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“The best thing for being sad is to learn something. That is the only thing that never fails.
You may grow old and trembling in your anatomies, you may lie awake at night listening to
the disorder of your veins, you may miss your only love, you may see the world about
devastated by evil lunatics, or know your honour trampled in the sewers of baser minds.
There is only one thing for it then - to learn. Learn why the world wags and what wags it.
That is the only thing which the mind can never exhaust, never alienate, never be tortured
by, never fear or distrust, and never dream of regretting. Learning is the thing for you.
Look at what a lot of things there are to learn - pure science, the only purity there is. You
can learn astronomy in a lifetime, natural history in three, literature in six. And then, after
you have exhausted a milliard lifetimes in biology and medicine and theocriticism and
geography and history and economics - why, you can start to make a cartwheel out of the
appropriate wood, or spend fifty years learning to begin to learn to beat your adversary at
fencing. After that you can start again on mathematics, until it is time to learn to plough.”

- Merlyn -
(“The Once and Future King” - T.H. White)

v
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Abstract

The flank of the Ontong Java Plateau, a large deep water carbonate plateau in the
western equatorial Pacific, is an ideal location for studying responses of carbonate
sedimentation to the effects of changing paleoceanographic conditions. These carbonate
responses are reflected in the physical properties of the sediment, which in turn control the
appearance of seismic reflection profiles; hence, seismic profiles should contain a record of
paleoceanographic changes.

Reflection profiles have been interpreted in combination with results from 2 DSDP
and 5 ODP drill sites from the top and flank of the platcau. The sediment column is over
1000 m thick at the top of the plateau, consisting of mainly pelagic sediments. Below 2800
m water depth, the sediment column commences to thin and sediment-mass failures
(faulting, slumping) are apparent, although sedimentation is still primarily pelagic.
Sediment column thinning is believed to be related to increasing carbonate dissolution
below the lysocline.

Comparison of the seismic stratigraphy with a synthetic stratigraphy, computed by
modelling carbonate deposition and dissolution, indicate the following: (1) the plateau has
likely maintained its present bathymetry throughout the Neogene, by balancing subsidence
with sediment accumulation; (2) sediment winnowing is apparent on the top of the plateau,
and mass wasting is apparent on the flank; both of which are most evident during the
Miocene; (3) thinning of the sediment column can be explained, entirely, by carbonate
dissolution, with reasonable estimates of the dissolution gradient.

Synthetic seismograms, using physical properties data, have been generated to
accurately correlate seismic profiles to drilling results, and show that the velocity structure
of the sediment column, on the first order, is a function of the depth below seafloor,
regardless of the depth of deposition, age, or state of induration of the sediment. Changes
in interparticle (between grains) porosity; which in turn are likely a function of changing
sedimentation rates, are the likely causes of reflections in seismic profiles. A significant
change in sedimentation rates at all drill sites corresponds with a change in the appearance
of seismic reflection profiles, especially on the flank of the plateau, at about 9.5 Ma. This
change corresponds with a major reorganisation of the Pacific Ocean water masses and
circulation patterns resulting from the advance of Antarctic glaciation, intensification of
North Atlantic Deep Water, and restriction of the Indo-Pacific Seaway.

xiv
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Chapter 1: Introduction

1.1 Purpose

The production, deposition and preservation of deep-sea pelagic carbonate
sediments are extremely sensitive to changes in oceanographic conditions. Sedimentary
responses to varying oceanographic conditions include changes in amount, type and
properties of the material that accumulates on the seafloor. The stratigraphic column,
therefore, contains a record of paleoceaiographic conditions. Seismic reflection techniques
can be used to investigate these stratigraphic changes remotely, because the acoustic
response of the sedimentary sequence to an impulse is a function of physical property

changes within that sequence.

It is the purpose of this thesis to examine spatial and temporal variability in
paleoceanographic change from the flank of a deep water carbonate plateau in the western
equatorial Pacific Ocean, known as the Ontong Java Plateau, using seismic reflection
techniques. In particuiar, the Neogene section is examined in detail. To accomplish these
objectives it is necessary to: (1) review background material on the history of the plateau,
on deep sea carbonate sedimentation processes, and, in particular, results from a number of
Deep Sea Drilling Project (DSDP) and Ocean Drilling Program (ODP) sites on the Ontong
Java Plateau; (2) trace the seismic stratigraphy on the flank of the Ontong Java Plateau; (3)
attempt to accurately relate seismic reflection data to sediment core and well data with the
use of synthetic seismogram modelling; (4) study sediment thickness data from the seismic
stratigraphy to make some inferences about carbonate dissolution patterns; and, (5) address
the causes of seismic reflection events in terms of physical properties and, therefore,

possibly in terms of their paleoceanographic significance.
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In this chapter, background material on the origin and tectonic history of the Ontong
Java Plateau, as well as pelagic carbonate sedimentation, particularly as it applies to the
plateau, will be reviewed. In Chapter two, the standard seismic stratigraphy approach will
be applied to seismic reflection data collected across the plateau, describing the
characteristics of the data for sedimentologic interpretation and correlating individual
reflectors for correlation to drill sites and sediment thickness analysis. Chapter three will
deal with accurately correlating drill site data to seismic reflection data. In Chapter four, the
paleoceanographic/sedimentologic significance of sediment thickness data resulting from
the seismic stratigraphy analysis will be examined. In Chapter five, the physical property
and sedimentologic causes of seismic reflectors will be addressed. These causes may have
paleoceanographic significance, so Chapter six shall discuss the paleoceanographic

significance of the seismic reflection data.

1.2 Location and Geologic Setting

The Ontong Java Plateau, with an area of 1.5 million km?, is the largest of the
world's classic "oceanic" plateaus. It is located in the western equatorial Pacific north of
the Solomon Islands (Fig. 1.1). At the top of the plateau, approximately 1.5 km of well-
stratified Mesozoic and Cenozoic pelagic sediments overlie basaltic crust (Winterer, Riedel,
et al., 1971; Kroenke, 1972; Andrews, Packham et al., 1975; Moberly, Schlanger et al.,
1986; Kroenke, Berger, Janecek et al., 1991). In the Nauru Basin, immediately northeast
of the plateau, the post mid-Cretaceous sedimentary column is less than 300 m thick. The
gradient of the flank of the plateau on this northeastern side averages about 0.19°. In the
southwest, the plateau is bounded by the Pacific Province of the Solomon Islands. The

Pacific Province, which includes the islands of Malaita, Small Malaita, Ulawa, and the
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northern half of Santa Isabel, represents the southwestern edge of the platcau. Late
Tertiary and Quaternary uplift associated with collision of the plateau against the old North
Solomon arc has exposed 1000 - 2000 m of igneous basement of the plateau on Malaita,
Small Malaita, and Santa Isabel (Kroenke, 1972, 1989; Hughs and Turner, 1977; Ramsay,
1982; Kroenke and Rodda, 1984).

Seismic refraction studies show the crust of the plateau to be approximately 40 km
thick (Kroenke, 1972; Furumoto et al. , 1976; Carlson et al., 1980). Crustal seismic
velocities are on the order of those of oceanic crust, but thicknesses of crustal layers on
Ontong Java Plateau are five times normal (Furumoto et al., 1976; Hussong et al., 1979,
Carlson et al., 1980). Mahoney and Spencer (1991) contend that the Ontong Java Plateau
was formed rapidly, in association with surfacing plume heads at a hot spot near a ridge
crest. The Icelandic Plateau may provide a smaller, modern-day analogy. It is believed the
plateau formed approximately 114 Ma (early Aptian), possibly along a west-northwest-
aligned spreading ridge, at about 33° S (Hammond et al., 1975). The sediment cover was
deposited while the plateau migrated northward with the general movement of the Pacific
Plate, crossing between 2 and 3 degrees of latitude every 10 m.y. since the Eocene
(Hammond et al., 1975; Sager, 1987; Berger et al., 1992). 1t has occupied tropical

latitudes throughout its Cenozoic history (Hammond et al., 1975).

