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SCIENTIFIC REPORT

ABSTRACT

With a surface area of 1.6 × 106 km2 and a volume of 4–5 × 107 km3, the Ontong Java Plateau

is the world’s largest volcanic oceanic plateau 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

basement and sediment cores in five widely separated sites in previously unsampled areas across

the plateau. Primary objectives of the leg were to determine (1) the age and duration of

emplacement of the plateau, (2) the compositional range of magmatism, and (3) the environment

and style of eruption.

Acoustic basement at the four sites on the main or high plateau consists of pillow and/or

massive basalt flows with rare, thin sedimentary interbeds. Biostratigraphic evidence indicates

that basement ages at Sites 1183, 1186, and 1187 are Aptian. At Site 1185, two groups of basalt

are present; the lower group is Aptian, whereas the age of the upper group is estimated only

loosely as latest Cenomanian to Albian. These results, together with data from Deep Sea Drilling

Project (DSDP) Site 289 and ODP Site 807, demonstrate that the great bulk of the high plateau

formed in a single episode in the early Aptian. Later 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 mainly confined to its margins. One of these late-

stage events is recorded in our fifth site, Site 1184, on the plateau’s eastern lobe or salient, where

we cored 338 m of a middle Eocene basaltic volcaniclastic sequence.

The basalt at Sites 1183 and 1186 and that making up the lower group of lava flows at Site

1185 are closely similar in composition and belong to the remarkably homogeneous Kwaimbaita

magma type found at Site 807 and in the eastern 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., TiO 2 =

0.72–0.77 wt%; Zr = 36–43 ppm) type of basalt not found previously on the plateau. These rocks

appear to represent 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.

Emplacement of lavas at all four high-plateau sites was entirely submarine. The shallowest

estimated Aptian water depth for basement is several hundred meters, at Site 1183 on the broad

dome of the plateau. Together with previous evidence, our results indicate that most of the

Ontong Java Plateau formed well below sea level. The only evidence that a portion of the high

plateau was ever at shallow depth is two thin intervals of Aptian vitric tuff above basement at

Site 1183 and possibly a vitric tuff just above basement at DSDP Site 289. The mainly

submarine emplacement of the plateau probably accounts for its apparently limited
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paleoenvironmental effects. However, ferruginous claystone layers above basement at Sites 1183

and 1187 provide evidence for at least local Aptian “dead zones.”

INTRODUCTION

Volcanic oceanic plateaus are formed by immense volumes of magma emplaced in pre-

existing oceanic lithosphere or at spreading centers. Nearly all of the 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 plateaus have been recognized as the counterparts of continental

flood basalt 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 hot-spot 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 indeed probably occurred rapidly, but continental lithospheric contamination usually

has overprinted the sublithospheric mantle-source signature. Most oceanic LIPs formed in

locations remote from any continental lithosphere, but comparable data on eruption ages and

source composition are lacking 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 plateau emplacement are

poorly known but appear to have been very significant in some cases (e.g., Jones et al., 1995;

Kerr, 1998; Tarduno et al., 1998). 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;

Wessel and Kroenke, 1999; Polat et al., 1999).

The Ontong Java Plateau in the western Pacific (Figs. 1, 2) is the largest volcanic oceanic

plateau in the world, with a crustal volume of ~5 × 10 7 km3 (Mahoney, 1987; Coffin and

Eldholm, 1993). If the great bulk of this plateau formed in a single, geologically brief magmatic

episode, then the rate at which it was emplaced would have rivaled the entire magma production

rate of the global midocean-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 acoustic basement of the Ontong 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
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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 association of plateau emplacement with changes in paleoceanographic and

paleoclimatic conditions.

BACKGROUND

Previous Basement Sampling
Although sampled in only a few locations, the basement of the Ontong Java Plateau was

already the best sampled of any Pacific plateau before Leg 192, with drill holes (see Fig. 1) at

Deep Sea Drilling Project (DSDP) Site 289 (9-m 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 principal outcrops are on the islands of Malaita and Santa Isabel where,

respectively, 3.5- and ~2-km-thick basement crustal sections have been sampled recently (Tejada

et al., 1996, 2000; Parkinson et al., 1996; Petterson et al., 1997; R. Arculus, pers. comm., 2000).

A thick pile of lava flows also is exposed on the island of San Cristobal (also called Makira)

(e.g., Birkhold-VanDyke et al., 1996), and smaller basement sections are present on Ramos,

Ulawa, and possibly Choiseul (e.g., Coleman, 1965; Petterson et al., 1999).

Physical Features and Gross Structure of the Plateau
The Ontong Java Plateau covers an area >1.5 × 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 eastern lobe or salient in the east and south (Fig. 1; Kroenke, 1972). The

plateau surface rises to depths of about 1700 m below sea level (mbsl) in the central region of

the high plateau but generally lies at water depths of between 2 and 3 km. 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

boundaries, the plateau has collided with the Solomon Islands arc and now sits at the junction of

the Pacific and Australian plates. 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 southwestern margins are associated with the plateau’s collision with the
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Solomon 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 37-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 Cretaceous 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; Gladczenko et al.,

1997).

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 possibly at a triple junction (Winterer,

1976; Hilde et al., 1977). Preliminary isotopic study of Ontong Java basement lava flows

suggested a hot-spot connection and that the plateau may have formed at a ridge-centered or

near-ridge hot spot (Mahoney, 1987). Subsequent geochemical work indicated that plateau

basement lavas were formed from a hot-spot–type mantle source by large percentages of partial

melting (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 represents 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 geophysical 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), and Mahoney and Spencer (1991) all favored

the starting-plume head of the Louisville hot spot (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 hot spot, are isotopically distinct from Ontong Java

basalt (Mahoney et al., 1993). Moreover, a recent plate reconstruction suggests that the plateau

formed 10°–15° north of this hot spot’s current location (Neal et al., 1997).
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As noted above, the plume-head model predicts that plateaus are emplaced in massive

eruptive events 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. 3), with ages of 122 ± 3 Ma 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; 2000; Parkinson et al., 1996). Because sampling over the plateau’s

huge area was very limited, the relative importance of these two episodes remained 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 thereafter, 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., Tejada et al., 1996; Birkhold-VanDyke et

al., 1996; Ito and Clift, 1998).

Between 124 and 100 Ma, the plateau appears to have been positioned close to the Pacific-

plate Euler pole, so that it would have moved little relative to the inferred hot-spot source (see

Neal et al., 1997). At ~100 Ma, plate motion changed from a northwestward to a more northward

trajectory, which continued until ~85 Ma. At ~90 Ma the southeastern corner of the plateau may

have been situated rather close to the 122-Ma position of the central high plateau. Following the

90-Ma eruptive episode, rifting and seafloor spreading may have occurred for several 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 83 Ma was measured 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, initially in a diachronous “soft

docking” without significant deformation. Following a reversal of subduction direction, the

intense deformation of the Malaita Anticlinorium occurred in the late Miocene through Pliocene

(see Petterson et al., 1997). The bulk of the plateau appears to be more or less unsubductible

(Cloos, 1993; Abbott and Mooney, 1995), but the post-Miocene removal 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).
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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

prior to 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 conditions. 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. 3) (Mahoney et al., 1993; Tejada et al.,

1996, 2000; 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 volcanism 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 unmetamorphosed, moderately

evolved, low-K tholeiite (Fig. 4). They have relatively flat primitive mantle–normalized

incompatible element patterns (intermediate between those of normal ocean-ridge basalt and

most oceanic island or continental tholeiites) (Fig. 5) and a narrow range of ocean-island-like

Nd-Sr-Pb isotopic ratios (Fig. 6). Major and trace element modeling indicates that the basalt

represents high-degree partial melts (Mahoney et al., 1993; Tejada et al., 1996; Neal et al.,

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, 2000) and in the much

thinner one at Site 807 (Mahoney et al., 1993). The upper 46 m of lava flows at Site 807 (Unit

A) (1) is isotopically and chemically closely similar to those of the Singgalo Formation, which

comprises the upper 750 m of flows in central Malaita, and (2) tentatively has been correlated

with them by Tejada et al. (2000). 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 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 involved in magma generation

at the northern and southern margins of the plateau at 122 Ma. Further, 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.
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SCIENTIFIC OBJECTIVES

Age and Duration of Emplacement
Hypotheses that involve mantle plumes in the formation of large igneous 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 continental 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 propagates above the enlarged top of a more or less steady-

state mantle 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 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).

