
Mahoney, J.J., Fitton, J.G., Wallace, P.J., et al., 2001
Proceedings of the Ocean Drilling Program, Initial Reports Volume 192

1. LEG 192 SUMMARY1
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ABSTRACT

With a surface area of 1.6 × 106 km2 and a crustal volume of 4–5 × 107

km3, the Ontong Java Plateau is the world’s largest volcanic oceanic pla-
teau and may represent the largest magmatic event on Earth in the last
200 m.y. During Ocean Drilling Program (ODP) Leg 192 we recovered
igneous rock and sediment cores in five widely separated sites in previ-
ously unsampled areas across the plateau. Primary objectives of the leg
were to determine (1) the age and duration of emplacement of the pla-
teau, (2) the compositional range of magmas, and (3) the environment
and style of eruption.

Acoustic basement at the four sites on the main or high plateau con-
sists of pillow and/or massive basalt flows with rare, thin sedimentary
interbeds. Biostratigraphic evidence suggests that basement ages at Sites
1183, 1186, and 1187 are Aptian. At Site 1185, two groups of basalt are
present; the lower group appears to be Aptian, whereas the age of the
upper group is estimated only loosely as latest Cenomanian to Albian.
These preliminary results, together with data from Deep Sea Drilling
Project (DSDP) Site 289 and ODP Site 807, suggest that the great bulk of
the high plateau formed in a single episode in the early Aptian. More
recent volcanic events, including the ~90-Ma event recorded at Site 803
and in the eastern Solomon Islands, appear to have been volumetrically
minor on the high plateau and confined mainly to its margins. One of
these late-stage events may have been recorded in our fifth site, Site
1184, on the plateau’s eastern lobe or salient, where we cored 338 m of
a basaltic volcaniclastic sequence that yielded a rare and poorly pre-
served middle Eocene nannofossil assemblage. However, such a young
age is difficult to reconcile with the steep paleomagnetic inclination,
which implies that the sequence is much older.

The basalts at Sites 1183 and 1186 and those making up the lower
group of lava flows at Site 1185 are moderately evolved, low-K tholeiites
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with closely similar compositions. They belong to the remarkably ho-
mogeneous Kwaimbaita magma type found at Site 807 and in the east-
ern Solomons. Thus, much of the high plateau’s upper crust seems to
consist of Kwaimbaita-type basalt. The Eocene volcaniclastic rocks of
Site 1184 also have a Kwaimbaita-like bulk composition. No flows of
Singgalo-type basalt, which overlies Kwaimbaita-type lavas at Site 807
and on the island of Malaita, were encountered. An exciting discovery
of Leg 192 was that basement at Site 1187 and the upper group of flows
at Site 1185 are composed of a high-MgO (8–10 wt%), incompatible-
element–poor (e.g., TiO2 = 0.72–0.77 wt%; Zr = 36–43 ppm) type of ba-
salt not found previously on the plateau. These rocks appear to repre-
sent very high total fractions of partial melting of their mantle source,
and their presence in >100-m-thick lava piles at two sites 146 km apart
suggests that such basalt is voluminous on the eastern edge of the high
plateau.

Although the volcaniclastic sequence cored in Hole 1184A was em-
placed in a shallow-marine or even subaerial environment, emplace-
ment of lavas at all four high-plateau sites was entirely submarine. The
shallowest estimated Aptian water depth for basement is at least 800 m
at Site 1183 on the broad dome of the plateau; estimated paleodepths
for Sites 1185, 1186, and 1187 are much greater. Together with previous
evidence, our results suggest that most of the Ontong Java Plateau
formed well below sea level. The only evidence that a small portion
of the high plateau was ever at shallow depth is two thin intervals of
Aptian vitric tuff above basement in Hole 1183A and possibly a vitric
tuff just above basement at DSDP Site 289. The submarine emplace-
ment of most of the plateau probably limited its paleoenvironmental
impacts; to date, no major extinction events can be correlated with
massive Aptian volcanism on the plateau.

INTRODUCTION

Volcanic oceanic plateaus are formed by immense volumes of
magma emplaced in pre-existing oceanic lithosphere or at spreading
centers. Nearly all plateaus in the oceans today were formed in the
Cretaceous period and may reflect a major mode of mass and energy
transfer from the Earth’s interior to its surface that was different from
the ocean ridge–dominated mode of the Cenozoic (e.g., Stein and
Hofmann, 1994; McNutt et al., 1996). Since the mid-1980s, oceanic pla-
teaus have been recognized as the counterparts of continental flood ba-
salt provinces and associated thick volcanic sequences at many passive
continental margins, collectively termed large igneous provinces (LIPs)
by Coffin and Eldholm (1994). In the last decade, these features have
been ascribed by many workers to the initial plume-head stage of
hotspot development (e.g., Richards et al., 1991; Saunders et al., 1992).
Alternative, nonplume models have been proposed (e.g., Smith, 1993;
Anderson, 1996) but have thus far not received widespread support.
The plume-head model predicts that LIPs are formed from ocean-island–
like mantle in massive eruptive outpourings lasting only a few million
years or less (e.g., Campbell, 1998). For many continental LIPs and at
least some volcanic passive margins, eruption probably did indeed oc-
cur rapidly, but continental lithospheric contamination usually has
overprinted the sublithospheric mantle-source signature. Many oceanic
LIPs formed in locations remote from any continental lithosphere, but
comparable data on eruption ages and source composition are lacking
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because very few basement sites have yet been sampled. Because of the
thick sediments that blanket oceanic plateaus, drilling is generally the
only way to sample basement crust effectively.

The climatic, oceanographic, and associated biospheric effects of pla-
teau emplacement are poorly known but appear to have been very sig-
nificant in some cases (e.g., Coffin and Eldholm, 1994; Jones et al.,
1994; Kerr, 1998; Tarduno et al., 1998; Larson and Erba, 1999). After
emplacement, plateaus appear to have important effects on subduction
patterns, plate motions, continental growth, and crustal evolution.
Large oceanic plateaus, in particular, tend to resist subduction and thus
may form an important early stage in the growth of continents (e.g.,
Kroenke, 1974; Cloos, 1993; Tejada et al., 1996; Albarède, 1998; Polat et
al., 1999).

The Ontong Java Plateau in the western Pacific (Figs. F1, F2) is the
largest volcanic oceanic plateau in the world, with a crustal volume of
~5 × 107 km3 (Mahoney, 1987; Coffin and Eldholm, 1993). If the great
bulk of this plateau formed in a single, geologically brief magmatic epi-
sode, then the rate at which it was emplaced would have rivaled the
magma production rate of the entire global mid-ocean-ridge system at
the time. The plateau would then represent the largest igneous event of
the last 200 m.y. (Tarduno et al., 1991; Mahoney et al., 1993).

The goal of Leg 192 was to sample the igneous basement of the On-
tong Java Plateau at four widely spaced sites, one of which was to be
drilled at least 150 m and three at least 100 m into basement. Shipboard
and shore-based studies of the rocks recovered would provide insights
into the age and duration of magmatism, the compositional range of
the mantle sources, and the processes of magmatic evolution. We also
hoped to evaluate the environment and style of eruption and the asso-
ciation of plateau emplacement with changes in paleoceanographic
and paleoclimatic conditions. During the leg, we drilled five sites and
recovered substantial amounts of igneous basement at four.

BACKGROUND

Previous Basement Sampling

Although sampled in only a few locations, the basement of the On-
tong Java Plateau was already the best sampled of any Pacific plateau
before Leg 192, with drill holes (see Fig. F1) at Deep Sea Drilling Project
(DSDP) Site 289 (9 m basaltic basement penetration) and Ocean Drilling
Program (ODP) Sites 803 (26 m) and 807 (149 m). In contrast to other
Pacific plateaus, slivers of the southern edge of the Ontong Java Plateau
are exposed above sea level in the eastern Solomon Islands. The princi-
pal outcrops are on the islands of Malaita and Santa Isabel where, re-
spectively, 3.5- and ~2-km-thick basement crustal sections have been
sampled recently (Tejada et al., 1996, in press; Parkinson et al., 1996;
Petterson et al., 1997; R. Arculus, pers. comm., 2000). On the island of
San Cristobal (also called Makira) a thick pile of lava flows also is ex-
posed (e.g., Birkhold-VanDyke et al., 1996), whereas on Ramos, Ulawa,
and possibly Choiseul smaller basement sections are present (e.g., Cole-
man, 1965; Petterson et al., 1999).
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Physical Features and Gross Structure of the Plateau

The Ontong Java Plateau covers an area >1.6 × 106 km2 (roughly the
size of Alaska or six times that of the United Kingdom) and consists of
two parts: the main or high plateau in the west and north and the east-
ern lobe or salient in the east and south (Fig. F1) (Kroenke, 1972). The
plateau is bounded by the Lyra Basin to the northwest, the East Mariana
Basin to the north, the Nauru Basin to the northeast, and the Ellice
Basin to the southeast. Along its southern and southwestern bound-
aries, the plateau has collided with the Solomon Islands arc and now
sits at the junction of the Pacific and Australian plates. The plateau
surface rises to depths of ~1700 m below sea level in the central region
of the high plateau but elsewhere generally lies at water depths of be-
tween 2 and 3 km. Much of the high plateau’s surface is relatively
smooth, although several large seamounts have been built on it. In
many areas, the basement crust is covered with pelagic sediments >1
km thick. The eastern lobe consists of a large but unnamed northern
ridge and the Stewart Arch, which are separated by the ~300-km-wide
Stewart Basin. At its southeastern end, the Stewart Basin merges with
the Ellice Basin (Kroenke and Mahoney, 1996). Physiography around
the margins of the plateau is complicated. In the north and northeast,
numerous horst-and-graben structures appear to predate much of the
sediment cover (e.g., Kroenke, 1972; Berger et al., 1992). Faulting and
deformation along the Ontong Java Plateau’s southern and southwest-
ern margins are associated with the plateau’s collision with the So-
lomon arc (e.g., Petterson et al., 1997). An extensive fold belt, the
Malaita Anticlinorium, embraces the island of Malaita and the northern
half of Santa Isabel.

Crustal thickness on much of the high plateau is considerable, even
in comparison to other plateaus. Seismic and combined seismic and
gravity evidence indicates that crustal thickness is generally in the 25-
to 35-km range (e.g., Furumoto et al., 1976; Hussong et al., 1979; Miura
et al., 1996; Gladczenko et al., 1997; Richardson et al., 2000). Over much
of the high plateau, the depth to the top of Layer 3A (i.e., to the base of
the seismically defined upper crust) is 10–16 km (see review of Neal et
al., 1997). Lower crustal seismic wave velocities suggest a granulite-
grade gabbroic lower crust, whereas sub-Moho P-wave velocities of 8.4–
8.6 km/s detected in the northwest and southwest portions of the
plateau may indicate the presence of eclogite at depth (Saunders et al.,
1996; Neal et al., 1997). The maximum extent of Ontong Java–related
volcanism may go well beyond the plateau proper, as the Early Creta-
ceous lava flows filling the Nauru Basin and similar flows in the East
Mariana and Pigafetta basins to the north appear likely to be related
closely to the plateau (e.g., Castillo et al., 1994; Neal et al., 1997; Glad-
czenko et al., 1997). Beneath the plateau, Rayleigh wave tomographic
data indicate a low-velocity root extending as deep as 300 km (Richard-
son et al., 2000).

Tectonic Setting and Age of Emplacement

The original plate-tectonic setting of the Ontong Java Plateau is open
to some question because well-defined magnetic lineations have not
been found on the plateau. However, block-faulting structures along
the eastern margin of the high plateau, interpreted as roughly north-
northeast–trending fracture zones, led to proposals that the plateau
formed at a west-northwest–trending ridge (Hussong et al., 1979) and



SHIPBOARD SCIENTIFIC PARTY
CHAPTER 1, LEG 192 SUMMARY 5
possibly at a triple junction (Winterer, 1976; Hilde et al., 1977). A re-
connaissance isotopic study of Ontong Java basement lava flows sug-
gested a hotspot connection and that the plateau may have formed at a
ridge-centered or near-ridge hotspot (Mahoney, 1987). Subsequent
geochemical work indicated that plateau basement lavas were formed
from a hotspot–type mantle source by large percentages of partial melt-
ing (estimated at 15%–30%), consistent with the plateau having formed
on relatively thin and young lithosphere (Mahoney et al., 1993; Tejada
et al., 1996; Neal et al., 1997). From bathymetry and satellite-derived
gravity fabric, Winterer and Nakanishi (1995) inferred that a north-
northeast–trending spreading axis ran through the plateau, whereas
Neal et al. (1997) argued that the north-northeast–trending fabric repre-
sents fracture-zone orientation. M-series magnetic lineations adjacent
to the plateau in the Nauru and Lyra basins run east-northeast to west-
southwest. Coffin and Gahagan (1995) reviewed the available geophys-
ical evidence and concluded that it weakly favors emplacement of most
of the plateau in an off-ridge location.

Richards et al. (1991), Tarduno et al. (1991), Mahoney and Spencer
(1991), and Phinney et al. (1999) all favored the starting-plume head of
the Louisville hotspot (now at ~50°S) as the source of the Ontong Java
Plateau. However, 0- to 70-Ma lava flows dredged from sites along the
Louisville Ridge, the plume-tail seamount chain formed by the hotspot,
are isotopically distinct from Ontong Java basalt (Mahoney et al.,
1993). Moreover, a recent plate reconstruction suggests that the plateau
formed 8°–15° north of this hotspot’s current location (Neal et al.,
1997).

As noted above, the plume-head model predicts that plateaus are em-
placed in a massive eruptive pulse lasting only a few million years or
less. Surprisingly, however, 40Ar-39Ar ages of Ontong Java Plateau lava
flows in the Solomon Islands and the pre–Leg 192 drill sites revealed a
sharply bimodal distribution (Fig. F3), with ages of 122 ± 3 and 90 ± 4
Ma (total ranges). Thus, most of the plateau may have formed in two
relatively brief episodes (Mahoney et al., 1993; Tejada et al., 1996, in
press; Parkinson et al., 1996). Because sampling over the plateau’s huge
area was very limited, the relative importance of these two episodes re-
mained unclear. However, Tejada et al. (1996) argued that the 122-Ma
event was significantly larger than the 90-Ma event. On the basis of
abundant 90-Ma lavas (and some dikes) in Santa Isabel and Cenomanian–
Coniacian ash layers at DSDP Site 288, they suggested that the 90-Ma
episode may have been focused on the eastern salient; shortly there-
after, 90-Ma basalts were also found to be abundant on San Cristobal
(Birkhold-VanDyke et al., 1996). An alternative possibility, however,
was that further sampling (and dating) could show that eruptions on
the plateau actually occurred over a span of 30 m.y. or more (e.g., Te-
jada et al., 1996; Birkhold-VanDyke et al., 1996; Ito and Clift, 1998).

