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ABSTRACT

Integrated Ocean Drilling Program (IODP) Expedition 310 to the reef terraces around
Tahiti, French Polynesia, was the second expedition to utilize a mission-specific plat-
form (MSP) and was conducted by the European Consortium for Ocean Research
Drilling (ECORD) Science Operator (ESO). The objectives of Expedition 310 are to es-
tablish the course of postglacial sea level rise at Tahiti, to define sea-surface tempera-
ture (SST) variations for the region over the period 20–10 ka, and to analyze the
impact of sea level changes on reef growth and geometry. To meet these objectives,
the postglacial reef sequence, which consists of successive reef terraces seaward of the
living barrier reef, was cored from a dynamically positioned vessel during October
and November 2005. A total of 37 boreholes across 22 sites were cored in water depths
ranging from 41.65 to 117.54 m. Borehole logging operations in 10 boreholes pro-
vided continuous geophysical information about the drilled strata. The cores were de-
scribed during the Onshore Science Party at the IODP Bremen Core Repository during
February and March 2006, where minimum and some standard measurements were
made. Further postcruise research on samples taken during the Onshore Science Party
are expected to fulfill the objectives of the expedition.
9
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INTRODUCTION

The timing and course of the last deglaciation is generally considered to be an essen-
tial component for understanding the dynamics of large ice sheets (Lindstrom and
MacAyeal, 1993) and their effects on Earth’s isostasy (Lambeck, 1993; Peltier, 1994).
Moreover, the disappearance of glacial ice sheets was responsible for dramatic
changes in the freshwater fluxes to the oceans, which disturbed the general thermo-
haline circulation and, hence, global climate (e.g., Stocker and Wright, 1991). Coral
reefs, like the one that surrounds Tahiti, are excellent sea level indicators, and their
accurate dating by mass spectrometry is of prime importance for determining the
timing of deglaciation events and thus for understanding of the mechanisms driving
glacial–interglacial cycles. Furthermore, scleractinian coral colonies can monitor and
record past sea-surface temperatures (SSTs).

BACKGROUND

Sea Level Changes as a Global Climate Indicator

Only three deglaciation curves based on coral reef records have been accurately dated
for times reaching the Pleistocene/Holocene boundary: in Barbados between 19.00
and 8.00 ka (Fairbanks, 1989; Bard et al., 1990a, 1990b), in New Guinea between
13.00 and 6.00 ka (Chappell and Polach, 1991; Edwards et al., 1993), and in Tahiti
between 13.75 ka and 2380 14C y before present (BP) (Bard et al., 1996) (Fig F1). So
far, the Barbados curve is the only one to encompass the whole deglaciation because
it is based on offshore drilling. However, this site, like New Guinea, is located in an
active subduction zone where tectonic movements can be large and discontinuous so
that the apparent sea level records may be biased by variations in the rates of tectonic
uplift. Hence, there is a clear need to study past sea level changes in tectonically stable
regions or in areas where the vertical movements are slow and/or regular.

The Barbados record suggested that the last deglaciation was characterized by two
brief periods of accelerated melting superimposed on a smooth and continuous rise
of sea level with no reversals (Fig F1). These so-called meltwater pulse (MWP) events
(MWP-1A and MWP-1B at ~13.80 and 11.30 ka, respectively) are thought to corre-
spond to massive inputs of continental ice (i.e., ~50–40 mm/y, roughly equivalent to
annual discharge rates of 16,000 km3 for MWP-1A). MWP-1A corresponds to a short
and intense cooling period between 14.10 and 13.90 ka in Greenland records
(Johnsen et al., 1992; Grootes et al., 1993) and therefore postdates initiation of the
10
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Bölling-Alleröd warm period at ~14.90–14.70 ka (Broecker, 1992). The sea level jump
evidenced in New Guinea at 11.00 ka (Edwards et al., 1993) is delayed by a few cen-
turies when compared to that observed at Barbados. These two meltwater pulses are
thought to have induced reef-drowning events (Blanchon and Shaw, 1995). Two
“give-up” reef levels have been reported at 90–100 and 55–65 m water depth on the
Mayotte foreslopes (Comoro Islands) and have been related to the Bölling and the
post-Younger Dryas meltwater pulses (Dullo et al., 1998); similar features are recorded
in the southern Great Barrier Reef (GBR) (Troedson and Davies, 2001) and in the Car-
ibbean (MacIntyre et al., 1991; Grammer and Ginsburg, 1992). A third Acropora reef-
drowning event at ~7.60 ka has been assumed by Blanchon and Shaw (1995).

However, there are still some doubts concerning the general pattern of sea level rise
during the last deglaciation events, including the amplitude of the maximum low-
stand during the Last Glacial Maximum (LGM) and the occurrence of increased gla-
cial meltwater with resultant accelerated sea level rise (Broecker, 1990). Furthermore,
sawtooth sea level fluctuations between 19.00 and 15.28 ka (Locker et al., 1996) and
a sea level fall coeval with climatic changes at ~11 ka are still controversial topics.

Worldwide sea level compilations indicate that local sea level histories varied consid-
erably around the world in relation to both postglacial redistribution of water masses
and a combination of local processes (Lambeck, 1993; Peltier, 1994), although signif-
icant deviations between model predictions and field data have been noted in several
regions (Camoin et al., 1997). The post–last glacial sea level changes at sites located
far away from glaciated regions (“far field”) provide basic information regarding the
melting history of continental ice sheets and the rheological structure of Earth. The
effect of hydroisostasy depends on the size of the islands: for very small islands, the
addition of meltwater produces a small differential response between the island and
the seafloor, whereas the meltwater load produces significant differential vertical
movement between larger islands or continental margins and the seafloor (Lambeck,
1993). There is therefore a need to establish the validity of such effects at two ideal
sites located at a considerable distance from the major former ice sheets: (1) on a
small oceanic island and (2) on a continental margin. In both cases, it is essential for
the sites chosen that the tectonic signal is small or regular within the short time pe-
riod proposed for investigation so that rigorous tests of proposed northern and south-
ern hemisphere deglaciation curves from Barbados and New Guinea can be made.
Two such places were proposed: Tahiti and GBR. This expedition conducted investi-
gations at the Tahiti sites only.
11
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Climatic and Oceanographic Changes during Last Deglaciation 
Events

During latest Pleistocene and early Holocene, climatic variability was primarily re-
lated to the effects of seasonality and solar radiation. The results of the Long-Range
Investigation, Mapping, and Prediction (CLIMAP) program suggested that LGM trop-
ical SSTs were similar to modern ones. However, this interpretation is not consistent
with snowline reconstructions and paleobotanic data (Rind and Peteet, 1985; Ander-
son and Web, 1994).

The available Sr/Ca and U/Ca data from coral reef areas report SSTs 5˚C colder than
those of today during the LGM and 2˚C lower at ~10–9 ka at Barbados (Guilderson et
al., 1994), whereas studies in the west Pacific indicate that the full amplitude of the
glacial Holocene temperature change may have ranged between 3˚ and 6˚C (McCul-
loch et al., 1996; Beck et al., 1997; Gagan et al., 1998) (Fig F1). Troedson and Davies
(2001) define SSTs immediately south of the GBR some 4.5˚C colder during the LGM
and 1˚C colder at 10 ka. This casts doubt upon the phase shift of 3000 y for climate
changes between the two hemispheres that was assumed by Beck et al. (1997), in clear
distinction to the apparent synchronism of the last deglaciation, inferred from vari-
ous sources (i.e., coral records, ice cores, snowline reconstructions, vegetation
records, and alkenone palaeothermometry) (Bard et al., 1997).

Recent studies have documented Holocene climatic variations. SSTs warmer by 1˚C,
monsoonal rainfall, and possibly weaker El Niño–Southern Oscillation (ENSO) at
~5.80 ka in eastern Australia have been deduced from isotopic and Sr/Ca high-resolu-
tion measurements on corals from the central GBR (Gagan et al., 1998). An ENSO-like
cyclic climatic variation with a return period of 3–5 y has been evidenced in a 4150
y old coral from the Seychelles, although the intensity of the annual decrease in SST
caused by monsoonal cooling was lower than that of today (Zinke et al., 2005).

Additional information is required for better knowledge of climatic conditions in
tropical regions during the last deglaciation. In these areas, the most debated points
are twofold: (1) the quantification of SSTs and the identification of related climatic
variations during the last deglaciation events and (2) the timing of the relevant post-
glacial warming in the two hemispheres.
12
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SCIENTIFIC OBJECTIVES

1. Establish the course of postglacial sea level rise at Tahiti (i.e., define the exact shape of the 
deglaciation curve for the period 20.00—10.00 ka. 

In establishing the deglaciation curve, we hope to assess the validity, timing, and am-
plitude of the MWP-1A event, assess the maximum sea level drop during the LGM to
prove or disprove the sawtooth pattern of sea level rise during the last deglaciation
(Locker et al., 1996), and test predictions based on different ice and rheological mod-
els. 

Reconstruction of sea level curves relies on absolute dating of in situ corals by radio-
metric methods (230Th/234U by thermal ionization mass spectrometry [TIMS] and 14C
by accelerator mass spectrometry [AMS]) and paleobathymetric information deduced
from biological communities (corals, algae, and mollusks) that live in a sufficiently
narrow or specific depth range to be useful as absolute sea level indicators.

2. Define SST variations for the region over the period 20.00—10.00 ka 

This information is needed to gain better knowledge of regional variation of SSTs in
the South Pacific, climatic variability and identification of specific phenomena such
as ENSO, and global variation and relative timing of postglacial climate change in the
southern and northern hemispheres.

Methods include stable isotope (δ18O) and trace element (Sr/Ca ratios by TIMS) anal-
yses on high-resolution (i.e., at the monthly scale) sampling of massive coral colo-
nies. Coupled analyses of δ18O and Sr/Ca on the same sample may yield estimates of
both temperature and salinity (McCulloch et al., 1996). Stable isotope δ18O measure-
ments, systematically coupled with those of δ18O in coral skeletons, will provide in-
formation on other parameters (e.g., solar variations or metabolism processes).
Geochemical methods will be coupled with measurements and analyses of the band-
widths and microstructural variations in the coral skeletons.

3. Analyze the impact of sea level changes on reef growth and geometry. 

Assessments will be made of the impact of glacial meltwater phases (identification of
reef drowning events) and the morphological and sedimentological evolution of the
foreslopes (highstand versus lowstand processes). In addition, modeling of reef build-
ing and analyses of environmental changes during reef development will be under-
taken.
13
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A numerical model simulating reef building will be used to study the effect of a sea
level jump on reef geometry and to qualitatively assess the effect of sea level fluctua-
tions on the reef shape and age-depth relationships.

Expedition 310 may provide the opportunity to better constrain deglacial history (see
Peltier, 1994; Fleming et al., 1998; Okuno and Nakada, 1999) by documenting, for the
first time, the LGM lowstand in well-studied cores in the far field and by comparing
the MWP-1A event in the Pacific and Atlantic Oceans. Furthermore, study of very
early deglacial coral material should provide the first Sr/Ca SSTs for the LGM in the
Pacific, which could then supplement Barbados sample data (Guilderson et al., 1994)
and the recent study of Stage 6 corals (McCulloch et al., 1999).

OPERATIONAL STRATEGY

Drilling offshore Barbados (Fairbanks, 1989) demonstrated that the reef sequence cor-
responding to the last deglaciation developed only on slopes and therefore forms dis-
continuous successive terraces of various lateral extent.

At Tahiti, recovery of the postglacial reef sequence required drilling successive reef
terraces that occur seaward of the living barrier reef. Studies and surveys around Ta-
hiti have demonstrated the occurrence of successive reef terraces at various depths,
100, 90, 60, and 40–50 m, which therefore correspond to drilling targets. Thus, at
each site, we cored several boreholes along transects to attempt to recover the entire
postglacial reef sequence.

Based on the results of previous scientific drilling and bathymetric and seismic data
acquired during the SISMITA cruise, we drilled a transect of holes in three areas
around Tahiti: offshore Papeete-Faaa (proposed Site TAH-01A), Tiarei (proposed Site
TAH-02A), and Maraa (proposed Site TAH-03A) (Fig. F2). The involved water depths
ranged from 41.65 to 117.54 m. 

The exact location of the drill holes was determined during the cruise by checking the
nature and morphology of the seafloor with a through-pipe underwater camera. All
holes were sited within a circle of radius 150 m around the proposed drilling sites ap-
proved by the Environmental Pollution and Safety Panel (EPSP), or within the mid-
cruise EPSP-approved 200 m extension of the circle around proposed Site TAH-02A-4
(to 350 m radius). Figures F3, F4, and F5 show the locations of the holes at Faaa, Tia-
rei, and Maraa, respectively.
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SITE RESULTS

Cores were recovered from 37 holes across 22 sites (M0005 to M0026) (Table T1), with
a conventionally calculated recovery of 57.47%. Water depths at the sites ranged
from 41.6 to 117.5 m, and cores were recovered from 41.6 to 161.8 meters below sea
level (mbsl). Because of difficulties locating and operating at some the proposed drill
sites (see Operations), the original strategy of coring along profiles was abandoned
and new sites were chosen on the basis of water depth. Thus six drilling “areas” were
targeted: Faaa, Tiarei inner ridge, Tiarei outer ridge, Tiarei marginal sites, Maraa west-
ern transect, and Maraa eastern transect. All new sites were drilled within areas ap-
proved by EPSP. Borehole geophysical wireline logging was conducted at seven sites
(in ten holes).