Little is known of the tectonic history of the plateau prior to the Oligocene, except
for its gradual migration to the north and west with the drift of the Pacific Plate. In late
Oligocene time, the southwestern part of the plateau encountered the Outer Melanesian
(North Solomon) subduction zone, resulting in the intrusion of dikes and sills along the
outer trench rise (Kroenke,1972; and Kroenke and Rodda, 1984; Berger et al., 1992).
Collision of the plateau with the outer Melanesian Arc ended subduction of the Pacific Plate

beneath the arc. Subduction ceased in the early Miocene (about 25 Ma) when the



convergent boundary shifted. Subduction resumed south of the Solomon Islands region in
the late Miocene (about 10 Ma), forming the New Britain-San Cristobal Trench (Kroenke,
1972; and Kroenke and Rodda, 1984; Berger et al., 1992). Eastward subduction of the
Indo-Australian plate beneath the Pacific Plate brought about the subsequent collision of the
Woodlark Spreading Ridge with the Solomon Islands Arc (about 4 Ma). That collision led
to the elevation and folding of the southwestern margin of Ontong Java Plateau,
culminating in the formation of the Malaita Anticlinorium, the overthrusting of the Solomon
Islands Arc by plateau oceanic crust, and the emplacement of ophiolites on the islands of
Malaita and Santa Isabel. This overthrusting is probably still occurring (Kroenke,1972;
Kroenke and Rodda, 1984; Berger et al., 1992).

These tectonic collisions and failed subduction since the Miocene appears to have
resulted in maintaining the Ontong Java Plateau in about the same geographic position since
that time. This position, straddling the equator in the western equatorial Pacific Ocean, is
characterised by relatively high rates of oceanic productivity in the overlying surface
waters. This high productivity implies reasonably high rates of biogenic sediment input to
the seafloor. The plateau is also isolated from any input of sediment from nearby

continents, 50 the sediment supply is almost wholly biogenic.

Resig et al. (1976) studied foraminifera from the top and slope of Ontong Java
Plateau. They were able to identify Tertiary outcrops as old as the late Eocene on some of
the slopes. Using the direct relationship between radiolarian concentrations and bathymetry
they determined that the Tertiary deposits from the slope accumulated in deeper water than
the synchronous deposits sampled through the plateau surface, indicating that the

topographic high has existed at least since early Tertiary time.

These two factors, the geographic position and the bathymetry of the plateau, and



the leagth of time over which they seem to have been constant, make the plateau ideal for
studying paleoceanography in the sedimentary record. The juxtaposition of the top of the
plateau, at about 2000 m, and the flank of the plateau, down to 4500 m, requires that
pelagic sediment in both locations will have been produced in similar surface-water
conditions. The plateau’s constancy of bathymetry in time implies that most cf the platcau
has remained above the carbonate compensation depth (CCD) for at least the last 30 m.y.
As a consequence, the Onotnog Java Plateau has accumulated a thick pile of biogenous
carbonate sediment that has not been subjected to pervasive dissolution. In contrast, the
depth range of the flank of the plateau (2000-4500 m) is precisely that through which
changes in carbonate dissolution gradients are most pronounced (Berger and Johnson,
1976; Berger and Mayer, 1978). Sediments on the flank of the plateau have been exposed

to deeper and more carbonate-corrosive waters.

The bathymetry and geography of the Ontong Java Plateau eliminate many of the
variables normally associated with pelagic sedimentation (i.e., productivity and latitudinal
gradients, and tectonic bathymetric changes). The flank of the plateau is, therefore, a
nearly ideal natural laboratory for evaluating the vertical distribution of a range of oceanic

parameters, especially CCD and lysocline fluctuations, both spatially and temporally.

1.3 Background

1.3.1 General Carbonate Sedimentation

The main factors controlling pelagic carbonate sediment deposition and
accumulation are (1) productivity of foraminifera and coccoliths in overlying surface water,

(2) dissolution of carbonate 1naterial as it falls through the water, and rests on the seafloor;



(3) dilution of carbonate particles by noncarbonates, such as terrigenous particles, pelagic
clay, volcanic detritus, or biogenic silica; and (4) winnowing, scour and erosion of material
on the bottom (Hamilton et al ., 1982), as well as mass-sedimentation processes (Berger
and Johnson, 1976; Berger et al., 1977). On a large scale, these processes are controlled
by climate, tectonics, and ocean circulation patterns. Changes in these factors lead to
changes in carbonate sedimentation. It follows that study of the carbonate sediment can

provide a means of studying the history of ocean circulation (Hay, 1988).

In the modern environment, biogenic carbonate production is thought to be
reasonably consistent across the Ontong Java Plateau (Berger et al., 1977), and material
being deposited is generally in excess of 80% carbonate (Andrews, Packham e al., 1975;
Moberly, Schlanger et al., 1986; Kroenke, Berger, Janecek et al., 1991), thus essentially
eliminating two of the factors controlling carbonate deposition (productivity gradients and
dilution by non-carbonates). The main factors controlling carbonate deposition on the
plateau then, are dissolution and resedimentation. The modern day lysocline in this region
is positioned at about 3400 m water depth (Peterson, 1966; Wu and Berger, 1991), and the
CCD at about 4500 m water depth (Sliter ez al., 1975). Winnowing removes fine material
from shallower parts of the plateau and supposedly deposits this fraction in deeper water
(Berger et al., 1977; Gardner et al., 1986). Berger et al. (1977) defined this process as
“the plateau effect”. Dilution and winnowing can account for fining of the sediment
deposited with increasing water depth and should have profound effects nn the sediment

physical properties.
1.3.2 Physical properties

Analysis of surface sediment from box cores on the Ontong Java Plateau by

Johnson et al. (1977) shows distinct trends of decreasing grain size with increasing water



depth (Fig. 1.2). Decreasing grain size, in turn, affects other properties causing decreasing
acoustic velocity and decreasing shear strength (Fig. 1.2). Interestingly, saturated bulk
density and porosity are unrelated to the changing grain size distribution, showing little
trend with depth of deposition (Fig. 1.2). Percent carbonate also shows little correlation
with the trend of the grain size curve; however, a change in percent carbonate does occur at
3400 m water depth - the depth of the modem lysocline. Hamilton ez al. (1982) explain the
lack of trend in porosity and density as a result of the conversion of intraparticle porosity
(pore space within whole foraminifera tests) to interparticle porosity (space between
grains), with decreasing grain size (see Choquette and Pray (1970) for discussion of
porosity nomenclature). This change results in no or little change in measured porosity.
Whole foraminifera tests, however, behave acoustically as solid grains (Hamilton et al.,

1982; Bachman, 1984); therefore, there is an effect on acoustic velocity.

1.3.3 Dissolution

Carbonate dissolution has been the subject for discussicn of numerous authors
(e.g. Peterson, 1966; Berger, 1967, 1968, 1970, 1975a; Sliter et al., 1975; Broeker and
Peng, 1982). Dissolution of carbonate material in the water column is a function of the
saturation level of the ocean with respect to CaCOs . One of the factors affecting the level
of CaCQs; is the amount of dissolved inorganic and organic carbon in the oceans (ZCQO»).
Excursions of the ZCO, are expected, for example, from volcanic episodes, from warming
and cooling of the ocean, from changes in stratification, from changes in the size of the
ocean, or in the size of the biosphere, and from changes in the transport of terrigenous
carbon to the ocean and its subsequent oxidation on the continental slope. Excursions
should be recognizable in preservation and dissolution pulses or rev: *sals (Berger, 1977).
On the other hand, many of these changes which affect the ZCO, might also affect ocean

circulation patterns, and thus, bottom current activity, leading to changes in the winnowing
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of stratigraphy and seismic stratigraphy down the flank of the plateau.
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effect as well.

Examination of the state of preservation of foraminifera in piston cores from the
Ontong Java Plateau has led to the argument by a number of authors that the lysocline has
fluctuated on the order of 1000 m in water depth over the past 700,000 years, being as
shallow as 2600 m during stages of ice growth (Berger, 1977; Hebbeln er al., 1990; Wu et
al., 1991; Wu and Berger, 1991). Correlations between states of preservation (dissolution
indices) and the benthic oxygen isotope record have led Wu and Berger (1989, 1991) and
Wu et al. (1991) to relate lysocline fluctuations to changes in ice volumes during glacial and

interglacial periods.