As the world’s largest oceanic plateau, the Ontong Java Plateau provides an important test

case. Its great crustal volume implies partial melting of at least 1.5–4.0 × 10 8 km3 of mantle,

which virtually necessitates 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 prior to 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 unclear. In many places, 90-Ma lava flows may simply form a relatively

thin carapace over a thick 122-Ma pile.
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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 mantle) is compositionally homogeneous,

significant isotopic and trace element 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., Campbell, 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 element 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 combined major and trace element data

imply that storage and homogenization 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 constructional 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 portions 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, although most of the Ontong Java

Plateau stands 2–3 km above the surrounding seafloor today, basement lava flows from all

locations studied before Leg 192 were emplaced beneath fairly deep water, probably below 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 SO 2, 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 volcanology of lava flows is important for understanding eruption mechanisms and



Leg 192 Preliminary Report 15
how the volcanic pile accumulated, whereas data on hydrothermal activity are critical for

understanding the oceanographic and climatic 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 4–12-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 basement sites show almost no evidence of

anything but low-temperature seawater-mediated alteration in either the lava flows or overlying

sediments (e.g., Babbs, 1997). This lack of higher-temperature hydrothermal 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 plateaus. The Ontong Java Plateau’s enormous size

and thick blanket of marine sediments constitute particularly formidable obstacles to systematic

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

reconnaissance drilling (e.g., Dick et al., 1996). On the two largest plateaus, 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 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 penetration 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. 1). 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, because of civil and political turmoil in the Solomons throughout

much of 2000, 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
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1186. This site is roughly midway between Sites 1183 and 1185, thereby forming a four-site

basement transect (including DSDP Site 289) from the crest to the eastern edge of the main

plateau. 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 below),

we decided that the time remaining in the cruise would best be used by drilling 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 extreme eastern edge of the plateau north of Site 1185 and southeast of

Leg 130 Site 803. Details of each of the five sites drilled during Leg 192 are given in Table 1.

Objectives at all sites were similar. Basement penetration was the priority in order to address

the primary questions of the age of the plateau and the range of composition and temperature 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 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 environment 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 observed 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. 1, 2).

We chose this site because it is in the shallowest 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 of the high plateau may

have been at its shallowest in this region, and eruptive activity may have been at its most

vigorous. Because of this, we thought it possible that the compositional range of basement lava

flows here 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 appears above basement on the multichannel seismic-reflection line across this

area (Fig. 7), and we thought that this package might correspond 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 seafloor [mbsf] and

from 752.0 mbsf to basement at 1130.4 mbsf; Table 1) is dominated by nannofossil foraminifer

chalk and limestone. We divided the sequence into three lithologic units and seven subunits (Fig.

8). Unit I consists of ooze and chalk, with the transition between the two (at 337.6 mbsf)



Leg 192 Preliminary Report 17
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 designated 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

velocity increase occurs at the boundary between the chert-rich limestone of Subunit IIA

(generally <2500 m/s) and the zeolite-rich limestone of Subunit 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 subdivided 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, corresponding approximately to a hiatus and

condensation of the Cenomanian 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 middle Aptian.

The lowest 2 m of Subunit IIIB contain 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 fragments are nonvesicular, but some have vesicles or scalloped

margins. Altered brown glass shards are also present; most are blocky and nonvesicular, 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 reworking 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

dominant component could have been derived from shallow-water to subaerial hydroclastic

eruptions, or by erosion of a volcanic source somewhere in the 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 that a portion of

the main plateau was relatively shallow and possibly subaerial.

We cored 80.7 m of basaltic basement, from 1130.4 to 1211.1 mbsf, recovering a total of

44.8 m (Table 1) at a low average penetration rate of 1.2 m/hr. We divided the basalt into eight

units (Fig. 9), ranging in thickness from 0.36 to 25.70 m, on the basis of the presence of thin

interbeds of recrystallized limestone and/or hyaloclastite. Microfossils in the interbeds indicate

an age no greater than early Aptian. All eight units contain pillow basalt, defined by quenched

glassy rims, grain-size variations from aphanitic near pillow margins to fine grained in the
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interiors, 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. 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 phenocrysts 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. 10, 11, 12, 13). 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

below). The upper group of basalt flows in Malaita, the ~750-m-thick Singgalo Formation, is

compositionally distinct from the Kwaimbaita Formation (Figs. 4, 10, 11, 12, 13); 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 plateau.

Cumulate gabbroic xenoliths and plagioclase megacrysts are present in Units 2–7 at Site

1183 (Fig. 14). They are round to subround and �3 cm in diameter. Clinopyroxene in the

xenoliths is partially to totally resorbed, 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., 2000) and in the Units C–G

flows at Site 807, as well as at Sites 1185 and 1186 (see below).

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

subordinate nontronite and celadonite), Fe oxyhydroxide and, more rarely, calcite. Groundmass

glass has been partly to completely replaced by the same secondary minerals, with minor

amounts of pyrite. Black halos, ranging from 2 to 50 mm in thickness, are seen in hand specimen

along surfaces previously exposed to seawater and, less commonly, along the margins of veins.

Such halos are characteristic of an alteration process initiated during cooling of the lava and

completed within 1–2 m.y. (e.g., Honnorez, 1981). Pyrite is associated with the black halos and

scattered in the groundmass as far as several centimeters beyond the black alteration front. A

third stage of alteration, olive halos containing Fe oxyhydroxide 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.,

around 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 following succession of secondary minerals from vein wall to center:

smectite and/or celadonite, Fe oxyhydroxide or pyrite, and calcite. Rare, small grains of native
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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 magnetized. The

NRM of the basalt is strong, but much of the material is broken 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 remanence. For each

core from the hole, we defined magnetic polarity intervals from consistent 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/Tertiary boundary. All basalt samples measured have normal

polarity, consistent with formation of basement during 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. 15). The oldest

sedimentary rocks indicate a paleolatitude of 25°–30°S. These values 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 below). Values for all of these sites are significantly 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 hot spot today.

The major results of drilling at Site 1183 are summarized as follows:

1. Depositional setting on the seafloor was primarily deep, oxygenated (pervasively

bioturbated and no organic-carbon preservation), and quiet (no significant currents or

redeposition events after the Aptian).

2. Calcareous microfossil assemblages in ~800 m of uppermost lower Aptian through upper

middle Miocene sediments and sedimentary rocks at Site 1183 are for the most part

poorly preserved.

3. Planktonic foraminifers and calcareous nannofossils can be used to detect 12

unconformities, of which the most significant are in the inter-Albian (spanning ~10 m.y.)

and terminal Albian to upper Coniacian (~13 m.y.).

4. The preserved sediment was deposited above the CCD, and generally above the

foraminifer lysocline. However, the regional pattern of the terminal Albian to upper

Coniacian (99–86 Ma) 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. Input of volcanic ash into the

sedimentary succession is concentrated in two main periods: Paleocene to early Eocene
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(65–50 Ma) and late Eocene to Oligocene (40–20 Ma). The latter episode is probably

related to the Melanesian arc.

The middle Eocene (50–40 Ma) chalk is chert rich and corresponds to a lull in the input of

volcanic ash.

Emplacement of basaltic lava flows was entirely submarine at this site and ceased no later

than the middle Aptian. The nonvesicular nature of the flows and the microfossil evidence

suggest minimum paleodepths of several hundred meters. 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 portion of the high plateau

was shallow.

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 basalt units (Units C–G) at Site 807, despite the considerable distances separating Site

1183 from Malaita (~1000 km) and Site 807 (533 km). Very similar basalt is present at Site 1186

and in the lower basement units at Site 1185 (see below).

Site 1184
Site 1184 lies on the unnamed northern ridge of the eastern lobe or salient of the Ontong Java

Plateau (Figs. 1, 2). The eastern lobe had not been drilled before Leg 192. As with the dome of

the high or main plateau (see “Site 1183" summary above), we thought that this site near the

summit 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 plateau or be the trace of the postulated plume tail following the emplacement 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, this

part of the plateau passed over the calculated position of the Samoan hot spot around 35–40 Ma

(Yan and Kroenke, 1993), and volcanic evidence of this passage might be present.

In the seismic-reflection record for this site (Fig. 16), a sedimentary megasequence laps onto

the upper surface of the fault block that forms acoustic basement. Basement reflection character

differs from that of basaltic basement on the main plateau (e.g., Site 1183; Fig. 7). Parallel to

subparallel, high-frequency, slightly dipping reflections of limited and variable continuity persist

to depths as great as 1.0 s of two-way (P-wave) traveltime beneath the surface of the fault block.

