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Abstract

The timing and courses of deglaciations are key compo-
nents in understanding the global climate system. Cyclic 
changes in global climate have occurred, with growth and 
decay of high latitude ice sheets, for the last two million 
years. It is believed that these fluctuations are mainly con-
trolled by periodic changes to incoming solar radiation due 
to the changes in Earth’s orbit around the sun. However, not 
all climate variations can be explained by this process, and 
there is the growing awareness of the important role of inter-
nal climate feedback mechanisms. Understanding the nature 
of these feedbacks with regard to the timing of abrupt global 
sea-level and climate changes is of prime importance. The 
tropical ocean is one of the major components of the feed-
back system, and hence reconstructions of temporal varia-
tions in sea-surface conditions will greatly improve our 

understanding of the climate system. The Integrated Ocean 
Drilling Program (IODP) Expedition 325 drilled 34 holes 
across 17 sites in the Great Barrier Reef, Australia to recover 
fossil coral reef deposits. The main aim of the expedition was 
to understand the environmental changes that occurred 
during the last ice age and subsequent deglaciation, and 
more specifically (1) establish the course of sea-level change, 
(2) reconstruct the oceanographic conditions, and (3) deter-
mine the response of the reef to these changes. We recov-
ered coral reef deposits from water depths down to 126 m 
that ranged in age from 9,000 years to older than 30,000 years 
ago. Given that the interval of the dated materials covers 
several paleoclimatologically important events, including 
the Last Glacial Maximum, we expect that ongoing scientific 
analyses will fulfill the objectives of the expedition.

Introduction and Goals

The most prominent feature of the cur-
rent geological era (Quaternary) is the reoc-
currence of glacial and interglacial periods. 
Waxing and waning of the ice sheets across 
the North American continent as well as 
northern Eurasia have been recorded. The 
Antarctic ice sheet, currently the largest ice 
sheet on Earth, was larger during the glacial 
times, with an estimated 10–30 m sea-level 
equivalent stored in global ice volume 
during the last glacial maximum at about 20 
ka (CLIMAP, 1981; Denton and Hughes, 
1981; Nakada and Lambeck, 1987; Yokoyama 
et al., 2001a, 2001b; Ivins and James, 2005). 
These ice sheets have been a key component 
in the global climate system due to their 
locations and size, as well as their ability to 
release freshwater into the high latitude 
ocean during melting. Global climate is 
regulated by ocean circulation, namely ther-
mohaline circulation (THC), which starts in 
the high latitude oceans where dense and 
cold deepwater is formed due to the rapid 
cooling of the saline and warm Gulf Stream. 
In turn, the input of freshwater from the 
melting of ice sheets can strongly influence 
the strength of thermohaline circulation and 

Figure 1. Map showing the locations of drilling sites.
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2005; Esat and Yokoyama, 2008). Massive Porites coral grow 
1–2 cm annually, and their growth bands allow high tempo-
ral resolution (monthly to seasonally) to be made on environ-
ment reconstructions (Gagan et al., 1998; Cole et al., 2000; 
Tudhope et al., 2001; Abram et al., 2008; Felis et al., 2009). 
Geochemical analyses (stable isotopes, trace elements) of 
these growth bands allow us to reconstruct seasonal to 
multi-decadal ENSO signals that can contribute to under-
standing the natural variability of the climate system.

The Great Barrier Reef (GBR) is the world’s largest reef, 
extending 2000 km laterally northwest-southeast (Davies 
et al., 1989). Timing of the reef building is proposed to have 
started around 0.4–0.5 million years ago (Alexander et al., 
2001), which coincides with the Mid Pleistocene Climate 
transition (MPT) (Hays et al., 1976; Clark et al., 2006) or 
Marine isotope stage (MIS 11; Webster and Davies, 2003). 
MIS 11 is known as one of the “warmest” interglacials during 
the Quaternary, and a period when the 100-ka climate cy-
clicity between glacial to interglacial states was fully estab-
lished along with higher sea-level amplitudes. Previous deep 
drilling investigations through the modern reef confirm that 
the evolution of the GBR has been strongly influenced by 
these environmental changes (Webster et al., 2008). Thus, 
investigating the shelf edge, where the GBR has tracked 
sea-level and climate change since the last ice age, will pro-
vide information about how the reef responded to environ-
mental changes over millennial time scales.