Because of space limitations on the DP Hunter, only limited analysis of cores was con-
ducted offshore, with the bulk of description and measurement conducted at the On-
shore Science Party at the Bremen Core Repository. Table T2 shows which
measurements were conducted offshore and at the Onshore Science Party.

Sedimentology and Biological Assemblages

The cored material shows that the reefs around Tahiti are composed of two major
lithological units: a postglacial carbonate sequence (Unit I) and an older Pleistocene
sequence (Unit II). Modern sediments were often recovered above Unit I. Within
Units I and II, the lithostratigraphy can be divided into subunits (e.g., Subunit IA, IB,
IC, and so on), based on coral assemblages and internal structure. It is important to
note that subunits of the same designation at separate sites are not correlative. Cor-
relation of subunits between sites will not be possible until ages are obtained from
postcruise research.

Maraa Western Transect: Sites M0005, M0006, and M0007

The western transect drilled in the Maraa area (southwest Tahiti) includes Sites
M0007, M0005, and M0006 (landward to oceanward) in water depths between 43
and 82 m. Figure F6 summarizes the major lithologic units, lithology, and recovery
for all holes on the Maraa western transect.
15



Expedition 310 Preliminary Report
Modern Sediments

Modern sediments were recovered at all sites along this transect. They consist of a few
decimeter-thick beds comprising rhodoliths, skeletal sands, and gravels rich in Hal-
imeda segments, mollusk fragments, benthic foraminifers, and nongeniculate coral-
line algae along with clasts of Halimeda packstone and coral clasts. 

Lithologic Unit I (Postglacial Carbonate Sequence)

The thickness of Unit I ranges from 33 to 42 m at Sites M0005 and M0007, respec-
tively.

The top of Unit I is characterized by an abundance of thin crusts of nongeniculate
coralline algae and extensive bioerosion. This sequence is primarily composed of co-
ralgal-microbialite frameworks commonly interlayered with loose skeletal sediments
including coral and algal rubble and skeletal sand and with skeletal limestone.

The coralgal-microbialite frameworks that form the bulk of this unit are characterized
by widespread development of microbialites which locally represent the major struc-
tural and volumetric component of the reef rock. They develop within the primary
cavities of the reef framework, where they generally overlie crusts of noneniculate
coralline algae. The microbialites generally comprise a suite of fabrics including two
end-members represented by laminated fabrics and thrombolitic accretions; the lam-
inated fabrics generally correspond to the most abundant fabric.

The reef sequence is characterized by a general succession of distinctive coral assem-
blages, although many of them are intergradational, both laterally and vertically. Two
successive subunits (Subunits IA and IB) displaying distinctive coral assemblages and
internal structure were recognized:

• Subunit IA, up to 20 m thick, primarily comprises coralgal-microbialite frameworks
dominated by encrusting coral colonies.

• Subunit IB, up to 25 m thick, comprises coralgal-microbialite frameworks made of
tabular and branching coral colonies that are usually heavily encrusted by nonen-
iculate coralline algae, locally associated with vermetid gastropods, overlain by
very thick and massive microbialite crusts. Large primary cavities are partially filled
with skeletal sand rich in Halimeda segments and coral fragments.
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At Site M0007, the base of Subunit IB corresponds to poorly lithified skeletal grain-
stone that contains fine sand-sized volcanic grains and a 30 cm thick interval com-
posed of branching coralline algae in Core 310-M0007B-34R.

Lithologic Unit II (Older Pleistocene Sequence)

The top of Unit II was recovered at 86 and 92 mbsl at Sites M0005 and M0007, respec-
tively. This sequence was drilled to 161.56 mbsl in Hole M0005D.

The older Pleistocene sequence is composed of eight distinctive lithologic subunits:

• Subunit IIA is a beige to gray well-lithified limestone comprising coralgal frame-
works associated with rudstone-floatstone beds. 

• Subunit IIB is a well-lithified skeletal floatstone-rudstone rich in rhodoliths, frag-
ments of corals and mollusks, and Halimeda segments, associated with volcanic
grains. 

• Subunit IIC is a poorly sorted and ungraded unlithified volcaniclastic silt to sand
including scattered skeletal grains reworked pebbles of Halimeda floatstone and an-
gular clasts of siltstones of the same composition. 

• Subunit IID is a beige to brownish coralgal framework in which corals are thinly
coated by nongeniculate coralline algae and then heavily encrusted by microbi-
alites with laminar and thromboltic fabrics. 

• Subunit IIE is a sandy skeletal grainstone rich in volcanic grains, large coral clasts
(massive Porites), and skeletal fragments (coralline algae and corals). 

• Subunit IIF is a coral and algal rudstone to floatstone comprising fragments of cor-
als (massive, encrusting, and branching corals), coralline algae, echinoids and mol-
lusks, rhodoliths, and lithoclasts in a coarse sandstone matrix rich in volcanic and
skeletal grains. 

• Subunit IIG is a coralgal framework interbedded with skeletal grainstone to pack-
stone rich in volcanic grains. 

• Subunit IIH is a skeletal grainstone to floatstone rich in fragments of corals
(branching Pavona and encrusting Montipora), echinoids and coralline algae, and
volcanic grains. 

Maraa Eastern Transect: Sites M0015, M0016, M0017, and M0018

The eastern transect drilled in the region of Maraa (southwest Tahiti) includes Sites
M0017, M0015, M0018, and M0016 (landward to oceanward) in water depths from
17
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56.45 to 97.35 mbsl. Figure F7 summarizes the major lithologic units, lithology, and
recovery for all holes on the Maraa eastern transect.

Lithologic Unit I (Postglacial Sequence)

The thickness of Unit I ranges from 24 m in the deepest hole (Hole M0016B at 97.35
mbsl) to 40 m in Hole M0018A. The base the unit has been recovered from 94 mbsl
at the inner sites to 121 mbsl at the outer sites.

This unit is primarily composed of coralgal-microbialite frameworks commonly inter-
layered with loose skeletal sediments including coral and algal rubble. Coral and algal
rubble are mostly composed of accumulations of fragments of corals (mostly encrust-
ing Acropora and Montipora and branching Pocillopora and Porites), microbialites and
mollusks, Halimeda segments, and rounded lithoclasts (e.g., skeletal sandstone rich in
volcanic grains). Benthic foraminifers are usually scarce. Pebbles of basalt and sand-
sized volcanic grains occur locally. Skeletal sand corresponds to Halimeda sand rich in
fragments of corals (e.g., branching Porites) echinoids and mollusks. 

The frameworks that form the bulk of Unit I include three subunits (Subunits IA–IC)
displaying distinctive coral assemblages and internal structure. Corals are usually
thinly encrusted by nongeniculate coralline algae, except in Subunit IC, where the
crusts are significantly thicker (up to 2 cm thick) and include vermetid gastropods.
The last stage of encrustation over coral colonies corresponds to thick microbialite
crusts dominated by massive laminated fabrics.

• Subunit IA primarily comprises locally well lithified coralgal bindstone that forms
the upper part of Unit I in all holes. In Holes M0015B and M0018A, the top of the
subunit is characterized by the occurrence of a hardground and a yellow-reddish
staining of the rock surface. The coral assemblages are dominated by encrusting
(Montipora, Pavona, Porites, Leptoseris, and Leptastrea) and foliaceous coral colonies
(Pachyseris). Associated corals include massive Porites and branching colonies of
Porites, Pavona, and Pocillopora (including robust branching colonies). Tabular col-
onies of Acropora occur in the lower part of the subunit. 

• Subunit IB is mostly composed of coralgal-microbialite frameworks in which the
coral assemblages are dominated by tabular colonies of Acropora. Associated corals
include encrusting colonies of Montipora (locally dominant), Porites, Leptastrea,
Montastrea, and agaricids, massive colonies of Porites and Montastrea, branching
colonies of Porites, Pocillopora, and Acropora. Robust branching colonies of Acropora
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and Pocillopora occur in the lower part of the subunit, where they are locally dom-
inant.

• Subunit IC comprises coralgal-microbialite frameworks dominated by branching
colonies of Porites. The coral assemblage associated with the branching colonies of
Porites is well diversified and includes branching colonies of Pocillopora and
Acropora, robust branching colonies that are locally dominant, encrusting colonies
of Porites, Montipora, Leptastrea, Millepora, Pavona, Leptoseris, and Psammocora, and
tabular colonies of Acropora.

Lithologic Unit II (Older Pleistocene Sequence)

Unit II is primarily composed of irregular alternations of yellow and gray to beige
poorly sorted skeletal limestone (grainstone to rudstone-floatstone) and coralgal
frameworks with local intercalations of coral and algal rubble that display conspicu-
ous alteration.

Subaerial diagenetic processes are indicated by recrystallization of coral skeletons and
the occurrence of large solution cavities that display yellow and brown to red-brown
staining. Some solution cavities are partly filled with sediments. 

The grainstones, rudstones, and floatstones are rich in fragments of corals (e.g., ro-
bust branching Pocillopora, branching and massive Porites, branching Acropora, and
encrusting Montipora), coralline algae, echinoids and mollusks, and Halimeda seg-
ments. Sand-sized volcanic grains are commonly associated with the skeletal grains. 

The coralgal frameworks comprise encrusting and branching colonies of Porites, tab-
ular colonies of Acropora, encrusting and massive colonies of Montipora, and encrust-
ing colonies of agaricids; massive colonies of Porites occur locally. 

Tiarei Inner Ridge: Site M0023

Figure F8 summarizes the major lithologic units, lithology, and recovery for all holes
on the Tiarei inner ridge.

Lithologic Unit I (Postglacial Sequence)

Unit I is primarily composed of coralgal-microbialite frameworks. Manganese(?) im-
pregnation and dark staining of corals is reported at the top of the unit. Basalt pebbles
and volcanic grains are abundant toward the base of the unit.
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Unit I is characterized by three successive coral assemblages (Subunits IA–IC): 

• Subunit IA consists of encrusting colonies of Montipora, Pavona, Porites, and
acroporids, foliaceous colonies of Pachyseris associated with branching colonies of
Porites, and, to a less extent, robust branching colonies of Pocillopora. 

• Subunit IB consists of massive and encrusting colonies of Porites and faviids (Lep-
tastrea) and, to a less extent, branching colonies of Porites that occur locally. 

• Subunit IC consists of branching and encrusting colonies of Porites associated with
encrusting colonies of Millepora, Montipora, Psammocora, and Pavona, massive col-
onies of Leptastrea and Porites, branching colonies of Pocillopora (including robust
branching colonies), and tabular colonies of Acropora (A. humilis?).

Lithologic Unit II (Older Pleistocene Sequence)

Unit II comprises brown algal bindstone, microbialites, and coralgal frameworks that
exhibit evidence of diagenetic alteration including the neomorphic transformation
of coral skeletons and the occurrence of solution cavities. Basalt pebbles and litho-
clasts occur throughout this unit. 

Solution cavities present throughout this interval are filled with multigenerational
infillings including well-lithified pale brownish limestone and poorly lithified dark
brown sandy sediments including skeletal grains. 

The coral assemblage includes massive and encrusting colonies of faviids, robust
branching and tabular colonies of Acropora, encrusting colonies of agaricids, and
branching colonies of Porites. 

Tiarei Outer Ridge: Sites M0009, M0021, M0024, M0025, and M0026

Figure F9 summarizes the major lithologic units, lithology, and recovery for all holes
on the Tiarei outer ridge.

Lithologic Unit I (Postglacial Sequence)

On the outer ridge of Tiarei, Unit I was recovered from 82 to 122 mbsl. The thickest
continuous sequence was recovered from Holes M0021A and M0021B, in which its
thickness reaches 29 m.

Unit I mostly comprises coralgal-microbialite frameworks that are locally interlayered
with volcaniclastic sediments including coarse sand displaying skeletal elements (for-
aminifers, Halimeda segments, fragments of mollusks, bryozoans, corals, and espe-
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cially branching Porites), rubble and sand composed mostly of coral fragments
(mostly branching colonies and, to a lesser extent, tabular colonies), and skeletal
packstone to floatstone rich in Halimeda segments and coral and mollusk fragments. 

The top of Unit I is characterized by widespread development of micritic microbial
crusts that display laminar and knobby morphologies. Extensive bioerosion, dark to
brown staining within the uppermost 2–3 m of the unit, and hardgrounds are fea-
tures that have been locally observed.

Coralgal-microbialite frameworks are characterized by distinctive internal structure
and coral assemblages. Five lithologic and coral assemblages (Subunits IA–IE) display
a general consistent trend: 

• Subunit IA, the uppermost assemblage, is dominated by encrusting colonies of
Montipora, Montastrea, Leptastrea, Pavona, and Porites and encrusting foliaceous col-
onies of Pachyseris and Leptoseris. 

• Subunit IIA is dominated by branching and encrusting colonies of Porites and Mon-
tipora; associated corals include encrusting and branching colonies of Pavona and,
to a lesser extent, branching colonies of Pocillopora, tabular colonies of Acropora,
and encrusting colonies of agaricids. 

• Subunit IC is dominated by massive colonies of Porites; some colonies display traces
of bioerosion. 