We cored early Miocene pelagic calcareous ooze and chalk (Unit I) from 134.4 mbsf to acoustic

basement at 201.1 mbsf and volcaniclastic rocks (Unit II) from 201.1 mbsf to the base of the
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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 (principally 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. Paleodepths 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 magnetic and was badly

disturbed by drilling; consequently, we were unable to obtain reliable paleomagnetic data. The

basement 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 pelagic or neritic interbeds. Grain densities in Unit II are significantly more

variable than those in Unit I, with a mean of 2.4 g/cm 3; bulk densities maintain a nearly constant

value of ~1.9 g/cm3, and porosities cluster between 31% and 37%. This unit exhibits normal-

polarity magnetization and 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

rotation of the volcaniclastic beds may have taken place after the magnetic remanence was

acquired, but a sufficiently large amount of rotation in the direction required appears unlikely to

have occurred.

We divided Unit II into five subunits on the basis of changes in grain size, sorting, and

sedimentary structures (Fig. 17; Table 2). Wood fragments (Fig. 18) and organic-rich layers

were found at the boundaries 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 about 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 decreases slightly. Below

380 mbsf, where a reduction in lapilli size marks the top of Subunit IID, both magnetic

susceptibility and velocity decrease and mean thermal conductivity increases slightly.

All five subunits of Unit II consist predominantly of coarse ash to lapilli-sized glass and

volcanic lithic fragments (Fig. 19), with less abundant accretionary and armored lapilli, set in a

fine ash matrix (Figs. 20, 21). In most of the sequence, glass fragments are more abundant than

lithic fragments. However, both the abundance of lithic fragments relative 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

susceptibility 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
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upper and lower parts of Subunit IIC. Lithic fragments are mainly subround and subequant to

subelongate and principally comprise nonvesicular 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 fragments and as discrete clasts; as clasts, they

are generally anhedral, showing signs of mechanical transport and/or fracturing. Accretionary

(Fig. 20) 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 emergent eruptive setting (Fig. 22). 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 indicate 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 at Site 1184 is altered to varying extents,

and the uppermost 8 m are completely altered to pale brown Fe oxyhydroxide, indicative of

weathering in an oxidizing (subaerial?) environment. Except for plagioclase and clinopyroxene,

almost all of the volcanic components and matrix are heavily altered to smectite, analcime,

celadonite, calcite, zeolite, pyrite, and Fe oxyhydroxide. Unaltered glass is present in several

cores (most commonly below ~470 mbsf); individual shards are typically rimmed by brown

smectite (Fig. 23). 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, and

natrolite, an assemblage rarely found in submarine basalt 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. Haloes in the groundmass adjacent to veins are rare, diffuse, and poorly developed; if

present, they typically extend <1 cm into the wall rock and contain smectite and bluish

celadonite or brown Fe oxyhydroxide.

Despite the middle Eocene biostratigraphic age of the volcaniclastic 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. 11, 12, 13). This result suggests that a fertile

portion of the distinctive mantle source from which much of the Ontong Java Plateau appears to

have been derived remained beneath this part of the eastern salient for 50–80 m.y. In the light of
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shipboard inductively coupled plasma–atomic emission spectroscopy (ICP-AES) analyses, it

now seems unlikely that the Samoan hot spot provided much, if any, material for volcanism at

Site 1184, although it potentially could have provided a source of heat for melting.

The major results of drilling at Site 1184 are summarized as follows:

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. The

volcanism at Site 1184 could be contemporaneous with the major change in Pacific plate

motion at about 43 Ma (e.g., Duncan and Clague, 1985). The volcaniclastic sequence is

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 composition of which resembles that of the

widespread 122-Ma Kwaimbaita-type basalt or the similar basalts erupted at 90 Ma. A

contribution of Samoan hot-spot mantle in Eocene magmatism at Site 1184 appears

unlikely.

2. The abundance of blocky, vesicle-free glass shards implies that the volcaniclastic deposit

was formed by hydroclastic eruptions, through the interaction of magma with shallow

water. The abundant accretionary 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 provides the most likely explanation for the volcaniclastic sequence.

4. Deep subaerial weathering at the top of the basement section, coupled with the

nonmarine zeolite assemblage, indicates that this part of the eastern salient was above sea

level initially. Proximity to land also is suggested 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 in seawater.

Site 1185
Site 1185 is on the eastern edge of the main or high Ontong Java Plateau, at the northern side

of an enormous submarine canyon system (informally termed the Grand Canyon of the plateau)

that extends from Ontong Java and Nukumanu atolls into the Nauru Basin (Fig. 1). This part of

the plateau is far from sites where basaltic basement 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 basement volcanic

stratigraphy that we could sample by drilling was likely to be different in this part of the plateau

from that in more centrally located areas. In particular, only relatively few, far-traveled lava

flows may have reached the edge of the plateau, and it might be possible to sample 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) belong to the
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90-Ma eruptive event (Mahoney et al., 1993). Basement at other sites drilled on the high plateau

(Sites 289, 807, and 1183) formed around 122 Ma. We thought it possible that 90-Ma basement

might also be found at Site 1185; indeed, seismic reflection data (Fig. 24) reveal intrabasement

reflectors 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 provide 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 1), 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. 25). 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 distinctive 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 foraminifer lysocline. Foraminifers preserved in the chalk

indicate a middle to upper Eocene unconformity that may be associated with a rise in the CCD.

Eocene siliceous chalk similar to that at Site 1185 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 between 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. Extremely rare nannofossils in limestone within the upper 15 m of basement indicate a

latest Cenomanian to Albian (possibly late Albian) age, whereas recrystallized planktonic

foraminifers in thermally metamorphosed 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, and

paleolatitudes derived from paleoinclination data agree well with 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 much of the time from the Late Cretaceous to middle Eocene.

In Hole 1185A, we cored 20.2 m of pillow basalt (308.5 to 328.7 mbsf; 55% average

recovery). The pillows have glassy rims, spherulitic chilled margins, and fine-grained interiors.

We divided the basalt into five units (Fig. 26) 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
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1185B (309.5 to 526.1 mbsf; 42% average recovery) exceed the previous maximum on the

plateau of 149 m of lava flows penetrated at Leg 130 Site 807 (Kroenke, Berger, Janecek, et al.,

1991). We divided the 216.6-m 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 pillow 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

hyaloclastite breccia composed of pillow-rim fragments cemented by carbonate 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 about 3 m.

The basalt in Hole 1185A and in Units 1–9 of Hole 1185B is sparsely to moderately olivine

phyric and generally highly veined. Olivine, the only common phenocryst phase, varies from

fresh, in the glassy and aphanitic rims of pillows, to completely replaced by smectite, Fe

oxyhydroxide, or calcite. Tiny octahedral crystals of chrome spinel are present, often as

inclusions in the olivine phenocrysts (Fig. 27). Aphanitic pillow margins display a prominent

spherulitic texture (Fig. 28) that grades into variolitic texture in fine-grained pillow interiors.

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 analyses show that Units 10–12 are also

very similar in composition to basalt at Sites 1183 and 1186 (Figs. 10, 11, 12, 13). 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, the overlying basalt flows (those in Hole

1185A, and Units 1–9 in Hole 1185B) have the lowest concentrations of incompatible elements

(TiO2 � 0.7 wt%; Zr � 38 ppm; Fig. 12) yet recorded in basalt from the Ontong Java Plateau.

Furthermore, Units 1–8 are composed of the most primitive, magnesium-rich basalt (MgO 8–10

wt%; Cr � 460 ppm) yet found on the plateau (Figs. 11, 13). This combination of elemental

characteristics appears to indicate that the magmas formed by even higher total fractions of

partial melting than other Ontong Java Plateau basalt (see “Background” section above).

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 velocities are generally >5000 m/s

in the dense basalts of Units 2 and 10–12 and generally <5000 m/s in the veined basalts of Units

3 and 6–9.

Seawater-derived fluids have interacted pervasively at low temperatures with the basaltic

basement, and we can divide the basement section 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 oxidizing conditions and

with high water:rock ratios, as indicated by light and dark yellow-brown colors near glassy and
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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 replacement of olivine and

pervasive alteration of groundmass by smectite (saponite and nontronite) and Fe oxyhydroxide.

