deeper in the
sedimentary column will begin to behave more like sedimentary
rocks as they lose porosity and become increasingly cemented.

We have chosen two equations to represent end points of the
progression from oozes to sedimentary rocks. Wood’s equation
(Wood, 1930) is used to describe the acoustic velocity of a mix-
ture of loose grains and fluid. The theory assumes that the shear
modulus of a high-porosity aggregate of fluid and grains is zero
and that its bulk modulus is equal to a geometric average of the

313



R. WILKENS ET AL.

DELTA POROSITY

-0.2 0.0 0.2
M 1 .
0 B
‘h,'i 676A
\\.\\Q\H‘S\\B\\&\ Thrust (7)Y % Pleistocene
1 o]
l" 1
> "P
:.s U. Pliocene 1
100 7
>3
o > L. Pliocene
+y
Tk U. Miocene
oo
o_o Barren
& . P
@ 200 TN Thrust NP | jiocene | 22
+ By
o
| ) o8 SRR 2b
[\ Décollement 1 ‘ 3
L. Miocene
300 ';‘ Zone %\\W\\\\
)| B Ppilgistocene
4 Pliocene
*  Miocene
O Barren
400

Figure 6. Porosity differential in Hole 676A. Data are relative to an em-
pirical porosity-depth relationship for terrigenous sediments (Hamilton,
1976) plotted in Figure 4.

bulk moduli of the grains and fluid. Wood’s equation has been
shown to work well in describing the behavior of controlled lab-
oratory clay mixtures of high-porosity material (Ogushwitz,
1985). Hamilton and Bachman (1982) have shown that the zero-
shear modulus assumption is probably invalid for marine sedi-
ment. The Wood zero-shear modulus assumption for sediments
appears less valid as porosity decreases and grain interactions
become increasingly strong. However, we use Wood’s equation
because it represents a limit on porosity-velocity behavior.

The effective bulk modulus of the medium is computed by:

?  1-
Koy = —
“ " Ko K,

L=

where K,, is the bulk modulus of seawater, ® is porosity ex-
pressed as a fraction, and K, is the bulk modulus of the grains.
Bulk densities are computed using the densities of seawater and
grains. The compressional-wave velocity is computed by:

‘K +4u/3
Vp= sedpﬂ

where p is the bulk density of the seawater-sediment mixture
and p is the mixture shear modulus; assumed here to be zero.
The Wyllie time-average equation (Wyllie et al., 1956) is an
empirical formulation based on laboratory data used to repre-
sent velocity-porosity relationships for sedimentary rocks. It has
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the same form as the Wood equation but uses grain and fluid
velocities rather than bulk moduli:

$ 1-&
V = — 4 —
" ¥ Ya

where the subscripts are as above. The time-average equation
has long been used in the petroleum industry for the analysis of
acoustic well logs and works reasonably well for sandstones and
limestones in the porosity range of about 0 to 30%. The value
of velocity obtained from the Wyllie equation for clay-rich sedi-
ments of 80% porosity is probably not meaningful in real terms,
because the processes that together comprise diagenesis (com-
paction, dissolution, cementation) all act to substantially reduce
porosity such that cemented sedimentary rocks generally have
porosities considerably lower than uncemented sediments. As
with the porosity-depth function described in the previous sec-
tion, these curves are used only as standards of reference that
adequately describe overall sediment behavior.

The concept of a diagenetically induced change in marine
sediment velocity-porosity systematics is illustrated by data from
Site 672 (Fig. 9). With the exception of two anomalous samples,
velocities of Pliocene, Miocene, and Oligocene samples fall close
to the porosity-velocity relationship for uncemented grains. Eo-
cene samples from deeper in the column have velocities that de-
part from the lower curve and approach the curve depicting sed-
imentary rock behavior. A new term, “Acoustic Index” or sim-
ply “Index”, will be used in this study to characterize the extent
to which the velocity-porosity behavior of the sediments departs
from the behavior of uncemented grains (Wood’s equation) and
approaches that of sedimentary rock (Wyllie’s equation). The
Index is defined as:

Acoustic Index = Y pmeas — Vpwood

Vp Wyllie ™ Vp Wood

where V. is the measured velocity, ¥},y4.4 is the computed ve-
locity of uncemented grains with the same porosity as the sam-
ple, and ¥,y is the computed velocity of a fully cemented
shale. Thus a sample whose measured velocity is equal to that
predicted by Wood’s equation will have an index of 0.0 while a
sample with a measured velocity half way between Wood’s and
Wyllie’s predictions will have an index of 0.5.