Between 124 and 100 Ma, the plateau appears to have been posi-
tioned close to the Pacific plate Euler pole, so that it would have moved
little relative to the inferred hotspot source (see Neal et al., 1997). At
~100 Ma, plate motion changed from a northwestward to a more north-
ward trajectory, which continued until ~85 Ma. At ~90 Ma the south-
eastern corner of the plateau may have been situated rather close to the
122-Ma position of the central high plateau. Following the 90-Ma erup-
tive episode, rifting and seafloor spreading may have occurred for sev-
eral million years within the plateau’s eastern salient, forming the
Stewart Basin in conjunction with spreading in the Ellice Basin to the
east (Kroenke and Mahoney, 1996; Neal et al., 1997). An 40Ar-39Ar age of
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83 Ma was determined by Duncan (1985) for an ocean ridge–type basalt
from the eastern Ellice Basin.

Relatively localized Tertiary volcanism is recorded in Malaita in the
44-Ma alkalic lavas of the Maramasike Formation (Tejada et al., 1996;
Petterson et al., 1997). Malaita is also peppered with small intrusions of
34-Ma alnöites (e.g., Davis, 1977; Nixon and Neal, 1987). In San Cristobal,
a sequence of tholeiitic basalts with ages of ~61 and ~36 Ma overlie the
~90-Ma basalt and are compositionally similar to it (Birkhold-VanDyke
et al., 1996). The causes of these later magmatic events are uncertain.

After a long period of northward and northwestward motion, the
Ontong Java Plateau collided with the old Solomon arc during the early
Neogene (~27 Ma), initially in a diachronous “soft docking” without
significant deformation. Following a reversal of subduction direction,
the intense deformation of the Malaita Anticlinorium began in the late
Miocene (~6 Ma) and intensified in the Pliocene (4–2 Ma) (see Petterson
et al., 1997). The bulk of the plateau appears to be more or less unsub-
ductible (Cloos, 1993; Abbott and Mooney, 1995), but the post-
Miocene underthrusting of a portion of the lower Ontong Java Plateau
between Santa Isabel and San Cristobal is evident from recent seismic
surveys (Mann et al., 1996; Phinney et al., 1999).

Results from Previous Sampling
of Cretaceous Igneous Basement

Ontong Java Plateau basement at all previously drilled sites and in
the Solomon islands of Malaita, Santa Isabel, Ulawa, Ramos, and San
Cristobal consists of pillowed or massive flows of basalt averaging ~10
m in thickness. Dikes are rare in the island exposures, and, hence, the
eruptive vents for most of the lava flows may be rather distant. All of
the basalt flows appear to have been emplaced well below sea level and
are overlain by bathyal or abyssal pelagic marine sediments (see Neal et
al., 1997, and references therein). However, all of the locations studied
before Leg 192, except Site 289, were at the margins of the plateau; thus
it remained possible that the central regions of the high plateau and
eastern lobe were formed under shallow-marine or even subaerial con-
ditions. Basement of the 122-Ma age group comprises lava flows from
Sites 289 and 807, Malaita, Ramos, and part of Santa Isabel, whereas the
90-Ma flows are found at Site 803, in Santa Isabel, and in San Cristobal
(Fig. F3) (Mahoney et al., 1993; Tejada et al., 1996, in press; Parkinson
et al., 1996; Birkhold-VanDyke et al., 1996). Also, volcanic ash layers of
late Cenomanian to Coniacian age (i.e., in roughly the ~95- to 87-Ma
range) are present at DSDP Site 288 (which did not reach basement) on
the southern edge of the high plateau (Andrews, Packham, et al., 1975).
A glass-shard-rich interval in Aptian limestone at Site 288 and several
late Aptian ash layers above basement at Site 289 (Andrews, Packham,
et al., 1975) may indicate fairly prolonged shallow or subaerial volcan-
ism in some areas on the crest of the plateau following eruptions at 122
Ma (early Aptian).

Lava flows drilled at all pre–Leg 192 sites are composed of unmeta-
morphosed, moderately evolved, low-K tholeiite (Fig. F4). They have
relatively flat primitive-mantle–normalized incompatible-element pat-
terns (intermediate between those of normal ocean-ridge basalt and
most oceanic island or continental tholeiites) (Fig. F5) and a narrow
range of ocean-island-like Nd-Sr-Pb isotopic ratios (Fig. F6). Major and
trace element modeling indicates that the basalts represent high-degree
partial melts (Mahoney et al., 1993; Tejada et al., 1996; Neal et al.,
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1997). Two geochemically and stratigraphically distinct groups of 122-
Ma lava flows are apparent in the thick basement section on Malaita
(Tejada et al., 1996, in press) and in the much thinner one at Site 807
(Mahoney et al., 1993). Lava flows forming the upper 46 m of the base-
ment section (Unit A) at Site 807 are isotopically and chemically closely
similar to those of the Singgalo Formation, which comprises the upper
750 m of flows in central Malaita (Tejada et al., in press). Similar lavas
are also present in Santa Isabel and southern Malaita. The lower basalt
units at Site 807 (Units C–G) and the single flow encountered at Site
289 resemble the flows forming the lower 2.7 km of the volcanic pile on
Malaita, termed the Kwaimbaita Formation, with which they tentatively
have been correlated. The 90-Ma lava flows of Site 803, Santa Isabel, and
most of those of San Cristobal are isotopically similar to the 122-Ma
Kwaimbaita Formation basalt. Thus, an isotopically ocean-island-type
mantle source containing (at least) two distinct components was in-
volved in the generation of crust at the northern and southern margins
of the plateau at 122 Ma. Furthermore, the mantle source of most 90-
Ma lava flows was similar to that of the Kwaimbaita Formation, the
stratigraphically lower of the two 122-Ma basalt groups.

SCIENTIFIC OBJECTIVES

Age and Duration of Emplacement

Hypotheses that involve mantle plumes in the formation of large ig-
neous provinces include rapid-eruption, age-progressive, and episodic
growth models.

1. Rapid-emplacement models are of two main types. The plume-
head or plume-impact model (e.g., Richards et al., 1991; Saunders
et al., 1992; Campbell, 1998) predicts that large oceanic plateaus
are formed by widespread basaltic flood eruptions as the inflated
head of a rising new mantle plume approaches the base of the
lithosphere. An alternative model devised specifically for conti-
nental and continental-margin flood basalt provinces (White
and McKenzie, 1989), sometimes called the plume-incubation
model (e.g., Saunders et al., 1992), considers flood volcanism to
result from cataclysmic pressure-release melting when a rift prop-
agates above the enlarged top of a more or less steady-state man-
tle plume that has accumulated gradually (perhaps over several
tens of millions of years) beneath thick, slow-moving continental
lithosphere. Both types of model predict that the great bulk of
magmatism occurs in only a few (probably <5) million years.

2. In contrast, an age-progressive, Icelandic style of construction in
which oceanic plateaus are formed over much longer intervals
(tens of millions of years) remains a distinct possibility for many
plateaus (e.g., Mahoney and Spencer, 1991; Coffin and Gahagan,
1995; Ito and Clift, 1998).

3. Alternatively, plateau growth may occur in two or more discrete
pulses of activity, dependent on mantle plume dynamics or the
interplay between episodes of lithospheric extension and mantle
melting (Bercovici and Mahoney, 1994; Larson and Kincaid,
1996; Neal et al., 2000; Ito and Taira, 2000).
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As the world’s largest oceanic plateau, the Ontong Java Plateau pro-
vides an important test case. Its great crustal volume implies partial
melting of at least 1.5–4.0 × 108 km3 of mantle, which virtually necessi-
tates involvement of the lower mantle if the bulk of the plateau was
formed in the 122-Ma event (e.g., Coffin and Eldholm, 1994). Melting
on such a scale is not happening in the Earth’s mantle today, and this
consideration has helped fuel suggestions of fundamental differences
between Cretaceous and Cenozoic mantle convection. However, if the
plateau accreted more slowly over several tens of millions of years (like
the much smaller Iceland Plateau) or in two or more discrete pulses, then
this partial melting requirement is eased considerably, but simple
plume-head models either would need to be modified significantly or
would not apply. The few basement locations sampled before Leg 192
demonstrated that both 122- and 90-Ma lava flows are present in widely
separated areas, but the importance of the 90-Ma episode remained un-
clear. In many places, 90-Ma lava flows may simply form a relatively
thin carapace over a thick 122-Ma volcanic pile.

Range and Diversity of Magmatism

Laboratory and numerical modeling suggests that starting-plume
heads should be strongly zoned because of entrainment of large
amounts of ambient, nonplume mantle during their rise to the base of
the lithosphere (e.g., Campbell, 1998). Thus, even if a plume’s source
region (usually assumed to be at the base of, or deep within, the man-
tle) is compositionally homogeneous, significant isotopic and trace ele-
ment variability is nevertheless predicted in magmas erupted from
different parts of the plume head or at different times. Major element
compositions are predicted to vary as well, with magmas erupted above
the hottest (axial) parts of the plume head having picritic (e.g., Camp-
bell, 1998) or possibly even komatiitic (Storey et al., 1991) affinities,
and more ordinary basaltic magma predicted above cooler, more distal
regions. In this regard, the two most remarkable features of the Ontong
Java Plateau basement samples available before Leg 192 were (1) the
limited overall range of chemical and isotopic variation in the 122-Ma
lava flows and (2) that the 90- and 122-Ma flows are so chemically and
isotopically similar to each other. The isotopic and incompatible ele-
ment results could indicate that the world’s largest plateau had a much
more homogeneous source (both relative to the scale of melting and in
time) than predicted by plume-head models. Furthermore, the com-
bined major and trace element data imply that storage and homogeni-
zation in large reservoirs was a dominant process in the evolution of
the magmas.

Eruptive Environment and Style

Plume-head models predict as much as 1–3 km of dynamic uplift
associated with the arrival of a large starting-plume head at the base of
the lithosphere (e.g., Hill, 1991; Neal et al., 1997). The associated con-
structional volcanism also creates a much thicker crust than normal
oceanic crust. The combination of these effects is predicted to elevate
parts of a plateau’s surface to shallow water depths or even cause por-
tions to emerge above sea level. Indeed, significant portions of several
plateaus are known to have been initially shallow or subaerial (e.g.,
Richards et al., 1991; Coffin, Frey, Wallace, et al., 2000). However, al-
though most of the Ontong Java Plateau stands 2–3 km above the sur-



SHIPBOARD SCIENTIFIC PARTY
CHAPTER 1, LEG 192 SUMMARY 9
rounding seafloor today, basement lava flows from all locations studied
before Leg 192 were emplaced beneath fairly deep water, probably be-
low the calcite compensation depth (CCD) in some cases (Neal et al.,
1997; Ito and Clift, 1998; Michael, 1999). The reasons for this behavior
and whether it is typical of the plateau as a whole were unknown, but
critical for understanding how plateaus are constructed and for testing
the plume-head model. Moreover, whether or not parts of the Ontong
Java Plateau were shallow at the time of volcanism has important
implications for how its emplacement affected large-scale climatic,
oceanographic, and biospheric conditions. If significant amounts of
magma were erupted in shallow water or subaerially, the flux of
climate-modifying volatile species (particularly SO2, Cl, and F) to the
atmosphere would have been much greater than if the bulk of plateau
volcanism occurred at greater water depths.

The physical volcanology of large-scale submarine lava flows is
poorly known, as are the nature and scale of hydrothermal fluid fluxes
associated with plateau magmatism. Knowledge of the physical volca-
nology of lava flows is important for understanding eruption mecha-
nisms and how the volcanic pile accumulated, whereas data on
hydrothermal activity are critical for understanding the environmental
effects of plateau formation. Flows making up continental flood basalt
provinces are typically 10–30 m thick and, in some cases, have been
traced for distances of several hundred kilometers (e.g., Hooper, 1997).
Areas distant from eruptive sources tend to be made up of simple flows,
whereas compound flows are more indicative of relative proximity to
eruptive vents. Previous sampling of the Ontong Java Plateau basement
revealed that flow thickness varies from <1 m to 60 m, although most
of the flows are in the 4- to 12-m range (e.g., Neal et al., 1997). The
flows are dominantly simple, consistent with the locations of most pre–
Leg 192 basement sites at the margins of the plateau and presumably
far from their eruptive vents. Very little interlava ash has been found.
With regard to hydrothermal activity, pre–Leg 192 Ontong Java base-
ment sites show almost no evidence of anything but low-temperature
seawater-mediated alteration in either the lava flows or overlying sedi-
ments (e.g., Babbs, 1997). This lack of higher-temperature hydrother-
mal alteration again is consistent with the inferred distance from
eruptive vent systems. Major hydrothermal systems would be expected
to be centered around major eruptive loci, postulated by Tejada et al.
(1996) to be the comparatively shallow regions of the high plateau and
eastern lobe.

DRILLING STRATEGY

Despite the considerable geodynamic significance of LIPs, relatively
little is known about the composition and origin of large oceanic pla-
teaus. The Ontong Java Plateau’s enormous size and thick blanket of
marine sediments constitute particularly formidable obstacles to repre-
sentative sampling of basement crust. A widely agreed-upon strategy for
plateau basement sampling involves a reconnaissance phase of drilling
several holes ~100 m into basement in key areas, followed by a small
number of much deeper holes selected on the basis of results from re-
connaissance drilling (e.g., Dick et al., 1996). On the two largest pla-
teaus, Ontong Java and Kerguelen–Broken Ridge, the deeper drill holes
would consist of one or two holes penetrating ~1 km of basement and
one hole with >2 km of basement penetration. Leg 192 was designed to
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complete the reconnaissance phase of Ontong Java drilling that began
with Sites 289, 803, and 807 and was complemented by recent field-
based work in the Solomon Islands. We selected four sites that would
cover as much as possible (in a 2-month cruise) of the history of major,
but previously unsampled, parts of the plateau. Because basement pene-
tration was the main objective, we planned to drill through (i.e., not
core) the upper parts of the sedimentary section at all sites.