Although olivine phenocrysts 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 alteration in basalt at Site 1183.

The other alteration type comprises Units 10–12 at Hole 1185B. The top of Unit 10 marks a

dramatic change in alteration character, and the brecciated top of this unit consists of angular

basalt fragments that are the most pervasively altered yet observed on Leg 192. 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 alteration 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 developed near 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 at Site

1183 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 celadonite and pyrite. Some veins were probably produced

by sediment filling open fractures in the basalt; these veins are a few centimeters to <5 mm 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 as follows:

1. The 60 m of white to light-gray radiolarian nannofossil chalk immediately above

basement are of middle to upper Eocene age. The most distinctive feature is the

abundance of siliceous microfossils and, in places, a nearly complete absence of

planktonic foraminifers, suggesting that many of the sediments were deposited below

the foraminifer lysocline. Recovered foraminifers indicate a middle-to-upper Eocene

unconformity that may be associated with a rise in the CCD.

2. A hiatus on the order of 50 m.y. separates the sedimentary succession 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 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.
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5. The two basalt groups have distinct chemical compositions. The older group is very

similar to the basalt at Sites 1183 and 1186 and appears to represent the abundant

Kwaimbaita magma type. The younger group has much lower concentrations of

incompatible elements and includes the most primitive (magnesian) 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 territorial waters of the

Solomon Islands (proposed Site OJ-7; see Fig. 1). However, the Solomons were in a state of civil

and political upheaval throughout much of 2000, and 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. 1, 2). 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 intermediate between the crest and eastern edge of the main plateau.

Approximately 12 km east-northeast of Site 1186 the seismic-reflection 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 (Fig. 29). Emanating from this body

toward the drill site is a package of high-amplitude and continuous reflections 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 parallel those at

other sites on the main Ontong Java Plateau, 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. 30) 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, which were interpreted to be altered volcanic ash layers at other

sites on the main plateau. No material indicative of a late-stage lava flow or sill was recovered.
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Despite the low overall recovery in this unit, the abundance of chert suggests that the seismic

reflector package mentioned above represents a particulary chert-rich interval of sediment.

Unit III (812.7 mbsf to the contact with basaltic basement at 968.6 mbsf; Fig. 30) 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

mottled light gray and dark brown limestone with minor clay beds. The division 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 carbonate 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 differences between Sites 1183 and 1186 are probably mostly a result of the

greater paleodepth of Site 1186 and include a longer period of deposition 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 limestone is

late early Aptian in age (upper Leupoldina cabri Zone) and contains 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) at Site 1186

consists of basalt lava flows with minor interbeds of yellowish brown sandstone and one interval

of reddish brown conglomerate containing rounded limestone clasts (Fig. 31). Fractures in some

of the flows are filled with pale brown, partially recrystallized limestone breccia.

Site 1186 was the only hole logged during Leg 192. High-quality logs were acquired in

igneous basement and in parts of the cored sedimentary interval. We tentatively interpret a

strong seismic reflection in the sedimentary section at 4.57 s two-way traveltime (~720 mbsf; see

Fig. 29) as an ~11-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, particulary, Formation

MicroScanner 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. 32). 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. 33).

Plagioclase xenocrysts (>2 mm) and, more rarely, plagioclase-rich xenoliths 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 basalt at Site 1183, the lower group at Site 1185B,

Units C–G at Site 807, and the Kwaimbaita Formation on the island of Malaita (Figs. 10, 11, 12,

13). 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 at Sites 1183 and 1185.

The entire section of basaltic basement cored at Site 1186 has undergone low-temperature

water-rock interactions resulting in complete replacement of olivine and almost complete

replacement of glassy mesostasis. Clinopyroxene and plagioclase are generally unaltered. 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 replacement 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.

3. Pervasive alteration under anoxic to reducing 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 unveined basalt (<2.4 g/cm3 compared with >2.4

g/cm3), lower P-wave velocity (<5000 m/s compared with >5000 m/s), and lower magnetic

susceptibility.

The major results of drilling at Site 1186 are summarized as follows:

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 middle Albian (10 m.y.), uppermost Maastrichtian (2 m.y.), and middle Danian

through middle Selandian (4 m.y.).
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3. Basement at Site 1186 consists of basaltic pillow lava and massive 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 time scale 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.

5. The basalt flows have normal magnetic polarity and yield a paleolatitude of 23°S, which

agrees well with that obtained from basalt of similar age at Sites 1183 and 1185.

Site 1187
We decided to drill Site 1187 while coring at Site 1186. 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, remarkably homogeneous, ~122-Ma Kwaimbaita magma type found at Site

1183 and in the lower 92 m of basement at Site 1185. The bottom of the Kwaimbaita-type lava

sequence has not been reached in any of the locations where such lavas have been encountered.

This sequence is >100 m thick at Site 807 (Units C–G) (Kroenke, Berger, Janecek, et al., 1991),

and on the island of Malaita the Kwaimbaita Formation is >2.7 km thick (Tejada et al., 2000).

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 believe that attempting to deepen Site 1186 would be

less likely to provide fundamental new information about the age, composition, or mantle

sources of the Ontong Java Plateau than would drilling at a new site.

A site somewhere between Site 1185 and Site 803 would be particularly useful because,

unlike other sites on the main plateau, Sites 803 and (on the basis of shipboard biostratigraphic

data) 1185 contain basalt 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. 1), 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. 34). 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 1), ~40 m shallower than estimated

from the seismic record. We had begun coring at 365.5 mbsf and recovered only 1.36 m of the

sedimentary succession above basement. The sediment recovered consists of dark brown

ferruginous claystone that grades downward from burrow mottled to laminated 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
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foraminiferal assemblage, including the planktonic taxa Globigerinelloides 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 claystone residues

are dominated by fish-bone fragments and small ferromanganese 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 ISEA, a short reverse-

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. 35) on the basis of recrystallized limestone, significant (>10 cm thick)

hyaloclastite interbeds, and/or downward changes in basalt structure from massive to pillowed

(e.g., the contact between Units 6 and 7). Most of the sequence consists of pillow-lava flows.

The only unequivocally massive portion is the fine-grained, 9-m-thick base of Unit 6; some

basalt interpreted to be from pillows >2 m thick also may be from massive flows.

The rims of the pillows contain both unaltered and altered glass. Basalt 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. Shipboard ICP-AES analyses

(Figs. 10, 11, 12, 13) 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 unusually

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 observed on 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 development 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 alteration in the basalt, unaltered glass is relatively
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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 indicates that alteration

conditions in basement on the Ontong Java Plateau were similar to those operative in typical

ocean crust formed at spreading centers.

Veins throughout the basement sequence consist mainly of calcite, zeolites (probably

phillipsite with analcime), smectite, Fe oxyhydroxide, and rare celadonite and pyrite. As at Sites

1185 and 1186, the physical 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 g/cm3 vs. <2.7 g/cm3 in abundantly veined intervals.

The major results of drilling at Site 1187 are summarized as follows:

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 basalt 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 resembles 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, possibly of

previously melted mantle.

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 basement at Sites 1183, 1185, and 1186. A 70-cm-thick

reversed-polarity interval in the claystone overlying basement may correspond to ISEA, a

short reverse-polarity subchron (~115 Ma) within the Cretaceous normal superchron.
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DISCUSSION AND SUMMARY

Drilling/Coring Summary
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. 1). The four sites on the main plateau and

the three previous DSDP and ODP sites that reached basement form a transect extending

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 36, shows the stratigraphic sections drilled at all eight Ontong Java

basement sites, with the seven main-plateau sites arranged in order on the transect. Eastern-

salient Site 1184 lies off the transect, 586 km to the southeast of Site 1185. The diagram

summarizes water depth, sediment thickness, basement penetration, and basement rock types.

Basement ages for previously drilled sites are from 40Ar-39Ar dating of basalt and are estimated

from biostratigraphic evidence for the Leg 192 sites. Figure 37, shows the present-day water

depth to basement at each site, corrected for the effects of sediment loading. Assuming that (1)

Aptian basement lies beneath a relatively thin 90-Ma lava sequence at Site 803, (2) all sites

(except Site 1184) have subsided by the same amount since the Aptian, and (3) there has been no

subsequent tectonic disturbance, Figure 37, should give the relative depths of each site at the

time of plateau formation.