The GBR is ideally situated for sea-level studies, as it is 
located on a passive margin and is far from former ice sheets 
(Fig. 1). Therefore, GBR sea-level records can be accurately 
translated to the ambient ice volume variations due to small-
er solid earth deformations caused by glacio-hydro-isostatic 
adjustments (GIA; Nakada and Lambeck, 1987; Yokoyama et 
al., 2001a, 2001b; 2006; Lambeck et al., 2002; Milne et al., 
2009; Yokoyama and Esat, 2011). After correcting the GIA 
effect, changes in sea level can be directly translated to ice 
volumes, meaning that the GBR provides the opportunity to 

thus drive global climate perturbations (Broecker, 1994; 
Alley, 1998). 

Sophisticated, fully coupled Atmosphere and Ocean 
General Circulation Models (AOGCM) now predict signi-
ficant increases in sea surface temperature (SST) by year 
2100 due to the release of anthropogenic greenhouse gases 
and associated atmospheric temperature increase, while 
ocean acidification, due to higher atmospheric CO2 concen-
trations and increased solubility in the oceans, may influ-
ence large areas of the ocean basins (Solomon et al., 2007). 
Ice-sheet instability due to increasing temperatures is also 
anticipated. However, significant uncertainties associated 
with these model projections remain, and improvement 
using paleo-data is crucial. Particularly important are the 
Last Glacial Maximum (LGM: ca. 20 ka; Mix et al., 2001) and 
subsequent deglaciation (starting from 19 ka; Yokoyama 
et al., 2000b; Clark et al., 2009), including Bølling-Allerød, 
Younger Dryas and Heinrich events (Yokoyama, 2011a, 
2011b), as the changes observed from LGM to the present 
day represent the most recent major global climate reorgani-
zation under natural climate forcing (Yokoyama and Esat, 
2011).

Corals offer the opportunity to reconstruct past environ-
mental information including sea-level and paleoceano- 
graphic changes. Reef building corals live in shallow water, 
and as they secrete their calcium carbonate skeletons, they 
encapsulate important oceanographic information such as 
sea-surface temperatures (SST), sea-surface salinity (SSS), 
and upwelling intensities. Corals are also the only marine 
calcifying organisms with a closed uranium series system 
(Stirling and Andersen, 2009), allowing the precise timing of 
past environmental events to be established (Edwards et al., 
1987; Stirling et al., 1995; Gallup et al., 2002). Coupled with 
precise radiocarbon dating, these U/Th measurements 
allow the calibration of radiocarbon chronological data to 
calendar years (Bard et al., 1990; Edwards et al., 1993; 
Yokoyama et al., 2000a; Reimer et al., 2004; Fairbanks et al., 

Figure 2. High-resolution multibeam image of Hydrographers Passage transect HYD-01C (multibeam data after Bridge et al., 2011; Abbey et al., 
submitted). The bathymetry data is gridded at 5 m, and the vertical red lines represent the positions and approximate penetration depths of sites 
M0030A–39A.
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ses (Camoin et al., 2010; Abbey et al., submitted; Seard et al., 
2011). However, due to the geometry of the flanks of Tahiti, 
IODP 310 did not recover a full range of the last deglaciation 
sequence older than ~16,000 years ago, in particular the 
LGM fossil reefs (Camoin et al., 2007). Therefore, details of 
reconstructions of sea level and paleoenvironments since the 
LGM are yet to be obtained. 

The three main scientific objectives of Exp. 325 are as 
follows:

1) establish the course of sea-level rise during the last 
deglaciation (~20–10 ka) with a particular focus on the 
interval (>16 ka) not sampled by Exp. 310

remotely monitor the magnitude and 
timing of ice sheet fluctuations. Located in 
the southern margin of the Western Pacific 
Warm Pool (WPWP), the GBR is also well 
positioned to investigate the role of the 
tropical Pacific in the climate system. 
Fossil coral samples from the region can be 
used to constrain the temporal variations  
of size of the WPWP and mean tempera-
ture with regards to the global climate 
change.