Fluctuations of the lysocline and the CCD, of the magnitude described above, are
bound to have a profound effect on the sediment properties being deposited. It has been
shown that physical properties of surface sediments on the flank of the Ontong Java Plateau
are greatly affected by the depth of deposition and the position of the lysocline (Fig. 1.2)
(Johnson et al., 1977; Hamilton et al., 1982). If fluctuations of the order discussed here
occurred throughout the Quaternary and Neogene periods, then the Ontong Java Plateau
should contain a record of these changes in the sediment physical properties and, thus, in

the seismic reflection records.

1.3.4 Seismic Reflection and Carbonate Sedimentation

Sei- -ic reflection methods are a proven technique for remotely studying sediments.
It is the sediment physical properties, namely compressional velocity and saturated bulk
density, that control the acoustic response of the sediment record. If sediment properties
are determined by paleoceanographic conditions, it follows that an acoustic stratigraphic

event or packet of events should be related to paleoceanographic events. If reflectors
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preserve paleoceanographic events then they should be correlated over the distance that the

event has affected carbonate sedimentation.

Berger and Johnson (1976) and Berger et al. (1977) have looked at seismic
reflection profiles and the structure of sediments in box cores from the Ontong Java
Plateau, finding evidence for large- and small-scale landsliding and sediment flow
processes. They argued that sediment sliding and slumping is depth-dependent, suggesting
control by dissolution processes. Berger et al. (1977) proposed that slumping arises from
the removal of downslope support by dissolution of carbonate material at the lower flanks
of the plateau. Berger and Johnson (1976) and Johnson et al. (1977) found a reduction of
sediment shear strength with depth that is probably a function of grain size, which in turn is
largely a function of dissolution and winnowing processes. Sound velocities are also
affected by grain size (Johnson et al., 1977), and accordingly are higher in supralysoclinal
sediments than in sublysoclinal ones. Berger et al. (1977) suggest the most important
factor controlling the distribution patterns of these properties (shear strength, grain size,
sound velocity) is the depth gradient of carbonate dissolution. The dissolution gradient is a
function of the distance in water depth between the lysocline, where significant carbonate
dissolution commences, and the CCD, where almost all carbonate material is dissolved.
Arrhenius (1988) cautions that changes in carbonate sedimentation can be controlled
entirely by the biogenic productivity rate in overlying surface waters, without any change in
the dissolution gradient. Gardner er al. (1986) show that winnowing and local productivity
differences have a large influence on the distribution patterns of physical properties. In any
case, as a result of carbonate dissolution with water depth, sediments will have differing
sediment properties as a function of water depth. These changing physical properties are

bound to have an effect on the sediment acoustic response.

Berger and Mayer (1978) have recognized different acoustic characteristics in



sediments of different water depths from 3.5 kHz records on the Ontong Java Plateau.
They attribute these differences to dissolution effects, and suggest that dissolution cycles
may appear on high resolution reflection records as reflection events. Mayer (1979a&b,
1980) has examined, in detail, the origins and significance of the acoustic stratigraphy of
carbonate sediments from the eastern equatorial Pacific. He was able to correlate
impedance changes with carbonate content fluctuations, but found the acoustic response is
an interference composite of many small layers, rather than representing distinct events.
Mayer ez al. (1985, 1986) have argued that the major sedimentary response to
paleoceanographic events in the central equatorial Pacific is fluctuation in the amount of
calcium carbonate dissolution. They have shown that there are basin-wide, seismically
expressed sedimentary responses to paleoceanographic events related to increased
dissolution. These dissolution events are linked to global reorganizations of surface and

bottom-water circulation patterns.

Although discrete periods of increased carbonate dissolution create events that are
extremely useful from a seismic or stratigraphic perspective. complete removal or severe
compression of the section that results from this dissolution makes detailed evaluation of
such paleoceanographic indicators as isotopic signals, faunal changes and chemical tracers
virtually impossible during these critical events. The Ontong Java Plateau provides a
setting in which Neogene and Quaternary sediment at the top of the plateau, in 2000 m of
water, has undergone little carbonate dissolution, and thus the section is relatively
expanded. A transect from the top of the plateau and down the flank provides the
compressed sections at the base and expanded sections at the top, and transitions between

can be observed.

1.4 The Data for this Study
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1.4.1 Scismic Reflection data

The primary focus of this thesis is the significance of the seismic reflection and
related seismic stratigraphy data. To this end, 3000 km of digital, single-channel seismic
reflection data have been acquired from the study area on the Ontong Java Plateau during
Roundabout Leg 11 of the Thomas Washington in December 1988 (Fig. 1.3) (Mayer et al.,
1991). In addition, single channel seismic reflection data were coliected from the JOIDES
Resolution during ODP Leg 130 (Fig. 1.3) (Hagen et al., 1991).

1.4.2 Dirilling Data

Five sites on the northeastern margin of the Ontong Java Plateau were drilled during
ODP Leg 130 (Sites 803-807) (Table 1.1). A major objective of this leg was to drill a
number of sites down the northeastern flank of the plateau to collect a series of continuous
sedimentary sequences that would provide a depth transect of Neogene sediments (Fig.
1.3) (see Kroenke, Berger, Janecek et al., 1.91). Coring within the unlithified and semi-
lithified ooze intervals was by advance hydraulic piston coring (APC). Lithified chalks and
limestones were cored with the extended core barrel (XCB). In addition to core recovery,

downbhole logging was conducted at all sites except Site 804.

Data from two sites on the top of the plateau from DSDP drilling (Sites 289 and
586, 80 m apart) on Legs 30 and 89, respectively, are also available (Andrews, Packham et
al., 1975; Moberly, Schlanger et al., 1986) (Table 1.1). Site 289 was drilled and cored,
and Site 586 was washed down and logged, with core recovered from the upper sediment
section. These two sites are henceforth referred to as one site (Site 289/586). Details of
drilling procedures are discussed in the respective DSDP and ODP initial results volumes
(Andrews, Packham et al., 1975; Moberly, Schlanger et al., 1986; Kroenke, Berger,
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. . . Water Maximum
Site Latitude Longitude depth (m) depth
cored (mbsf)
289 [0°29.92'S |158°30. 69E | 2224 1271
586 0°29. 84'S |158°29. 89'E | 2218 623
803 |2°25.98'N [160°32. 40E | 3412 656
804 | 1°00. 28'N |161°35. 62E | 3861 312
805 |1°13. 69'N [160°31.77E | 3188 611
806 |0°19. 11'N [159°21. 69'E | 2520 743
807 | 3°36. 39'N [156°37.49'E | 2804 1528

Table 1.1 DSDP and ODP drill site locations on the Ontong Java Plateau
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Janecek et al., 1991).

This thesis will examine seismic refleciion data and drilling results from the Ontong
Java Plateau in order to study the Neogene sedimentologic and paleoceanographic history
of the western equatorial Pacific. The seismic stratigraphy will be established and
accurately correlated with drill site information. Significance of the seismic stratigraphy
and causes of seismic reflection events will be interpreted, in particular to their

paleoceanographic significance .



Chapter 2: Seismic Stratigraphy
2.1 Seismic Reflection Data

2.1.1 Methods

Three thousand kilometers of digital, single-channel seismic reflection data were
acquired from the study area on the Ontong Java Plateau during Roundabout Leg 11 of the
Thomas Washington in December 1988 (Fig. 2.1) (Mayer et al., 1991). Data were
collected using a 1.3 L. (80 in3), 136 atm (2000 psi) Seismic Systems Inc. (SSI) water gun
source. A Teledyne streamer with 48 acceleration-cancelling hydrophones in a linear array
was used to receive the acoustic signals. Towing depth was held around 5 m for both gun
and streamer. Data were digitally recorded at a 1-ms sampling interval with amplitude

preservation for later analysis and display.

Single channel seismic reflection data were also collected from the JOIDES
Resolution during Leg 130 (Hagen er al., 1991). These data were used only to tie Site 807
in with the Thomas Washington data set. The source system consisted of two
synchronized 1.3 L (80 in®), 136 atm (2000 psi) SSI water guns. The receiver consisted
of a 100-m long Teledyne model 178 streamer, towed at a depth of about 10 m. These data

were also logged at a 1-ms sampling rate.