• Subunit ID is dominated by colonies of robust branching Pocillopora and encrusting
colonies of favids and encrusting and branching colonies of Montipora. 

• Subunit IE, the bottommost assemblage, is composed of encrusting and massive
colonies of favids (Favia and Leptastrea) locally associated with encrusting colonies
of Montipora. Associated coral rubble comprises mostly fragments of branching
Porites, Acropora, and Pocillopora.

The development and morphologies of the microbial crusts are closely related to the
morphology and size of the cavities in which they developed. In bindstone formed
by encrusting coral assemblages, the microbialites are dominated by thrombolitic
fabrics, whereas in frameworks made of branching and massive coral colonies they
display greater development and are characterized by the development of compound
crusts, up to 15 cm thick, formed by a succession of laminated and thrombolitic fab-
rics, where the thrombolites usually represent the last stage of encrustation. The
thrombolites consist of closely spaced and vertically and laterally intergradational
micritic masses that range from narrow millimeter-sized upward-radiating shrubs to
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broader dendritic clusters as high as 1 cm. Multiple generations may be closely packed
and merge into micritic crusts as thick as several centimeters.

Lithologic Unit II (Older Pleistocene Sequence) 

The contact between Units I and II is characterized by an irregular unconformity typ-
ified by an abundance of large solution cavities partly filled with unconsolidated skel-
etal and volcanic sand including coralline algal branches and Halimeda segments and
coral gravels (Pocillopora branches and fragments of Montipora colonies). Some cavi-
ties are partly filled with skeletal and volcanic sands and gravels and stalagmite crusts.
Several unconformities occur in the upper part of Unit II.

Unit II comprises four lithologic subunits (Subunits IIA–IID) that are locally interlay-
ered:

• Subunit IIA is composed of well-lithified gray to brown coralgal frameworks with
coral assemblages dominated by encrusting colonies of Leptastrea, Pachyseris, Mon-
tipora, and Psammocora, locally associated with robust branching colonies of Acro-
pora and Pocillopora, tabular colonies of Acropora, and massive colonies of Porites
associated with coral rudstone-floatstone and skeletal limestone. 

• Subunit IIB comprises coral clasts, limestone clasts, basalt pebbles, and reworked
coral colonies (Porites and robust branching Acropora). 

• Subunit IIC is a sandy packstone/grainstone with coral clasts (branching Acropora
and Pocillopora) overlying a coral boundstone consisting mainly of massive Porites
and encrusting unidentified corals associated with clasts of robust branching
Acropora. 

• Subunit IID is a massive weakly consolidated and cemented dark gray to brownish
volcaniclastic siltstone to sandstone that includes pieces of corals (branching Pocil-
lopora and encrusting Montipora) and coralline algal crusts and skeletal fragments
(tiny mollusk shells and Halimeda segments) interlayered with sandy limestone
and granule- to pebble-sized pieces of aphanitic dense basalt. 

Tiarei Marginal Sites: Sites M0008, M0010, M0011, M0012, M0013, M0014, and M0022

Sequences Dominated by Volcaniclastic Sediments

Hole M0008A exhibits a 36 m thick sequence (64.15–100.05 mbsl) composed of two
lithological units: 

• Unit I is a black uncemented to weakly consolidated volcaniclastic sand, silt, and
clay interlayered with beds comprising basalt pebbles, cobbles, and boulders. 
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• Unit II is a orange, dark brown, to reddish brown volcaniclastic siltstone to sand-
stone interlayered with volcaniclastic sand and silt, volcaniclastic cobble, and rub-
ble. 

The boundary between the two units is marked by a change from silts/sands to silt-
stone/sandstone and a color change from gray to orange-brown. Coincidentally, in
Hole M0021B, a similar color change coincides with the Unit II/I boundary. Figure
F10 summarizes the major lithologic units, lithology, and recovery for all holes of the
Tiarei marginal sites.

Lithologic Unit I (Postglacial Sequence)

In holes located close to the outer ridge (Holes M0010A through M0014A), Unit I
comprises three successive subunits (Subunits IA–IC) that were recovered from 78.85
to 117 mbsl:

• Subunit IA was recovered only at Site M0012 from 78.85 to 107 mbsl. It is mostly
composed of loose sediments (coral rubbles and skeletal silt and sand) locally inter-
layered with volcaniclastic sand rich in skeletal grains.

• Subunit IB, recovered in an interval ranging generally from 90 to 100–105 mbsl, is
dominated by volcaniclastic sediments that are locally interlayered with beds com-
prising carbonate elements and coral colonies. 

• Subunit IC, ranging generally from 100 to 115 mbsl, is primarily comprised of co-
ralgal-microbialite frameworks interlayered with beds composed of (1) coral rubble,
fragments of coralline algal crusts, and microbialites mixed with sand- to pebble-
sized volcanic elements; (2) skeletal sand rich in Halimeda segments, foraminifers,
and fragments of mollusks and coralline algae mixed with volcanic grains; and (3)
volcaniclastic and skeletal sand and silt. The frameworks comprise two distinctive
coral assemblages: 

1. The first assemblage is dominated by encrusting Montipora, agaricids, and faviids
and thin branching colonies of Porites. 

2.The second assemblage consists of massive colonies of Porites and faviids locally
associated with branching Pocillopora and Montipora. 

Lithologic Unit II (Older Pleistocene Sequence)

The boundary between Units I and II is sharp. Unit II is composed mainly of well-lith-
ified gray to light brown coralgal boundstone, coral rudstone, and skeletal sandy
limestone, interlayered locally with horizons of gravels and rubble made of that ma-
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terial. The coral assemblage is dominated by foliaceous colonies of Pachyseris, tabular
and branching colonies of Acropora, robust branching Pocillopora, encrusting and
branching colonies of Montipora, and branching and massive colonies of Porites. Mi-
crobialites are abundant and include laminated and thrombolithic fabrics. The ma-
trix of the limestone is rich in Halimeda segments; volcanic grains are locally
abundant. Subaerial diagenetic processes are indicated by the alteration of coral skel-
etons and the occurrence of large solution cavities that are filled with volcaniclastic
and skeletal sandstone and by gravels and rubble including branches of Pocillopora
and basalt pebbles at the top of the unit. 

Faaa: Sites M0019 and M0020

The following description concerns Sites M0019 and M0020, which were drilled at
59.9 and 83.7 mbsl, respectively. The location of the boundary between Units I and
II in the two holes was defined on the basis of lithologic and diagenetic features; it
occurs at 82 m in Hole M0019A and at 92 m in Hole M0020A. Figure F11 summarizes
the major lithologic units, lithology, and recovery for all holes of the Faaa sites.

Lithologic Unit I (Postglacial Sequence)

Unit I at Sites M0019 and M0020 is 21 and 8 m thick, respectively, and displays a very
similar composition in the two holes. It primarily comprises loose coralgal-microbi-
alite frameworks (bindstone) interlayered with beds of coral rubble. The beds of coral
rubble are composed of reworked and rounded fragments of corals (branching agari-
cids and Porites), coralline algal crusts, and microbialites that are extensively bored
and stained.

The coralgal-microbialite frameworks are dominated by encrusting colonies of Mon-
tipora, agaricids (Pavona?), Acropora, Psammopora, and Echinophyllia associated locally
with massive colonies of Porites, Montastrea, Cyphastrea, and Leptastrea and encrusting
colonies of Leptoseris and fragments of robust branching colonies of Pocillopora, tab-
ular colonies of Acropora, and branching Porites in addition to the coral colonies listed
before. Microbialites consist of dark gray laminated dense and thrombolitic fabrics;
the latter are usually dominant. Large cavities, partly to fully filled with skeletal sand
rich in Halimeda segments (Halimeda packstone), commonly occur. Reddish brown to
dark staining on the surface of reef rocks is conspicuous in some cores.
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Lithologic Unit II (Older Pleistocene Sequence)

Unit II at Sites M0019 and M0020 is 43 and 33 m thick, respectively, and displays a
distinctive composition in the two holes. The coralgal-microbialite frameworks in the
bulk of this unit are characterized by the widespread development of microbialites.

In Hole M0019A, Unit II includes three subunits (Subunits IIA–IIC), characterized by
their distinctive lithology and composition and separated by unconformities at 106.2
and 121.12 mbsl, respectively:

• Subunit IIA is 24 m thick and comprises irregular alternations of beige coralgal and
skeletal limestone bearing in situ coral colonies and beds of coral rubble. The coral
assemblages forming the coralgal frameworks consist of massive colonies of Porites,
branching and encrusting colonies of Porites, and, to a lesser extent, encrusting col-
onies of agaricids, Montipora and Millepora, massive colonies of Leptastrea and Mon-
tastrea, and tabular colonies of Acropora. Fragments of branching colonies of
Pocillopora occasionally occur. The skeletal limestone consists of a well-lithified
rudstone including subrounded coral fragments (branching and massive Porites, ro-
bust branching Pocillopora, and tabular Acropora) often encrusted by coralline algae
and locally surrounded by cement fringes. Other skeletal grains include Halimeda
segments and fragments of echinoids, coralline algae, and mollusks.

• Subunit IIB is 15 m thick and comprises yellowish brown skeletal floatstone to
grainstone including rhodoliths, foraminifers, and fragments of corals (branching
and encrusting Porites, robust branching Pocillopora, and tabular Acropora) and cor-
alline algae, echinoids, and mollusks; sand-sized volcanic grains occur in the lower
part of the subunit and their abundance increases downhole.

• Subunit IIC is 11 m thick and comprises irregular alternations of coralgal frame-
works, skeletal limestone, and rubble beds. The coralgal frameworks are dominated
by tabular colonies of Acropora, massive colonies of Porites (e.g., Cores 310-
M0019A-27R and 28R), encrusting colonies of Porites and Montipora, and robust
branching colonies of Acropora. The skeletal limestone consists of a very poorly
sorted rudstone rich in large coral fragments (tabular Acropora, robust branching
Pocillopora, branching Porites, and encrusting agaricids), rhodoliths, Halimeda seg-
ments and fragments of coralline algal crusts, mollusks, and echinoids. 

In Hole M0020A, Unit II is primarily composed of coralgal frameworks locally inter-
layered with skeletal limestone and rubble beds. The coralgal frameworks are domi-
nated by branching and encrusting Porites, locally associated with encrusting
Montipora and Pavona, and robust branching colonies of Pocillopora. The interlayered
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skeletal limestone consists of Halimeda wackestone and poorly sorted coral rudstone
including fragments of branching and encrusting Porites, robust branching Pocillopora
and Acropora, and encrusting Montipora. Other skeletal grains include Halimeda seg-
ments and fragments of mollusks and echinoids; volcanic silt to sand grains are lo-
cally abundant.

Physical Properties

Carbonates are major constituents of the sedimentary rock record. Because coralgal
reefs develop in shallow water, they are interesting systems to study. These kinds of
sedimentary systems are most sensitive to climate and sea level fluctuations but also
have great aquifer and reservoir potential. From a rock physics point of view, Expedi-
tion 310 was particularly interesting because it provided the unique opportunity to
(petro)physically quantify modern reef development before pronounced overprint-
ing by diagenetic processes (including mechanical compaction), which usually re-
sults in irresolvable complexities as very often encountered in aquifer and reservoir
characterization. 

A crossplot of velocity versus porosity for all sites shows a negative inverse relation-
ship (Fig. F12) between acoustic velocity (VP) and porosity. Instead of showing indi-
vidual data points for the bulky multisensor core logger (MSCL) data (15,191 data
points), data density was contoured. MSCL data were acquired cross core (over ~6.5
cm), whereas core plugs were never longer than 3 cm and could only be drilled in ap-
propriate core sections. The scale dependency of petrophysical measurements, along
with the (inevitable) difference in “selective” sampling of core as opposed to bulk
MSCL measurements is beautifully illustrated in Fig. F12: for a given porosity value,
discrete measurements have higher VP values than MSCL measurements. Further-
more, in the comparison of velocity modeled using widely used velocity models and
the real data, the modified (to improve relationships observed in larger-scale investi-
gation of downhole wireline logging data) Raymer time average equation (Raymer et
al., 1980) gives the best fit (smallest error) with MSCL data, whereas the Wyllie equa-
tion (Wyllie et al., 1958) shows the best fit for discrete samples. However, the differ-
ence between both velocity transforms and the real data points is still high. On the
high end of the range in velocity for a given porosity, these differences can be inter-
preted as the added effect of pore characteristics like pore shape and connectivity and
textural properties of the (overall coralgal) framework. The differences on the low end
of the range in velocity for a given porosity may very well originate from lack of burial
compaction and/or pronounced diagenesis.
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Downhole Logging

Downhole geophysical logs provide continuous information on physical, chemical,
textural, and structural properties of geological formations penetrated by a borehole.
In intervals of low or disturbed core recovery, downhole geophysical logs provide the
only way to characterize the borehole section. This is especially true when recovery
is poor and when comparable measurements or observations are obtained from core,
as downhole geophysical logging allows precise depth positioning of core pieces by
visual (borehole images) or petrophysical correlation. 

Borehole Geophysical Instruments

The set of borehole geophysical instruments utilized during Expedition 310 was con-
strained by the scientific objectives and the geological setting of the expedition. A
suite of downhole geophysical methods was chosen to obtain high-resolution images
of the borehole wall, to characterize the fluid nature in the borehole, to measure bore-
hole size, and to measure or derive petrophysical or geochemical properties of the for-
mation such as porosity, electrical resistivity, acoustic velocities, and natural gamma
radioactivity. Because of environmental constraints, no nuclear tools were deployed
during Expedition 310.