Site 1183 lies near the crest of the high plateau; Site 1184 is on the
northern ridge of the eastern salient; and Site 1185 sits at the edge of
the eastern flank of the high plateau, near where it adjoins the Nauru
Basin (see Fig. F1). The fourth site (proposed Site OJ-7) was an eastern-
salient site located atop the Stewart Arch to the north-northeast of
Malaita, in waters claimed by the Solomon Islands. However, ODP was
unable to obtain approval for drilling this site before or during the
cruise. At sea, guided by our results from Sites 1183 and 1185, we chose
an alternative site, Site 1186. This site is roughly midway between Sites
1183 and 1185, thereby forming a four-site basement transect (includ-
ing DSDP Site 289) from the crest to the eastern edge of the main pla-
teau. After penetrating 65.4 m of Kwaimbaita-type basalt flows at Site
1186 (i.e., the same magma type we found at Site 1183 and in the lower
92 m of basement at Site 1185; see “Principal Results,” p. 10), we de-
cided that the time remaining in the cruise would best be used by drill-
ing a fifth site rather than attempting to deepen Site 1186. On the basis
of our results at Site 1185, in particular, we selected Site 1187, on the
eastern edge of the plateau north of Site 1185 and southeast of Site 803.
Details of each of the five sites drilled during Leg 192 are given in Table
T1.

Objectives at all sites were similar. Igneous basement penetration was
the priority in order to address the primary questions of the age of the
plateau and the compositional range of the mantle source. We also
hoped for good recovery because it would permit assessment of the
character and mode of emplacement of basement rocks and allow us to
better address the question of whether volcanism was submarine or
subaerial. Ideally, we also would obtain some information on how far
from their eruptive vents the basement rocks were emplaced. Wireline
logging of basement was planned at two sites (one of which was the
proposed OJ-7 site) in order to obtain additional information on lava
flow morphology and volcanic stratigraphy. We planned to core much
of the lower portion of the sedimentary cover at each site because the
age of the sedimentary rocks immediately overlying basement, their en-
vironment of deposition, and the early crustal subsidence history are all
important for understanding the origin and environmental impact of
the plateau. Moreover, coring of the lower sedimentary section would
allow us to ascertain the ages of some of the sequence boundaries ob-
served in the seismic reflection record.

PRINCIPAL RESULTS

Site 1183

Site 1183 is located near the crest of the main edifice of the Ontong
Java Plateau (Figs. F1, F2). We chose this site because it is in the shal-
lowest region of the high plateau, where the seismically defined upper-
crustal layer is thickest but the sediment cover is relatively thin (see
Neal et al., 1997, and references therein). The original basement depth

T1. Hole summary, p. 74.
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of the high plateau may have been at its shallowest in this region, and
eruptive activity may have been at its most vigorous. We thought it pos-
sible that the compositional range of basement lava flows in this cen-
tral area may have been greater than in previously studied areas
located much closer to the margins of the plateau (Malaita, Santa Isabel,
and ODP Sites 803 and 807). Also, a distinctive sediment package ap-
pears above basement on the multichannel seismic reflection line
across this area (Fig. F7), and we thought that this package might corre-
spond to much shallower water deposits than those found elsewhere on
the high plateau.

The sedimentary succession (cored from 328.0 to 452.7 meters below
the seafloor [mbsf] and from 752.0 mbsf to basement at 1130.4 mbsf;
Table T1) is dominated by nannofossil foraminifer chalk and limestone.
We divided the sequence into three lithologic units and seven subunits
(Fig. F8). Unit I consists of ooze and chalk, with the transition between
the two (at 337.6 mbsf) defining the boundary between Subunits IA and
IB. However, because we did not core the upper part of the succession,
only a single core of ooze (Subunit IA) was recovered. P-wave velocities
in the ooze and chalk sections of Unit I increase downward from a
mean of 1700 m/s to a mean of 2240 m/s. Oligocene chalk cored from
752.0 to 838.6 mbsf contains abundant volcanic ash layers and is desig-
nated Subunit IC.

Unit II is Paleocene to middle Eocene limestone. Conspicuous bands
of chert between 838.6 and 958.3 mbsf characterize Subunit IIA, and
the presence of zeolite-rich bands (probably altered ash layers) and less
pronounced chert bands below 958.3 mbsf define Subunit IIB. The base
of Unit II is placed at the lowest significant zeolite-rich horizon (986.6
mbsf), which coincides approximately with the base of the Cenozoic.
Bulk density increases sharply in the lowest part of Subunit IIB, and
both the water content and porosity decrease. A marked P-wave veloc-
ity increase occurs at the boundary between the chert-rich limestone of
Subunit IIA (generally <2500 m/s) and the zeolite-rich limestone of Sub-
unit IIB (generally >3000 m/s); the highest velocities of 3500–4400 m/s
are at the bottom of the unit. Cretaceous limestone Unit III is sub-
divided on the basis of color, with the change from a white Subunit IIIA
to a mottled gray and pinkish white Subunit IIIB at 1088.8 mbsf, corre-
sponding approximately to a hiatus and condensation of the Cenoma-
nian through upper Coniacian portion of the sequence. Subunit IIIB,
directly above basement, contains microfossils (Eprolithis floralis and
Leupoldina cabri) restricted to a short interval straddling the boundary
between the early and late Aptian.

The lowest 2 m of Subunit IIIB contains two intervals of vitric tuff,
the lowermost of which is separated from the underlying basalts by a
25-cm-thick limestone bed. The main component of the tuff intervals is
basaltic ash consisting of partly glassy to tachylitic fragments with
abundant plagioclase microlites. Texturally, many of the fragments are
similar to aphanitic pillow margins in the underlying basalts. Most frag-
ments are nonvesicular, but some have vesicles or scalloped margins.
Altered brown glass shards are also present; most are blocky and non-
vesicular, but some are moderately vesicular. The tuff is composed of at
least eight normally graded beds, several of which have scoured bases.
The uppermost layer grades up through parallel-laminated to cross-
laminated beds, indicating deposition by turbidity currents or rework-
ing by currents. The minor, moderately vesicular basaltic glass shards in
these tuff beds indicate formation by relatively shallow submarine
eruptions, whereas the partly glassy basaltic ash that constitutes the
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dominant component could have been derived from shallow-water to
subaerial hydroclastic eruptions or by erosion of a volcanic edifice
somewhere in this summit region of the main Ontong Java Plateau.
These beds, and possibly a vitric tuff of similar age just above basement
basalt at DSDP Site 289 (Andrews, Packham, et al., 1975) are the only
evidence to date for any shallow-water or subaerial emplacement on
the entire high plateau.

We cored 80.7 m of basaltic basement, from 1130.4 to 1211.1 mbsf,
recovering a total of 44.2 m (Table T1) at a low average penetration rate
of 1.2 m/hr. We divided the basalt into eight units (Fig. F9), ranging in
thickness from 0.36 to 25.70 m, on the basis of the presence of thin in-
terbeds of recrystallized limestone and/or hyaloclastite. Microfossils in
the interbeds indicate an age no older than early Aptian. All eight units
contain pillow basalt, defined by quenched glassy rims, grain-size varia-
tions from aphanitic near pillow margins to fine grained in the interi-
ors, and vesicle patterns. Some of the glassy rims appear to be unaltered
even though they are laced with calcite veins. The glass is preserved
best in Units 4–7. Except near pillow margins, where small (1–2 mm),
elongate vesicles are present, the basalt is essentially nonvesicular, im-
plying a paleodepth >800 m (Moore and Schilling, 1973). Most of it is
sparsely olivine ± plagioclase phyric, with a quenched to subophitic
groundmass consisting of plagioclase, clinopyroxene, titanomagnetite,
glassy mesostasis, and a trace of sulfide. The abundance of olivine phe-
nocrysts increases slightly with depth in the succession, reaching a
maximum of ~4%.

Shipboard major and trace element analyses show that the basalt
flows at Site 1183 are tholeiitic and very similar in composition to those
forming the >2.7-km-thick Kwaimbaita Formation on Malaita, nearly
1000 km to the south (Figs. F10, F11, F12, F13). Kwaimbaita-type basalt
also has been sampled 533 km to the north of Site 1183 at Site 807
(Units C–G), in the single flow penetrated at Site 289, 183 km to the
northeast, and at Sites 1185 and 1186 (see “Site 1185,” p. 17, and
“Site 1186,” p. 21). The upper group of basalt flows in Malaita, the
~750-m-thick Singgalo Formation, is compositionally distinct from the
Kwaimbaita Formation (Figs. F11, F12, F13); Singgalo-type basalt also is
found in Santa Isabel and forms the upper 46 m of flows (Unit A) at Site
807. Its complete absence from Sites 289 and 1183 suggests that basalt
of this composition may not be present on the broad crest of the pla-
teau.

Cumulate gabbroic xenoliths and plagioclase megacrysts are present
in Units 2–7 at Site 1183 (Fig. F14). They are round to subround and ≤3
cm in diameter. Clinopyroxene in the xenoliths is partially to totally re-
sorbed, whereas the plagioclase shows only minimal signs of reaction
with its basaltic host. Interestingly, similar xenoliths and megacrysts
have been found in lava flows of the Kwaimbaita Formation on Malaita
(Tejada et al., in press) and in the Units C–G flows at Site 807, as well as
at Sites 1185 and 1186.

Pervasive low-temperature interaction of the basaltic basement with
seawater-derived fluids under anoxic to suboxic conditions has resulted
in alteration ranging from <5% to 20% of the rock. Olivine phenocrysts
are completely replaced by smectite (probably saponite with subordi-
nate nontronite and celadonite), Fe oxyhydroxide and, more rarely, cal-
cite. Groundmass glass has been partly to completely replaced by the
same secondary minerals, with minor amounts of pyrite. A second stage
of alteration is marked by the development of black halos, ranging from
2 to 50 mm in thickness. They are seen in hand specimen along sur-

B
as

em
en

t d
ep

th
 (

m
bs

f)

1

54R

55R

56R

57R

58R

59R

60R

61R

62R

63R

64R

65R

66R

67R

68R

C
or

e 

R
ec

ov
er

y
(b

la
ck

)

B
as

em
en

t
un

it/
su

bu
ni

t

X
en

ol
ith

G
la

ss

Phenocrysts
(%)

1140

1160

1180

1200

1120

1 2 3 4 5

Total
phenocrysts

Olivine

Plagioclase

Pillow basalt

3B

7

8

6

5B

4B

2B

Locations of
xenoliths
Locations of glassy
pillow margins

F9. Lithologic log of basement 
units, Hole 1183A, p. 44.

35 40 45 50 55 60 65 70 75 80

SiO2 (wt%)

N
a 2

O
 +

 K
2O

 (
w

t%
)

Site 1183

Site 1184

Site 1185 (Upper)

Site 1185 (Lower)

Site 1186

Site 1187

Picro-
basalt

Basalt

Basaltic
andesite

Dacite

Rhyolite

Trachy-
basalt

Basaltic
trachy-
andesite

Trachyandesite

Trachyte

Trachydacite

Basanite

Phonotephrite

Tephriphonolite

Phonolite

Foidite

Tephrite

TholeiiticAlkalic

0

2

4

6

8

10

12

14

16

Andesite

F10. Total alkalies vs. silica dia-
gram for all Leg 192 sites, p. 45.

0.40 0.45 0.50 0.55 0.60 0.65 0.70

Mg#

T
iO

2 
(w

t%
)

Site 1183

Site 1184

Site 1185 (Upper)

Site 1185 (Lower)

Site 1186

Site 1187

Site 803

Site 807 (Unit A)

Site 807 (Units C–G)

Malaita
(Kwaimbaita Formation)

Malaita
(Singgalo Formation)

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

F11. TiO2 vs. Mg# for basement 
rocks, p. 46.

0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

TiO2 (wt%)

Z
r 

(p
pm

)

Site 1183

Site 1184

Site 1185 (Upper)

Site 1185 (Lower)

Site 1186

Site 1187

Site 803

Site 807 (Unit A)

Site 807 (Units C–G)

Malaita
(Singgalo Formation)

Malaita
(Kwaimbaita Formation)

0

20

40

60

80

100

120

F12. Zr vs. TiO2 for basement 
rocks, p. 47.

0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

TiO2 (wt%)

C
r 

(p
pm

)

Site 1183

Site 1184

Site 1185 (Upper)

Site 1185 (Lower)

Site 1186

Site 1187

Site 803

Site 807 (Unit A)

Site 807 (Units C–G)

Malaita
(Kwaimbaita Formation)

Malaita
(Singgalo Formation)

0

100

200

300

400

500

600

F13. Cr vs. TiO2 for basement 
rocks, p. 48.



SHIPBOARD SCIENTIFIC PARTY
CHAPTER 1, LEG 192 SUMMARY 13
faces previously exposed to seawater and, less commonly, along the
margins of veins and are characteristic of an alteration process initiated
during cooling of the lava and completed within 1–2 m.y. (e.g., Hon-
norez, 1981). Pyrite is associated with the black halos and scattered in
the groundmass as far as several centimeters beyond the black alter-
ation front. A third stage of alteration, olive halos containing Fe oxy-
hydroxide and brown smectite, is common in the upper part of the
hole and decreases downhole. This stage of alteration corresponds to
halmyrolysis or submarine weathering, which takes place at bottom
seawater temperature (i.e., ~2°C) in highly oxidizing conditions and
with large water:rock ratio.

Veins are relatively abundant (~20 veins/m) in the basaltic basement.
Most result from symmetrical infilling of open cracks with minor or no
replacement of the wall rock, and the vast majority contain the follow-
ing succession of secondary minerals from vein wall to center: smectite
and/or celadonite, Fe oxyhydroxide or pyrite, and calcite. Rare, small
grains of native copper are present in veins in the upper part of the
basement. Veins in the lower part of the basement sequence contain
chalcedony and quartz as the final phases precipitated.