Scientific Results
Our principal objectives for this cruise were to establish the composition, 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 biotstratigraphic analysis brackets the age of basement at Sites 1183 and 1186

between the early and middle 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. 26) of

lava flows appear to be between latest Cenomanian and Albian, possibly late Albian, in age; that

is, micropaleontological data suggest they were emplaced between ~93 and 112 Ma (in the time

scale of Gradstein et al., 1995). The lower 92 m of Kwaimbaita-type flows (the lower group in

Fig. 26) appear to be late Aptian or older. The simplest interpretation, in the absence of

radiometric age data, is that the lower flows belong to the widespread ~122-Ma event and the

upper ones to the 90 (±4)-Ma event documented in lava flows at Site 803, on Santa Isabel and



34 Leg 192 Preliminary Report
San Cristobal, and in ash layers at DSDP Site 288 (see Fig. 3). The nearly identical, and unusual,

low-Ti, high-Mg compositions of the upper group of flows at Site 1185 and the entire lava

sequence drilled at Site 1187 suggest that all the low-Ti, high-Mg flows are related and were

formed at the same time. However, biostratigraphic data suggest that the Site 1187 flows are late

Aptian or older (>115 Ma). Therefore, we have a discrepancy, the resolution of which must

await 40Ar-39Ar dating of basalt samples and/or refinement of the biostratigraphic age estimates.

Nevertheless, the evidence now available from Leg 192, combined with age data for Legs 30

and 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 probably

much of the eastern flank (lower group of flows at Site 1185, 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 section 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. Importantly, the central region of the main plateau appears to

have been largely bypassed by post-122-Ma eruptive episodes. Evidence for these episodes is

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

salient and 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 Broken Ridge, substantial volumes of magma appear to have been

emplaced over a period of ~30 m.y. (Pringle and Duncan, 2000).

The thick sequence of volcaniclastic rocks at Site 1184 demonstrates that at least locally

significant volcanism occurred on the northern part of the plateau’s eastern lobe in the middle

Eocene (~41–43 Ma in the time scale of Berggren et al., 1995). On the southern part of the

eastern lobe, the 44-Ma alkalic lavas of the Maramasike Formation in Malaita (Tejada et al.,

1996) reach a maximum thickness of 900 m (Petterson et al., 1997). The age of the Site 1184

volcaniclastic rocks and the Maramasike lavas is close to that of the ~43-Ma major change in

Pacific 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 below 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 distances separating these sites, the total range of

elemental variation is surprisingly small (Figs. 10, 11, 12, 13). Other magma types, whether

~122 Ma or younger, such as the low-Ti, high-Mg basalt discovered on Leg 192 and the
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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 during 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 partial 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 requires 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 apparently large volume of these

flows on the eastern Ontong Java Plateau 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, surprisingly, the mantle source of the Eocene

volcanism at Site 1184 appears to have been compositionally similar to the source of the

Kwaimbaita-type ~122- and ~90-Ma basalts (e.g., Fig. 12). The same is true of the Paleocene

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 rather 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 lithospheric 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 sufficiently, 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 19°–25°S

range, 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 farther from the present

position of the Louisville hot spot (~50°S) proposed by several workers to be the source of the

plateau. Part of the difference may be explained by flexuring and faulting of the plateau’s crust

associated with postconstructional subsidence, although this possibility remains to be evaluated.
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Likewise, the amount of true polar wander and the distance the Louisville hot spot has drifted

since the Early Cretaceous (if it existed then) are unknown. Presently, in agreement with Nd-Pb-

Sr isotopic data for pre–Leg 192 basement samples and the lack of a postplateau seamount chain

corresponding to a plume tail (e.g., Neal et al., 1997; Tejada et al., 2000), the paleolatitude data

do not appear to support a Louisville hot-spot origin for the Ontong Java Plateau.

Site 1184 presents a paradox in that the �54° mean magnetic inclination 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 represents 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 sections in the eastern Solomon Islands

(see “Background” section above). Site 1183, on the crest of the main plateau, appears to have

been by far the shallowest site originally (Fig. 37), but the virtually vesicle-free pillow lava

flows there were probably erupted at a depth of at least several hundred meters. 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

turbidites 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 under shallow water or subaerially, then the flux of climate-modifying volatiles

(particularly 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 substantially below sea

level, its large-scale environmental effects were probably quite limited. The magnitude of

hydrothermal exchanges between seawater and the plateau’s magmatic systems is unknown; all

of the basement rocks recovered on Leg 192 have been affected only by low-temperature

alteration 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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TABLE CAPTIONS

Table 1. Hole summary for Leg 192.

Table 2. Volcaniclastic facies in Unit II at Site 1184.

FIGURE CAPTIONS

Figure 1. Predicted bathymetry (after Smith and Sandwell, 1997) of the Ontong Java Plateau
showing the locations of sites drilled on Leg 192. Solid stars = sites penetrating lava sections.
Open star = Site 1184, where a volcaniclastic sequence was recovered. Solid circles = previous
ODP and DSDP drill sites that reached basement. Open circles = 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 (see text). The bathymetric contour interval is 1000 m.

Figure 2. Satellite-derived free-air gravity field of the Ontong Java Plateau region (after Sandwell

and Smith, 1997). Solid stars = sites penetrating lava sections. Open star = Site 1184, where a
volcaniclastic sequence was recovered. Solid circles = previous ODP and DSDP drill sites that
reached basement. Open circles = 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 (see text). 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.

Figure 3. 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., 2000). Ages derived from biostratigraphy

are shown with error bars; the others are 40Ar-39Ar plateau or, for the Malaitan alnöites, U–Pb
zircon ages.

Figure 4. Total alkalis 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), Mahoney et al. (1993), and Tejada et al. (1996, 2000). The broken line separates Hawaiian
alkalic and tholeiitic basalts (Macdonald and Katsura, 1964).

Figure 5. 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. From Tejada et al. (2000).

Figure 6. 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,
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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 midocean-ridge basalts
(MORB), the Koolau and Kilauea volcanoes of Hawaii, and the Mangaia Group islands of the
South Pacific are shown by light outlines (from Tejada et al., 2000).

Figure 7. Hakuho Maru KH98-1 Leg 2, line 404, multichannel seismic reflection profile across
Site 1183 (see Fig. 2, for location). Vertical exaggeration = ~4.2 at seafloor. CDP = common
depth point, UTC = Universal Time Coordinated.

Figure 8. Site 1183 log showing core recovery, lithostratigraphic divisions, schematic lithology,
color reflectance, magnetic susceptibility, and carbonate content.

Figure 9. Lithologic log of the basement units at Site 1183 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).

Figure 10. Total alkalis 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).

Figure 11. TiO2 vs. Mg# for basement rocks recovered at all Leg 192 sites and ODP Sites 803

and 807. 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, 2000) are shown for
comparison. Data for Sites 803 and 807 are from Mahoney et al. (1993).

Figure 12. Zr vs. TiO2 for basement rocks recovered at all Leg 192 sites, DSDP Site 289, and

ODP Sites 803 and 807. Data for Sites 803 and 807 are from Mahoney et al. (1993). 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, 2000) are shown for comparison.

Figure 13. Cr vs. TiO2 for basement rocks recovered at all Leg 192 sites, DSDP Site 289, and

ODP Sites 803 and 807. Data for Sites 803 and 807 are from Mahoney et al. (1993). 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, 2000) are shown for comparison.

Figure 14. 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]) .

Figure 15. Paleolatitude, calculated from paleomagnetic inclination, for cores from Hole 1183A.
Data are plotted against biostratigraphic age.
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Figure 16. Seismic reflection record for Site 1184. Hakuho Maru KH98-1 Leg 2, line 101,

multichannel seismic reflection profile across Site 1184 (see Fig. 2, for location). Vertical

exaggeration = ~4.2 at seafloor. CDP = common depth point, UTC = Universal Time

Coordinated.

Figure 17. Summary of lithologic characteristics in the subunits of Unit II at Site 1184, based on

the facies defined in Table 2. “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. 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).

Figure 18. Close-up photograph of wood fragments in lithic vitric tuff near the base of Subunit

IIE (interval 192-1184A-45R-7, 48–65 cm).

Figure 19. 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 (field of view = 5.5 mm wide; plane-

polarized light).

Figure 20. Close-up photograph of accretionary lapilli, both whole (round) and broken

fragments, in gray lithic vitric tuff, Subunit IIA (interval 192-1184A-14R-1, 58–66 cm).

Figure 21. Close-up photograph of coarse (�2 cm) angular clasts in lapilli tuff, Subunit IIB

(interval 192-1184A-21R-6, 60–80 cm). The large pale clast is diabase.