The slimline suite comprised the following tools: 

• Optical Borehole Televiewer (OBI 40) produces a millimeter-scale, high-resolution
image of the borehole wall, similar to a subsurface endoscope.

• Acoustic Borehole Televiewer (ABI 40) produces millimeter-scale, high-resolution
images of the borehole surface using acoustic pulse and echo techniques.

• Hydrogeological probe (IDRONAUT) measures hydrogeological properties of the
borehole fluid only.

• Spectral Natural Gamma Probe (ASGR) allows identification of the individual ele-
ments that emit gamma rays (potassium, uranium, and thorium).

• Induction Resistivity Probe (DIL 45) provides measurements of electrical conduc-
tivity. The output of the tool comprises two logs: ILM (induction electrical conduc-
tivity of medium investigation depth, 0.57 m) and ILD (induction electrical
conductivity of greater investigation depth, 0.83 m). The measured conductivity is
finally converted into electrical resistivity.
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• Full Waveform Sonic Probe (SONIC). The 2PSA-1000 sonic probe measures com-
pressional wave velocities of the formation. In addition, analysis of surface waves
in the borehole (i.e., Stoneley waves) can be indicative of formation permeability.

• Caliper Probe (CAL). The 2PCA-100 is a three-arm (mechanical) caliper tool that
measures the borehole diameter.

A total of 10 boreholes were prepared for downhole geophysical measurements. All
measurements were performed under open borehole conditions (no casing) with the
exception of a few of spectral gamma ray logs. After completion of coring, the drill
string was pulled and the coring bit was changed for an open shoe casing to provide
borehole stability in unstable sections and a smooth exit and entry of logging tools.
In addition, a wiper trip was performed with fresh seawater (no drilling mud was
used). Borehole conditions were extremely hostile, and very often the boreholes had
to be logged in intervals where the HQ drill string was used as temporary casing, re-
sulting in a nominally 100 mm diameter borehole. In order to record ultra-high-res-
olution geophysical downhole logging data, the acquisition was done in the rooster
box, which, in the used piggy-back drilling system, is heave-compensated. Because of
these difficult borehole conditions and time constraints it was not possible to log all
tools in every borehole.

Preliminary Results

Wireline logging operations at the Tiarei sites produced nearly complete downhole
coverage of lithologic Unit I from 72 to 122 m below present-day sea level (Fig. F13).
Because of very hostile borehole conditions around the Unit II/I boundary, it was not
possible to image this boundary properly, with the exception of Hole M0023B.

The measured geophysical parameters, including optical and acoustic borehole wall
images, provided the only source of continuous information of the drilled sequences
during Expedition 310. Furthermore, by “unrolling” the images of the borehole wall
(360˚), into a two-dimensional view, a cross section ~31 cm is obtained as compared
to a 6.54 cm cross section of a split core obtained by HQ-diameter drill bit. It was
therefore possible to identify a typical stacking of lithofacies from the continuous
downhole geophysical logs. A typical stacking of facies is grouped into a subsequence.

A subsequence consists of three lithofacies: a basal lithofacies, middle lithofacies, and
an uppermost lithofacies:
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• The basal lithofacies of a typical subsequence consists of fragments of branching
coral colonies in a sandy/muddy matrix at proximal locations, has elevated values
in natural radioactivity, low electrical resistivity values, and lowest acoustic veloc-
ities. At distal locations, this facies is characterized by extremely open coral frame-
work or medium-sized cavities. 

• The middle lithofacies of a subsequence consists of branching coral colonies (Fig.
F13) in which framework density usually increases toward the top. It is character-
ized by upsection decreases in natural radioactivity and increases in electrical resis-
tivity and acoustic velocities. 

• The uppermost lithofacies of a typical subsequence consists of foliaceous to tabular
and encrusting coral species and minor massive corals (Porites). It is characterized
by intermediate to lower acoustic velocities, decreasing resistivity values upsection,
and increasing natural radioactivity values. 

In Figure F13, borehole images and natural radioactivity logs (total counts only) are
plotted in meters below present-day sea level. In each of the logged boreholes, the
boundary between lithologic Unit II and Unit I is indicated. In the Tiarei transect, the
basal unit directly overlying the above-mentioned boundary consists of a semicon-
solidated rubble interval having elevated natural gamma radioactivity values in prox-
imal locations. Distal locations do not show this higher gamma ray signature and,
although poorly recovered in downhole logging data, it usually consists of very open
framework branching corals that are heavily encrusted. 

In Figure F14, borehole images and formation electrical resistivity (resistivity) are
plotted in meters below present-day sea level. At this larger scale of observation and
by correlating the boreholes from the outer ridge to the inner ridge, it becomes clear
that, although evolved on a relatively steep and irregular paleomorphology, the gen-
eral resistivity pattern and absolute values of lithologic Unit I along this transect are
essentially the same and comparable. In each borehole the basal interval has lowest
resistivity values, values increase gradually to a maximum value, after which a more
sharp negative excursion to lower values can be observed. The interval of increasing
resistivity values is interrupted by a subtle but clear decrease in the middle of litho-
logic Unit I. The absolute values of this decrease are higher in distal boreholes than
in the proximal boreholes. 

Wireline logging operations at the Maraa sites produced nearly complete downhole
coverage of lithologic Unit I from 102 to 41.65 m below present-day sea level (Fig.
F15). Very hostile borehole conditions are caused by open framework coral morphol-
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ogies and relatively soft microbialite encrusting along and over coral colonies. Over-
all, acoustic reflectivity values in the ABI-40 image logs are lower than those at Tiarei.
These conditions did not allow image “recovery” as high as that for the Tiarei transect
and, similar to Tiarei, the boundary between lithologic Units I and II could not be im-
aged. Spectral gamma ray logs through the steel casing do, however, indicate signifi-
cant count increases in lithologic Unit II. In Figure F15, borehole images, natural
radioactivity logs (total counts only), and electrical resistivity logs are plotted in
meters below present-day sea level. In each of the logged boreholes, the boundary be-
tween lithologic Units I and II is indicated. The depth below present-day sea level of
the Pleistocene boundary depends on paleoseafloor morphology at the time of the
LGM. Although the quality and meters covered in imaging lithologic Unit I is less at
Maraa than at Tiarei, a similar stacking of lithofacies can be identified.

Microbiology

Drill core samples from Tahiti reefal environments were analyzed for evidence of mi-
crobial activity, possibly related to formation of microbialites. To date, onboard mea-
surements have shown a certain degree of microbial activity, directly attached to
mineral surfaces, which could be involved in microbialite formation. According to
the activity measurements along the drill cores, the uppermost part, 0–4 meters below
seafloor (mbsf) of the Tahiti reef environment, is the most active zone. This is a com-
mon trend in reef environments due the closeness to the photic zone inhabited by
primary producing eukaryotes, such as algae. Pure microbiological activity was only
observed in reef cavities where prokaryotic biofilms have appropriate conditions to
develop (Figs. F16, F17). 

Preliminary results show that the biofilms are diverse in structure and color. Figure
F16 shows an association between a brown iron/manganese crust and biofilm,
whereas Figure F17 shows an unusual a blue biofilm, which exhibited the highest de-
gree of adenosine triphosphate (ATP) activity (20’600 RLU [relative light units]). In
this sample, it was possible to define spherical assemblies of carbonate minerals em-
bedded in the microbial exopolymeric substances (EPS). Figure F18 shows 4,6-dia-
mindino-2-phenylindole (DAPI)-stained cells in high densities in this biofilm in
conjunction with mineral precipitation, which is most probably carbonate.

The biofilms appear to have high diversity in macroscale observations, and they are
equally diverse and heterogenic in microscale resolution, as observed by scanning
electron microscopy (SEM). Carbonate minerals appear in close relation with claylike
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minerals (Fig. F19; Hole M0007C), carbonaceous microfossils (Fig. F20; Hole
M0015B), and oxidized and reduced Fe minerals such as pyrite (Fig. F21; Hole
M0023A). The metabolic processes responsible for the precipitation of this variety of
minerals could not, as yet, be defined because of the complex and diverse conditions
of the microenvironments where these biofilm were found.

Some evidence for heterotrophic metabolic activities is shown by exoenzyme mea-
surements, which vary in the different biofilm samples. For instance, the samples
from Holes M0020A (4.51 mbsf) and M0009D (3.64 mbsf) showed high phosphotase
activity, suggesting a heterotrophic community that preferentially degrades organic
bound phosphate compounds such as phospholipids or nucleic acids. In contrast,
Hole M0007B (6.28 mbsf) showed only glucosidase and aminopeptidase activity,
which is evidence for degradation and metabolization of polysaccharides and pro-
teins. 

Isolation of microorganisms from biofilm samples was performed on agar plates using
a medium that is selective for heterotrophic bacteria. After 2 weeks incubation time,
10 different heterotrophic colonies could be isolated (Fig. F22). From anaerobic ex-
periments, only one isolation was successful. Distinct groups of microorganisms are
associated in the biofilm that could range from aerobic to anaerobic metabolism. SEM
investigation of microbialite samples shows evidence that anaerobic conditions must
have prevailed at times. The occurrence of framboidal pyrite well distributed in the
sediment supports a certain degree of anoxia in the environment. Some sediment
samples also show a close spatial association between the mineral phase and microbes
(e.g., Figs. F20, F23).

As a biogeographical summary of microbial activity in the Tahiti reef, northwestern
Faaa Hole M0020A and southwestern Maraa Holes M0005C, M0007B, M0007C,
M0015B, and M0018A were more active than the northeastern Tiarei sites, where of-
ten no living biofilm could be detected in cavities along the core.

Geochemistry

Most importantly, interstitial water (IW) data from Expedition 310 demonstrate the
ability to obtain geochemical signals (significant deviations from seawater chemistry)
from fossil reef material. Rhizon sampling enabled IW samples to be taken where tra-
ditional whole-round squeezing was not possible and undesirable. For these reasons
alone, the IW results from Expedition 310 are successful. The IW data indicate that
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no significant contamination resulted from using seawater as the drilling fluid
through the lack of ubiquitous metallic enrichments compared to Tahitian seawater.
However, storage of samples in sealed glass vials following IODP tradition resulted in
serious B and Si contamination of the samples upon opening of the vials. In the fu-
ture, acid cleaned plastic bottles should be used to store IW samples. 

General Remarks about Site M0008 Interstitial Water Data

Hole M0008A was drilled much more proximal to the island of Tahiti than any other
sites and recovered volcanoclastic sediments. This made Hole M0008A unique com-
pared to the other holes and offered opportunities to sample and analyze pore waters.
In all the IW profiles, a barrier to diffusion is evident at ~18 mbsf, which corresponds
to the position of a large basalt boulder recovered in Section 310-M0008A-8R-1. The
lack of a chilled margin at the top and bottom of this basalt suggests it is not a con-
tinuous layer of basalt providing an impervious layer. However, the seismic profile
used for site selection indicates a strong continuous reflector at approximately the
same depth, suggesting the basalt may represent a continuous layer. Ultimately, with
no recovery of Core 310-M0008A-7R above the basalt, the nature of the diffusion bar-
rier will remain uncertain. 

pH, Alkalinity, Ammonia, Chloride, and Sulfate

Above ~18 mbsf the pH of IW samples is similar to ambient seawater, but below the
diffusion barrier pH decreases sharply with depth until the pore waters are slightly
acidic (Fig. F24A). The IW alkalinity profile essentially traces that of pH (Fig. F24B).
This increase in free H+ ions results in an undersaturation of aragonite and calcite as
calculated using PHREEQC (Parkhurst and Appelo, 1999) and shown in Figure F24A.
Just below ~18 mbsf, significant amounts of ammonia are detected (Fig. F24C) indi-
cating microbial activity. The ammonia appears to diffuse downward from this source
just below the diffusion barrier. Chloride in the pore waters is essentially similar sea-
water with a slight depletion at the bottom of the section, precluding the influence
of significant amounts of freshwater in these sediments. Sulfate concentrations do
not significantly deviate from seawater values at any depth. 

Mg, K, Ca, and Sr

There is no significant deviation of IW Mg concentration from that of seawater,
whereas K becomes depleted with depth below the diffusion barrier at ~18 mbsf (Fig.
F24D). Both Ca and Sr concentrations become highly elevated with depth below the
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diffusion barrier (Fig. F24E, F24F), indicating dissolution of carbonate debris and/or
weathering of the silicate material. The calculated undersaturation of calcite and ara-
gonite in these pore waters suggests that carbonate dissolution must be contributing
to these enrichments. 

Li, P, Mn, Fe, and Ba

Li is depleted from seawater value (~174 µg/L) at all depths in Hole M0008A, suggest-
ing Li uptake by clays in the siliclastic sediments (e.g., Zhang et al., 1998). P displays
little variability with depth. Enrichment of the pore waters in Mn is observed in all
samples from Hole M0008A, but there is an important source at ~20 mbsf below the
diffusion barrier (Fig. F24G). Fe is greatly elevated in the IW samples from above the
diffusion barrier at ~18 mbsf but was below detection in the samples from below the
diffusion barrier (Fig. F24H). This pattern is interesting because conventional wis-
dom suggests that Mn oxide reduction occurs above the zone of Fe oxide reduction
in marine sediments (e.g., Berner, 1980). One possible explanation for this pattern is
that most Fe has already been lost from the older sediments below the diffusion bar-
rier. However, iron oxide–rich sediments containing small root fragments indicative
of a laterite soil were recovered in this interval of Fe-free pore waters. It is very inter-
esting that Mn can be mobile in these sediments below the diffusion barrier and Fe is
not. Ba is highly enriched in the pore waters below the diffusion barrier at ~18 mbsf,
leading to a calculated barite oversaturation. 