The natural remanent magnetization (NRM) of the Miocene ooze
and chalk is weak, only slightly above the noise level of the pass-
through magnetometer. The Oligocene to Aptian chalk and limestone,
with ash layers rich in magnetic minerals, are more strongly magne-
tized. The NRM of the basalt is strong, but much of the material is bro-
ken into small pieces, and reliable magnetic directions are difficult to
obtain. However, from detailed sampling of the larger intact pieces, we
were able to characterize the intensity and direction of stable rema-
nence. For each core we defined magnetic polarity intervals from con-
sistent values of magnetization and calculated a mean paleoinclination.
The combination of polarity intervals and biostratigraphic data yields a
magnetic stratigraphy for much of the cored interval below 770 mbsf,
including the Cretaceous/Paleogene boundary. All basalt samples mea-
sured have normal polarity, consistent with formation of basement dur-
ing the Aptian. Conversion of paleoinclinations to paleolatitudes,
combined with age information, allowed us to construct a drift path for
Site 1183 for times between ~120 Ma and the present (Fig. F15). The
oldest sedimentary rocks indicate a paleolatitude of 25°–30°S. These val-
ues are slightly higher than those determined for basement lava flows
at ODP Site 807 (Mayer and Tarduno, 1993) but slightly lower than
obtained by Hammond et al. (1975) for basal sedimentary rocks and
basement at DSDP Site 289. Results for Sites 1185, 1186, and 1187 are
within error of those for Site 1183 (see “Site 1185,” p. 17, “Site 1186,”
p. 21, and “Site 1187,” p. 24). Values for all of these sites are signifi-
cantly less than both the predicted ~40°S early Aptian paleolatitude of
the central plateau in the plate reconstruction of Neal et al. (1997) and
the ~50°S latitude of the Louisville hotspot today.

The major results of drilling at Site 1183 are summarized below:

1. Depositional setting of the sedimentary sequence was primarily
deep, oxygenated (pervasively bioturbated and no organic-
carbon preservation), and quiet (no significant currents or re-
deposition events after the Aptian).

2. Calcareous microfossil assemblages in ~800 m of uppermost lower
Aptian through upper middle Miocene sediments and sedimen-
tary rocks are for the most part poorly preserved. However,
planktonic foraminifers and calcareous nannofossils reveal 12
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unconformities, of which the most significant are in the Albian
(spanning ~10 m.y.) and terminal Albian to late Coniacian (~13
m.y.).

3. The preserved sediment was deposited above the CCD, and gen-
erally above the foraminifer lysocline. However, the regional
pattern of the terminal Albian to late Coniacian condensation or
hiatus is consistent with a progressive relative rise of the CCD
through the Aptian and Albian to a level above the summit of
the plateau, followed by a rapid descent of the CCD during the
Campanian and early Maastrichtian. These trends may represent
the posteruption subsidence history of the plateau coupled with
oscillations in the Pacific CCD.

4. Input of volcanic ash into the sedimentary succession is concen-
trated in two main periods: Paleocene to early Eocene and late
Eocene to Oligocene. The latter episode is probably related to the
Melanesian arc. The middle Eocene chalk is chert rich and corre-
sponds to a lull in the input of volcanic ash.

5. Emplacement of basaltic lava flows was entirely submarine at
this site and ceased no later than the middle Aptian. The non-
vesicular nature of the flows and the microfossil evidence sug-
gest minimum paleodepths of >800 m. Microfossils at Site 807
indicate that basalt emplacement there ended about the same
time or slightly earlier. Sedimentary interbeds in the upper levels
of basement at both sites yielded microfossils no older than early
Aptian. Two thin intervals of vitric tuff in the Aptian limestone
at Site 1183 and a vitric tuff just above basement at DSDP Site
289 provide the only evidence that at least a small portion of the
high plateau was shallow (possibly in the form of a few isolated
summit volcanoes).

6. The Site 1183 basalt flows are petrographically and chemically
similar to those of the Kwaimbaita Formation, the lower of the
two basalt formations defined on Malaita, and to the lower ba-
salt units (Units C–G) at Site 807, despite the considerable dis-
tances separating Site 1183 from Malaita (~1000 km) and Site
807 (533 km). Very similar basalt is present in Hole 1186A and
in the lower basement units at Site 1185 (see “Site 1185,” p. 17,
and “Site 1186,” p. 21).

Site 1184

Site 1184 lies on the unnamed northern ridge of the eastern lobe or
salient of the Ontong Java Plateau (Figs. F1, F2). The eastern lobe had
not been drilled before Leg 192. As with the dome of the high or main
plateau (see “Site 1183,” p. 10), we thought that this site near the sum-
mit of the ridge might be in an area that originally was at relatively
shallow water depths. The relationship of the eastern lobe to the high
plateau is unknown. It could be contemporaneous with the high pla-
teau or be the trace of the postulated plume tail following the emplace-
ment of the high plateau and, specifically, may be the main locus of 90-Ma
eruptions (Tejada et al., 1996). Also, the eastern lobe appears to have
been rifted into northern and southern portions that were separated by
nearly 300 km of seafloor spreading in the Stewart Basin (Kroenke and
Mahoney, 1996). The southern portion, Stewart Arch, is the proposed
conjugate feature to the northern ridge. Eruptive products of this
poorly understood rifting event may have been preserved along both
the northern and southern rift-facing sides of the salient. Furthermore,
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this part of the plateau passed over the calculated position of the Sa-
moan hotspot ~35–40 Ma (Yan and Kroenke, 1993), and volcanic evi-
dence of this passage might be present.

In the seismic reflection record for this site (Fig. F16), a sedimentary
megasequence laps onto the upper surface of a large fault block. Reflec-
tion character of the block differs from that of basaltic basement on the
main plateau (e.g., Site 1183; Fig. F7). Parallel to subparallel, high-
frequency, slightly dipping reflections of limited and variable continu-
ity persist to depths as great as 1.0 s of two-way (P-wave) traveltime be-
neath the surface of the fault block.

We cored lower Miocene pelagic calcareous ooze and chalk (Unit I)
from 134.4 mbsf to the top of the fault block at 201.1 mbsf and volcani-
clastic rocks (Unit II) from 201.1 mbsf to the base of the hole at 538.8
mbsf. A 1-cm-thick ferromanganese oxide crust represents the contact
between the two units. Paleontological data suggest that deposition of
the volcaniclastic succession occurred during the middle Eocene (prin-
cipally nannofossil Zone NP16) and that deposition of the calcareous
ooze began during the earliest Miocene. Little, if any, sedimentary
record of events during the late Eocene or Oligocene is preserved.

Unit I is dominated by nannofossil foraminifer ooze with as much as
10% siliceous microfossils; volcanic ash is a minor component. Paleo-
depths appear to have been bathyal. Grain densities generally lie
between 2.3 and 2.6 g/cm3, with a mean of 2.5 g/cm3; porosity averages
66.1%, and the mean bulk density is 1.5 g/cm3. The ooze is weakly mag-
netic and was badly disturbed by drilling; consequently, we were unable
to obtain reliable paleomagnetic data.

The volcaniclastic sequence of Unit II consists of coarse lithic vitric
tuff, lapilli tuff, and lapillistone, most of which have a massive texture.
Several thin beds of fine ash are also present, but we recovered no pe-
lagic or neritic interbeds. Grain densities in Unit II are significantly more
variable than those in Unit I, with a mean of 2.4 g/cm3; bulk densities
maintain a nearly constant value of ~1.9 g/cm3, and porosities cluster be-
tween 31% and 37%. This unit exhibits normal-polarity magnetization
and what appears to be a continuous record of paleosecular variation.
The mean inclination (–54°) is much steeper than the expected Eocene
inclination and indicates a paleolatitude (35°S) significantly different
from that expected for this area in the Eocene (~15°–20°S). Tectonic rota-
tion of the volcaniclastic beds may have taken place after the magnetic
remanence was acquired, but it is unlikely that a sufficiently large
amount of rotation in the direction required has occurred.

We divided Unit II into five subunits on the basis of changes in grain
size, sorting, and sedimentary structures (Fig. F17; Table T2). Wood
fragments (Fig. F18) and organic-rich layers were found at the bound-
aries between four of the subunits (B, C, D, and E) and at the base of the
cored part of Subunit IIE, perhaps indicating lulls in volcanic activity.
Subunit IID contains numerous thin-bedded intervals with inclined
bedding. At ~305 mbsf, where a sharp increase in lapilli size marks the
boundary between Subunits IIB and IIC, magnetic susceptibility and
P-wave velocity increase abruptly, and mean thermal conductivity de-
creases slightly. Below 380 mbsf, where a reduction in lapilli size marks
the top of Subunit IID, both magnetic susceptibility and velocity de-
crease and mean thermal conductivity increases slightly.

All five subunits of Unit II consist predominantly of coarse ash to
lapilli-size glass and volcanic lithic fragments (Fig. F19), with less abun-
dant accretionary and armored lapilli, set in a fine ash matrix (Figs. F20,
F21). In most of the sequence, glass fragments are more abundant than
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lithic fragments. However, both the abundance of lithic fragments rela-
tive to glass and the proportion of red, oxidized lithic fragments are
greatest in the lapilli tuff and lapillistone of Subunit IIC. Oxidation of
lapilli probably accounts for the distinctively high magnetic suscepti-
bility of Subunit IIC, and the presence of both hematite and magnetite
has been confirmed by X-ray diffraction analysis.

Glass shards in Unit II volcaniclastic rocks range from <0.1 to ~10
mm and are predominantly subangular, blocky, and nonvesicular.
Slightly to highly vesicular glass shards are relatively rare. Tachylite
clasts are found throughout Unit II and form the main component of
the upper and lower parts of Subunit IIC. Lithic fragments are mainly
subround and subequant to subelongate and principally comprise non-
vesicular and vesicular basalt (generally <10 mm), ranging from partly
glassy to microcrystalline and fine grained, with rare fragments of diabase
(≤20 mm). Rip-up clasts of tuff (≤65 mm) are also common. Plagioclase
and clinopyroxene grains are present as phenocrysts in basaltic lithic frag-
ments and as discrete clasts; as clasts, they are generally anhedral, show-
ing signs of mechanical transport and/or fracturing. Accretionary (Fig.
F20) and armored lapilli (≤15 mm) are present in all the subunits and are
sometimes concentrated in bands.

We interpret the accretionary and armored lapilli, together with
abundant blocky glass shards, to indicate that these deposits were
formed by explosive hydroclastic eruptions in a shallow-water to emer-
gent eruptive setting (Fig. F22). The presence of nannofossils in finer
grained intervals of tuff suggests primary deposition or reworking in a
marine environment, and wood fragments and organic-rich layers indi-
cate proximity to a vegetated island. Several features indicate that a
component of the volcaniclastic material was derived from subaerial
eruptions. These include the presence of vesicular tachylite lapilli
throughout the volcaniclastic sequence, two intervals of well-sorted
lapillistone (consisting almost entirely of nonvesicular tachylite at the
top and bottom of Subunit IIC), and the abundant red, oxidized lithic
fragments in Subunit IIC.

The entire 337.7-m volcaniclastic sequence cored from Hole 1184A is
altered to varying extents, and the uppermost 8 m is completely altered
to pale brown Fe oxyhydroxide, indicative of weathering in an oxidiz-
ing (subaerial?) environment. Except for plagioclase and clinopyroxene,
almost all of the volcanic components and matrix are heavily altered to
smectite, analcime, celadonite, calcite, zeolites, pyrite, and Fe oxy-
hydroxide. Unaltered glass is present in several cores (most commonly
below ~470 mbsf); individual shards are typically rimmed by brown
smectite (Fig. F23). From rim to center, the most commonly observed
assemblage of secondary minerals in individual glass fragments follows
the progression: smectite; analcime and/or other zeolites; rare calcite.
The cement between individual clasts is predominantly composed of
the same minerals as those replacing glass. Rare pleochroic, blue-green
celadonite is also tentatively identified in the cement, filling vesicles in
glass and partly replacing individual glassy fragments. The zeolites
identified by X-ray diffraction are gmelinite, chabazite, levyne,
mordenite, and natrolite, an assemblage rarely found in submarine ba-
salt but common in subaerial environments. Several generations of
white, hairline to >5-mm-wide veins cut the cores; these veins are filled
with analcime ± other zeolites ± calcite and lined with minor smectite
and/or celadonite. Halos in the groundmass adjacent to veins are rare,
diffuse, and poorly developed; if present, they typically extend <1 cm
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into the wall rock and contain smectite and bluish celadonite or brown
Fe oxyhydroxide.

Despite the apparent middle Eocene biostratigraphic age of the vol-
caniclastic rocks, their chemical compositions are similar to those of
the 122-Ma Kwaimbaita-type basalt flows and many of the 90-Ma lavas,
such as those at Site 803 (Figs. F11, F12, F13). If the biostratigraphic age
is correct, then this result would suggest that a fertile portion of the dis-
tinctive Kwaimbaita-type mantle source remained beneath this part of
the eastern salient for 50–80 m.y. In light of shipboard inductively cou-
pled plasma–atomic emission spectrometry (ICP-AES) analyses, it now
seems unlikely that the Samoan hotspot provided much, if any, mate-
rial for volcanism at Site 1184, although it potentially could have pro-
vided a source of heat for melting.

The major results of drilling at Site 1184 are summarized below:

1. Nannofossil evidence suggests a middle Eocene age for the
volcaniclastic sequence drilled; much of the sequence appears
to have been deposited within Zone NP16. However, the steep
paleomagnetic inclination (–54°) implies a much greater age. If
the volcanism is indeed middle Eocene, it could be contempo-
raneous with the major change in Pacific plate motion at ~43 Ma
(e.g., Duncan and Clague, 1985). The volcaniclastic sequence
would be much younger than the main phase of construction of
the Ontong Java Plateau but similar in age to the 44-Ma alkalic
Maramasike Formation in Malaita (Tejada et al., 1996). However,
shipboard elemental data show that the volcaniclastic rocks at
Site 1184 are composed of tholeiitic basalt clasts, the bulk com-
position of which resembles that of the widespread 122-Ma
Kwaimbaita-type basalt or the similar basalts erupted at 90 Ma.
A contribution of Samoan hotspot mantle in Eocene magmatism
at Site 1184 appears unlikely.

2. The abundance of blocky glass shards implies that the volcani-
clastic deposit was formed by hydroclastic eruptions, through
the interaction of magma with shallow water. The abundant ac-
cretionary lapilli support this conclusion because they form only
in steam-rich, subaerial eruption columns.