The Thomas Washington seismic reflection data consists of two lines that run up
the flank of the Ontong Java Plateau, tying into Deep Sea Drilling Project (DSDP) Sites 289
and 586, plus six areas on the flank that were surveyed in some detail as proposed ODP
drill sites (Fig. 2.1). These data have been processed, mainly with digital bandpass

filtering, gain control, and horizontal mixing.
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The seismic stratigraphy consists of six reflector horizons, chosen as prominent
reflectors at either the top of the plateau or at the base, distributed throughout the sediment
column, plus seafloor and acoustic basement horizons. Three horizons from within the
sediment column were chosen from the top of the plateau and correlated down the flank,
and three were chosen near the base of the flank and traced to the top. This analysis was
conducted before ODP Leg 130 drilling on the plateau, and there was no foreknowledge of
the age nor condition of ihe sedimentary column. Seismic horizons were traced and
digitally recorded with GEOQUEST®; an interpretative software package. The seismic
stratigraphy data set is composed of thousands of data points, permitting accurate
representation of the stratigraphy and statistically accurate averaging for further

calculations.

2.1.2 Descriptions

The top of the plateau is characterized by a thick sediment column, on the order of 1
s (two-way traveltime) from seafloor to acoustic basement, with numerous, closely spaced,
parallel, continuous reflections (Fig. 2.2, see Fig. 2.1 for location of figures). Many
individual reflectors can be correlated throughout the seismic profiles on top of the plateau,
over distances of hundreds of kilometres. Some reflectors are slightly higher in amplitude
than surrounding reflectors, although amplitudes may vary laterally. The distinction
between high- and low-amplitude reflections become more apparent toward the edge of the
plateau. The seafloor topography on top of the plateau is flat to slightly undulating,
reflecting the gross basement topography. Acoustic basement, defined as the level where
all acoustic encrgy is reflected or scattered, hence no acoustic returns can be seen below it,
is marked by several high-amplitude, discontinuous reflections underlying the sediment
column (Fig. 2.2). Drilling into acoustic basement at two sites (Sites 803 and 807) has

shown that it consists of Aptian to Albian basalt flows that are occassionally interbedded
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with thin limestone horizons (Kroenke, Berger, Janacek et al., 1991).

The slope break between the plateau crest and its flank occurs at a water depth of
2250 m, but no distinction in the character of reflectors in the sediment column between the
slope and the plateau were observed unti! about 2800 m water depth. From here to about
3375 m water depth, numerous vertical offsets and reflector disruptions were observed,
resulting in an incoherent seismic facies (Figs. 2.3 and 2.4). These features are expressed
as a rougher seafloor topography than on top of the plateau. The sediment column thins by

about 30% through this depth range.

Reflections become coherent again at about 3375 m water depth. The character
changes significantly as compared with the upper slope and plateau top. Fewer reflection
horizons in the sediment column and changes in dip direction between reflections, resulting
in thinning and pinchout, were observed. Vertical displacements of reflectors, interpreted
as faults, are common. Recent and buried channels, slump scars, slump deposits, and fault
displacements impart a rough seafloor topography (Figs. 2.5 - 2.7). Between about 3400
and 4000 m water depth, the sediment contains common, high amplitude, discontinuous
but laterally extensive reflection horizons (Fig. 2.8). These reflections appear somewhat
like the reverberant acoustic basement horizon. They are referred to as mid-section
reverberations (MSRs), but their significance is uncertain. They result from high
impedance contrasts with surrounding sediment perhaps caused by basalt that has flowed
or been intruded into the sediment column from a lateral source, or perhaps by diagenesis,
possibly representing zones of chert formation (Kroenke, 1972; Houtz and Ludwig, 1979;
Shipley et al., 1985).

On the lowermost portion of the slope, in water depths from 3800 to 4500 m,

acoustic basement is extremely irregular with numerous steep-sided basins and/or uplifted
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Figure 2.3 1.3L (80 ind) single channel water gun seismic reflection profile showing the incoherent zone between about
2800 and 34 m water depth (3.8-4.5 s). Note coherency of reflectors to the west (up-slope) and the rough
seafloor topography over the incoherent zone. The greatest degree of sediment column thinning occurs in
this zone. Section is from Dec. 20, 1988, 21:15-22:45h GMT.
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Figure2.4 1.3L (80 in3) single channel water gun seismic reflection profiie showing a slump scarp and rough seafloor topo-
graphy on another profile of the flank . Sediment reflectors are not totally incoherent, but they are disrupted and
irregular, probably as a result of faulting and sediment failure. Section is from Dec. 23, 1988, 15:20-17:00h GMT.
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Figure2.5

1.3L (80 in3) single channel water gun seismic reflection profile, downslope from the incoherent zone,
showing disrupted reflectors, indicating faulting within the sediment column, and slump scars and a
buried slump block (or a residual mass with slumping on either side of it). Note that the sediment column
is about 65% as thick as at the top of the plateau. Section is from RNDBI1 data, Dec. 20, 1988,
17:25-1940h GMT.
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Figure2.6

A om

1.3L (80 in3) single channel water gun seismic reflection profile of sediments from the same water depths as
those shown in Figure 2.5, showing faulting, and slump scars, representing sediment mass failure. Note that

the buried fault block, or slump block is expressed at the surface becaus? of subsequent pelagic deposition. Also
note that there are distinctly higher amplitude reflections in the sediment column (cf. the top of the plateau).

Section is from Dec. 26, 1988, 06:45-08:10h GMT.
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Figure28 13L (80 in3) single channel water gun seismic reflection profile showing mid-section reverberations (MSR’s).
MSR’s mask the seismic signature below them, due to scattering and attenuation of acoustic energy. This masking

makes correlation of reflectors through these zones difficult. Section is from Dec. 22, 1988, 09:30-10:50h GMT. o
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blocks (Figs. 2.9 and 2.10). The origin of this basement morphology is in question.
Hagen et al . (1593) believe it to be fault controlled, possibly related to differential
subsidence betweea the plateau and adjacent normal oceanic crust. For conciseness, we
shall refer to thesc small, local basins as grabens and to the high areas between as horsts,
although the genetic significance of these terms does not necessarily apply. Sediment
reflectors are upturned and terminated at the sides of the horsts, and the sediment section
thins markedly, or is absent over them, making correlation of individual reflectors difficult.

Distinct seismic facies are recognizable within the sediment column of the grabens.

Seismic reflection profiles in the Nauru Basin, adjacent to the Ontong Java Plateau,
show a sediment section on the order of 0.2 to 0.5 s thick overlying the reverberant layer
forming acoustic basement of mid-Cretaceous basalt flows (Shipley et al., in press) (Fig.
2.11). The horst and graben topography is not present in this region. Sediment reflections
pinchout and outcrop away from the slope of the Ontong Java Plateau and small channels

are present. These features make lateral correlation of reflectors difficult.

2.1.3 Seismic Interpretations

The seismic character across the top of the Ontong Java Plateau and down to about
2800 m water depth is consistent with the uninterrupted blanket of post-upper Oligocene
pelagic sediments described for Sites 806, 807 and 586/289 (Moberly, Schlanger et al.,
1986; Kroenke, Berger, Janecek et al., 1991). Below about 2800 m water depth the
sediment column begins to thin. The seismic character between 2800 and 3375 m water
depth is believed to be indicative of mass-transport processes, resulting from sediment
faulting, slumping, sliding, debris flows and turbidity currents causing downslope

transport of sediment.
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1.3L (80 in3) single channel water gun seismic reflection profile over the "horst" and "graben” basement top-
ography near the base of the plateau flank. Reflectors truncate and upturn at the sides of the grabens. Ampli-
tude changes give rise to the development of seismic facies. It is possible to correlate between some basins
based on these facies. Section is from Dec. 27, 1988, 11:00-12:35h GMT.
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Figure2.10 13L (80 in3) single channel water gun seismic reflection profile over the "horst" and "graben” zone, as in the pre-
vious profile. Notice thas there is a thin sediment cover over the horst that can apparently be traced into the graben.
The nature of ourcropping of reflectors at the seafloor over the horst, and the thickening of the sediment column into
the graben suggest thar seafloor erosion and basin-filling processes are active. Section is from Dec. 20, 1988,
06.25-07:50h GMT. ®
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Figure2.11 1.3L (80 in3) single channel water gun seismic reflection profile in the Nauru Basin, adjacent to the Ontong
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Some of these reflectors outcrop at the seafloor, dipping towards the plateau (west), and eroded by an apparent-
ly recent channel. Section is from Dec. 19, 1988, 20:05-21:00h GMT.
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Johnson et al. (1977) have determined that surface sediments from box core
samples on the flank of the plateau are stable, and should not be subjected to slumping.
This fact implies that ground accelerations due to tectonic motion of the plateau are likely
responsible for triggering sediment failure on the flank of the plateau. It is also proposed
that dissolution undercutting (Berger and Johnson, 1976) is also likely partly responsible.
Their hypothesis is that carbonate dissolution removes material below the lysocline, which
in turn removes support for sediment upslope of the lysocline. This upslope sediment is
then subject to failure, especially given ground accelerations resulting from earthquakes. In
support of this argument, sediment column thinning is not observed on reflection profiles
until about 2800 m water depth, which is close to modern and past lysocline depths, in

spite of the fact that the slope break occurs in 2250 m water depth.