A diverse suite of fossil coral reef fea-
tures were observed along the shelf edge of 
the GBR at 40–130 m depth during the site 
survey cruise (Fig. 1). The surface distri-
bution and morphology of these reefs are 
described in detail elsewhere (Webster et 
al., 2008; Abbey and Webster, 2011; Abbey 
et al., submitted; Bridge et al., 2011; 
Webster et al., 2011). However, we present 
here a brief summary of the representa- 
tive morphologic features defining tran-
sect HYD-01C on the Mackay shelf in 
Hydrographer’s Passage and their drill 
sites (Fig. 2) to highlight their potential of 
recording reef growth back to at least  
the LGM. At this location a double-fronted 
barrier reef 200 m long and 100 m wide  
is observed, which is separated by a 
paleo-lagoon 2 km wide and as deep as 
70 m. The barrier reefs occur at 55–51 m 
and were sampled by Hole M0034A. A 
steeply sloping 500-m-wide terrace with  
a sharp break in slope at 80 m defines  
the seaward expression of this feature. 
Following this, a complex 1-km-wide 
paleo-lagoon and reef terrace system is 
observed with prominent reefs at 80 m  
and 90 m that were sampled by M0030A, 
M0030B, and M0031-33A. Another 
700-m-wide paleo-lagoon is observed grad-
ing into a complex system of reef pinna-
cles, terraces, and reefs down to the major 
break in slope at 100 m that defines the shelf edge. Here, 
M0035A and M0036A sampled the 100-m reef, and seaward 
of this M0037-39A intersected a series of smaller seaward 
reef pinnacles and terraces between 110 mbsl (meter below 
sea level) and 120 mbsl, before the seafloor grades into a 
gentle upper slope characterized by fore-reef slope sedi-
ments. 

Following the success of the IODP 310 Tahiti drilling 
expedition (Camoin et al., 2007), detailed reconstructions 
have emerged of sea level (Deschamps et al., 2009; Thomas 
et al., 2009; Fujita et al., 2010), paleoclimate (Asami et al., 
2009; DeLong et al., 2010; Inoue et al., 2010) and reef respon-

Figure 3. Representative litholostratigraphic succession from the fossil coral reef 
terraces (M0033A). The section was obtained from R1 (~90 mbsl) and contains coralgal 
boundstones typically found at the top of the reef structure [A]. Coralgal-microbialite 
boundstones were recovered from R5 (98 mbsl) from the same hole [B] and packstone 
together with unlithfied sediments sequence obtained from deeper part of the section (R21) 
at approximately 129 mbsl [C].
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Operations

The drilling platform chosen for Exp. 325 was the 
Greatship Maya, an IMO Class II dynamically positioned ves-
sel with geotechnical coring capability. Operations were con-
ducted between 12 February and 6 April 2010 (Table 1). 
Cyclone Ului, combined with several serious technical diffi-
culties (Webster et al., 2011), meant that total percent recov-
ery of the GBR cores was lower than IODP 310 Tahiti Sea 
Level (57.5% for Tahiti, whereas 27.2% for GBR; Camoin et al., 
2007; Webster et al., 2011).  

2) reconstruct the nature and magnitude of seasonal to 
millennial scale climate variability (e.g., SST, SSS)

3) determine the biologic and geologic response of the 
GBR to abrupt sea-level and climate changes.

In this report we present a first summary of the opera-
tions, preliminary sedimentologic, chronologic, petrophysi-
cal, paleomagnetic, and geochemistry results and their 
implications and discuss the future plans for the post-cruise 
science.

Table 1. Operational summary of IODP 325
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M0030A 19.6819 150.2379 83.47 85.00 2 6.00 0.24 4.00 6.00 4.00 0.85