3. The virtual absence of lapilli larger than 20 mm suggests that the
tuffs could not have accumulated close to the center of eruption.
Deposition on the margin of a shoaling submarine volcano pro-
vides the most likely explanation for the volcaniclastic se-
quence.

4. Deep subaerial weathering at the top of the volcaniclastic section
coupled with a zeolite assemblage typically formed in non-
marine environments indicates that this part of the eastern
salient was above sea level initially. Proximity to land also is sug-
gested by wood fragments found in organic-rich ash layers in the
volcaniclastic sequence. However, the presence of nannofossils
shows that at least some of the tuff was deposited, or redeposited,
in seawater.

Site 1185

Site 1185 is on the eastern edge of the main or high Ontong Java Pla-
teau, at the northern side of an enormous submarine canyon system
(informally termed the Grand Canyon or Kroenke Canyon) that ex-
tends from Ontong Java and Nukumanu atolls into the Nauru Basin
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(Fig. F1). This part of the plateau is far from sites where basaltic base-
ment crust was sampled previously, the closest being ODP Site 803 (334
km to the north-northwest) and DSDP Site 289 (351 km to the west).
We chose this site for two principal reasons. Firstly, the portion of base-
ment volcanic stratigraphy that we could sample by drilling was likely
to be different in this part of the plateau from that in more centrally lo-
cated areas. In particular, only relatively few far-traveled lava flows may
have reached the edge of the plateau, and it might be possible to sam-
ple deeper stratigraphic levels here than atop the plateau. Secondly, the
26 m of lava flows penetrated at ODP Site 803 (the only other basement
site on the eastern side of the high plateau) belongs to the 90-Ma erup-
tive event (Mahoney et al., 1993). Basement at other sites drilled on the
high plateau (Sites 289, 807, and 1183) formed at ~122 Ma. We thought
it possible that 90-Ma basement might also be found at Site 1185; in-
deed, seismic reflection data (Fig. F24) reveal intrabasement reflections
in this part of the plateau, suggesting that a carapace of 90-Ma lava
flows might overlie 122-Ma basalt. If so, drilling at Site 1185 would pro-
vide further insight into the extent, composition, and mantle sources of
the poorly understood 90-Ma event, documented previously at Site 803
and far to the south in lava sequences on the islands of Santa Isabel
(Tejada et al., 1996; Parkinson et al., 1996) and San Cristobal (Birkhold-
VanDyke et al., 1996) and in ash layers at DSDP Site 288 (Andrews,
Packham, et al., 1975).

We drilled two holes at Site 1185 (Table T1), the first of which was a
pilot hole to determine the depth to basement and the length of casing
necessary to attach to a reentry cone at the second hole. In Hole 1185A,
we started coring sediments at 250.6 mbsf, contacted basaltic basement
at 308.5 mbsf, and cored basement rocks to 328.7 mbsf. In Hole 1185B
(20 m west of Hole 1185A), we started coring at 308.0 mbsf, contacted
basaltic basement at 309.5 mbsf, and cored basement to 526.1 mbsf. We
recovered 14.1 m of the 57.9-m sedimentary section cored in Hole
1185A (Fig. F25). The dominant lithology is middle to upper Eocene
radiolarian nannofossil chalk, which gradually darkens downward from
white to light gray. Maximum bulk density is 1.6 g/cm3. The most dis-
tinctive features of the chalk are its abundant siliceous microfossils and
a highly variable abundance (in places, a virtual absence) of planktonic
foraminifers, suggesting that deposition was often below the foramini-
fer lysocline. Foraminifers preserved in the chalk indicate a middle to
upper Eocene unconformity that may be associated with a (relative) rise
in the CCD. Eocene siliceous chalk has been found at other DSDP and
ODP sites on the Ontong Java Plateau.

The basement sequence consists of pillow basalt and massive basalt
flows. We did not recover the sediment-basalt contact in either Hole
1185A or 1185B, but rare intercalations of limestone are present be-
tween lava flows and in fissures within the basalt. The limestone is
composed of micritic calcite with very rare and poorly preserved
nannofossils, foraminifers, and radiolarians that provide only rough
age control but reveal that limestones of two ages are present. Ex-
tremely rare nannofossils in limestone within the upper 15 m of base-
ment indicate a latest Cenomanian to Albian (possibly late Albian) age,
whereas recrystallized planktonic foraminifers in thermally metamor-
phosed limestone 126 m below the top of basement suggest a late
Aptian age. This difference in age between the upper and lower parts of
the basement section corresponds to differences in basalt petrography,
composition, and alteration. The entire basement sequence exhibits
normal magnetic polarity, compatible with this range of ages. Paleo-
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latitudes derived from paleoinclination data are similar, within error, to
those for Site 1183. The ~50-m.y. hiatus between the lower sediments
and basement suggests that this site may have been below the CCD for
much of the time from the Cenomanian to middle Eocene.

In Hole 1185A, we cored 16.7 m of pillow basalt (312.0 to 328.7
mbsf; 67% average recovery). The pillows have glassy rims, spherulitic
chilled margins, and fine-grained interiors. We divided the basalt into
five units (Fig. F26) on the basis of apparent limestone interbeds, some
of which may be only interpillow fill. The 216.6 m of basaltic basement
penetrated in Hole 1185B (309.5 to 526.1 mbsf; 42% average recovery)
exceeds the previous maximum on the plateau of 149 m of lava flows
penetrated at Site 807 (Kroenke, Berger, Janecek, et al., 1991). We di-
vided the basement section of Hole 1185B into 12 units ranging in
thickness from 1 to 65 m. Units 1, 3, 4, and 6–9 were identified as pil-
low basalt on the basis of glassy rims and grain-size variations, and
Units 2 and 5 are more massive lava flows with pillowed tops and bases.
Units 1–9 are separated by thick (as much as 70 cm) intervals of hyalo-
clastite breccia composed of pillow-rim fragments cemented by carbon-
ate and clay. Units 10–12 are massive flows. The flow tops of Units 10
and 12 are marked by carbonate- and clay-cemented breccia; the top of
Unit 11 was not recovered but was inferred from the presence of vesicles,
a pronounced change in alteration, and a marked increase in drilling
rate over an interval of ~3 m.

The basalt from Hole 1185A and in Units 1–9 of Hole 1185B is
sparsely to moderately olivine phyric and generally highly veined. Oliv-
ine, the only common phenocryst phase, varies from fresh, in the
glassy and aphanitic rims of pillows, to completely replaced by smec-
tite, Fe oxyhydroxide, or calcite. Tiny octahedral crystals of chrome
spinel are present, often as inclusions in the olivine phenocrysts (Fig.
F27). Aphanitic pillow margins display a prominent spherulitic texture
(Fig. F28) that grades into variolitic texture in fine-grained pillow interi-
ors. The massive units also have variolitic texture and are less heavily
veined. Units 10–12 in Hole 1185B contain small, sparse phenocrysts of
plagioclase and clinopyroxene in addition to olivine. These rocks are
similar in appearance to the basalt flows at Sites 1183 and 1186 and,
like them, contain plagioclase-rich xenoliths. Shipboard ICP-AES analy-
ses show that Units 10–12 are also very similar in composition to basalt
from Holes 1183A and 1186A (Figs. F10, F11, F12, F13). For example,
all have TiO2 ≈ 1.1 wt%, Cr ≈ 200 ppm, and Zr ≈ 60 ppm and appear to
belong to the widespread Kwaimbaita magma type. In contrast, samples
of the overlying basalt flows and those in Hole 1185A have the lowest
concentrations of incompatible elements (TiO2 ≈ 0.7 wt%; Zr ≈ 38 ppm;
Fig. F12) and the most primitive, magnesium-rich compositions (MgO
8–10 wt%; Cr ≈ 460 ppm) yet found in basalt from the plateau (Figs.
F11, F13). This combination of elemental characteristics appears to in-
dicate that their parental magmas formed by even higher total fractions
of partial melting than other Ontong Java Plateau basalts (see “Results
from Previous Sampling of Cretaceous Igneous Basement,” p. 6, in
“Background”).

Bulk densities are higher (>2.4 g/cm3) in Units 2, 5, 10, and 11 than
in Units 3 and 6–9 (<2.3 g/cm3). Both grain and bulk density decrease
downhole in Units 4–9, corresponding to a change from massive to
highly veined pillow basalt, and bulk density increases with the change
from veined to massive basalt from Unit 9 to Units 10–12. P-wave
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velocities are generally >5000 m/s in the dense basalt of Units 2 and 10–
12 and generally <5000 m/s in the veined basalt of Units 3 and 6–9.

Seawater-derived fluids have interacted pervasively at low tempera-
tures with the basaltic basement, and we can divide the basement sec-
tion into two groups of flows with different alteration characteristics.
One group consists of all the basement units of Hole 1185A and Units
1–9 of Hole 1185B. Alteration in these units occurred under highly oxi-
dizing conditions and with high water:rock ratios, as indicated by light
and dark yellow-brown colors near glassy and aphanitic pillow margins;
these colors fade to gray-brown and dark gray in coarser grained pillow
interiors. The yellow-brown colors are a result of the complete replace-
ment of olivine and pervasive alteration of groundmass by smectite
(saponite and nontronite) and Fe oxyhydroxide. Although olivine phe-
nocrysts are commonly completely replaced, rare unaltered olivine is
present in aphanitic, dark gray to black areas interpreted as pillow rims.
These characteristics are significantly different from the style of alter-
ation in basalt at Site 1183.

A very different type of alteration has affected Units 10–12 at Hole
1185B. The top of Unit 10 marks a dramatic change in alteration char-
acter, and the brecciated top of this unit consists of pervasively altered
angular basalt fragments. Such severe alteration is likely to be the result
of exposure of very permeable basaltic seafloor to bottom seawater for
an extended period of time (several million years). Groundmass alter-
ation in Units 10–12 is characterized by pervasive celadonite. Unaltered
glass is much rarer in these units than in Units 1–9, but this may be a
consequence of the greater flow thickness rather than the level of glass
alteration. Broad (centimeter scale) green-gray halos surround veins;
wider reduction fronts consisting of scattered pyrite grains in the
groundmass extend a few millimeters to a few centimeters beyond these
halos. Smaller (millimeter scale) olive halos similar to those from Hole
1183A also are developed near veins, both within green-gray halos and
where green-gray halos are absent.

Veins throughout the basement sequence predominantly contain
calcite, zeolites (phillipsite), smectite, Fe oxyhydroxide, and rare celado-
nite and pyrite. Some veins were probably produced by sediment filling
open fractures in the basalt; these veins are <5 mm to a few centimeters
wide, are filled with pink carbonate and Fe oxyhydroxide, and contain
recrystallized foraminifers. They are present both near the boundaries
and within the interiors of basaltic units.

The major results of drilling at Site 1185 are summarized below:

1. The 60 m of white to light-gray radiolarian nannofossil chalk im-
mediately above basement is of middle to late Eocene age. The
most distinctive feature is the abundance of siliceous micro-
fossils and, in places, a nearly complete absence of planktonic
foraminifers, suggesting that many of the sediments were depos-
ited below the foraminifer lysocline. Recovered foraminifers in-
dicate a middle/upper Eocene unconformity within the unit that
may be associated with a rise in the CCD.

2. A hiatus on the order of 50 m.y. separates the sedimentary suc-
cession from the basaltic basement.

3. Extremely rare calcareous nannofossils recovered from limestone
between basalt flows in the upper 15 m of basement indicate an
Albian to latest Cenomanian age. Recrystallized planktonic
foraminifers found within thermally altered limestone 126 m
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below the sediment-basement contact in Hole 1185B tentatively
suggest a late Aptian age.

4. The basaltic lava flows in Hole 1185B can be divided into two
major groups. The upper group appears to have been erupted
sometime between the latest Cenomanian and Albian; the lower
group is Aptian in age.

5. The two basalt groups have distinct chemical compositions. The
older group is very similar to the basalt from Holes 1183A and
1186A and appears to represent the abundant Kwaimbaita magma
type. The younger group has much lower concentrations of in-
compatible elements and includes the most primitive (magne-
sian) basalt yet found on the plateau.

6. Different styles of alteration in the two groups of basement lava
flows suggest that the older group was in contact with seawater
for a long period before the eruption of the younger group. This
observation is consistent with the paleontological evidence that
suggests a >15-m.y. hiatus between the two groups.

Site 1186

The plan for Leg 192 included a site on Stewart Arch within the terri-
torial waters of the Solomon Islands (proposed Site OJ-7; see Fig. F1).
However, ODP and the U.S. State Department were unable to obtain
clearance for this site before the cruise. By midcruise, it was evident that
clearance would not be forthcoming in time (if at all) to drill the site.
We therefore chose Site 1186, on the eastern slope of the main Ontong
Java Plateau, 206 km west of Site 1185, 319 km east of Site 1183, and
149 km east-southeast of DSDP Site 289 (Figs. F1, F2). The very different
volcanic stratigraphy at Sites 1183 and 1185, particularly our discovery
of high-Mg, low-Ti basalt of probable latest Cenomanian to Albian age
at Site 1185, highlighted the importance of a site at a location interme-
diate between the crest and eastern edge of the main plateau.

Approximately 12 km east-northeast of Site 1186 the seismic reflec-
tion data show a small body, interpreted to be an igneous intrusion or
small volcanic cone, rising into the sedimentary sequence ~500 m
above the surrounding acoustic basement. Extending from this body
toward the drill site is a package of high-amplitude and continuous re-
flections (Fig. F29) that could represent a sill, lava flow, or volcaniclastic
sediments. Alternatively, it could represent pelagic sediments altered by
hydrothermal fluids derived from the igneous body. A secondary reason
for selecting Site 1186 was to core this reflection package. If it proved to
represent a sill or lava flow, it would provide information on the poorly
known late-stage magmatism seen in seismic reflection records across
much of the high plateau (Kroenke, 1972; Nixon, 1980) and in the 34-
Ma alnöite intrusions and 44-Ma alkalic Maramasike Formation lavas
on Malaita (e.g., Davis, 1977; Nixon and Neal, 1987; Tejada et al.,
1996).