Reflectors become coherent and continuous again below about 3375 m water depth;
the pattern of reflectors is interpreted as pelagic deposition overprinted with some evidence
of mass-failures and sediment dissolution. The high amplitude reflectors and pinch-out
potentially result from more fluid mass-failure sediment flows, such as debris flows and
turbidity currents, evolved from slumping further up slope (c¢f. Morgenstern, 1967).
Toward the base of the plateau (i.e., 3800-4500 m water depth) strong evidence for
resedimentation basin-fill processes within basement grabens (cf. Shipley et al., 1989;

Laguros and Shipley, 1989) are apparent.

The most striking feature about seismic reflection profiles on the flank of the
Ontong Java Plateau is the more-or-less consistent thinning of the sediment column with
water depth, between about 2800 and 4500 m water depth. Although this thinning can, in
part, be explained by mass-wasting processes, the consistency of thinning around the flank
of the plateau implies that dissolution of carbonate material below the lysocline is also

responsible. With this in mind, perhaps the seismic reflection data can be used to interpret
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some of the paleoceanography of the western equatorial Pacific over *1e Ontong Java
Plateau. To accomplish this task it is necessary to trace the seismic stratigraphy down the

flank of the plateau in order to observe where and when sediment thinning is taking place.

2.2 Seismic Correlation

Before discussing the seismic stratigraphy that results from tracing reflectors
throughout the available data, it is first necessary to review the practical limitation of tracing
individual horizons. Assuming it is possible to follow a single reflection horizon
throughout the data, the traveltime picked for that horizon will be limited to the thickness of
the horizon on the seismic profile. This thickness is related to the resolution of the seismic
system (frequency of the source and of variations in the sedimentary column). For the
seismic data presented, the maximum thickness of a single horizon in the sedimentary
column is about 10 ms. As a consequence, an error limit of +5 ms is proposed for horizon
traveltime depths. In terms of the ability to pick the same horizon throughout the data set, it
is difficult to analyse. For now it is assumed that the reflector picks are accurate, but this

issue will be readdressed in Chapters five and six, after more data has been presented.

The stratigraphy resulting from tracing reflectors down two profiles of the flank of
the Ontong Java Plateau are shown in Figures 2.12 and 2.13, and sediment thickness is
shown in Figure 2.14. Seismic sections crossing each of the studied drill sites show the
seismic stratigraphy and the traced horizons at each site (Figs. 2.15-2.20). The depths (in
traveltime) to reflectors at each site are shown in Table 2.1. Site 289/586 is located near the
top of the Ontong Java Plateau, in about 2220 m water depth (Fig. 2.15). The seismic
profile crossing Site 806 (Fig. 2.16), located in 2520 m water depth, is very similar to that
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Figure 2.12  Interpreted seismic stratigraphy extending from the top of the Ontong Java Plateau to its base in an east-west direction,
showing the positions of the six chosen reflector horizons, plus seafloor and basement (see Figure 2.1 for location of
this profile). Near-vertical lines represent faults interpreted from the seismic data. Note that the slope break occurs

in about 3000 ms (2250 m) water depth, but significant sediment column thinning begins at about 3700 ms (2800 m)
water depth. This profile was generated with the GEOQUEST digital seismic stratigraphy data base, making use of
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Profile plots of seafloor bathymetry (left-hand vertical axis) and
sediment thickness (right-hand axis), on the flank of the Ontong
Java Plateau, generated from the digital seismic stratigraphy data.
15% weighted, smoothed curves through these data show the aver-

age bathymetry and sediment thickness. Note the most extreme thin-

ning (outlined in boxes) occurs between 2900 m and 3225 m water
depth, and at about 4275 m water depth, at the base of the flank.
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Figure2.15 13L (80 in3) single channel water gun seismic reflection profile crossing over DSDP Site 2891586, on the top the
Ontong Java Plateau. Water depth at the site is about 2220 m. Note the lateral continuity, similar amplitude,
parallel, flat-lying nature of the reflections, typical for the top of the Ontong Java Plateau. The ship track turns
over the drill site, hence south is in the middle of the section (see Fig. 2.1). Rl to R6 are the reflection horizons
correlated throughout seismic data. Section is from Dec. 21, 1988, 16:00-17:00h GMT.
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Figure2.16 13L (80 in3 ) single channe. .ater gun seismic reflection profile crossing over ODP Site 806, on the top

part of the flank of the Ontong Java Plateau in 2521 m water depth. Note the similarity of the section with
that of Site 289/586 (Fig. 2 15). R1 to R6 are the reflection horizons correlated throughout seismic data.
Section is from Dec. 21, 1988, 05:30-06:30h GMT.
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Figure2.17 1.3L (80 in3 ) single channel water gun seismic reflection profile crossing over ODP Site 807, on the north-
eastern part of the flank of the Ontong Java Plateau in 2804 m water depth. These data were collected from
JOIDES Resolution and are of lower frequency content, making it difficult to correlate reflections to the other
sites. Site 807 is located in a depression in acoustic basement, corresponding to a thicker sediment section.

Some faulting is interpreted, associated with this basin. Section is from Feb. 26, 1990, 14:00-15:00h GMT. 3
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1.3L (80 m3 ) smgle channel water gun seismic reflection profile crossing over ODP Site 805, in 3188 m
water depth. The sediment column has thinned about 25% compared with Site 289/586. R2 to R6 are the
correlated reflection horizons. Disrupted reflectors are interpreted as fault displacements. Section is from
Dec. 24, 1988, 21:00-22:00h GMT.
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Figure2.19 13L (80 in3) single channel water gun seismic reflection profile crossing over ODP Site 803, in 3410 m water

depth. The sediment column has thinned by about 40% compared with the top of the plateau. R3 to R6 are the
correlated reﬂection horizons. Variation in amplitude of reflections can be seen with higher amplitudes in the
middle of the section. An MSR is observed next to the site. These features are common within the sediment column
at about this water depth. Profile is from Dec. 23, 1988, 21:45-22:30h GMT. hr
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13L (80 in3 ) smgle channel water gun seismic reflection profile crossing over ODP Site 804 in 3862 m
water depth. The site is located within a basement graben (Hagen et al., in press). The sediment section
is about half as thick as on the top of the plateau. Reflection amplitudes and echocharacter vary greatly
and correlation outside of the basin is difficult. R2 to R6 represent the correlated reflection horizons,
although ihere is little confidence in these correlations. Profile is from Dec. 26 1988, 11-15-12:10h GMT.
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DRILL SITE
586 806 807 805 803 804

R1| 130 120 92 60
R2] 225 225 190 185 45 25
R3| 315 325 280 290 170 105
R4] 490 520 410 390 265 212
Rs| 575 605 490 455 300 240
R6| 655 675 560 520 315 300
Basement| 1090 | 995 | 1100 | 770 600 | 500

REFLECTOR

Table 2.1 Depth to each of the seismic stratigraphy reflection horizons and acoustic
basement at each of the drill sites. The depths shown are in milliseconds
two-way traveltime below the first high amplitude seafloor return. Each
depth is provided with an error limit of 5 ms to allow for reflector
thicknesses on the seismic profile.



at Site 289/586, and correlation between the two sites is uncomplicated. The only
difference between the two sites is that Site 806 is located on a slight seafloor slope, at the
beginning of the flank of the plateau, and the sediment column is slightly thicker here than
at Site 289/586. Site 807 is located in about 2800 m water depth, on the north edge of the
plateau and north of the other drill sites. Due to incoherent reflectors and poor data quality,
it is difficult to trace individual reflection horizons to Site 807 (Fig. 2.17). Seismic
correlation to Site 805, in 3188 m water depth, is relatively straight forward, in spite of the
fact that the sediment column has begun to thin significantly (Fig. 2.18). Site 803 is in
3412 m water depth (Fig. 2.19), located downslope from the acoustically incoherent zone
(Fig. 2.3). Correlations were made by “jumping” across this incoherent zone, and by
rigorous checking of cross-over points with the various lines that run across this zone in a
number of different places and orientations. The character of the seismic profile at this site
has changed somewhat from those higher on the flank of the plateau. Site 804 is located in
about 3860 m water depth, within one of the basement grabens (Fig. 2.20). The sediment
column is about 0.5 s thick here, and is characterized by a number of high amplitude
reflection horizons. Correlations outside of the graben were made primarily based on the

similarity in the character of reflectors (seismic facies).