X-Ray Fluorescence

Five samples of volcanic sand/silt units and nine individual basalt samples were se-
lected for bulk rock analysis by energy dispersive polarized X-ray fluorescence (EDP-
XRF) analysis. All the samples analyzed by this technique were taken from Hole
M0008A. Analytical results are shown in Table T3. The low SiO2 but fairly high K2O,
P2O5, and TiO2 contents (Na2O was not analyzed) suggest that the volcanic rock sam-
ples belong to the alkalic basalt clan (i.e., alkalic basalt, basanite, tephrite, and nephe-
linite). The two texturally similar samples that apparently come from a single boulder
show many compositional similarities, but they also have differences, especially with
respect to MgO contents. The differences may be due to flow differentiation, which
is known to create compositional variation within a lava flow, or to instrumental er-
ror. Two samples are fairly primitive (>14.0 wt% MgO and >350 ppm Ni), but one is
highly olivine-pyroxene phyric, and thus its composition may have been compro-
mised by crystal accumulation of the olivine and pyroxene. Despite their small num-
ber, the rock samples apparently show downhole compositional variation (Fig. F25).
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Samples from the upper part of the hole have slightly higher incompatible element
contents (e.g., K and Rb) but lower SiO2 than those from the lower part of the hole,
indicating that the shallow basalt samples are compositionally more alkalic than the
deeper samples. 

The volcaniclastic sand/silt samples are compositionally different from the whole
rock basalt samples in that they have lower SiO2 contents, which translates to lower
total weight percent of all major oxides, obviously due to higher volatile contents,
mainly seawater, as evidenced by their high Cl contents. Sulfur is also high in the
sand/silt samples, particularly in the upper samples. The only rock sample that is high
in both S and Cl is a scoriaceous pebble that probably contains a lot of pore water.
Nevertheless, the upper sand/silt samples show many compositional similarities with
the basalts, but the lower samples do not. The upper and lower sand/silt samples
show apparent compositional differences (Fig. F26). Downhole compositional varia-
tions are observed in pore water chemistry, and thus the compositional differences
between the upper and lower sand/silt units are probably real. Unlike the downhole
compositional variation of the basalts, the sand/silt compositional differences are
most probably due to differences in the depositional environment between the upper
and lower volcanic sand/silt units. 

Both Tahiti-Nui and Tahiti-Iti are composed predominantly of lava flows of moder-
ately alkalic to strongly alkalic basalts; plutonic rocks are subordinate in amount and
only exposed near their eroded centers (e.g., McBirney and Aoki, 1968; Cheng et al.,
1993; Duncan et al., 1994). Differentiated rocks occur in subordinate amounts and
were erupted mostly in the waning stages of volcanic activity. Thus, the lithologic
composition of the volcaniclastic sediments drilled during Expedition 310, particu-
larly the preponderance of lithic basalt clasts, unsurprisingly, is a direct reflection of
the geology of the island. Compositionally, the rock samples and two upper sand/silt
units plot with the rest of the igneous samples from Tahiti (Fig. F27). The two prim-
itive basalts plot with the relatively fewer high-MgO basalts from Tahiti, whereas the
other basalt samples plot with the more abundant, lower-MgO basalts. Many of the
lower-MgO basalts in Tahiti can be modeled as crystal fractionation daughters of the
higher-MgO parents (e.g., Cheng et al., 1993; Duncan et al., 1994). The two upper
volcaniclastic sand/silt samples plot between the two basalt groups, either because
their lithic basalt components are less fractionated than the lower-MgO basalts or
they are similar to the latter but contain additional pyroxene mineral components.
The three lower sand/silt samples generally plot outside the Tahiti lava field, suggest-
ing that their compositions have been modified or altered.
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PRELIMINARY SCIENTIFIC ASSESSMENT

During the Expedition 310 Onshore Science Party, emphasis was placed on visual de-
scription, measurement of physical properties, and sampling of the cores. Thus, the
Expedition Report, scheduled to be published in March 2007, will contain a descrip-
tive framework for the subsequent postcruise research.

The primary objectives of Expedition 310 require the use of specialized geochemical
techniques, paleomagnetic analyses, and detailed investigation of lithological and bi-
ological assemblages. These types of analyses were not conducted during the Onshore
Science Party but will be conducted over the coming months at the institutions of the
Expedition Scientists as part of their postcruise research.

Fulfillment of the Expedition 310 scientific objectives is as follows:

1. Establish the course of postglacial sea level rise at Tahiti (i.e., define the exact shape of the 
deglaciation curve for the period 20.00—10.00 ka.

During the offshore phase, cores were recovered from the postglacial reef sequence
from 40 to 121 m below current sea level. Therefore, most if not all of the postglacial
sequence from the LGM to the present day was recovered. During the Onshore Sci-
ence Party, high-quality coral samples were taken for dating and sea level change in-
vestigations, the results of which are expected to fulfill the first objective.

2. Define SST variations for the region over the period 20.00—10.00 ka.

During the offshore phase, massive coral colonies suitable for paleoclimate studies
and spanning most of the postglacial sequence were recovered in the cores. During
the Onshore Science Party, these massive coral colonies were slab-sampled for paleo-
climate studies, the results of which are expected to fulfil the second objective. 

3. Analyze the impact of sea level changes on reef growth and geometry.

During the offshore phase, cores were recovered from holes in various water depths
and situated on transects in three different areas around Tahiti. Therefore, results of
analyses of samples taken during the Onshore Science Party will be interpreted in
broad temporal and spacial contexts, which will allow better understanding of the de-
velopment of the Tahiti reef.
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OPERATIONS

Mobilization of the Hunter

Tampa, Florida

Mobilization of the drilling platform Hunter took place in two stages: the first stage
was in Tampa, Florida (28 August–5 September 2005) and the second stage during the
port call in Papeete, Tahiti (5–6 October 2005). 

The first mobilization stage involved shipping of contractor drilling equipment and
ESO laboratory and ancillary equipment to Tampa from Europe. After all the equip-
ment had arrived and cleared customs, the vessel came on charter and was converted
into a drilling vessel in just over 6 days. The Tampa Bay Shipyard Company provided
port services, welders, and crane drivers. Seacore engineers carried out all engineering
work, rig building, and certified the load testing of key structures. During the period
of rig construction, ESO staff from the British Geological Survey (BGS) unloaded
equipment from containers, set up a shipboard computer network, and connected
power and water services to laboratories. They also made safe the walkways and core
inspection areas on board with the drilling contractor. The ESO Operations Superin-
tendent was also responsible for overseeing the entire load testing of key structural
components of the rig. Verification of these milestone points was required to trigger
contract stage payments. During this period of mobilization, we were pleased to re-
ceive a visit from Dr. Manik Talwani, President of IODP Management International
Inc. (IODP-MI) and Dr. Jamie Allan of the U.S. National Science Foundation.

Transit to Papeete, Tahiti, with Brief Port Call in Panama

Mobilization work continued on passage to Panama (5–13 September 2005), where
ESO personnel disembarked. Some Seacore personnel continued on the passage to Ta-
hiti, completing mobilization activities en route (13 September–5 October).

Port Call in Papeete, Tahiti

The second stage of mobilization took place on 5–6 October 2005 during the port call
in Papeete. Some air freight items for the expedition were taken on board during the
port call; winches for logging and some equipment for the microbiology laboratory
were loaded on deck. For this stage of mobilization, the complete ESO team was avail-
able. All laboratories and office spaces were networked with computers, the Drilling
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Information System (DIS) database system was set up, onboard equipment was laid
out, and a satellite-based e-mail system was installed. 

At 0900 h on 6 October, the Expedition 310 Scientists joined the Hunter. A visit to the
Hunter was arranged for local schoolchildren and the press for 1 h in the morning. By
1830 h, mobilization was complete and the vessel commenced day rate operations.
The Hunter departed for the first site at 1930 h on 6 October, after spending 36 h in
port.

Transit to Site M0005, Maraa

The Hunter arrived at Site M0005 at 2330 h on 6 October 2005 and immediately con-
ducted dynamic positioning calibration tests ~250 m south of the first hole, M0005A.
By 0250 h on 7 October, the vessel was positioned above Hole M0005A.

Site M0005

Hole M0005A

After overcoming problems with a hydraulic ram which caused the moonpool doors
to fail to open, Seacore’s Drilling and Reentry Template (DART) was deployed on
American Petroleum Institute (API) drill string (used as conductor pipe for this expe-
dition) to just above the seabed. From 1335 h on 6 October, a seabed survey around
the position of the first site was conducted using the downpipe underwater camera.
A suitable site was located ~2 m from the planned position, and the DART was placed
on the seabed with 8 tonnes of weight. After removing the camera, the HQ (piggy-
back) drill string was run through the API conductor to the seabed, and coring oper-
ations in Hole M0005A commenced. The first core arrived on deck at 2000 h.
Thereafter, coring continued with difficult barrel latching, and short core runs were
used to avoid drilling rather than coring until the best coring parameters were estab-
lished. The first cores displayed large cavities, and recovery was poor. Core barrel jams
and problems with blocked bit–related mislatching led to slow progress in this hole.
When reentering the hole after one particular drill string trip to remove a core block-
age from the bit, coring appeared to recommence at 10.4 m. Good core was obtained,
and it appeared that the borehole may have been restarted in a deviation or had
avoided a previous deviation. This was taken as the start of a new hole, M0005B, at
1840 h on the 8 October.
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Hole M0005B

At 0140 h on 9 October 2005 at 20 m depth, the core barrel failed to latch in. A re-
placement barrel also failed to latch. The hole was verified clear by the chisel tool. It
was suspected that the HQ pipe was bent, and the string was tripped. On deck, the
third and second pipe stands (four joints) of the HQ drill string were bent. The deci-
sion was made by all to terminate Hole M0005B, not to log, and make modifications
to the DART before continuing with a new hole. The downpipe camera was prepared,
and an environmental impact inspection of the coring area was carried out by raising
the DART from the seabed and lowering the camera through the DART. There was dif-
ficulty in identifying the drilling area due to minimal impact of the DART on the sea-
bed. The camera was recovered and the inspection was completed by 0615 h on 9
October.

Starting at 0615 h on 9 October, the API string was tripped and the DART was brought
on deck and secured above moonpool. The vessel departed Site M0005 and headed
for a nearby sheltered bay to carry out work on the DART. The DART feet were re-
moved and a stinger was installed. The vessel departed the sheltered bay and was back
at Site M0005 by 1330 h.

Hole M0005C

The Hunter took position above Hole M0005C, ~10 m east-southeast alongslope from
Holes M0005A and M0005B, and was ready for operations by 1510 h on 9 October
2005. When lowering the DART on the API string, a burst hydraulic union on the rig
hydraulics caused an operational shutdown until the oil spill on the deck was con-
tained and repairs were made. At 1835 h, the downpipe underwater camera was de-
ployed for a predrilling site check, and the stinger was engaged with the seabed under
camera observation. The DART was drilled 1.3 m into seabed and stabilized ready for
the coring string. The HQ coring string was run at 2000 h, and coring operations com-
menced in Hole M0005C. At 0545 h on 10 October, sand in the drill string caused the
core barrel to jam and the string had to be tripped to free it. At 1110 h, the vessel re-
quested a heading change, which was carried out with the HQ string off bottom but
still in the hole. After the heading change, the core barrel was unable to be run into
the HQ string and it was observed that the API pipe was not central in moonpool. The
HQ string was tripped, and nine stands were removed with bends. A problem with
the dynamic positioning system analyzed and resolved before resetting the DP to av-
erage the previous drilling position. At that position, the downpipe camera was run
at 1515 h to see if the HQ hole was still in the stinger. No HQ hole was apparent, but
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the decision was made to trip the HQ string with an insert bit and drill down to the
previous depth. Reentry into the earlier borehole was not confirmed, even though the
template had not moved, so a new hole (Hole M0005D) was started.

Hole M0005D

Coring commenced in Hole M0005D at 2330 h on 10 October 2005. Coring was
steady and recovery moderate to good throughout the day on 11 October. At 0510 h
on 12 October, the decision was made to stop coring in Hole M0005D after reaching
102 mbsf and without reaching the basaltic basement. The HQ string was pulled and
the logging tools were prepared. 

At 0750 h on 12 October, the DIL45 (electrical resistivity) tool was lowered but got
stuck just below the seabed. It was suspected that the top of the hole was unstable,
within a zone of low recovery noted while drilling. The top 5 m of the hole was cased
with HQ pipe. The DIL45 tool was lowered but was still unable to enter the hole from
the pipe. The HQ pipe was run all the way to the base of the hole, a spectral gamma
log was run inside the HQ pipe, and then, after ensuring that the pipe was free from
obstruction, the HQ pipe was pulled back in 25 m increments and logging was con-
ducted in the open hole below the pipe. 