We began coring at 697.4 mbsf. The lithologic units recognized at
this site are similar to those at other sites on the main Ontong Java Pla-
teau, except that the Oligocene–Neogene chalk and ooze, designated as
Unit I elsewhere on the plateau (and presumed to be present at Site
1186), were not cored. Recovery of Paleocene–Eocene Unit II (697.4–
812.7 mbsf; see Fig. F30) was generally <5%. The rocks recovered are
white limestone and chalk with faint burrow mottling and dark reddish
gray to olive-brown chert interbeds. The lowest core of Unit II contains
numerous thin gray beds of zeolite-rich chalk, similar to those inter-
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preted to be altered volcanic ash layers at other sites on the main pla-
teau. No material indicative of a late-stage lava flow or sill was recovered.
Despite the low overall recovery in this unit, the abundance of chert
suggests that the seismic reflector package mentioned above represents
a particularly chert-rich interval of sediment.

Unit III (812.7 mbsf to the contact with basaltic basement at 968.6
mbsf; Fig. F30) is Cretaceous chalk and limestone. The upper 118 m
(Subunit IIIA; Campanian–Maastrichtian) consists of white to brownish
white chalk, and the lower 38 m (Subunit IIIB; Aptian–Albian) is mot-
tled light gray and dark brown limestone with minor clay beds. The di-
vision between the subunits is marked by a clay-rich band at 930.55
mbsf. As at Site 1183, this band marks a major hiatus (~13 m.y.) in car-
bonate deposition between the upper Albian and upper Coniacian.
Other prominent hiatuses common to both Sites 1186 and 1183 are
middle Albian (10 m.y.), uppermost Maastrichtian (2 m.y.), and middle
Danian through middle Selandian (4 m.y.). Paleoenvironmental differ-
ences between Sites 1183 and 1186 are probably mostly a result of the
greater paleodepth of Site 1186 and include a longer period of deposi-
tion in the Late Cretaceous below the foraminifer lysocline at Site 1186
(late Albian through early Maastrichtian) than at Site 1183 (late Albian
through earliest Campanian).

The lowermost three beds above basement are a yellowish brown
limestone overlying a bioturbated transition to a 5-cm-thick interval of
dark brown ferruginous claystone, which in turn lies atop a 0.5-cm
layer of breccia containing angular basaltic glass fragments. The lime-
stone is late early Aptian in age (upper Leupoldina cabri Zone) and con-
tains a small hiatus marking the absence of the planktonic foraminifer
Globigerinelloides ferreolensis and calcareous nannofossil NC7B Zones.
The 65.4 m of basement penetrated (with 59% average recovery) in
Hole 1186A consists of basalt lava flows with minor interbeds of yellow-
ish brown sandstone and one interval of reddish brown conglomerate
containing rounded limestone clasts (Fig. F31). Fractures in some of the
flows are filled with pale brown, partially recrystallized limestone brec-
cia.

Site 1186 was the only hole logged during Leg 192. High-quality logs
were acquired in igneous basement and in parts of the cored sedimen-
tary interval. We tentatively interpret a strong seismic reflection in the
sedimentary section at 4.37 s two-way traveltime (~725 mbsf; see Fig.
F29) as an ~4-m-thick chert or chert-dominated interval. The Aptian–
Albian limestone appears to be thinly and regularly bedded. The sharp
boundary between sedimentary and igneous rock is well defined on
conductivity, porosity, density, and, particularly, Formation MicroScan-
ner logs. Using the same logs, we can distinguish between pillowed and
massive intervals within igneous basement.

We divided the basement section (968.6–1034.0 mbsf) into four units
on the basis of limestone and hyaloclastite interbeds and downward
changes in character from massive to pillowed. The units range from 10
to >26 m in thickness (Fig. F32). Basement Unit 1 consists entirely of
pillow lava, whereas Units 2–4 have massive interiors. The basalts are
sparsely olivine (±plagioclase) phyric. All olivine is altered and usually
replaced by dark green clay. The pillows have glassy rims (commonly
containing some unaltered glass), aphanitic outer zones, and fine-
grained interiors. In the massive flows forming most of Units 2–4, the
transition from aphanitic flow tops to coarser grained interiors occurs
over several meters and is marked by an intermediate zone with a
patchy texture varying between fine grained and aphanitic on a scale of
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a few millimeters. Olivine phenocrysts are concentrated in the coarser
patches and are rare to absent in the aphanitic parts (Fig. F33).

Plagioclase xenocrysts (>2 mm) and, more rarely, plagioclase-rich xe-
noliths are present throughout the entire basalt section and are more
common in the massive intervals. They are similar to the xenocrysts
and xenoliths that we reported from Site 1183 and from the lower
group of lava flows at Site 1185. Seven bulk-rock lava samples analyzed
by shipboard ICP-AES are closely similar in chemical composition to ba-
salt from Hole 1183A, the lower group at Hole 1185B, Units C–G at Site
807, and the Kwaimbaita Formation on the island of Malaita (Figs. F10,
F11, F12, F13). The basalt flows all have normal magnetic polarity and
give a 23°S paleolatitude, which agrees well with values obtained from
basalt of similar age from Sites 1183 and 1185.

The entire section of basaltic basement cored at Site 1186 has un-
dergone low-temperature water-rock interactions resulting in com-
plete replacement of olivine and almost complete replacement of
glassy meso-stasis. Clinopyroxene and plagioclase are generally un-
altered. The overall alteration of the basalt ranges from 5% to 35% by
volume, estimated visually by color distribution in hand specimen.
On the whole, the alteration is similar to that in the lower group of
basalt flows at Site 1185 and especially to that at Site 1183. The effects
of the same three main low-temperature alteration processes are
clearly seen: (1) black and dusky green halos resulted from the replace-
ment of olivine phenocrysts and groundmass glass by celadonite, Fe
oxyhydroxide, and, to a minor extent, smectite; (2) brown halos
formed by the complete replacement of olivine and glass by smectite
and Fe oxyhydroxide as a result of strongly oxidative alteration at
high water:rock ratios; and (3) pervasive alteration under anoxic to re-
ducing conditions and low water:rock ratios has affected the basalt in
areas outside the colored halos. Smectite, pyrite, and calcite are the
principal secondary minerals formed during this process.

Veins in the basement rocks are lined with smectite or celadonite and
filled with calcite. Veined basalt has lower bulk density than does un-
veined basalt (<2.4 g/cm3 compared with >2.4 g/cm3), lower P-wave ve-
locity (<5000 m/s compared with >5000 m/s), and lower magnetic
susceptibility.

The major results of drilling in Hole 1186A are summarized below:

1. The sedimentary sequence closely parallels those at other sites
on the main Ontong Java Plateau.

2. Biostratigraphy indicates a major hiatus (~13 m.y.) in carbonate
deposition between the upper Albian and upper Coniacian, as at
Site 1183. Other significant hiatuses at both sites are Albian (10
m.y.), uppermost Maastrichtian (2 m.y.), and middle Danian
through middle Selandian (4 m.y.).

3. Basement at Site 1186 consists of basaltic pillow lava and mas-
sive lava flows. It is probably of similar age to basement at Site
1183; both are immediately overlain by upper lower Aptian
(~118 Ma in the timescale of Gradstein et al., 1995) limestone.

4. The basalt is similar in chemical composition to basalt from Site
1183, the lower group of flows at Site 1185, Units C–G at Site
807, and the Kwaimbaita Formation on Malaita. The types and
amounts of basalt alteration at Site 1186 are very similar to those
at Site 1183.

F33. Plagioclase laths and clino-
pyroxene crystal sprays in basalt, 
p. 69.
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5. The basalt flows have normal magnetic polarity and yield a pa-
leolatitude of 23°S, which agrees well with that obtained from
basalt of similar age from Sites 1183 and 1185.

Site 1187

We decided to drill Site 1187 while coring in Hole 1186A. By the time
we had penetrated ~50 m into basement at Site 1186, it was clear from
shipboard ICP-AES analyses that the basalt was of the widespread, re-
markably homogeneous, ~122-Ma Kwaimbaita magma type found in
Hole 1183A and in the lower 92 m of basement at Site 1185. The bot-
tom of the Kwaimbaita-type lava sequence has not been reached in any
of the locations where such lavas have been encountered. This se-
quence is >100 m thick at Site 807 (Units C–G) (Kroenke, Berger, Jan-
ecek, et al., 1991), and on the island of Malaita the Kwaimbaita
Formation is >2.7 km thick (Tejada et al., in press). Furthermore, our
rate of penetration in basement was low, and there was risk involved in
reentering (after an imminent drill-bit change) an uncased >900-m-deep
hole in chert-rich sediment. These considerations led us to favor drill-
ing a new site to provide fundamental new information about the age,
composition, and/or mantle sources of the plateau over deepening Hole
1186A.

A site somewhere between Site 1185 and Site 803 would be particu-
larly useful because, unlike other sites on the main plateau, Sites 803
and (on the basis of shipboard biostratigraphic data) 1185 contain ba-
salt that is younger than 122 Ma, and the lava flows in the upper 125 m
of basement at Site 1185 are compositionally different from any seen
elsewhere on the plateau. We therefore selected Site 1187 (Fig. F1), near
Site 804 (which did not reach basement) on the eastern edge of the
main plateau. Site 1187 is 194 km southeast of Site 803, 146 km north
of Site 1185, and <3 km from the easternmost point where Ontong Java
Plateau basement can be distinguished easily, on seismic records, from
that of the Nauru Basin (Fig. F34). Our principal objectives at Site 1187
were to establish the composition, age, and eruptive environment of
the basement volcanic rocks and to compare them with those of lavas
sampled at Sites 803 and 1185. In particular, we wanted to determine
whether basement in this region was emplaced during the ~122-Ma or
later magmatic events, or both.

We encountered basaltic basement at 372.5 mbsf (Table T1), ~40 m
shallower than estimated from the seismic record. We had begun coring
at 365.5 mbsf and recovered only 1.47 m of the sedimentary succession
above basement. The sediment recovered consists of dark brown ferru-
ginous claystone that grades downward from burrow mottled to lami-
nated and overlies an ~2-cm-thick chalk layer. Biostratigraphic analysis
of the claystone indicates an age of late Aptian to Albian. The chalk
layer, which immediately overlies basalt, contains a late Aptian
foraminiferal assemblage, including the planktonic taxa Globigerinel-
loides ferreolensis, Blowiella duboisi, and Blefuscuiana praetrochoidea,
and a lower-slope benthic assemblage. The calcareous nannofossils
Eprolithus floralis and Hayesites irregularis, present without any Albian-
restricted species, are consistent with a late Aptian age for the chalk.
Washed residues of the overlying claystone very rarely contain the
planktonic foraminifer Globigerinelloides aptiensis, indicating an age
range of late Aptian to middle Albian. A single, questionable specimen
of the Albian taxon Blefuscuiana albiana was also recovered. The clay-
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stone residues are dominated by fish-bone fragments and small ferro-
manganese nodules, suggesting slow accumulation below the CCD.

A 70-cm-thick interval of the claystone is reversely magnetized. The
late Aptian to Albian biostratigraphic age of the claystone suggests that
this interval may be M″-1r″ (also called “ISEA” after the site code used
for its initial discovery in Italy), a short reversed-polarity subchron
(~115 Ma) within the Cretaceous Normal Superchron. The underlying
basalt flows all exhibit normal polarity. Paleoinclination data for the
basalt indicate a paleolatitude of ~19°S, essentially the same as at Site
1186 and within error of values for Sites 1183 and 1185.

We cored 135.8 m of basaltic basement, which we divided into 12
units (ranging in thickness from 0.7 to 41.3 m; Fig. F35) on the basis of
recrystallized limestone, significant (>10 cm thick) hyaloclastite inter-
beds, and/or downward changes in lava flow structure from massive to
pillowed (e.g., the contact between Units 6 and 7). Most of the se-
quence consists of pillow-lava flows. The only unequivocally massive
portion is the fine-grained, 9-m-thick base of Unit 6; some basalt inter-
preted to be from pillows >2 m thick also may be from massive flows.

The rims of the pillows contain both unaltered and altered glass. Ba-
salt inside the rims is aphanitic, generally altered, and often contains
spherulitic zones stained by Fe oxyhydroxide. In the larger pillows, the
grain size coarsens gradually from aphanitic near the margins to fine
grained in pillow interiors. The basalt is aphyric to moderately olivine
phyric. Fresh olivine is present in some of the least-altered intervals of
fine-grained basalt in pillow interiors and in the massive basalt of Unit
6. Rare, irregular miarolitic cavities (as large as 1 cm × 2 cm) are present
in the interiors of pillows and in the massive portion of Unit 6. Ship-
board ICP-AES analyses (Figs. F10, F11, F12, F13) show that the basalt is
relatively primitive (MgO ≈ 9 wt%; Cr ≈ 485 ppm), like the upper 125 m
of lava flows at Site 1185, and virtually identical to them in its unusu-
ally low concentrations of incompatible elements (e.g., Zr and Ti). The
presence of these distinctive lava flows in >100-m-thick piles at two
sites 146 km apart implies that substantial volumes of this type of
magma were erupted on the eastern flank of the high plateau after the
main plateau-forming eruptions at ~122 Ma.

Seawater-derived fluids have interacted at low temperatures with the
basaltic basement, resulting in the most pervasive overall alteration ob-
served during Leg 192. This observation is consistent with the high
abundance of relatively small pillows. Alteration occurred under highly
oxidizing conditions with high water:rock ratios and resulted in the de-
velopment of light and dark yellow-brown colors through the complete
replacement of olivine and the alteration of groundmass to smectite
(saponite and nontronite) and Fe oxyhydroxide near the outer zones of
pillow margins. The color grades into dark brown and dark gray in the
coarser grained pillow interiors. Despite the high average level of alter-
ation in the basalt, unaltered glass is relatively abundant at Site 1187
because of both the large number of individual pillows (i.e., more glassy
margins are present per length of core) and the greater thickness of
many of the glassy margins compared with those at other Leg 192 sites.
Overall, the secondary mineral assemblages and visual characteristics of
basalt alteration at all Leg 192 sites are remarkably similar to those seen
elsewhere in nonplateau seafloor of varying ages. This similarity indi-
cates that alteration conditions in basement on the Ontong Java
Plateau were similar to those operative in typical ocean crust formed at
spreading centers.
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Veins throughout the basement sequence consist mainly of calcite,
zeolites (probably phillipsite with analcime), smectite, Fe oxyhydrox-
ide, and rare celadonite and pyrite. As at Sites 1185 and 1186, the phys-
ical properties of basement at Site 1187 strongly reflect the amount of
veining and alteration in the basalts. P-wave velocities are high (>5300
m/s) in the dense, relatively sparsely veined basalt of Units 6 and 7 and
lower (<5300 m/s) in the more abundantly veined basalt of other units.
Areas of high magnetic susceptibility also correlate with the presence of
dense, unveined basalt, and the mean bulk densities of sparsely veined
intervals are >2.7 vs. <2.7 g/cm3 in abundantly veined intervals.