The difference between the Index and velocity can be seen by
examining the Site 672 results (Fig. 10). Between 100 mbsf and
the bottom of the Oligocene section (~ 340 mbsf) velocity ex-
hibits a gradual increase with depth. The porosity in this inter-
val (Fig. 4) generally decreases, with a local maximum in the
Miocene centered at about 175 mbsf. The velocity increase with
depth is at least partly due to the decrease in porosity, but
whether the porosity decrease is totally responsible for the ve-
locity increase is difficult to tell solely from porosity and veloc-
ity vs. depth plots. Below 340 mbsf at Site 672, porosity con-
tinues to gradually decrease while the velocity gradient increases,
suggesting a zone of increased cementation of the grains. Com-
paring Oligocene and Eocene samples over the same porosity
range in Figure 9 shows that most have different velocity-poros-
ity relationships; the deeper, Eocene samples having greater ve-
locities at a given porosity, and thus a larger value of the Index.
The Index vs. depth plot shows that Eocene samples behave
more like sedimentary rocks than do the younger sediments. In-
dex values suggest that although the mean measured velocity of
the Pliocene samples is approximately 1.57 km/s, and the mean
velocity for the Oligocene samples is near 1.70 km/s. Most of
this velocity increase is due solely to compaction, with the value
of the Index remaining virtually unchanged above 340 mbsf.
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Figure 7. Porosity differential in Holes 671B (A) and 541 (B). Data are relative to an empirical porosity-depth relationship for terrigenous
sediments (Hamilton, 1976) plotted in Figure 4. Hole 541 bottomed in the décollement lithology, and Hole 671B penetrated the décollement

at approximately 500 mbsf.

Smoothed traces of Index vs. depth for all of the Leg 78 and
Leg 110 sites are superimposed in Figure 11. With the exception
of the two western-most sites (673 and 674) the trends at all of
the sites to depths of about 350 mbsf are remarkably similar.
The Index has near-zero values at the tops of the holes; values
increase gradually with depth to values around 0.20 at 350 mbsf.
The gradual increase is maintained at Site 671 for an additional
200 m and does not change across the décollement zone (500-
540 mbsf). This suggests that there is no increase in grain ce-
mentation across the décollement at Site 671. Increases in the
value of the Index at the bottoms of both Sites 672 and 671 are
the result of sampling the cemented lower Eocene sandstones
and limestones.

The gradual increase in Index value seen in most of the sites
over the upper 350 m may reflect either incipient cementation
and/or the inadequacies of the theoretical assumption of a zero-
shear modulus in uncemented aggregates. This question cannot
be resolved with the data presently available, but it does not al-
ter the conclusion that behavior at all of the sites east of Site
673 is remarkably similar, even though each site has local poros-
ity maxima or compositional variations at different levels in the
sediment column.

Sites 673 and 674 exhibit a different Index profile than the
other sites. Beneath the slope deposits at the top of each of the
sediment columns, the value of the Index increases to around
0.40, indicating a greater degree of cementation at shallow levels
than is seen at the other sites. The Index increase is further illus-
trated in a porosity-velocity plot of Miocene sediments from all
of the sites (Fig. 12). Velocity measurements were not made on

Miocene samples from Site 674 because of poor core preserva-
tion, but Site 673 data show that, over the same porosity range,
Site 673 sediments have higher velocities than Miocene sedi-
ments at other sites.

MIOCENE

It is interesting to group Miocene sediments from all sites
and to contrast them to sediments of other ages. The Miocene
sections are smectite-rich and reasonably uniform in mineralogy
(Pudsey, 1984; Tribble, this volume). The Miocene sections gen-
erally constitute local porosity maxima wherever they occur. Fi-
nally, the Miocene overlies many of the faults (décollement or
otherwise) seen at sites east of Site 673.