The seismic stratigraphy data is summarized in Figure 2.21, showing sediment
thinning with increasing water depth. The entire sediment section has thinned 65%
between the top of the plateau and 4000 m water depth and it is apparent that thinning is
most significant below 2900 m water depth. In order to determine where, and when, in the
sediment column the most significant thinning takes place, seismic travelime depths must
first be converted to depth in meters. This conversion can be accomplished through
analysing the velocity structure of the sedimentary column. Chapter three will deal with

this problem and the seismic stratigraphy will be revisited in Chapter four.
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Figure 2.21 Crossplot of sediment thickness versus water depth. This plot shows the traveltime from the
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version of traveltime to depth and age, this plot can be used to calculate where in the section,
and when, sediment thinning has taken place.
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Chapter 3: Modelling with Synthetic Seismograms
3.1 Introduction

The amount of acoustic energy reflected and transmitted at an interface by a normal
incident sonic pulse, within say, a sedimentary column, is a function of the impedance
contrast between the two layers comprising the interface. The energy reflected is what is
measured by hydrophones (or geophones) in a seismic reflection system. The sonic pulse
is the source of sound, in the case of this study a 1.3 L (80 in’) water gun. The amount of
energy reflec . is determined by the reflection coefficient, or the rate of change of

impedance. At normal incidence the reflection coefficient is given by:

L -1
RC = ——————— e, @3.1)
I +

Where 1, is the acoustic impedance of the first layer, and /, is the acoustic impedance of the
second layer. Acoustic impedance is the product of compressional sound velocity and

saturated bulk density of the layer; therefore:

Vapr — Vips
C =
Vapa + Vipy

where V is compressional sound velocity and p is saturated bulk density.

As shown in Equation 3.2, reflection coefficients can be calculated from
compressional velocity and saturated bulk density values. These data have been acquired at

each of the drill sites on the Ontong Java Plateau, from recovered core material and with
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downhole logging tools.

3.2 Physical Properties

Particulars about methodologies and equipment used in acquiring both logging and
laboratory physical property data used in this study can be found in the explanatory notes
and relevant site chapters of the Leg 89 and Leg 130 DSDP and ODP initial results volumes
(Moberly, Schlanger et al., 1986; Kroenke, Berger, Janecek et al., 1991). Curves of the
unedited data are presented in these volumes as well, so there is no need to present the data
again. A brief discussion with regard to sampling frequency and data quality is, however,

relevant.

3.2.1 Logging Data

Elastic compressional-wave sonic velocity (both near and far fields), and
lithodensity were measured with downhole logging tools every 0.15 m. Vertical resolution
of the velocity data is, however, about 0.6 m because of the separation distance between
the source and receiver. Borehole diameter should be consistent over the spacing of the
transducers on the tool or else sonic wave traveltimes will be affected by travel path lengths
as well as the velocity structure. Logging density values are derived from Compton
scattering of radioactive Cesium-137. Vertical resolution of the density measurements is
largely a function of density of the rock body, but is approximately 0.3 m. Corrections can
be made for borehole wall roughness, but density logging measurements require excellent

contact with the borehole wall. This fact is important when analysing the quality of data.

3.2.2 Laboratory Data
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Longitudinal and transverse compressional sound velocities were measured directly
within unlithified sediment of the split cores using the digital sound velocimeter (DSV)
(Mayer et al., 1987). Velocity calculations are based on the time-of-flight of an impulse
acoustic signal travelling between a pair of piezoelectric transducers. Four transducers
were used; two oriented in along-core (longitudinal) and two across-core (transverse)
positions. Separation of the transducers (one transmitter and one receiver in each direction)
are about 0. 07 m in the longitudinal direction and 0. 035 m in the transverse orientation.
Measurements were made every 0.75 to 1.50 m in the cores. Core temperature was

recorded for each velocity measurement.

Index properties (saturated bulk density, water content, porosity, grain density, and
ary bulk-density) were measured every 0.75 to 1.50 m from discretc samples taken from
the cores at the same interval as the velocity measurement. Index properties were calculated
from wet and dry weight and dry volume measurements of the discrete samples. Sample
weights were determined to a precision of +0.01 g using a motion-compensated Scitech
electronic balance. Volumes were determined using a Quantachrome Penta-Pycnometer.
This pycnometer uses the displacement of helium in a sealed cell of known volume to
determine the volume of the sample. The Quantachrome pycnometer measures volumes to
an approximate precision of 10 m3. Volume measurements were repeated for each

sample until results were duplicated or triplicated to within 5 * 108 m3,

3.2.3 Compiling Logging and Laboratory Data

The logging data is considered to represent in situ conditions, but it is absent from
the top of the drill sites where the drill casing has been set. In addition, logging
compressional velocity and saturated bulk density values are considered to be incorrect for

specific intervals in the ooze layer at each drill site, as will be discussed below. In cases



49

where there are no logging data or the data are considered to be compromised, laboratory-
measured data must be substituted. These lab data, however, must first be corrected to in

situ conditions of pressure and temperaiure.

It is believed that jogging data over sections of the ooze interval are incorrect as a
result of the coring process, which tended to enlarge the diameter of the drill hole beyond
the accurate range of the sensors mounted on the logging string. In other words, the
velocities measured with the logging tool integrate velocities of the water surrounding the
tool as well as the sediment. Through much of the ooze interval the diameter of the holes is
not known because the holes are wider than the maximum extension of the caliper tool.
Power spectral density plots of logging p —wave velocity and saturated bulk density,
through the ooze intervals at each of the logged drill sites show evidence of coring
disturbance (Figs. 3.1 and 3.2). This disturbance was recognized in logging velocity data
at Site 806 in the initial drilling report (Kroenke, Berger, Janecek et al., 1991, p. 334) but
it was not known to be so ubiquitous, nor was it recognized in prior ODP or DSDP

investigations.

In spite of the inaccuracies in the 9.5 m wavelength component of the data
introduced by this coring disturbance, it is believed that most of the data are accurate and
likely represent in situ conditions. It is only at and near coring breaks where the data
appears to have been corrupted. Although the change in impedance cannot be trusted at the
coring breaks, the downhole trends of the data are considered to be representative of the
true in situ velocity and density gradients, because a best-fit trend eliminates the short

wavelength components.