Figure 22. 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. 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 volcanic

ash. C = the absence of blocks, bombs, or lapilli >20 mm suggests that the primary pyroclastic

deposits did not form close to 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 turbidity 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 23. Photomicrograph of lithic vitric tuff from Subunit IIE (Sample 192-1184A-42R-1,

147–150 cm). Rims of glass shards are altered to smectite (field of view = 2.8 mm wide; plane-

polarized light).

Figure 24. Hakuho Maru KH98-1 Leg 2, line 401, multichannel seismic reflection profile across

Site 1185 (see Fig. 2, for location). Vertical exaggeration =  ~4.2 at seafloor. CDP = common

depth point, UTC =  Universal Time Coordinated.

Figure 25. Site 1185 log showing core recovery, lithostratigraphic divisions, schematic

lithology, color reflectance, carbonate content, and components of sediments. In the color

column, L = the total reflectance and indicates lighter shades to the right; a and b quantify the

hue as chromaticity, where a = variation between green (negative) and red (positive) and b = 

variation between blue (negative) and yellow (positive) (Blum, 1997). Component percentages

are from observation of smear slides and thin sections.

Figure 26. 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 (see text for details).

Figure 27. 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 (field of view = 0.28 mm wide; plane-polarized light).

Figure 28. 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.

Figure 29. Hakuho Maru KH98-1 Leg 2, line 403, multichannel seismic reflection profile across

Site 1186 (see Fig. 2). Vertical exaggeration = ~4.2 at seafloor. CDP = common depth point,

UTC = Universal Time Coordinated.

Figure 30. Lithologic log and selected properties of sediments at Site 1186. There was no coring

from 0 to 697.4 mbsf. In the color column, L = the total reflectance and indicates lighter shades

to the right; a and b quantify the hue as chromaticity, where a = the variation between green

(negative) and red (positive) and b = the variation between blue (negative) and yellow (positive)

(Blum, 1997). Component percentages are from observation of smear slides and thin sections.

Higher values of magnetic susceptibility generally correlate with bands rich in volcanic ash (e.g.,

Core 192-1186A-13R) or with claystone (e.g., Core 192-1186A-26R and base of sedimentary

sequence in Core 192-1186A-30R). Natural gamma-radiation intensity is from the Formation

MicroScanner tool run; medium-penetration resistivity and caliper of borehole diameter are from

the geophysical tool run.
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Figure 31. Close-up photograph of limestone conglomerate between lava flows in Hole 1186A

(interval 192-1186A-32R-3, 65–93 cm).

Figure 32. Lithologic log of basement units at Site 1186 showing the distribution of plagioclase-

rich xenoliths, 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.

Figure 33. Photomicrograph of plagioclase laths and sprays of clinopyroxene crystals in basalt

from the interior of  massive flow Unit 2 (see Fig. 32) (Sample 192-1186A-34R-2, 143–146 cm;

field of view = 2.8 mm wide; crossed polars).

Figure 34. Thomas Washington 88-11 single-channel seismic-reflection profile across Site 1187 

(see Fig. 2, for location). Vertical exaggeration = ~6.67 at seafloor. CDP = common depth point,

UTC = Universal Time Coordinated.

Figure 35. 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.

Figure 36. 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 northern flank. Site 1184 lies off the transect, 590 km to the

southeast of Site 1185. Basement ages for the previously 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.

Figure 37. Basement sections drilled during Leg 192 and at the three previous DSDP and ODP

Ontong Java Plateau basement sites (as in Fig. 36), with water depths corrected for sediment

loading. The corrected basement depth (Dc) is obtained from the equation of Crough (1983): Dc

= dw + ts (�s – �m)/(�w – �m), in which dw is water depth in meters, ts is sediment thickness in

meters, �s is average sediment density (1.90 g/cm3), �m is upper mantle density (3.22 g/cm3), and

�w is seawater density (1.03 g/cm3).
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1 The Operations and Engineering personnel aboard the JOIDES Resolution  for Leg 192 were ODP Operations Manager Ron Grout and Schlumberger Engineer 
Steve Kittredge.

OPERATIONS SYNOPSIS1

Transit to Site 1183 
At 2048 hr on 13 September 2000 the JOIDES Resolution departed Guam and began the

transit to Site 1183. Calm seas, mild weather, and the absence of any significant currents

contributed to better-than-expected speed during the voyage. The 2141-km transit was

accomplished at an average speed of 11.1 kt. At 0615 hr on 18 September we deployed a beacon

on the Global Positioning System (GPS) coordinates for Site 1183.

Hole 1183A
The planned operational scenario for Site 1183 was for two holes. The first hole was to be a

pilot hole drilled and cored to bit destruction; the second was to be a double-cased reentry hole.

The purpose of the pilot hole was to determine the amount of 16-in and 10.75-in casing to be

deployed in the second hole. The bit tagged the seafloor at 1804.7 meters below sea level (mbsl)

and was observed with the vibration-isolated television (VIT) system. We began a jet-in test at

1700 hr on 18 September and concluded it by 1900 hr. After completing the jet-in test, we

washed ahead through the sediment with a core barrel in place to a depth of 328.0 meters below

seafloor (mbsf). After recovering the wash barrel, we dropped another core barrel and initiated

coring in Hole 1183A at 0300 hr on 19 September. Coring advanced from 328.0 to 452.7 mbsf

with 58.6% average recovery. The material recovered from this interval suggested that ~430 m

of 10.75-in casing would be appropriate in the cased reentry hole.

We drilled the interval from 452.7 to 752.0 mbsf without coring using a center bit fitted in

the rotary bit. The 299.3-m interval was drilled at an average rate of penetration of 35.4 m/hr

with no drilling problems. We then rotary cored Hole 1183A continuously from 752.0 to 1160.6

mbsf. At ~1131 mbsf we contacted basaltic basement. The average recovery in basement from

1136.5 to 1160.8 mbsf was 60% with an average rate of penetration of 1.2 m/hr.

After the bit had accumulated 59.2 rotating hr, we had to decide whether to deepen the pilot

hole using a free-fall funnel (FFF) or terminate Hole 1183A and start the reentry site

emplacement in Hole 1183B. After considering the risks entailed by using a FFF, the

considerable time and resources needed to set a reentry cone and ~430 m of casing, and,

particularly, the excellent hole conditions thus far in Hole 1183A, we decided to attempt to

achieve the depth objectives with the pilot hole and forego the reentry hole. We deployed a FFF

with three floats, and we used the VIT to observe the FFF during extraction of the drill string

from the hole. The bit was smoothly withdrawn from the FFF, after which we recovered the VIT

and retrieved the drill string. The worn bit, an RBI C-4 coring bit, was replaced with a harder-

formation C-7 bit, and we deployed the drill string and positioned it over the FFF. After a 30-

min search, we reentered Hole 1183A at 1900 hr on 24 September. The operation was

complicated because the FFF had settled into the sediment, and effluent emanating from the hole

obscured the funnel and the glass floats marking the position of the hole. Following the recovery
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of the VIT, we lowered the drill string to 519.7 mbsf, where it encountered a constriction,

suggesting that this part of the hole was closing. We picked up the top drive, and we washed and

reamed the hole from 442.5 to 577.4 mbsf. After clearing the tight spots in the hole, we set back

the top drive and lowered the drill string to bottom. There was ~2 m of soft fill at the bottom of

the hole.

We resumed rotary coring in Hole 1183A at 0530 hr on 25 September, and we advanced

from 1160.6 to 1211.1 mbsf at an average rate of penetration of 1.2 m/hr. The average recovery

for this interval was 54%. To reduce the chances of core jamming in the liner, we used no liners

and employed a sleeveless core catcher. After the bit had accumulated 44.1 rotating hours, we

decided to make another bit change. After circulating a 50-bbl sepiolite mud flush, we pulled

back the drill string to 318 mbsf, where we spotted a 50-bbl solution of 10.5 lb/gal mud. The

heavy mud was to serve as a density cap to prevent effluent exiting the FFF and complicating

reentry operations.

We recovered the drill string and replaced the worn bit with a new, harder-formation RBI C-

9 coring bit. While lowering the drill string, we also launched the VIT and ran it down for the

reentry. At 0558 hr on 28 September we reentered Hole 1183A after a 20-min search for the

FFF. The FFF was not visible, but we could clearly see the circular sediment pond formed from

hole cuttings. The spotting of heavy mud at the top of the hole appeared to have prevented

material from the hole from venting to the water column and obscuring the visibility, as

happened during the first reentry.