The major results of drilling in Hole 1187A are summarized below:

1. A late Aptian biostratigraphic age for an ~2-cm-thick chalk layer
directly above basaltic basement and a late Aptian to Albian age
for a ferruginous claystone overlying the chalk suggest that ba-
salt at this site is older than the Albian to latest Cenomanian age
indicated for the upper portion of basement at Site 1185.

2. Basement at Site 1187 consists mainly of basaltic pillow lavas,
with minor massive flows. Despite the apparent difference in
age, the chemical composition of Site 1187 basalt closely resem-
bles that of the upper 125 m of lava flows at Site 1185. Both
groups of lavas are significantly less differentiated and poorer in
incompatible elements than other Ontong Java Plateau basalts.
Relatively large amounts of incompatible element–poor, rather
high Mg basalt appear to have been erupted along the eastern
edge of the plateau. These rocks represent high total fractions of
partial melting.

3. The level of basaltic alteration at Site 1187 is generally greater
than at other Leg 192 sites, although fresh glass is present in
many of the pillow rims and unaltered olivine is abundant in
some pillow interiors and in the one massive flow. The basalt
flows have normal magnetic polarity and yield a paleolatitude of
~19°S, which agrees within error with values obtained for base-
ment at Sites 1183, 1185, and 1186. A 70-cm-thick reversed-
polarity interval in the claystone overlying basement may corre-
spond to M″-1r″ (ISEA), a short reversed-polarity subchron (~115
Ma) within the Cretaceous Normal Superchron.

DISCUSSION AND SUMMARY

Drilling/Site Overview

Four of the five sites drilled during Leg 192 are on the main or high
plateau, and one is on the northern ridge of the eastern lobe or salient
(Fig. F1). The four sites on the main plateau and the three previous
DSDP and ODP sites that reached basaltic basement form a transect ex-
tending eastward from Site 1183 on the crest of the plateau, via Sites
289 and 1186, to Site 1185 on the extreme eastern edge of the plateau.
From Site 1185, the transect runs northward along the eastern edge of
the plateau to Sites 1187 and 803 and then northwestward to Site 807
on the northern flank. Figure F36 shows the stratigraphic sections
drilled at all seven high-plateau igneous basement sites, arranged in
order on the transect, plus the stratigraphic section at Site 1184. East-
ern-salient Site 1184 lies off the transect, 586 km to the southeast of Site
1185. The diagram summarizes water depth, sediment thickness, base-
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ment penetration, and basement rock types. Basement ages for previ-
ously drilled sites are from 40Ar-39Ar dating of basalt and are estimated
from biostratigraphic evidence for the Leg 192 sites. Figure F37 shows
the present-day water depth to basement at each site, corrected for the
effects of sediment loading. Assuming that (1) Aptian basement lies be-
neath a relatively thin 90-Ma lava sequence at Site 803, (2) all sites (ex-
cept Site 1184) have subsided by the same amount since the Aptian,
and (3) there has been no subsequent tectonic disturbance, Figure F37
should give the relative depths of each site at the time of plateau forma-
tion.

Scientific Results

Our principal objectives for this cruise were to establish the composi-
tion, age, and eruptive environment of the basement volcanic rocks at
each site. We also hoped to determine the early subsidence history from
the overlying sedimentary succession at each site and to ascertain the
ages of sequence boundaries observed in the seismic record. Many of
these objectives were partially met through shipboard studies but will
require more comprehensive shore-based work to be achieved fully.

Basement Ages

Shipboard biostratigraphic analysis brackets the age of basement at
Sites 1183 and 1186 between the early and late Aptian; thus, the upper
levels of basement crust at these sites belong to the 122 (±3)-Ma phase
of Ontong Java Plateau volcanism. At Site 1185, biostratigraphic age
controls on basement are poor but suggest that basalt flows of two ages
are present. The upper 15 m (and possibly ~125 m; i.e., the upper group
of basalt units in Fig. F26) of lava flows appears to be between latest
Cenomanian and Albian, possibly late Albian, in age; that is, micro-
paleontological data suggest they were emplaced sometime between
~93 and 112 Ma (in the timescale of Gradstein et al., 1995). The lower
92 m of Kwaimbaita-type flows (the lower group in Fig. F26) appears to
be late Aptian or older. The simplest interpretation, in the absence of ra-
diometric age data, is that the lower flows belong to the widespread
~122-Ma event and the upper ones to the 90 (±4)-Ma event docu-
mented in lava flows at Site 803, on Santa Isabel and San Cristobal, and
in ash layers at DSDP Site 288 (see Fig. F3). The nearly identical, and un-
usual, low-Ti, high-Mg compositions of the upper group of flows at Site
1185 and the entire lava sequence drilled in Hole 1187A suggest that all
the low-Ti, high-Mg flows are related and were formed at the same
time. Yet biostratigraphic data suggest that the Site 1187 flows are late
Aptian or older (>115 Ma). Therefore, we have a discrepancy, the resolu-
tion of which must await 40Ar-39Ar dating of basalt samples and/or re-
finement of the biostratigraphic age estimates.

Nevertheless, the evidence now available from Leg 192, combined
with age data for Leg 30 and Leg 130 sites, indicates that an immense
part of the high plateau was formed in the ~122-Ma event: the central
region (Sites 289, 1183, and 1186), northern flank (Site 807), and prob-
ably much of the eastern flank (lower group of flows at Site 1185 and
possibly Site 1187). Basement crust in Malaita and much of Santa Isabel
also was formed in this event, and possibly the lowest part of the sec-
tion exposed in San Cristobal (Neal et al., 2000). With the resolution of
existing sampling and 40Ar-39Ar and biostratigraphic ages, the duration
of this event could have been as great as ~7 m.y., or much shorter. Im-
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portantly, the central region of the main plateau appears to have been
largely bypassed by post–122-Ma eruptive episodes. To date, evidence
for these episodes has been found exclusively in locations around the
eastern margins of the main plateau (Site 803, possibly Site 1187, and
the upper group of basalt at Site 1185) and on the eastern salient (Santa
Isabel, Malaita, San Cristobal, Site 1184, and in ash layers at Site 288, at
the boundary between the eastern salient and the main plateau). Thus,
the ~90-Ma episode now appears to have been volumetrically minor in
relation to the ~122-Ma event, and later episodes to have been still less
important. This conclusion is one of the major results of Leg 192. In
sharp contrast, in the southern and central Kerguelen Plateau and Bro-
ken Ridge, substantial volumes of magma appear to have been em-
placed over a period of ~30 m.y. (Pringle and Duncan, 2000).

The biostratigraphic data for the thick sequence of volcaniclastic
rocks at Site 1184 suggest that at least locally significant volcanism oc-
curred on the northern part of the plateau’s eastern lobe in the middle
Eocene (~41–43 Ma in the timescale of Berggren et al., 1995). On the
southern part of the eastern lobe, the 44-Ma alkalic lavas of the Mara-
masike Formation in Malaita (Tejada et al., 1996) reach a maximum
thickness of 900 m (Petterson et al., 1997). The apparent biostrati-
graphic age of the Site 1184 volcaniclastic rocks and the age of the
Maramasike lavas are close to that of the ~43-Ma major change in Pa-
cific plate motion (e.g., Duncan and Clague, 1985), and it is tempting
to suggest that volcanism in one or both cases may have occurred in
response to a change in the stress field of the plateau.

Petrology and Geochemistry of Igneous Rocks

Fundamental results of Leg 192 are that Kwaimbaita-type basalt was
the only type we encountered at Sites 1183 and 1186 and that it lies be-
low the 125 m of low-Ti, high-Mg basalt at Site 1185. Units C–G at Leg
130 Site 807 on the far northern flank of the high plateau are also of the
Kwaimbaita type. Thus, Kwaimbaita-type lava flows cover an immense
region of the high plateau. Furthermore, despite the considerable dis-
tances separating these sites, the total range of elemental variation is
surprisingly small (Figs. F10, F11, F12, F13). Other magma types,
whether ~122 Ma or younger, such as the low-Ti, high-Mg basalt dis-
covered during Leg 192 and the Singgalo type at Site 807, in Santa
Isabel, and particularly abundant in Malaita, appear to be present
mainly on the margins of the plateau. No Singgalo-type basalt was
recovered at any of the Leg 192 sites. We conclude that the Kwaimbaita
magma type was by far the most abundant type produced, at least dur-
ing construction of the upper levels of basement crust. Although shore-
based isotopic work on Leg 192 basement samples is needed, the
implication from the shipboard elemental data is that the magmas were
derived from a very homogeneous and voluminous mantle source.

One of the most exciting discoveries of Leg 192 was the low-Ti, high-
Mg basalt of Sites 1185 and 1187, along the eastern edge of the plateau.
The Kwaimbaita magma type represents a high total percentage of par-
tial melting, probably on the order of 18%–30% (Mahoney et al., 1993;
Tejada et al., 1996; Neal et al., 1997). The low-Ti, high-Mg basalt re-
quires significantly higher total amounts of partial melting. Small
amounts of basalt with rather similar elemental characteristics are
found along some oceanic spreading axes and in Iceland (Hemond et
al., 1993; Hardarson and Fitton, 1997), but understanding how the ap-
parently large volume of these flows on the eastern Ontong Java Plateau
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originated poses a formidable challenge. An explanation of their origin
and of the relationship of their mantle source region to the Kwaimbaita
and Singgalo sources awaits more precise knowledge of their age, and
comprehensive elemental and isotopic data from shore-based studies.

By the Eocene, the plateau had drifted thousands of kilometers from
its 90- and 122-Ma positions (e.g., Yan and Kroenke, 1993). Yet, surpris-
ingly, the mantle source of the apparently Eocene volcanism at Site
1184 was compositionally similar to the source of the Kwaimbaita-type
~122- and ~90-Ma basalts (e.g., Fig. F12). The same is true of the Pale-
ocene and Eocene tholeiitic basalts in San Cristobal, which closely
resemble the older basalt groups both elementally and isotopically
(Birkhold-VanDyke et al., 1996; Neal et al., 2000). Although late-stage
tholeiitic magmatism could have been caused by upwelling of mantle
completely unrelated to the source that formed most of the plateau, the
compositional similarity of the later tholeiitic basalts and those formed
many tens of millions of years earlier argues that the sources of the later
basalts were closely related to the mantle that formed the bulk of the
plateau. Our working hypothesis is that the sources of such late-stage
tholeiitic volcanism resided in fertile portions of the plateau’s litho-
spheric mantle root that did not melt, or possibly were veined (i.e.,
refertilized) by migrating melts, at 122 (and/or 90) Ma. Such regions
would be capable of melting to form tholeiitic magma if heated suffi-
ciently, but the specific causes of melting remain obscure at present.

Basement Paleolatitude

Estimates of basement paleolatitude at Sites 1183, 1185, 1186, and
1187 are in the 20°–30°S range. This range is well to the north of the
~35°–42°S location suggested for the central high plateau between 125
and 90 Ma in the plate reconstruction of Neal et al. (1997) and even far-
ther from the present position of the Louisville hotspot (~50°S) pro-
posed by several workers to be the source of the plateau. The amount of
true polar wander and the distance the Louisville hotspot has drifted
since the Early Cretaceous (if it existed then) are unknown, but, in
agreement with Nd-Pb-Sr isotopic data for pre–Leg 192 basement sam-
ples and the lack of a postplateau seamount chain corresponding to a
plume tail (e.g., Neal et al., 1997; Tejada et al., in press), the paleo-
latitude data presently do not appear to support a Louisville hotspot
origin for the Ontong Java Plateau.

Site 1184 presents a paradox in that the –54° mean magnetic inclina-
tion of the volcaniclastic sequence implies a paleolatitude of ~35°S.
Assuming the middle Eocene biostratigraphic age is accurate, this value
is much farther south than the expected Eocene paleolatitude of ~15°–
20°S for this part of the plateau. At this site, postdepositional tilting of
the sequence appears unlikely to explain a difference of this magnitude,
and we currently have no satisfactory explanation for the discrepancy.

Eruptive Environment and Paleoenvironmental Impact

The volcaniclastic sequence at Site 1184 formed in shallow water but
seems to represent magmatism that occurred long after the Aptian
phase of plateau construction. Basement rocks at the four Leg 192 sites
on the main plateau were emplaced well below sea level, as were those
of Sites 289, 803, and 807, and the Ontong Java Plateau basement sec-
tions in the eastern Solomon Islands (see “Results from Previous Sam-
pling of Cretaceous Igneous Basement,” p. 6, in “Background,” and
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“Eruptive Environment and Style,” p. 8, in “Scientific Objectives”).
Site 1183, on the crest of the main plateau, appears to have been by far
the shallowest site originally (Fig. F37), but the virtually vesicle-free
pillow lava flows there were probably erupted at a depth of at least 800
m. Indeed, the only evidence that any part of the main plateau was at
least briefly shallow or emergent in the Aptian is provided by the two
thin (<1 m recovered) layers of laminated vitric tuff deposited as turbid-
ites at the base of the sedimentary sequence at Site 1183, a vitric tuff
immediately above basement at Site 289 and, possibly, abundant glass
shards in Aptian limestone at Site 288 (Andrews, Packham, et al., 1975).
If a large proportion of Ontong Java Plateau magmas were erupted un-
der shallow water or subaerially, then the flux of climate-modifying
SO2, Cl, and F to the atmosphere would have been considerable (e.g.,
Michael, 1999).