Logging operations in Hole M0005D continued with excellent logs being obtained
until the hole finally collapsed after pulling back the HQ pipe to 17 m below the sea-
bed. The logging tools were in danger of becoming stuck in the top-hole section and
were retrieved. After a heading change, the remaining HQ pipe was pulled, the DART
was lifted, and operations in Hole M0005D ceased at 1310 h on 13 October. A post-
drilling seabed survey using the downpipe camera was conducted before leaving the
hole.

Hole M0005E

Before departing Site M0005, four hammer samples were taken in Hole M0005E (~5
m alongslope from Hole M0005D in 61.34 m water depth). Four samples were taken
to a depth of 2 m below seabed, with typically 80% recovery. After curation, these
samples were handed to the microbiologists to sample at will, before the remainder
was passed to the sedimentologists and coral specialists for description. Operations in
Hole M0005E were concluded by 1635 h on 13 October 2005. Before progressing to
the next site, the Hunter conducted a 360˚ maneuver to verify that positioning offsets
at the drill string were zero.
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Site M0006

A move to deeper water (~80 m) was undertaken, and the Hunter was repositioned
above Hole M0006A in 81.58 m water depth. Another four hammer samples were col-
lected, primarily for microbiology, before the drill string was lowered onto what ap-
peared to be a very steep slope. Both the ship’s transponder and tautwire indicated
that they were sliding downslope and suggested that the bathymetric data were in-
sufficient to allow a reasonable picture of the seabed. Any slope instability may have
led to the DART sliding away downslope, and the decision was made to avoid the
outer reef edge until either more seabed information was obtained or modifications
were made to the DART to allow greater stability on steep slopes. Site M0006 was de-
parted at 2300 h on 13 October 2005.

Site M0007

Hole M0007A

Hole M0007A was located farther back from the reef edge than Sites M0005 and
M0006, in 44.45 m water depth. The seabed was surveyed using the downpipe cam-
era, and at 0330 h on 14 October 2005, four hammer samples were taken. After ham-
mer sampling, the HQ string was run and rotary coring commenced in the same hole.
Coring continued with good recovery for the rest of the day. Total depth (TD; 44.4 m)
was reached at 0120 h on 15 October.

Prior to tripping the HQ pipe, the gamma tool was run inside the pipe. Logging results
from Hole M0005D indicated that the shape of the gamma trace through the pipe,
when scaled accordingly, did not differ significantly when compared to the open hole
trace, although statistically the results are less useful. After gamma logging, the HQ
pipe was tripped, the core barrel removed, and the string rerun with a casing shoe to
7.5 m below seabed. Open hole logging commenced from TD to the casing shoe. After
running the resistivity and hydrochemical tools in the open hole section, the acous-
tic imaging tool would not progress much beyond the casing shoe, despite being run
with a sinker bar. Logging was terminated in Hole M0007A at 0700 h on 15 October.

Hole M0007B

After a postdrilling seabed survey using the downpipe camera, the Hunter moved 50
m alongslope to Hole M0007B. Two hammer samples were collected before rotary
coring commenced in the same hole. Core recovery was poor in the top part of the
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hole, and the coring parameters were checked for any changes that may have been
responsible. Zero bit weight and high rates of penetration confirmed that an open
structure was being drilled. The formation became more compact with depth, and re-
covery improved accordingly. Coring continued until 0630 h on 16 October 2005.

The HQ pipe was tripped and a casing shoe fitted before the pipe was rerun to the base
of the hole for in-pipe gamma logging. After gamma logging, the HQ pipe was pulled
to 24.6 m below seabed, and resistivity, hydrochemical, acoustic imaging, and optical
imaging tools were run. It was not possible to log the entire bottom-hole section due
to hole blockage (below 30 m below seabed). Logging in Hole M0007B was completed
by 1410 h on 16 October. The remainder of the HQ pipe was pulled, and a seabed sur-
vey using the downpipe camera was conducted. The survey showed that the DART
had been drilled well into the seabed (1.5 m) and had left a shallow debris-filled de-
pression. However, the surrounding seabed showed minimal disturbance from the
drilling. The DART was then lifted onto the deck through the moonpool and secured.

Transit from Site M0007 (Maraa) to Site M0008 (Tiarei)

At 1700 h on 16 October 2005, the vessel departed Site M0007 and headed for Site
M0008, located on transect TAH-02A off the northeast coast of Tahiti, arriving at 2400
h.

Site M0008

Shortly after arrival at 2400 h, a seabed survey using the downpipe camera was con-
ducted. At 0400 h on 17 October 2005, coring operations began in Hole M0008A.
This hole was to serve as a reference hole for the other holes on the transect. However,
the material recovered consisted of river deposits of unconsolidated basalt gravel and
pebbles mixed with volcaniclastic sediments. As a result, recovery was poor through-
out (24.5%). TD was reached at 40.2 m below seabed, and operations ended in Hole
M0008A at 1720 h on 17 October.

Site M0009

Hole M0009A

An assessment was made of where to drill next, in light of the results obtained in Hole
M0008A. It was decided to attempt to drill the pinnacle at proposed Site TAH-02A, #4
on seismic Profile SISM 079. Acknowledging that the feature imaged on the seismic
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line may be the result of sideswipe and may possibly be located off the seismic line,
a localized search was made for a suitable drilling location using the ship’s echo
sounder and the tautwire to detect a shallower than expected water depth. No suit-
able position was located, and at 2100 h on 17 October 2005, the vessel was posi-
tioned above a flat terrace (Hole M0009A) nearby and drilling operations commenced
and continued until 1915 h on 18 October. Recovery was moderate to poor (43.1%)
to TD of 23.04 m below seabed. However, promising coral material was recovered and
it was decided to attempt to recover the same section in a new hole nearby. By 2000
h, the HQ pipe had been recovered and the DART lifted off the seabed, and by 2015
h the vessel was positioned above Hole M0009B, ~5 m downslope from Hole
M0009A. Coring operations commenced and continued until 1200 h on 19 October,
with an improved recovery of 66.26%.

Hole M0009B

Prior to logging Hole M0009B, the hole was reamed. Logging began at 1530 h on 19
October 2005 with the resistivity and hydrochemical tools run in open hole over the
interval 6–21 m below seabed. A hole blockage near the postglacial/Pleistocene
boundary, which resisted attempts to clear with the chisel tool, prevented the tools
from being run below ~21 m below seabed. Optical image logs were collected from 6
to 18.1 m below seabed, and acoustic image logs were collected between 6 and 13.8
m below seabed. Logging of Hole M0009B was concluded by 2320 h on 19 October.

Hole M0009C

Just before 0000 h on 20 October 2005, the Hunter moved to Hole M0009C, ~9 m
west-northwest of Hole M0009B in 99.85 m water depth. Coring commenced and
continued until 1935 h that day, reaching a TD of 25.66 m. Coring in Hole M0009C
proved very difficult, with many bit blockages and crushed liners resulting from
pieces of the formation breaking off and entering the core barrel, having not been
properly cored. The lattice drilled was not strong enough to core and, in many cases,
had to be crushed for progress to be made. Recovery improved toward the base of the
hole, and the total core recovery was 51.86%. At 1935 h, the hole was completed and
preparations made to move to Hole M0009D.

Hole M0009D

The Hunter was positioned above Hole M0009D, 5.5 m east of Hole M0009B in 103.18
m water depth, and coring began at 2210 h on 20 October 2005. Coring in Hole
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M0009D continued until 2230 h on 21 October to a TD of 44.59 m. Progress was
steady, but core runs were short and bit blocking common. After TD was reached,
preparations were made to log the hole. 

Prior to logging the hole, the hole was reamed and flushed for 30 min. The HQ string
was pulled and set with a casing shoe at 19 m below seabed to run the logging tools
through the open hole section. Logging commenced at 2230 h on 21 October in very
wet and windy conditions. This, combined with very poor hole conditions, led to a
difficult logging period. Nevertheless, good logs were obtained in sections of open
hole where it was possible to log. A hole blockage prevented the resistivity tool from
reaching the base of the hole, and the chisel tool was used to clear the blockage. The
resistivity, spectral gamma ray, and acoustic tools were run. However, large, meter-
scale cavities in the formation created sticking points for some of the tools; thus, only
some of the open bottom-hole interval was logged. The first optical image tool run
was affected by power failures on the drill rig, possibly caused by very heavy rainfall.
Logging was temporarily interrupted while the cause of the power failures was inves-
tigated. After these runs, the casing was pulled to 5 m below seabed. The top-hole sec-
tion was logged with the resistivity and optical image tools, with cavities causing
problems for the optical tool. While logging uphole, the optical image tool became
stuck many times and needed to be pulled through obstructions by hand. Logging
operations were completed by 1000 h on 22 October, and preparations were made to
move to Hole M0010A.

Site M0010

The Hunter was positioned above Hole M0010A by 1400 h on 22 October 2005, ~140
m east-southeast of proposed Site TAH-02A, #4 in 89.53 m water depth. The DART
was drilled into the seabed, and coring operations began at 1635 h. Coring continued
until 1000 h on 23 October to a TD of 34.6 m below seabed. During the coring period,
an HQ string trip was made to clear a continually blocking bit.

Site M0011

Hole M0011A was located ~140 m east of proposed Site TAH-02A, #4 in 101.34 m wa-
ter depth. After running the API pipe, drilling the DART into the seabed, and running
the HQ pipe, coring operations began at 1330 h on 23 October 2005. Coring com-
menced in very soft silts with poor recovery, but this improved when the river depos-
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its gave way to a carbonate framework. At 0030 h on 24 October, coring operations
were completed in Hole M0011A at a depth of 17.65 m below seabed.

Site M0012

Hole M0012A was the first of three holes to be located within the new EPSP-approved
zone southeast of proposed Site TAH-02A, #4. Before the DART was lowered onto the
seabed, a downpipe camera survey was run which showed a live coral colony at the
first location. The ship was repositioned 25 m downslope in 77.05 m water depth, and
the DART drilled in. Coring operations began om Hole M0012A at 0900 h on 24 Oc-
tober 2005. Recovery was generally poor, although it did improve in the more com-
petent material at the base of the hole. Coring was completed at 2040 h on 24
October at a TD of 34.1 m.

Site M0013

Hole M0013A was located 30 m downslope from Hole M0012A, in 90.95 m water
depth. The Hunter was positioned above the hole at 2300 h on 24 October 2005. After
the API pipe and DART were lowered to the seabed, a seabed camera survey was con-
ducted. Coring operations began at 0100 h on 25 October. At 0415 h, coring was
abandoned due to the lack of suitable coral material. TD of the hole was 11.7 m.

Site M0014

Hole M0014A was spudded ~70 m north-northwest of Hole M0013A in 99.25 m water
depth. Coring operations began at 0610 h on 25 October 2005 and were completed
at 1615 h at a TD of 15.43 m. The HQ string, API pipe, and DART were lifted onto
deck and secured for the transit to previous Site M0007 at the south end of the island.

Transit from Site M0014 (Tiarei) to Site M0007 (Maraa)

Poor weather was forecast for north of the island, and so the decision was made to
revisit promising sites in the south. The transit commenced at 1930 h, and Site
M0007 reached at 0200 h on 26 October 2005.
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Site M0007

Hole M0007C

Prior to coring Hole M0007C, a seabed camera survey was conducted which revealed
a surprisingly barren sloping seabed in 43.35 m water depth. Coring operations began
at 0315 h and continued until 2215 h. The hole progressed quickly, with core recov-
ery generally poor and little formation resistance being evident on the bit. At ~30 m
below seabed, the hole started to become sticky and then collapsed during a wireline
trip, filling the outer core barrel with cuttings. The string was tripped, the barrel
cleaned out (2 m of coral cuttings), and the HQ string rerun with an insert bit as the
inner core barrel. The base of the hole was reached with difficulty, where rotation also
became difficult. The string stuck a few times, and the hole was abandoned at a TD
of 32.25 m.

Site M0015

After completing Hole M0007C, ~300 m to the northwest, the Hunter moved to Site
M0015 in 72.15 m of water. After a short bathymetry traverse to locate a site for the
hole, drilling operations began at 0030 h on 27 October 2005 and continued until
0325 h on 28 October. TD was 42.28 mbsf. There was generally good core recovery,
with usually <1 m core runs between bit blocking and 72.71% average recovery for
the hole. 

Prior to logging, Hole M0015A was reamed and flushed for 1 h, after which the core
barrel was removed and the drill string rerun with a casing shoe. Logging commenced
at 0630 h on 28 October. Initially, the casing depth was set at 7 m but the logging
tools would not pass downhole beyond 20 m, so they were removed and the casing
run to the base of the hole then pulled back to 20 m. Logging then was possible in
the bottom part of the borehole, but one tool was stuck for a while and had to be
eased free with the downhole hammer. Thereafter, logging continued successfully,
the casing was pulled back to 7 m, and the remainder of the hole logged with overlap.
Logging operations in Hole M0015A were completed by 1930 h on 28 October. The
string was then tripped to deck and the DART lifted off seabed.
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Site M0016

Hole M0016A

After moving to new Site M0016, a tautwire bathymetry traverse was conducted to
locate a site for Hole M0016A. By 2400 h on 28 October 2005, the Hunter was posi-
tioned above Hole M0016A in 80 m water depth. Shortly after midnight on 29 Octo-
ber, coring operations began. Throughout the day, coring continued with fairly poor
recovery, and drilling indicated that the formation had many cavities. Coring in Hole
M0016A was terminated at 0620 h on 30 October at a TD of 38.31 m. This was due to
difficulty in overcoming bit blocking and, after a string trip to clean the whole core
barrel system, the HQ inner barrel could not reenter the outer pipe because to the
string was bending. It is most likely that the DART had moved on the seabed, possibly
through subsidence.