Porosity and Acoustic Index of Miocene samples are plotted
vs. depth in Figure 13. While the sediments at the individual
sites exhibited porosity-depth profiles that appeared to parallel
the empirical curve shown in Figure 13, it is interesting to note
that the Miocene sediments do not have as large a porosity-
depth gradient as the reference curve predicts. Profiles of delta
porosity of Pliocene, Miocene, and Oligocene sediments are
shown in Figure 14. Differences between the Miocene and Plio-
cene profiles are clear. Pliocene sediments approximate the ter-
rigenous sediment curve (Hamilton, 1976) fairly well with an
offset of 0 to 10% porosity. Miocene samples bracket the line
DP = 0 and tend toward more positive values with increasing
depth. Oligocene samples from above the décollement are mostly
negative. The different rates of compaction between smectite-
rich sediment (Miocene), and smectite-poor sediments (Pliocene,
Oligocene) increase the contrast in porosities between Miocene
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Figure 8. Porosity differential in Holes 673B (A) and 674A (B). Data are relative to an empirical porosity-depth relationship for terrigenous sedi-

ments (Hamilton, 1976) plotted in Figure 4.
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Figure 9. Compressional-wave velocity measured with propagation di-
rection normal to the axis of the core, plotted against sample porosity
from Hole 672A. Also included on the plot are two theoretical velocity-
porosity relationships: Wyllie’s time average equation (Wyllie et al., 1956)
and Wood’s equation (Wood, 1930). See text for formulas and discussion.

sections and other sections, with depth. We infer that a contrast
in sediment porosity means a contrast in sediment strength; the
boundaries of Miocene sedimentation will become even greater
candidates for faulting as mechanical compaction (burial) pro-
gresses.

The Index vs. depth data for Miocene sediments show a grad-
ual increase with depth that parallels the trend seen in all Leg
110 and Leg 78 data east of Site 673 (Fig. 11). A small group of
data from Sites 671 and 541 between 420 and 440 mbsf seem to
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show a reduction in Index value and relatively high porosity that
may be associated with the position of those samples in the vi-
cinity of the décollement and their almost 100% clay content
(Mascle, Moore, et al., 1988).

CONCLUSIONS

Examination of porosity, velocity, and depth systematics in
the light of both empirical and theoretical relationships leads to
several conclusions:

1. The initial stages of deformation at the tip of the accre-
tionary prism do not result in a substantial loss of porosity for
the accreted sediments. Within 5 km of the toe of the accretion-
ary prism, porosity profiles are similar to profiles at reference
sites seaward of the deformation when variations in lithology
are considered. Farther from the prism toe, within the accre-
tionary wedge (15-20 km), porosity profiles exhibit a loss of ap-
proximately 5% porosity relative to the reference sites.

2. The décollement and most of the other major thrusts pene-
trated in the prism are associated with Miocene sedimentary sec-
tions because of the higher porosity of these sediments and not
because of some diagenetic change associated with cementation.
The relatively high porosities correlate with abundant smectite
derived from volcanic ash alteration.

3. The Miocene lithology appears to compact more slowly
than the sediments above and below them. This suggests that
the porosity, and probably strength, difference between adja-
cent units may become greater with depth, resulting in an ever-
increasing tendency for the Miocene sediments to be the locus
of slip in bedding-parallel faulting events.
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lines shown in Figure 9. Right: Stratigraphy.
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Figure 11. Acoustic Index vs. depth for Leg 78 and Leg 110 sites. Sites
671 and 672 penetrated Oligocene and Eocene sub-décollement litholo-
gies, including cemented sandstones and limestones, resulting in increased
Index values at the bottom of each hole. Sites 673 and 674 are clay-rich
Miocene sediments much like the lithologies of the upper sections of all
the sites.
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Figure 12. Porosity vs. compressional-wave velocity of Miocene sediments from Leg 78 and 110
sites. Also included on the plot are two theoretical velocity-porosity relationships; Wyllie’s time av-
erage equation (Wyllie et al., 1956) and Wood’s equation (Wood, 1930). See text for formulas and
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Figure 13. Porosity and Acoustic Index vs. depth for Miocene sediments from Leg 78
and 110 sites. The terrigenous velocity-depth curve is that of Hamilton (1976) and the
Index is described in the text.
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Figure 14. Delta Porosity vs. depth for Pliocene, Miocene, and Oligocene sediments from Leg 78 and 110 sites.

occur below the décollement and are omitted from this comparison.
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