Because our results indicate that most of the plateau formed substan-
tially below sea level, its large-scale effects on the environment and bio-
sphere were probably limited and confined mainly to the oceans. The
magnitude of hydrothermal exchanges between seawater and the
plateau’s magmatic systems is unknown; all of the basement rocks re-
covered during Leg 192 have been affected only by low-temperature al-
teration processes. Overall, the types and amounts of alteration at all of
the sites are similar to those found in normal (nonplateau) seafloor
formed at spreading centers. The only evidence from Leg 192 sediments
of relatively short-lived biological “deserts” that might be associated
with the huge amount of Aptian volcanism on the plateau is in the
thin, barren ferruginous claystone layers immediately above basement
at Sites 1183 and 1187.
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Figure F1. Predicted bathymetry (after Smith and Sandwell, 1997) of the Ontong Java Plateau showing the
locations of sites drilled during Leg 192 (stars). The plateau is outlined. Black dots = previous ODP and
DSDP drill sites that reached basement. White dots = Site 288, which did not reach basement but bottomed
in Aptian limestone, and Site OJ-7, which was proposed for Leg 192 but not drilled. The bathymetric con-
tour interval is 1000 m (IHO/IOC, 1997).
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Figure F2. Satellite-derived free-air gravity field of the Ontong Java Plateau region (after Sandwell and
Smith, 1997). The plateau is outlined. Stars = sites drilled during Leg 192. Black dots = previous ODP and
DSDP drill sites that reached basement. White dots = Site 288, which did not reach basement but bottomed
in Aptian limestone, and Site OJ-7, which was proposed for Leg 192 but not drilled. Black lines indicate
multichannel seismic surveys on the plateau: Hakuho Maru KH98-1 Leg 2 (1998) and Maurice Ewing EW95-
11 (1995). White lines indicate single-channel seismic surveys: Glomar Challenger GC07 (1969), GC30
(1973), and GC89 (1983); Thomas Washington TW88-11 (1988); and JOIDES Resolution JR130 (1990). The
bathymetric contour interval is 1000 m.
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Figure F3. Summary of pre–Leg 192 age data for Ontong Java Plateau basement basalt, later lava flows and
intrusions on Malaita and San Cristobal, and ash or glass-shard-rich layers within the sedimentary section
at Sites 288 and 289 (Tejada et al., in press, and references therein). Ages derived from biostratigraphy are
shown with error bars; the others are 40Ar-39Ar plateau or, for the Malaitan alnöites, U–Pb zircon ages. Open
squares = values reported by Parkinson et al. (1996).
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Figure F4. Total alkalies vs. silica diagram (after Le Bas, 1986) for basement rocks recovered at DSDP Site
289 and ODP Sites 803 and 807 on the Ontong Java Plateau. Data are from Stoeser (1975) and Mahoney et
al. (1993). The broken line separates Hawaiian alkalic and tholeiitic basalts (Macdonald and Katsura, 1964).
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Figure F5. Primitive mantle–normalized incompatible-element averages for basalts of Malaita, Santa Isabel
(plus Ramos), and ODP Sites 803 and 807. Shaded fields indicate range of values for central Malaita. Mod-
ified from Tejada et al. (in press).
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Figure F6. Initial εNd(t) vs. (206Pb/204Pb)t data for basement lava flows of Santa Isabel and Malaita. Heavily
outlined fields encompass data for ODP Site 807 basement Unit A and Sites 803 and 807, Units C–G. Data
for the Site 289 basalt lie in the latter field. Data fields for the Manihiki Plateau (for dredged and DSDP Site
317 lava flows), Nauru Basin, Pacific mid-ocean-ridge basalts (MORB), the Koolau and Kilauea volcanoes of
Hawaii, and the Mangaia Group islands of the South Pacific are shown by light outlines (after Tejada et al.,
in press).
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Figure F8. Site 1183 log showing core recovery, lithostratigraphic divisions, schematic lithology, color re-
flectance, magnetic susceptibility, and carbonate content.
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Figure F9. Lithologic log of the basement units in Hole 1183A showing the distribution of plagioclase-rich
xenoliths, glassy pillow margins, and phenocrysts. Basalt units with the suffix B were delineated by the
presence of thin sedimentary interbeds, which are designated as Subunit A (not shown).
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Figure F10. Total alkalies vs. silica diagram (after Le Bas, 1986) for basement rocks recovered at all Leg 192
sites. The broken line separates Hawaiian alkalic and tholeiitic basalts (Macdonald and Katsura, 1964).
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Figure F11. TiO2 vs. Mg# for basement rocks recovered at all Leg 192 sites and ODP Sites 803 and 807. Mg#
= atomic Mg/(Mg+Fe2+). The fields for basaltic lava flows of the >2.7-km-thick Kwaimbaita Formation and
the overlying ~750-m-thick Singgalo Formation on Malaita (Tejada et al., 1996, in press) are shown for com-
parison. Data for Sites 803 and 807 are from Mahoney et al. (1993).
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Figure F12. Zr vs. TiO2 for basement rocks recovered at all Leg 192 sites, and ODP Sites 803 and 807. Data
for Sites 803 and 807 are from Mahoney et al. (1993). The fields for the Kwaimbaita Formation and the over-
lying Singgalo Formation on Malaita (Tejada et al., 1996, in press) are shown for comparison.
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Figure F13. Cr vs. TiO2 for basement rocks recovered at all Leg 192 sites, and ODP Sites 803 and 807. Data
for Sites 803 and 807 are from Mahoney et al. (1993). The fields for the Kwaimbaita Formation and the over-
lying Singgalo Formation on Malaita (Tejada et al., 1996, in press) are shown for comparison.
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Figure F14. Close-up photograph showing a 1.5 cm × 3 cm plagioclase-rich xenolith on the outer surface
of the core (interval 192-1183A-59R-2 [Piece 10A, 112–119 cm]).
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Figure F15. Paleolatitude, calculated from paleomagnetic inclination, for cores from Hole 1183A. Data are
plotted against biostratigraphic age.
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Figure F17. Summary of lithologic characteristics of the subunits of Unit II at Site 1184, based on the facies
defined in Table T2, p. 75. “Wood” indicates approximate intervals in which pieces of wood were found.
The uppermost interval is represented by two pieces, 1–2 cm long and <2 mm thick. At the other three
wood-bearing levels, pieces of wood are as long as 6 cm. Red shading in the Graphic lithology column
indicates red or yellow oxidized intervals. In the chromaticity plot, a = the variation between green
(negative) and red (positive), and b = the variation between blue (negative) and yellow (positive) (Blum,
1997). See legend in Figure F10 in the “Site 1184” chapter.
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Figure F18. Close-up photograph of wood fragments in lithic vitric tuff near the base of Subunit IIE (inter-
val 192-1184A-45R-7, 48–65 cm).
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Figure F19. Photomicrograph showing a wide range of lithic and vitric clast types present in a lithic vitric
tuff from Subunit IID (Sample 192-1184A-31R-7, 40–43 cm). The clasts include glass shards (light brown),
basalt, and tachylite (black). The glass is completely altered to smectite, and the matrix is composed mainly
of zeolite (plane-polarized light; photomicrograph ID# 1184A_076).
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Figure F20. Close-up photograph of accretionary lapilli, both whole (round) and fragmented, in gray lithic
vitric tuff, Subunit IIA (interval 192-1184A-14R-1, 58–66 cm).
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Figure F21. Close-up photograph of coarse (≤2 cm) angular clasts in lapilli tuff, Subunit IIB (interval 192-
1184A-21R-6, 68–80 cm). The large pale clast is diabase.
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Figure F22. Schematic interpretation of the eruptive setting of the volcaniclastic rocks at Site 1184. These
reworked pyroclastic deposits probably formed on top of a large seamount as it grew to within ~200 m of
the sea surface. The presence of basalt at depth is conjectural. Letters A through F identify features for which
we have evidence in the volcaniclastic rocks. A: The presence of blocky, nonvesicular glass shards suggests
fragmentation of rapidly quenched magma in hydromagmatic eruptions under shallow water; abundant
tachylite clasts in parts of the succession suggest that this process occurred in an environment that was at
times subaerial. B: Accretionary and armored lapilli form in the atmosphere, in steam-rich columns of vol-
canic ash. C: The absence of blocks, bombs, or lapilli >20 mm suggests that the primary pyroclastic deposits
formed several kilometers from the eruption center(s). D: Wood fragments found at the bases of four of the
five subunits indicate proximity to land. E: Deposition or redeposition of the volcaniclastic material in a
marine setting is indicated by the presence of nannofossils throughout the unit. F: Redeposition by turbid-
ity currents is suggested by the presence of rip-up clasts and broken accretionary lapilli and by the absence
of the layering that would be expected from material settling through water.
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Figure F23. Lithic vitric tuff from Subunit IIE (Sample 192-1184A-42R-1, 147–150 cm). Rims of glass
shards are altered to smectite (plane-polarized light; photomicrograph ID# 1184A_082).
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Figure F26. Lithologic log of basement units at Site 1185. The upper and lower groups of units in Hole
1185B are distinct in their petrography, composition, state of alteration, and biostratigraphic age.
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Figure F27. Photomicrograph of olivine phenocrysts and tiny octahedral crystals of chrome spinel in a
quenched pillow margin (Sample 192-1185A-8R-1 [Piece 2, 15–18 cm]). The groundmass consists of glass
with dendritic microlites (plane-polarized light; photomicrograph ID# 1185A_118).
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Figure F28. Close-up photograph showing spherulitic texture in an aphanitic pillow margin, basement
Unit 1 (interval 192-1185B-3R-1, 54–63 cm). The spherulites are highlighted by alteration.
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Figure F31. Close-up photograph of limestone conglomerate between lava flows in Hole 1186A (interval
192-1186A-32R-3, 65–93 cm).
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Figure F32. Lithologic log of basement units at Site 1186 showing the distribution of plagioclase-rich xe-
noliths, glassy pillow rims, and vesicles. Dashed line = unit boundary. The location of the Unit 3/Unit 4
boundary is uncertain because of poor recovery. However, Formation MicroScanner logging tool images
suggest that the top of Unit 4 consists of ~9 m of pillow basalt.
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Figure F33. Photomicrograph of plagioclase laths and sprays of clinopyroxene crystals in basalt from the
interior of massive flow Unit 2 (see Fig. F32, p. 68) (Sample 192-1186A-34R-2, 143–146 cm) (crossed po-
lars; photomicrograph ID# 1186A_247).
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Figure F35. Lithologic log of basement units at Site 1187 showing the thickness of individual cooling units
defined by the presence of glassy or aphanitic margins. Cooling units <1.5 m thick are probably pillows,
but the four units that are 2–3 m thick could be thin massive flows.
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Figure F36. Stratigraphic sections drilled during Leg 192 and at the three previous DSDP and ODP Ontong
Java Plateau basement sites. Seven sites are arranged on a transect from the crest of the main plateau (Site
1183) eastward to the plateau rim (Site 1185) and then north and northwestward to Site 807 on the north-
ern flank. Site 1184 lies off the transect, 586 km to the southeast of Site 1185. Basement ages for the previ-
ously drilled sites are from 40Ar-39Ar dating of basalt (Mahoney et al., 1993). For the Leg 192 sites, basement
ages are estimated from biostratigraphic evidence.
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Figure F37. Basement sections drilled during Leg 192 and at the three previous DSDP and ODP Ontong
Java Plateau basement sites (as in Fig. F36, p. 72), with water depths corrected to remove the effect of
sediment loading. The corrected basement depth (Dc) is obtained from the equation of Crough (1983):
Dc = dw + ts (ρs – ρm)/(ρw – ρm), in which dw is water depth in meters, ts is sediment thickness in meters,
ρs is average sediment density (1.90 g/cm3), ρm is upper mantle density (3.22 g/cm3), and ρw is seawater
density (1.03 g/cm3).
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Table T1. Hole summary for Leg 192.

Notes: * = timescales of Berggren et al. (1995) and Gradstein et al. (1995). † = depths of basement contact noted by the driller; all other
depths are curated depths. ‡ = driller noted basement at 969 m; however, 1.4 m of basalt was recovered from a cored interval that bot-
tomed at 970 mbsf, yielding a basement depth of 968.6 mbsf. Depth, penetration, and recovery of volcaniclastic rock (Unit II) at Hole
1184A are given in the respective “basement” columns.

Hole Latitude Longitude

Water 
depth 
(m)

Sediment 
thickness 

(m)

Sediment 
cored
(m)

Sediment 
recovery 

(m)

Basement
depth
(mbsf)

Basement 
penetration 

(m)

Basement 
recovery

(m)

Total 
penetration

(m)

Oldest 
sediment 

(Ma)*

1183A 1°10.6189′S 157°0.8988′E 1804.7 1130.37 503.1 216.50 1130.37 80.7 44.20 1211.1 118
1184A 5°0.6653′S 164°13.9771′E 1661.5 201.10 66.7 49.80 201.10 337.7 278.90 538.8 41-43
1185A 0°21.4560′S 161°40.0619′E 3898.9 312.0 57.9 14.08 308.54/312.0† 16.7 11.17 328.7 93-112
1185B 0°21.4559′S 161°40.0511′E 3898.9 309.51 <7.5 1.51 309.51 216.6 90.68 526.1 112
1186A 0°40.7873′S 159°50.6519′E 2728.7 968.6 271.2 49.33 966.82/968.6‡ 65.4 39.36 1034.0 118
1187A 0°56.5518′N 161°27.0784′E 3803.6 372.5 7.0 1.47 366.97/372.5† 135.8 100.87 508.3 115
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Table it II, Site 1184.

Facies Grain size Sorting Thickness Lithology Interpretation

1 ain size; 
o granules

Very fine sand to pebble Very poor 20 cm to >10 m Lithic vitric lapilli tuff Muddy debris flow deposit

2 Coarse sand to pebble Very poor 2-30 m Lithic vitric lapilli tuff to lapillistone Stony debris flow deposit
3 Medium sand to granule Poor 2-5 m Lithic vitric lapilli tuff Current-reworked deposit
4 et Fine to very coarse sand Moderate 5-200 cm Lithic vitric tuff Turbidite
5 Granule to pebble Moderate 20 cm to 10 m Tachylitic lapillistone Quenched subaerial eruptive products
6 Fine sand to pebble Very poor >3 m Lithic vitric lapilli tuff Slump deposit
7 Clay, very fine to coarse sand Good ~20 cm Lithic vitric tuff and mudstone Fluvial deposit?
8 Silt to very fine sand Good 5 cm Lithic vitric tuff Air-fall ash
T2. Volcaniclastic facies in Un

Sedimentary structure

Massive with some subtle gradations in gr
includes thin layers of very coarse sand t

Massive, grain size oscillations
Inclined granule lamination
Grading, parallel lamination, traction carp
Massive, clast supported
Chaotic bedding
Inverse grading, mud drape
Massive
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