Hole M0016B

Hole M0016B was located 5 m east of Hole M0016A. Initially, the noncoring insert
bit was used to drill to 17 m below seabed and then coring continued with variable
but generally good core recovery. Coring operations ended at 0230 h on 31 October
2005 at a TD of 44.62 m.

Site M0006 (Survey)

After moving to previous Site M0006, a tautwire site survey was conducted along a
short transect. This survey was abandoned after the DART touched down on the sea-
bed unexpectedly, indicating that the bathymetry for this area was not accurate. After
running the downpipe camera to check for stinger damage and lifting the DART
higher from the seabed, a new tautwire survey was conducted 10 m east of the previ-
ous transect. A suitable site was found, but when the DART was lowered it touched
the seabed 2 m deeper than indicated by the tautwire. The topography of the seafloor
was suspected to be very uneven at this survey location, so a new survey transect was
initiated 10 m to the east. During this survey, the DART unexpectedly touched seabed
again. The seabed depth at Site M0006 appeared to change rapidly, and the changes
were not evident on the bathymetry data. Therefore the search for a new site was
abandoned, the DART lifted into the moonpool, and the Hunter returned to previous
Site M0015.
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Site M0015

Hole M0015B

The Hunter moved back to previous Site M0015 to start new Hole M0015B in 71.53 m
water depth. Coring operations began at 1330 h on 31 October 2005 and were com-
pleted by 1730 h on 1 November at a TD of 40.12 m. Because very short core runs
were being achieved in the lower part of the hole and most liners were being crushed,
the last four or five runs were made using the split chromed steel liners commonly
used elsewhere for this type of coring. The immediate result was longer core runs be-
fore jamming, better core recovery, and improved preservation of delicate structures.
Some horizons which would previously have been crushed were kept intact or kept
in their correct cored position. 

Site M0017

Hole M0017A was located ~60 m north of Hole M0015B in 56.5 m water depth. Before
touching down with the DART, a seabed camera survey was run to check for living
corals. None were observed, and so coring operations began at 2300 h on 1 November
2005. A faster penetration rate was achieved using the steel split liners, giving the
drillers a much more sensitive indicator of bit blocking. As a consequence, they were
able to detect bit blocking much quicker and were sometimes able to avoid it. This
meant that the core runs were longer and the number of wireline trips reduced. Core
recovery also improved. No problems were encountered with the subsequent cura-
tion or science through the use of steel split liners. Coring was completed by 1600 h
on 2 November at a TD of 40.56 m.

Prior to logging Hole M0017A, the hole was flushed. There was some difficulty with
a stuck HQ pipe while trying to trip the drill string, which could be rotated but not
uplifted. The string eventually came free. A casing shoe was fitted for the logging op-
eration. Logging commenced in Hole M0017A at 2130 h on 2 November and was
completed by 0350 h on 3 November. Resistivity, acoustic imaging, optical imaging,
hydrochemical, caliper, and sonic tools were run. The starting depth of the tools var-
ied because the tools caught in cavities (between 31.55 and 23.23 mbsf) and the
depth of the casing pipe was 13.35 mbsf. The core barrel fishing cable was used on
one occasion to pull the sonic tool, which was stuck just below the casing, up to the
surface. This process damaged a portion of the logging winch cable, which was cut at
~85 m. Reheading of the winch cable was completed well before the next logging op-
eration.
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Site M0018

A short echo sounder survey (30 m × 20 m grid) was conducted ~120 m south-south-
east of proposed Site TAH-03A-1 to locate a suitable site for Hole M0018A. At 0915 h
on 3 November 2005, the DART was lowered at the chosen site and touched the sea-
bed 14 m deeper than suggested by the echo sounder survey. The specific site was re-
surveyed using the lead-line, and a new site chosen nearby. The DART was unable to
be drilled-in at this site at first (a solid carbonate crust was evident on the camera sur-
vey) but was successfully drilled in on the second attempt (after the crust was broken
by the stinger?). At 1640 h on 3 November, coring operations began in Hole M0018A
and continued until 1200 h on 4 November. TD of the hole was 40.05 mbsf, with a
total recovery of 61.50%. The nature and quality of the material collected indicated
that most of the coreable material was being collected. A camera survey was con-
ducted after withdrawing the drilling equipment from the hole. No undue distur-
bance was observed, although there was a significant mound where the DART was
situated with a slight “tail” of (?)cuttings coming from it and going down the pre-
sumed slope.

Transit from SIte M0018 (Maraa) to Site M0019 (Faaa)

Prior to departing the Maraa area, the tautwire was respooled and the DART lifted
onto the deck of the Hunter and secured. Once on deck, the stinger below the DART
was found to be missing, and a new stinger was fitted. The vessel departed the Maraa
area at 1750 h on 4 November 2005 and arrived at the Faaa area at 2030 h.

Site M0019

On arrival at Faaa, the Hunter was positioned above Hole M0019A (~31 m south of
proposed Site TAH-01A, #3) in 58 m water depth. All clearances with airport and sea-
port authorities were double-checked before occupying the new location, which was
closest to the visible reef so far. A seabed camera survey was run, and no live corals
were observed. The DART was lowered and drilled in, and coring operations in Hole
M0019A began at 2320 h on 4 November 2005. Coring was completed at 2400 h on
5 November at a TD of 66.96 mbsf and with a total recovery of 41.12%. Penetration
was rapid but recovery was poor. Checks of the Jean Lutz automatic drilling recorder
data confirmed the driller’s view that there were significant void spaces throughout.
When penetration rate reduced to below 10 m/h, indicating more solid material, core
was usually obtained.
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Site M0020

Prior to coring Hole M0020A, the DART was retrieved and a short echo sounder sur-
vey was conducted 50 m north of Hole M0019A to locate a site for Hole M0020A. The
chosen site was checked using the tautwire, and the DART and drill pipe were de-
ployed in 83 m water depth. Coring operations began in Hole M0020A at 1200 h on
6 November 2005 and continued until 1220 h on 7 November to a TD of 42.16 m.
Total recovery was 70.45%.

Transit from Site M0020 (Faaa area) to Site M0021 (Tiarei area)

The vessel departed the Faaa area at 1320 h on 7 November 2005 and arrived in the
Tiarei area at 1610 h.

Site M0021

An echo sounder survey (five profiles) was conducted over suspected drowned reefs
near to the foreslope imaged on the bathymetry. The water depth was confirmed at
two locations using the tautwire. After a seabed camera survey, the DART was drilled
in at one of these locations, ~115 m southeast of proposed Site TAH-02A, #5 in 82 m
water depth. Coring operations began in Hole M0021A at 2200 h on 7 November
2005 and continued until 1640 h on 8 November. TD was 34.23 mbsf and total recov-
ery was 74.87%. Good core recovery confirmed that the submerged pinnacle is a
drowned reef.

Site M0009

Hole M0009E

After coring in Hole M0021A was completed, the HQ pipe was lifted and the DART
raised to 45 mbsl. The vessel moved 90 m northwest to previous Site M0009, where a
site for Hole M0009E was chosen in a water depth of 93 m. The DART was lowered
and drilled in, and coring operations in Hole M0009E began at 2030 h on 8 Novem-
ber 2005. Coring was completed at 0550 h on 9 November at a TD of 20.61 m and
with a total recovery of 72.73%. 

Prior to logging, the hole was flushed and the HQ pipe pulled and rerun with a casing
shoe. From 0715 h on 9 November, Hole M0009E was logged between ~2 and 15 m
below the seabed. The chisel tool was deployed once to clear a blockage at 6 mbsf.
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After logging was completed at 1440 h, the HQ pipe was tripped and the DART raised
into mid-water.

Site M0022

The Hunter was positioned above Hole M0022A, ~175 m north-northwest of proposed
Site TAH-02A-4 in 115 m water depth. After checking the depth with the tautwire, the
DART was drilled in and coring commenced at 1750 h on 9 November 2005. It was
hoped that the hole would penetrate a Pleistocene gulley which may been subse-
quently accreted by postglacial corals. Basalt gravel and volcaniclastic sand of Pleis-
tocene affinity were recovered from a shallow depth, and so Hole M0022A was
abandoned after 8.8 m penetration at 2310 h on 9 November. By midnight, prepara-
tions were being made to trip the API pipe and DART.

Site M0023

Hole M0023A

From 0000 h on 10 November 2005, the DART was raised to the moonpool after aban-
doning coring in Hole M0022A. The Hunter moved to a new area over a drowned reef
to conduct an echo sounder survey, ~100 m southwest of proposed Site TAH-02A, #4.
From 0200 h on 10 November, 9 m × ~110 m echo sounder traverses were made over
the drowned reef pinnacle, from which a site for Hole M0023A was chosen in 67 m
water depth. After a short camera survey, coring operations in Hole M0023A started
at 0635 h on 10 November and ended at 2245 h that day after reaching a TD of 31.36
mbsf with a total recovery of 77.20%.

Hole M0023B

After raising the DART a short distance from the seabed, the Hunter was positioned
above Hole M0023B, 5 m southwest of the previous hole in 67 m water depth. Coring
operations in Hole M0023B began at 0120 h on 11 November 2005 and ended at 1540
h that day at a TD of 31.12 mbsf with a total recovery of 67.90%. The coring operation
proceeded smoothly, with excellent core recovery in long core runs in often very po-
rous formation.

Prior to logging, the drill pipe was pulled and the hole flushed to 30 min before the
drill pipe was run-in with a casing shoe to ~6 mbsf. Logging commenced at 1700 h
on 11 November. Initially, the tools would not pass below the casing shoe, even after
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the chisel tool was worked in the hole. The casing shoe was run to the base of the hole
and back before the chisel tool was deployed to check that the casing shoe was clear.
Logging operations restarted at 2000 h, with the tools reaching a maximum depth of
28.5 mbsf. A DP malfunction caused the vessel to move off location during logging,
but the situation was recovered and the hole and equipment remained intact. The op-
tical and acoustic log preview indicated that there were many cavities in the forma-
tion. Logging was completed in Hole M0023B at 0310 h on 12 November.

Site M0024

After clearing away the logging tools and lifting the DART back into the moonpool,
the vessel moved to conduct an echo sounder survey in an area over a drowned reef
pinnacle ~100 m east of proposed Site TAH-02A, #5. From 0515 h on 12 November
2005, 14 m × 50 m echo sounder traverses were made, from which a site for Hole
M0024A was chosen in 90 m water depth. Coring operations in Hole M0024A began
at 1010 h on 12 November and finished at 0400 h on 13 November at a TD of 32.3
mbsf. Total recovery was 83.74%.

Site M0025

Hole M0025A

A site for Hole M0025A was chosen from the echo sounder survey conducted on 12
November 2005, 25 m north-northwest of Hole M0024A. The DART touched down
in a water depth of 105.4 m and coring began at 0530 h on 13 November and finished
at 1645 h that day at a TD of 20.93 mbsf. Total recovery was 74.23%.

Site M0026

Following another echo sounder survey over a 50 m × 35 m area ~180 m east of pro-
posed Site TAH-02A, #4 over a drowned reef pinnacle, a site for Hole M0026A was
chosen. It proved difficult to interpret the results of the echo sounder survey (three
strong seabed echoes and widely differing water depths over a few meters), and it took
some time before identifying a suitable site in 105 m water depth. Coring operations
in Hole M0026A started at 0920 h on 14 November 2005 and were completed by 1105
h that day at a TD of 12.4 mbsf. Total recovery was 58.45%. 
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Site M0025

Hole M0025B

After lifting the DART from Hole M0026A, the Hunter moved to previous Site M0025
to core Hole M0025B. After taking a tautwire depth of 95 m, the DART was lowered
and coring began at 1215 h on 14 November 2005. Coring finished at 0100 h on 15
November at a TD of 20.5 mbsf with a total recovery of 71.19%.

Site M0021

Hole M0021B

After raising the DART to 50 m above seabed, the vessel was moved back to Site
M0021 to core Hole M0021B. Once on position, the tautwire depth was taken as 80
m. The DART and drill pipe were lowered, and coring in Hole M0021B commenced
at 0630 h on 15 November 2005 and continued until 2210 h that day. TD was 32.81
mbsf and the total recovery was 65.57%.

Prior to logging, the hole was flushed before the HQ pipe was run back into the hole
with a casing shoe. Logging of Hole M0021B commenced at 0030 h on 16 November
and was competed by 0645 h that day. All tools were run to 15 mbsf. Once logging
was completed, the DART was lifted onto deck and secured for the transit back to the
Port of Papeete.

Transit to Port of Papeete

The Hunter departed the last site at 0815 h on 16 November 2005 and arrived at the
Port of Papeete at 1145 h. Demobilization of the vessel took place on 16–17 Novem-
ber 2005.