50

2 2 S
B Z | Site 807
S S
g © 1 9.5-m wavelength
g E
g 2
2 &
b T
£ £ ]

0.1 1 10 100 01

Wavelength (m) Wavelength (m)

Somebembedededl PPN | dorervivordh bbb ieipeaal

2 O T 2 AN %
g Site 805 S I Site 803 RN
= :‘ ' o = - Rt
3 Y B w\\f
= < 9.5-m wavelength 1 R N 9.5-m wavelength - 3‘}%*:_
B N e B NRENY
§. y T o Q*z%%\“{‘
8 & N
=] R S
g \'{':f ‘3-‘}”-‘? g -1 R fi’{{k;‘:tf [~
3 - ,tw’ S :1’: *.‘ o & Wi:\%"* ii&.‘\
a 1 e - j,.-’m. «) . [a W - i;y&éfxgﬁl
LJ L LA Il' L L] L] v M oy
0.1 1 10 0.1 1 10
Wavelength (m) Wavelength (m)
aaaal o aa aaasal ——
2 -
= Site 586
: —
0
o
= 9.5-m wavelength =
= . T
§ - Harmonics I
5 .
2 7 B
m -
- L " TN 'l' Li v
0.1 1 10
Wavclength (m)

Figure3.1  Power spectral density plots of saturated bulk density values obtained
from downhole logging within the ooze interval at each site. High
power spikes in the 9.5-m wavelength range and its harmonics (4.75
and 3.17 m) are believed to be the result of drill hole disturbance
caused by drilling and the APC coring process (i.e. the APC corer is
95 min length).
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from downhole logging within the ooze interval at each site. High
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3.2.4 Correcting Laboratory-Measured Density

Expansion of pore water and removal of overburden pressure by the extraction of
sediment core from in situ to the laboratory causes an increase in porosity in unlithified
sediments (rebound porosity). A bulk-density measurement made on core material,
therefore, must be corrected for porosity rebound caused by expanding pore fluid and for
mechanical-elastic rebound of the core material (Marsters and Manghnani, 1993; Urmos er
al., 1993). The methods of Marsters and Manghnani (1993), have been followed to
compute a rebound correction derived from the porosity rebound versus depth data,
combined with a correction for change in seawater density, to provide a means to correct

the shipboard laboratory porosity data to in situ values.

Overburden pressure is the integrated sediment density times the height of the
sediment column (minus hydrostatic pressure). The pressure at any level is thus the
submerged unit weight of all of the overlying sediment. Porosity rebound results from the
removal of overburden (i.e. elastic rebound) and can be simulated in a laboratory with a
standard civil engineering test known as a consolidation test (Hamilton, 1959,1964; Das,
1983, Marsters and Manghnani, 1993). Marsters and Manghnani (1993) conducted 19 of
these tests on samples collected during Leg 130 and formulated the following porosity

rebound relationship for Ontong Java Plateau sediments:
% tebound = 4.67 x 102D -1.97 x 10°D% ... (3.3)

where D is depth in meters below seafloor. This type of porosity rebound will be referred

to as elastic rebound.

For calculation of the change in porosity due to pore fluid expansion, lab porosity

(#1) is defined as the ratio of the volume of voids to the total volume, which can also be
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written as g1 = Vol /(Volg,, + Vol,), where Vol is the volume of seawater and Vol is
the volume of solids. For a unit volume, Vol + Vol = 1. Itis assumed that the change
in volume of the sample is due only to the change in pore volume and that Vol does not
change. Vol will decrease to (Dy,1y/Pw(is))V0lsw, OF (PyqyPu(is))?1, Where pq is the
density of sea water at laboratory pressures and pys) is the density of seawater at in situ
pressures. The in situ density of sea water is calculated as a function of temperature and
pressure, using a constant salinity of 35 psu from the equation of state for sea water of

Millero et al. (1980). The in situ porosity can be calculated as:

(Pway Pw(is))?1
Pis) = Pt (3.4)
((Pway Pw(isy@1) + (1-91)

This type of rebound will be referred to as hydraulic. Drill site water depths range
from 2220 - 3861 m on the Ontong Java Plateau. Fluid expansion of pore water in the
surface sediments at these depths range from 1% to 2% increase in pore volume. With
increasing depth beiow seafloor (i.e., down the borehole), the effective water depth (depth
to seafloor + depth below seafloor) increases and, therefore, the pore fluid hydraulic

rebound increases upon removal of the core.

It is difficult to quantify how the two processes - hydraulic rebound and elastic
rebound - each contribute to rotal porosity change. The elastic adjustment of sediment
structure observed in consolidation unload curves is due to removal of overburden
pressure, and is zero at the seafloor. Fluid expansion rebound calculations, however,
suggest that there is a small increase in porosity of even the surface sediments. It seems

anlikely that elastic rebound and hydraulic rebound values should be summed in order to
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derive the total amount of rebound because they are cperating on the same pore spaces. If
elastic rebound causes pore spaces to expand, the increased pore space provides room for
hydraulic expansion of the pore fluid; hence, additional pore expansion by the hydraulic
rebound is unlikely. It is reasoned that the final porosity is controlled by whichever
process causes the greater rebound. These processes are, in turn, functions of the depth
below seafloor and water depth. In near surface sediments, porosity rebound is controlled
by hydraulic expansion. With increasing depth below seafloor, the effect of overburden
and associated elastic rebound increases. It is reasonable to combine the two corrections
into one: use the hydraulic rebound in the upper sediments where it is the more significant
causative factor, and use the elastic rebound correction below the point where the

corrections overlap (i.e., whichever is greater) (Fig. 3.3).

Urmos et al. (196 1) contend that the only correction required for Ontong Java
plateau sediments is the hydraulic rebound correction. Figure 3.3 shows that they are
probably not correct in this contention. Their corrections work, however, because of the

fact that the elastic correction is small for these sediments.

With porosity now corrected to represent in situ conditions it is possible to correct

saturated bulk density given the following relationship:

P sat = ¢pf+ (1-¢)pg ........................... (35)

where @ = porosity, p ., = saturated bulk density, p ;= fluid density (sea water) , and

P, = grain density (carbonate).

Correction of porosity to in situ conditions, then, allows lab-measured bulk density
to be corrected to in situ conditions. Corrected values of bulk density compare favorably

with logging density values (Fig. 3.4). The correction, in fact, proves to be quite small
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Elastic Rebound- Hydraulic Rebound

Figure 3.3
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|
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Depth (mbsf)

Plot of laboratory porosity .orrected for hydraulic pore water volume
expansionrebound subtracted from laboratory porosity corrected for
elastic rebound, versus water depth for all of the studied drill sites. The
plot shows that below 50-80 mbsf, elastic rebound, due to removal of
overburden pressure, is a more significant correction than pore water
volume expansion due to hydrostatic pressure and temperature

changes (hydraulic rebound). The hydraulic correction depends on the
water depth at the drill site, hence the range of subbottom depths for the
change from hydraulic to elastic rebound conditions (i.e., the intersection
of the difference curve with the zero line).
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(2.7% decrease in porosity at 1000 mbsf).

3.2.5 Correcting Laboratory-Measured Velocity

Compressional sound velocity in an isotropic material is a function of elastic
properties and saturated bulk density of the rock or sediment (Wood, 1941; Laughton,
1957; Hamilton, 1971a):

K + 4u/3)1?

Pbw

Where K is the bulk modulus, y is the shear modulus; the elastic properties of the sediment

or rock, and pp,, is the saturated bulk density.

Mayer et al. (1985) have shown that correction of velocity to in situ conditions in
the central equatorial Pacific is possible by determining the relationship between laboratory-
measured velocity and laboratory-measured porosity. This relationship is then used to
calculate velocity values from the rebound corrected porosity data. For sediments of the
Ontong Java Plateau, however, a good relationship between porosity and compressional
velocity does not exist, implying that compressional velocity is not solely dependent upon

porosity (Fig. 3.5). These same conclusions were reached by Urmos et al. (1993).

Saturated bulk density is a function of the porosity, fluid density and grain density,
as discussed above. For sediments of the Ontong Java Plateau, grain density data has been
shown to be relatively consistent, approximating that of pure calcite (2.71 Mg/m3). With
little variation in grain density and pore fluid density (sea water), the primary control on
saturated bulk density for sediment of the Ontong Java Plateau is porosity. Since there is

little relationship between velocity and porosity it follows that there is little relation between
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Figure 3.5  Cross-plots of laboratory-measured sonic velocity and porosity for
the ooze interval at each of the sites drilled on the Ontong Java
Plateau. These plots and the associated low correlation coefficients
of the best-fit polynomial functions, show that raw velocity values
have little dependence on porosity for these sediments. These data
also imply a poor correlation between velocity and bulk density,
since, in the case of these sediments which are dominated by a single
grain density, porosity is the controlling factor regarding changes in

the bulk density value.



59

velocity and density. Hamilton et al. (1982) and Johnson et al. (1977), as shown in Figure
1.2, similarly found a poor relationship between compressional velocity, and porosity and
density for box core sediments on the Ontong Java Plateau. This poor correlation between

velocity and density has been ascribed to the transfer of intraparticle porosity to interparticle
porosity, as explained in Chapter 1. Other methods, aside from those of Mayer ez al.