We lowered the drill pipe to 202 mbsf, where unassisted progress was prevented by

increasing hole drag. We recovered the VIT and picked up the top drive. After dropping a wash

barrel, we washed and reamed the hole in an attempt to work past the tight section. However, the

tight hole conditions did not improve. From 0815 hr on 28 September to 0530 hr on 29

September, we advanced the bit to 953 mbsf, where the penetration rate dramatically slowed. We

recovered the wash barrel and dropped a center bit to drill ahead through the obstruction. We

made no further progress and terminated operations in the hole. We deployed the wireline to

recover the center bit, but a failed pin connection on the bottom inner barrel prevented the

retrieval of the center bit, inner barrel sub, and landing sub, which remained in the bottom-hole

assembly (BHA).

During the washing and reaming of the hole, the relatively rapid rate of advance compared

with the rate of coring over the same depth interval strongly suggested that the bit was in the

original hole and not drilling a new hole. The drillers commented that it felt as if there was

something being pushed ahead of the bit as they tried to advance to 1211 mbsf. We terminated

the attempts at getting to the bottom 258 m short of the bottom of the hole. We retrieved the drill

string with no noticeable resistance experienced on the way out of the hole. Inspection of the bit

showed an unusual amount of wear on the tungsten carbide inserts on the nose of each of the

cones. After recovering the beacon and retracting the thrusters and hydrophones, we began the

transit to Site 1184 at 1430 hr on 30 September.

During operations at Hole 1183A, we cored 583.8 m of sediment and basement with 260.7 m

recovered (44.7% average recovery). An additional 627.3 m of sediment was washed and drilled.
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We cored ~80.7 m of basaltic basement and recovered a total of 44.2 m of basalt (54.8%).

Transit to Site 1184
Because we were unable to obtain clearance from the Solomon Islands to drill at the second

site planned for Leg 192 (prospectus site OJ-7D), we proceeded to Site 1184. We accomplished

the 911-km transit in 47 hr at an average speed of 10.5 kt. The vessel proceeded directly to the

GPS coordinates of the site, and at 1346 hr on 1 October we deployed a beacon.

Hole 1184A
We spudded Hole 1184A with the rotary core barrel (RCB) at 2000 hr on 1 October. The bit

tagged the seafloor at a depth of 1661.5 mbsl. We drilled ahead without coring to 134.4 mbsf at

an average rate of penetration of 67 m/hr. After retrieving the wash barrel, we dropped another

core barrel and began rotary coring. Hole 1184A was rotary cored from 134.4 to 326.6 mbsf with

an average recovery of 76.3%. We contacted acoustic basement at 201 mbsf; it consisted of

volcaniclastic rocks. The average recovery for acoustic basement was 77.1% (96.4 m recovery).

The average penetration rate in acoustic basement was 2.5 m/hr.

After coring to 326.6 mbsf, the bit had accumulated 54 rotating hours, and we decided to

change the bit. A 50-bbl sepiolite mud flush was circulated in the hole and the bit pulled back to

142 mbsf. Following the successful deployment of the second FFF of the leg, we observed the

withdrawal of the bit from the top of the FFF with the VIT. Most of the FFF was covered by

sediment, but the three glass floats were clearly visible. The used bit cleared the rotary table at

0800 hr on 5 October. An inspection of the bit found that it was, remarkably, in nearly pristine

condition with no visible wear evident except a slight rounding of the chisel inserts on the cones.

The crew removed the old bit and mechanical bit release and replaced these with a new RBI C-7

harder-formation bit and a new mechanical bit release.

We successfully reentered Hole 1184A at 1400 hr on 5 October after a 30-min search. The

drill string was run in to 238 mbsf, where the driller observed 20,000–30,000 lb of drag. After

the top drive was picked up, the drill string became stuck in the formation. Fortunately,

circulation was never lost, and the pipe came free after applying 200,000 lb of overpull above

the weight of the drill string. Routine hole maintenance was conducted by washing and reaming

the hole from 238 to 326 mbsf. We resumed coring operations in Hole 1184A at 1730 hr on 5

October. The interval from 326.2 mbsf to 538.8 mbsf was cored at an average rate of penetration

of 4 m/hr and 86% average recovery. We terminated operations in Hole 1184A when the time

allocated for this site had expired. After the crew retrieved the drill string, recovered the beacon,

and retracted the thrusters and hydrophones, we began the transit to Site 1185 at 0530 hr on 9

October.

The cored interval in Hole 1184A was 404.4 m with 328.8 m recovered (81.3%) and an

average penetration rate of 3.8 m/hr. Apart from the momentary sticking of the drill string

following the bit change, we encountered no hole problems.
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Transit to Site 1185
During operations at Site 1184, we continued to wait for clearance from the Solomon Islands

to drill at proposed site OJ-7D. Because we had not received clearance by the time operations

were terminated, Site OJ-7D was abandoned from further consideration, and we proceeded to

Site 1185. The 591-km transit to Site 1185 was accomplished in 28.8 hr at an average speed of

11.1 kt. The vessel proceeded directly to the GPS coordinates of the site, and at 1036 hr on 10

October we deployed a beacon.

Hole 1185A
The plan at Site 1185 was to drill two holes. The first was to be a pilot hole drilled to

basement and the second a reentry hole with a reentry cone and short section of 16-in casing. We

spudded Hole 1185A with the RCB at 2100 hr on 10 October and began a jet-in test. The

purpose of the jet-in test was to determine the amount of 16-in casing to affix to the reentry cone

on the second hole. The crew observed the bit with the VIT system to tag the seafloor at a depth

of 3898.9 mbsl. The jet-in test was concluded at 2300 hr after the bit had advanced 38 m. The

results of the test indicated that a 30-m string of 16-in casing would be sufficient to anchor a

reentry cone. Following the jet-in test, we drilled ahead with a wash barrel in place to a depth of

250.6 mbsf, where we initiated coring. The average rate of penetration through the washed

interval was 53 m/hr.

We rotary cored the sediment portion of Hole 1185A from 250.6 to 308.5 mbsf (57.9 m

interval) with an average recovery of 23.7%. Headspace gas analysis of the sediment cores

yielded <2 ppm of methane and no heavier hydrocarbons. We contacted basement at 308.5 mbsf.

Rotary coring continued into basement to a depth of 328.7 mbsf. The average recovery for

basement was 56.1% (20.2 m), and average penetration rate was 2.3 m/hr. After determining the

depth to basaltic basement, we realized the objective of the pilot hole, and we ceased coring in

Hole 1185A. We retrieved the drill string, replaced the bit, and the vessel was offset 20 m west

of Hole 1185A in preparation for the next hole.

Hole 1185B
The objective of Site 1185 was to penetrate at least 100 m into basaltic basement. Because of

the difficulty of locating FFFs that had sunk into the sediment at previous sites, we decided to set

a reentry cone with 28 m of 16-in casing in Hole 1185B to ensure that we would be able to make

multiple round trips of the drill string in order to change bits.

A reentry cone that was fabricated for Hole 1183A but unused was positioned in the

moonpool and centered under the rotary table. After removing and securing the upper guide

horn, the 16-in casing hanger was connected to the Dril-Quip cam-actuated-drill-ahead (CADA)

tool and secured in the derrick. Two joints of 16-in casing and a shoe joint were then assembled

and affixed to the casing hanger. Once the casing was assembled, a stand of 5.5-in drill pipe with

the 16-in CADA tool was connected to the casing hanger. The hanger and casing assembly were

then lowered through the rotary table just above the throat of the reentry cone. However, the

throat of the reentry cone was too narrow and prevented the assembly from landing properly.
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After the welder modified the internal throat clearance, the hanger and casing were successfully

latched into the reentry cone. The CADA running tool was then removed.

The crew assembled a jetting-in BHA with a 14.75-in tricone drill bit and a stand of 8.25-in

drill collars. This was followed by connecting the CADA tool to a stand of two 8.25-in drill

collars and one tapered drill collar. We then lowered the BHA and CADA tool through the rotary

table and connected them to the casing hanger. We lowered the complete assembly the seafloor

and deployed the VIT during the pipe trip. We spudded Hole 1185B at 0930 hr on 13 October. It

required 2 hr to jet in the 16-in casing. After successfully uncoupling the CADA tool from the

casing hanger, we recovered the drill string and prepared a RCB BHA with a new C-7 bit.