Onshore Science Party, Bremen

The cores collected offshore Tahiti were transported under refrigeration to the new
IODP Bremen Core Repository and Laboratories in the MARUM building on the cam-
pus of Bremen University. Further analytical laboratories were accessed through the
Department of Geosciences (geochemistry laboratories), the Research Center for
Ocean Margins (RCOM) (physical property laboratories), and the Centre for Marine
Environmental Research (MARUM) of Bremen University. During the Expedition 310
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onshore science party (13 February–4 March 2006), the cores were described in detail
ad minimum and some standard measurements were made (Table T2).
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Table T1. Expedition 310 coring summary.

Hole
Number 
of cores

Cored
(m)

Recovered
(m)

Recovery
(%)

M0005A 12 16.35 5.37 32.84 

M0005B 8 12.35 9.24 74.82 

M0005C 16 27.91 14.81 53.06 

M0005D 36 79.17 51.35 64.86 

M0005E 4 2 1.6 80.00 

M0006A 4 2 1.55 77.50 

M0007A 36 44.4 30.74 69.23 

M0007B 36 47.93 27.02 56.37 

M0007C 22 30.75 11.13 36.20 

M0008A 19 38.7 9.49 24.52 

M0009A 18 21.54 9.29 43.13 

M0009B 18 26.29 17.42 66.26 

M0009C 21 24.41 12.66 51.86 

M0009D 25 43.31 23.62 54.54 

M0009E 12 19.4 14.11 72.73 

M0010A 20 33.25 10.02 30.14 

M0011A 12 16.08 7.89 49.07 

M0012A 19 32.3 8.37 25.91 

M0013A 5 9.55 1.1 11.52 

M0014A 14 18.61 8.65 46.48 

M0015A 41 41.08 29.87 72.71 

M0015B 38 40.12 28.83 71.86 

M0016A 36 37.91 21.58 56.92 

M0016B 24 27.62 14.31 51.81 

M0017A 21 40.56 22.94 56.56 

M0018A 22 40.05 24.63 61.50 

M0019A 34 65.81 27.06 41.12 

M0020A 25 41.83 29.47 70.45 

M0021A 22 33.58 25.14 74.87 

M0021B 20 32.21 21.12 65.57 

M0022A 4 7.7 4.4 57.14 

M0023A 16 31.36 24.21 77.20 

M0023B 16 31.12 21.13 67.90 

M0024A 16 31.85 26.67 83.74 

M0025A 13 20.33 15.09 74.23 

M0025B 13 19.4 13.81 71.19 

M0026A 8 11 6.43 58.45 

Totals: 726 1099.83 632.12 57.47 
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Table T2. Location of description and measurements made during Expedition 310.

Note: * = Analyses conducted at the Swiss Federal Institute of Technology (ETH) Zurich, Switzerland, between the end of the offshore
phase and the beginning of the Onshore Science Party. ATP = adenosine triphosphate, DAPI = 4’,6-diamindino-2-phenylindole,
SEM = scanning electron microscopy, EDAX = X-ray energy dispersive analyzer.

Shipboard Hunter, offshore Tahiti Onshore Science Party, Bremen

Core description:
• Core catcher description 

Core description:
• Split-core visual core description 

Core photography:
• Core catcher photography

Core photography:
• Full-core and close-up photography

Whole-core multisensor core logging:
• Density
• Velocity
• Magnetic susceptibility
• Electrical resistivity

Discrete sample index physical properties: 
• Compressional P-wave velocity
• Bulk, dry, and grain density
• Water content
• Porosity and void ratio

Inorganic geochemistry:
• pH
• Alkalinity
• Ammonia concentration chlorinity 

Inorganic geochemistry: 
• Dissolved cations
• Bromide, chloride, and sulfate
• Dissolved phosphate
• Chlorinity

Microbiology: 
• Activity testing by ATP monitoring
• Exoenzymes activity
• Microscopy (DAPI staining)

Microbiology*:
• SEM analysis (including SEM-EDAX analysis)
• Cultivation of microorganisms
• Culturing

Downhole logging 
• Optical imaging
• Acoustic imaging
• Borehole fluid temperature and pressure
• Electrical conductivity
• pH
• Oxydo-reduction potential (Eh)
• Spectral natural gamma ray
• Induction resistivity
• Full waveform sonic 
• Caliper

Other:
• Thermal conductivity (where possible)
• Color reflectance of split-core surface at discrete points
• Continuous digital line-scanning of split-core surface
• X-ray fluorescence (14 samples from Hole M0008A)
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Table T3. Major and trace element analyses of representative volcaniclastic sediments.

Core, section, 
Interval (cm):

310-M0008A-

4R-1, 
22–28

5R-1, 
15–20

7R-CC, 
4–13

8R-1, 
42–51

8R-1, 
61–80

9R-CC, 
0–5

10R-1, 
27–30

14R-1, 
0–10

14R-1, 
24–28

16R-1, 
55–60

16R-1,
115–120

17R-1,
0–5

Description:
 Gray

sand/silt
Gray

sand/silt Boulder 1 Boulder 2 Cobble Pebble Pebble Pebble
Brown

sand/silt
Brown

sand/silt
Brown

clay/sand Pebble

Major element oxide (wt%):

SiO2 32.79 29.86 42.15 42.68 42.32 41.01 37.80 44.03 41.44 38.90 31.37 43.59

TiO2 2.97 2.83 3.15 3.13 1.77 3.46 2.90 4.07 3.22 3.39 3.84 3.33

Al2O3 13.22 11.92 15.56 15.83 8.51 15.87 9.69 16.50 12.04 14.80 13.88 14.85

Fe2O3 13.02 12.13 12.16 12.26 10.84 12.38 12.90 10.33 15.78 16.05 16.59 12.18

MnO 0.15 0.14 0.16 0.17 0.17 0.18 0.17 0.13 0.16 0.21 0.36 0.15

MgO 9.99 9.67 4.98 6.04 16.76 4.33 14.22 3.07 4.96 5.15 2.95 5.59

CaO 7.63 9.12 9.58 9.98 12.02 8.96 9.12 8.89 1.36 1.60 1.44 9.37

K2O 0.81 0.71 1.21 1.07 0.44 1.45 0.95 2.01 0.73 0.76 0.84 1.48

P2O5 0.30 0.26 0.69 0.66 0.14 0.51 0.25 0.90 0.05 0.23 0.32 0.58

Trace element (ppm):

Sr 432 544 675 662 258 646 414 754 287 370 422 609

Ba 100 211 398 319 125 503 320 750 288 279 324 361

Rb 23.2 21.4 22.8 22.5 11.1 30.9 23.2 40.1 35.8 29.6 37.5 31.2

Cu 54.1 61.2 93.9 88.2 45.2 113 67.8 51.1 51.3 66.0 70.6 69.1

Ni 241 248 50.9 54.1 381 66.1 453 90.9 230 305 286 100

Zn 104 97.0 95.3 93.6 67.7 99.3 98.0 89.3 113 124 122 103

S 13,250 15,180 204 160 155 2,496 176 423 468 538 407 125

Cl 8,394 7,903 158 230 < 2.0 5,305 737 4,873 10,210 9,140 8,032 293

Br 24.6 19.7 1.1 1.6 < 1.4 10.3 < 1.6 10.9 37.1 29.7 28.4 1.0
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Figure F1. Sea-level history reconstructed for long drill cores from Tahiti (squares), Barbados (circles), and
New Guinea (triangles) (from Bard et al., 1996). Reconstructed sea-surface temperatures for various time win-
dows on corals from the Vanuatu (Beck et al., 1997). MWP = meltwater pulse.
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Figure F2. Location of Expedition 310 operations areas around Tahiti.
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Figure F3. Location of Expedition 310 holes in the Faaa area (see Fig. F2 for location with respect to Tahiti).
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Figure F4. Location of Expedition 310 Holes in the Tiarei area (see Fig. F2 for location with respect to Tahiti).
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Figure F5. Location of Expedition 310 Holes in the Maraa area (see Fig. F2 for location with respect to Tahiti).
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Figure F6. Lithostratigraphic summary of holes on the Maraa western transect. (Continued on next page.)
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Figure F6 (continued).
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Figure F7. Lithostratigraphic summary of holes on the Maraa eastern transect.
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Figure F8. Lithostratigraphic summary of holes on the Tiarei inner ridge.
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Figure F9. Lithostratigraphic summary of Holes on the Tiarei outer ridge. (Continued on next page.)
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Figure F9 (continued).
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Figure F10. Lithostratigraphic summary of holes of the Tiarei marginal sites
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Figure F11. Lithostratigraphic summary of holes in the Faaa area.

Faaa: Sites M0019 and M0020

Hole M0019A

45

40

35

30

25

20

15

10

5

0

50

Hole M0019A (cont.)

1R

2R

3R

4R

5R

6R

7R

8R

9R

10R

11R

12R

13R

14R

15R

16R

17R

18R

19R

20R

21R

22R

50
23R

24R

25R

26R

27R

28R

29R
30R
31R
32R

33R

34R

65

60

55

1R

2R

3R

4R

5R
6R

7R

8R

9R

10R

11R

12R

13R

14R

15R

16R

17R

18R

19R

20R

21R

22R

23R

24R

25R

40

35

30

25

20

15

10

5

0

Hole M0020A

Reefward Oceanward

D
ep

th
 (

m
bs

f)

Age Core recovery Age Core recovery Age Core recovery

Rubble

Bindstone

Grainstone

Microbialite

Boundstone

Rudstone

Packstone

Sand

Floatstone

Sandy mud

Silt

Cobble

Gravel

Wackestone

Conglomerate

Coral framework

Coral rudstone

Unit 2

Unit 1

Unit 2

Unit 2

Unit 1



Expedition 310 Preliminary Report
73

Figure F12. Cross plot showing all physical property data in the porosity and P-wave velocity domain. Instead
of showing individual data points for the bulky MSCL data (15,191 data points), data density was contoured
by moving a bin size of 0.200 km/s by 0.02 porosity units diagonally with increments of 1/30 of one bin size.
Data density increases from blue to red. Purple = discrete sample properties (N = 355). In addition, commonly
used velocity transforms, like those by Raymer (1980) and Wyllie (1956), are superimposed.
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Figure F13. Composite of optical image (OBI), acoustic image (ABI), and total gamma ray (TGR) downhole
logging data for holes in the Tiarei area (see Fig. F4 for locations).
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Figure F14. Composite of optical image (OBI), acoustic image (ABI), and resistivity downhole logging data for
holes in the Tiarei area (see Fig. F4 for locations). ILD = induction resistivity deeper investigation depth, ILM
= induction resistivity medium investigation depth.
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Figure F15. Composite of optical image (OBI), acoustic image (ABI), and total gamma ray (TGR), and resistiv-
ity downhole logging data for holes in the Maraa area (see Fig. F5 for locations). ILD = induction resistivity
deeper investigation depth, ILM = induction resistivity medium investigation depth.
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Figure F16. Brown iron/manganese crust and cavity (Hole M0016B; 23.68 mbsf). 
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Figure F17. Blue/purple biofilm with high microbial activity and high abundance of cells (Hole M0015B; 0.47
mbsf). 
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Figure F18. High abundance of cells in a biofilm (Hole M0015B; 0.47 mbsf; DAPI-stained fluorescence micros-
copy). 
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Figure F19. Surface of microbialites with some fiber type minerals, most probably clay minerals (Hole
M0007C; 5.88 mbsf; glutaraldehyde fixed SEM at 30,000×).
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Figure F20. Surface of blue biofilm covered with a network of desiccated exopolymeric substances, minerals,
probably carbonates, and microorganisms (Hole M0015B; 0.47 mbsf; glutaraldehyde fixed SEM at 19,200×).
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Figure F21. Surface of microbialites with framboidal pyrite crystals (Hole M0023A; 0.12 mbsf; glutaraldehyde
fixed SEM at 9550×).

 



Expedition 310 Preliminary Report
83

Figure F22. Aerobic pure cultures of microorganisms. The different colors originate from the different pig-
mentation by carotenoids.
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Figure F23. Rather high diversity of cell morphologies. Cells were common in this sample (Hole M0007C;
5.88 mbsf; DAPI-stained fluorescence microscopy).
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Figure F24. Interstitial water chemistry for Hole M0008A, showing depth profiles for (A) pH, (B) alkalinity,
(C) ammonia, (D) potassium, (E) calcium, (F) strontium), (G) manganese, and (H) iron.
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Figure F25. (A) SiO2, (B) K2O, (C) Rb for whole-rock samples from Hole M0008A. Note the systematic increase
in values with depth.
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Figure F26. (A) CaO, (B) total Fe as FeO*, and (C) Rb volcanic sand/silt samples from Hole M0008A. Solid
squares = upper gray unit, open squares = lower orange and brown units.
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Figure F27. MgO versus (A) total Fe as FeO*, (B) K2O, and (C) SiO2 for whole-rock and volcanic sand/silt sam-
ples from Hole M0008A. Almost all the rock and gray volcanic sand/silt samples plot inside the Tahiti volcanic
rock field, but the orange volcanic sand/silt samples plot farther away from the field, or in the case of C, out of
the diagram. The Society volcano field in C includes samples from Tahiti and other volcanoes that belong to
the Society Islands volcanic chain. Dark solid and light dashed lines in A represent model fractionation lines
showing the change in magma composition with ~80% crystallization of a parent magma at two different ox-
ygen fugacities using the model of Nielsen (1990). The dark solid line is for higher oxygen fugacity. Background
data and figures are from Duncan et al. (1994) and Devey et al. (2003)
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