(1985) are required to correct velocity to in situ conditions.

The first correction to compressional velocity is for change in saturated bulk
density, as density appears in the denominator of the velocity equation. Density changes as
a result of porosity rebound and hydrostatic pressure on the pore fluid. Velocity must also
be corrected to in situ conditions of pressure and temperature. As shown by Wyllie ez al.
(1956) for rocks with rigidity, velocity is largely a function of pore fluid velocity and grain

velocity in a time-averaged equation:

Where V} is the bulk velocity, V,, is the velocity of the pore fluid, and V, is the velocity of

the mineral grain.

Based on this equation, Boyce (1976) developed the following correction for
velocity to in situ conditions in carbonate sediment of the Pacific Ocean, by assuming that

the ratios of respective velocities were constant in the lab and in situ.

(V3-Va)(V1- V)
VI & ——————————— et (3.8)
(Vi-Vy)
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where V; = velocity of seawater at lab conditions, V7 = velocity of mineral grain (calcite) at
lab conditions, V3 = velocity of sample at laboratory conditions, V) = velocity of seawater
at in situ temperature and hydrostatic pressure, Vi = velocity of calcite at in situ
temperature and hydrostatic pressure, and Vi = velocity of sample at in situ temperature

and hydrostatic pressure.

The velocity of seawater was calculated based on temperature, salinity and
hydrostatic pressure using equations developed by Wilson (1960) derived from measured
sound speed data. The temperature downhole was calculated using a geothermal gradient
of 0.044°C/m. This value was derived from heat flow measurements on the Ontong Java
Plateau reported in Langseth ez al. (1971). The velocity of calcite is assumed to remain

constant with depth and temperature at 6450 m/s (Boyce, 1976).

Application of these corrections to laboratory-measured velocities produces a
downhole curve of velocity vs. depth that shows significantly lower velocities than the
logging velocity curve (Fig. 3.6). For these sediments, velocity is not very sensitive to
changes in hydrostatic pressure, temperature, nor porosity. The corrections do not
compensate laboratory-measured velocity to in situ velocity because they do not
accommodate the changing bulk modulus (K ) and shear modulus () terms. That is to
say, the ratios of velocities are not constant as Boyce (1976) assumed in his corrections,
because rigidity is not constant. One would expect that increasing overburden pressure
would tend to increase values of K and g, as it would tend to enhance sediment grain-to-
grain contacts and friction between grains (Hamilton, 1971a). Velocity corrections would

be better accomplished with the equation for variation in rigidity, given by Nafe and Drake
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(1963):
V2 = V211 + (Pu/pp)(1 - ®) + Polpp(l - 9)"Ve% e, (3.9)

where n represents the variation in rigidity, which, unfortunately, is not quantified in this

study.

To adjust for differences observed in lab and log velocity data (i.e., to correct for
elastic moduli effects) laboratory measurements within the ooze interval were further
corrected to match the trend of the logging velocity curves over the same interval. This
correction is accomplished by determining a best-fit linear regression curve through both
the logging velocity and lab velocity data (corrected for in situ pressure, temperature and
rebound effects first). The regression through the log data is forced through the same point
of origin as the lab data regression because at the seafloor no increased rigidity effects
exists (and the lab data is already corrected for temperature and pressure and there are no
overburden effects). Lab velocity data is then adjusted so that the trend of lab values is
equivalent to the trend of log velocity values. A different curve was calculated at each drill
site to account for possible differing sediment characteristics at each site. The final
corrected laboratory compressional wave velocity measurements are believed to represent in
situ conditions. As discussed previously, the trend of the logging velocity data is assumed

to be correct, in spite of the fact that the values are perturbed at coring breaks.

For merging laboratory-measured and logging data sets only the transverse
laboratory-measured velocity data are used in the compilation, and only laboratory velocity
and density values from one hole at each site are used. Due to the fine scale of variation in
these sediments, recorded drilling depths are not accurate enough to merge data from two

or more holes. Laboratory data are used for ooze intervals and are merged with logging
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data at about the ooze/chalk transitions (between 240 and 350 mbsf) at each site, where the
coring artifacts in the logging data were observed to dissipate. Downhole velocity and
density profiles are, therefore, sampled with discrete measurements with a minimum
sample spacing of about 0.75 m for the laboratory-measured portion, and 0.15 m for the
log-measurement portion of the curves (Fig. 3.7). The product of velocity and density is
acoustic impedance; these profiles provide the basis of the reflection coefficient series for

seismogram modelling.

3.3 Synthetic Seismograms

The most critical and difficult step in applying stratigraphic significance to seismic
data is the ransformation of sub-bottom depth information to traveltime information, whicu.
requires an exact knowledge of the in situ velocity (Mayer ez al., 1985). The presumed in
situ velocity structure is the merged velocity curves shown in Figure 3.7. Synthetic
seismograms provide a means of modelling the acoustic response of the sediment column

in order to test the velocity structure given by the merged lab and log velocity data.

Synthetic seismograms model the interaction between a seismic wavelet and a
given well-constrained geologic model - the reflection coefficient series. With an accurate
representation of the seismic source wavelet and an accurate and detailed picture of
subsurface geologic variations, the synthetic seismogram should provide a record of their
interactions. The synthetic seismogram is produced by convolving the source function (in
this case the signal produced with a 1.31 L water gun) with the reflection coefficient curve
at the site. The source function used was digitally acquired from a far-field calibrated

hydrophone test of the actual source gun used in the acquisition of the field data. In this
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case, however, conditions are optimal: the ship is on station and sea state is minimal; thus
there is little interference noise. The source, at 5 m water depth, is discharged a number of
times and the signal received by the hydrophone is recorded. The source wavelet, recorded

in such a fashion, is shown in Figure 3.8A.

At each drill site on the Ontong Java Plateau a synthetic seismogram was generated
from merged log and lab velocity and density data, except for Site 04, for which no
logging data exist. Analyses of vhe field data showed that the <ource function was likely of
lower frequency content (0-100 Hz) than the calibrated hydrophone test (0-250 Hz)

‘Fig. 3.8). This difference is attributed to interference in the signal caused by ship and
streamer noise. The average ship speed during the collection of these data was 10 knots,
which cause significant ship and streamer noise and likely affected the outgoing pulse of
the water gun. The synthetic seismograms were bandpass-filtered (0-100 Hz),
approximating the irequency content of the field seismic data, tc accommodate this
difference. Figures 3.9-3.13 show the results of synthetic models compared with the
seismic reflection data over each site. Empirical observation suggested that a shift in
velocity values of -30 m/s was required to optimize the match between the synthetic
seismograms and the field seismic data. The need for this correction implies that the
logging velocity tool overestimates in situ velocity as observed by the seismic system by 30

m/s.

Figure 3.14 is a cross-plot of the synthetic to seismic correlation results shown in
Table 3.1. This figure shows that correlations at each site all fall on a single curve,
implying that there is a single velocity-depth function that applies to all the sediments of the

Ontong Java Plateau. This conversion function is:
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Figure 3.10  Seismic profile over ‘"o DP Site 806 with the synthetic seismogram ,

generated with site physical property data, posted in the section at the
location of the site. The synthetic seismogram was band-pass filtered
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Correlation results are shown with arrows and are presented in Table 3.1.
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Figure 3.11  Seismic profile over ODP Site 807 with the synthetic seismogram ,
generated with site physical property data, posted in the section at the
location of the site. The synthetic seismogram was band-pass filtered
between 0-60 Hz to approximate the frequency content of the field data.
Correlation results are shcwri vith arrows and are presented in Table 3.1.
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Figure 3.12  Seismic profile over ODP Site 805 with the synthetic seismogrem ,

generated with site physical property data, posted in the section at the
location of the site. The synthetic seismogram was barnd-pass filtered
between 0-150 Hz 1o approximate the frequency content of the field data.
Correlation results are shown with arrows and are presented in Table 3.1.
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Figure 3.13  Seismic profile over ODP Site 803 with the synthetic seismogram
generated with site physical property data, posted in the section at the
location of the site. The synthetic seismogram was band-pass filtered
between 0-100 Hz to approximate the frequency content of the field data.
Correlation results are shown with arrows and are presented in Table 3.1.
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