The crew lowered the BHA to the seafloor and deployed the VIT. We positioned the bit over

the reentry cone and reentered Hole 1185B at 0833 hr on 14 October after an 8-min search. We

deployed the BHA to 31 mbsf and recovered the VIT. At 1000 hr, we began to drill ahead with a

wash barrel in place and advanced to 308.0 mbsf. The wash barrel was retrieved and a fresh core

barrel dropped. We began rotary coring at 1900 hr and contacted basaltic basement at 309.5

mbsf.

We continued coring in basement and advanced to a depth of 434.6 mbsf (125.1 m into

basement) by the afternoon of 17 October. After we added a new stand of pipe and dropped a

fresh core barrel, the bit nozzles clogged and the pump pressure reached a maximum of 3000 psi,

indicating that all circulation was lost. The driller was able to work the drill string and partially

clear some of the blockage. Because the bit had accumulated 52 rotating hr, we decided to

conduct a round trip of the drill string to replace the bit. Average recovery in the cored basement

section was 40.1%, at an average penetration rate of 2.7 m/hr.

After the drill string was recovered, inspection of the bit showed that it was evenly worn, had

two plugged nozzles, and had a slightly undergage body. The drilling jars could not be

mechanically operated and were replaced. The crew affixed a new C-7 RCB bit to a mechanical

bit release and deployed it. At 1330 hr on 18 October, we successfully reentered the hole after a

brief search and resumed rotary coring at 1700 hr. Pump pressure was initially high (1500 psi at

75 strokes/min), indicating that a few of the bit nozzles were clogged. After advancing the bit

several meters, the pressure gradually stabilized to a nominal value of 650 psi at 75 strokes/min.

After heavy use of mud flushes to clean out the hole, we resumed rotary coring in basement.

Coring advanced from 434.6 to 502.1 mbsf with an average rate of penetration of 1.7 m/hr and

average recovery of 58.5%.

When Cores 25R and 26R were retrieved with no recovery, we deployed a bit deplugger

twice in an attempt to clear a possible obstruction in the throat of the bit. We then cored a 1-m

interval but had no recovery, so the deplugger was deployed a third time. After this, we dropped

another core barrel, advanced 1 m, and recovered 0.98 m of basalt and a small segment of a bit

seal O-ring. The latter suggested that the blockage of the bit was caused by partial disintegration

of the bit seal. We dropped a new core barrel (Core 192-1185B-29R), but, after coring 7.6 m, the

top-drive motor stalled at 600 A. The torque was slowly released, and the driller observed a loss

of 500 psi standpipe pressure. The crew immediately turned off the active heave compensator, so

they could use the Martin Decker weight indicator to determine downhole conditions. The driller
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noted a loss of ~40,000 lb of drill-string weight, indicating a failure somewhere in the BHA.

The crew circulated a 50-bbl sepiolite sweep to ensure a clean hole for fishing operations and

pumped a 20-bbl slug of heavy mud downhole. They set back the top drive and pulled the drill

string out of the hole. After considering the time that would be required to attempt fishing of the

BHA vs. the time that would be lost for scientific operations, we decided to abandon the site.

Upon recovery of the BHA, we found that the outer body of the drilling jars had broken apart.

We inspected the remaining components of the BHA above the jars but found no deficiencies.

During operations at Hole 1185B, we cored 216.6 m of basaltic basement with 42% average

recovery. At 0515 hr on 22 October, the vessel began the transit to Site 1186.

Transit to Site 1186
Before departing from Site 1185, we obtained approval for the new site, designated OJ-12A

(Site 1186). The 207-km transit to Site 1186 was accomplished in 8 hr at an average speed of

13.8 kt. The vessel proceeded directly to the GPS coordinates for Site 1186, and, at 1340 hr on

22 October, we deployed a beacon on the site.

Hole 1186A
The crew spudded Hole 1186A with the RCB at 2130 hr on 22 October. We drilled ahead

with a wash barrel in place to a depth of 697.4 mbsf, where we initiated coring. The formation

was unexpectedly soft, and drilling through this interval required only 9.45 hr. The average rate

of penetration was 60 m/hr.

We rotary cored the sediment portion of Hole 1186A from 697.4 to 968.6 mbsf (271.2 m

interval). The low average recovery of 18% was caused by very soft sediment with abundant

chert stringers that left fragments in every core to a depth of 957 mbsf. Below that depth,

recovery began to improve. We contacted basaltic basement at 968.6 mbsf. This depth is based

on the recovery of 1.4 m of basalt from a cored interval (Core 192-1186A-30R) that ended at

970.0 mbsf. This is slightly deeper than the value of 966.8 mbsf calculated using standard ODP

conventions for curated positions of core material. We continued coring in basaltic basement

until we reached 1034.0 mbsf. The average recovery in basement was 59% at an average

penetration rate of 1.8 m/hr. The only problem we encountered during coring operations was

when a fresh core barrel, dropped after retrieval of Core 192-1186A-31R (970.0–976.2 mbsf),

failed to land properly in the BHA. This problem was cleared by deploying a bit deplugger. We

surmised that some basalt may have slipped out of the previous core barrel during recovery and

partially obstructed the landing of the new core barrel.

After reaching 1034.0 mbsf (67.2 m into basement), we decided to end coring operations for

several reasons: (1) slow penetration rates, (2) concerns that a bit change and reentry with a FFF

would be risky because of ~970 m of open hole in chert-rich sediment, (3) chemical analyses of

the basalt indicated that it was closely similar to basalt at Site 1183, and (4) we wanted to leave

enough time to drill an additional basement site.

In preparation for logging, we circulated a 50-bbl sepiolite mud flush in the hole from a

depth of 1033 mbsf. After filling the borehole with 340 bbl of sepiolite mud, we released the bit
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at the bottom of the hole. The crew assembled the Schlumberger logging equipment and placaed

the bottom end of the BHA at 123 mbsf. Hole 1186A was logged with a single pass of the triple

combination (triple combo) tool string and two passes of the Formation MicroScanner logging

tool (FMS)/sonic tool string. During the first logging run, we lowered the triple combo from the

bottom of the pipe at 123 mbsf to 1030 mbsf, coming within 4 m of the bottom of the hole

without difficulty. We logged upward to 675 mbsf, just above the top of the cored interval.

During the second logging run, we lowered the FMS/sonic tool string to 1032 mbsf (within 2 m

of bottom) without difficulty, and logging proceeded upward. The first pass was interrupted by a

loss of telemetry from the tool string, requiring reinitialization of the instrument. Logging then

continued up to 696 mbsf. We then lowered the tool back to the bottom of the hole and made a

second pass up to 686 mbsf.

After rigging down the logging equipment, we recovered the drill string and dismantled the

BHA in preparation for the transit to Site 1187. The vessel departed for Site 1187 at 2115 hr on

28 October.

Transit to Site 1187
We accomplished the 256-km transit to Site 1187 (new proposed site OJ-14A) in 13.5 hr at

an average speed of 10.2 kt. The vessel proceeded directly to the GPS coordinates for Site 1187,

and, at 1112 hr on 29 October, we deployed a beacon on site.

Hole 1187A
The depth objective in this hole was to core into basement until time expired or the bit failed

as a result of excessive wear. We spudded Hole 1187A with the RCB at 1920 hr on 29 October.

The bit tagged the seafloor at 3803.6 mbsl. We drilled ahead with a wash barrel in place to a

depth of 365.5 mbsf, where progress became very slow because of a change in formation. From

our interpretation of the seismic profile, we expected to encounter basement at ~ 410 mbsf.

However, we encountered the sediment/basalt interface in the first RCB core (Core 192-1187A-

2R) and inferred it to be at 372.5 mbsf, based upon the change in drilling parameters noted by

the driller. We continued rotary coring in basement to a depth of 508.3 mbsf, where the bit

expired after 65 rotating hours. The failure was manifested by high, erratic torque, indicating that

one or more cones had fallen off the bit. The average recovery in basement was 74.3%, and the

average penetration rate was 2.4 m/hr. Total penetration into basaltic basement was 135.8 m.

After retrieving the drill string and BHA, we found that the bit was missing two cones and

one cone shank. The two remaining cones had chipped and missing teeth in all rows. After

retracting the hydrophones and thrusters and securing the drilling equipment, the crew put the

vessel under way to Guam at 0330 hr on 3 November.
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