M0030B 19.6819 150.2379 83.47 85.00 3 9.00 0.55 6.11 9.00 6.11 0.40

M0031A 19.6790 150.2396 90.05 92.00 17 43.00 5.68 13.21 43.00 13.21 2.09

M0032A 19.6788 150.2397 91.58 93.00 20 36.70 5.99 16.32 36.70 16.32 1.15

M0033A 19.6789 150.2399 91.32 91.50 23 32.80 13.41 40.88 32.80 40.88 1.15

M0034A 19.6923 150.2303 51.00 55.00 16 23.10 6.71 29.05 23.10 29.05 3.19

M0035A 19.6726 150.2438 100.05 103.00 23 29.90 12.23 40.90 29.90 40.90 2.98

M0036A 19.6724 150.2440 103.21 103.00 22 34.00 8.91 26.21 34.00 26.21 1.77

M0037A 19.6707 150.2463 122.29 129.17 14 21.00 7.52 35.81 21.00 35.81 0.83

M0038A 19.6716 150.2449 107.04 108.58 1 1.50 0.18 12.00 1.50 12.00 0.53

M0039A 19.6716 150.2449 107.04 108.58 21 28.40 10.39 36.58 28.40 36.58 1.02

M0040A 19.7963 150.4814 126.07 132.67 12 21.50 11.73 54.56 21.50 54.56 0.61

M0041A 19.7963 150.4815 126.58 132.67 12 22.10 10.06 45.52 22.10 45.52 0.55

M0042A 19.8440 150.4480 50.78 56.32 29 46.40 10.94 23.58 46.40 23.58 2.19

M0043A 19.7989 150.4794 102.93 107.88 23 35.00 6.04 17.26 35.00 17.26 0.85

M0044A 19.7985 150.4796 105.25 104.31 9 11.00 1.67 15.18 11.00 15.18 0.72

M0045A 19.7984 150.4976 105.25 105.01 4 14.60 0.00 0.00 14.60 0.00 0.24

M0046A 19.7985 150.4796 117.49 120.41 11 20.40 2.52 12.35 20.40 12.35 0.45

M0047A 19.7998 150.4789 99.12 100.51 14 33.20 3.79 11.42 33.20 11.42 0.56

M0048A 19.8012 150.4777 97.47 102.31 4 7.10 0.69 9.72 7.10 9.72 0.28

M0049A 15.4724 145.8237 97.63 98.61 2 3.50 0.77 22.00 3.50 22.00 0.24

M0049B 15.4724 145.8237 97.63 100.00 13 15.60 2.79 17.88 15.60 17.88 0.52

M0050A 15.4723 145.8237 97.63 98.20 6 10.50 1.87 17.81 10.50 17.81 0.27

M0051A 15.4721 145.8230 78.13 80.90 2 2.50 0.15 6.00 2.50 6.00 0.35

M0052A 17.1011 146.5763 97.63 103.70 1 1.40 1.30 92.86 1.40 92.86 0.25

M0052B 17.1011 146.5763 97.63 103.70 4 6.90 0.46 6.67 6.90 6.67 0.30

M0052C 17.1011 146.5763 97.63 106.80 2 1.90 0.10 5.26 8.80 5.26 0.22

M0053A 17.1012 146.5763 97.87 104.60 33 37.30 12.18 32.65 37.30 32.65 1.59

M0054A 17.1007 146.5767 107.23 110.33 6 9.30 2.23 23.98 18.72 11.91 1.06

M0054B 17.1007 146.5767 107.23 110.33 12 27.84 8.25 29.63 33.20 24.85 2.26

M0055A 17.1019 146.5747 87.33 93.06 10 28.50 10.00 35.09 31.29 31.96 0.89

M0056A 17.1022 146.5741 81.22 85.56 16 40.20 12.73 31.67 41.29 30.83 1.05

M0057A 17.1050 146.5640 42.27 47.67 16 40.60 19.00 46.80 41.78 45.48 1.30

M0058A 17.0973 146.5893 167.14 172.41 15 41.40 33.94 81.98 41.40 91.98 1.06
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from the rooster box, providing a heave compensated plat-
form from which to zero in the tools.

Two types of QDTech coring tools were carried: an ex-
tended nose corer (EXN; equivalent to the extended core 
barrel [XCB]), and a standard rotary corer (ALN; equivalent 
to the rotary core barrel [RCB]), along with four bottom-hole 

The vessel was equipped with a large moon pool and 
Bluestone TT150 derrick, capable of handling 9-m string 
lengths, with a Foremost Hydraulic top drive and relative 
motion-compensating heave (2.5-m stroke cylinders). 
Wireline operation of the core barrel was conducted through 
the top drive. Deployment of the wireline logging tools was 
conducted through the mud valve at the top of the top drive, 
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assemblies (BHAs), two each to fit the American 
Petroleum Institute (API) 4-inch-bore inner diameter 
string, and the Longyear HQ mining drill string.

At each site a pre-coring downpipe camera survey 
was conducted as part of the Environmental 
Management Plan agreed with the Great Barrier Reef 
Marine Park Authority (GBRMPA). Very strong  
bottom currents required the use of a seabed template 
to stabilize the drill string.

Offshore, the cores were carefully curated by ESO 
staff before ephemeral physical (multi-sensor core log-
ger, MSCL), geochemical, and microbiological proper-
ties were measured and preliminary samples taken. 
Initial lithological and coral descriptions were conduct-
ed by visual inspection through the liner and using core 
catcher materials. No further sampling, core splitting, 
or analysis work was undertaken offshore.

All cores and data were transferred to the IODP Core 
Repository at Bremen, Germany (BCR) at the end of the 
offshore phase. Prior to the start of the Onshore Science 
Party (OSP), additional thermal conductivity measure-
ments and computed tomography (CT) scans were 
undertaken on selected whole core sections. All the 
cores were assessed for the presence of massive corals, 
so as to instruct the core splitting procedure used. The 
complete Science Party plus ESO and BCR personnel 
and student helpers met at the BCR on 2–16 July to  
split, analyze, and sample the cores according to stan-
dard IODP procedures.

Sedimentology

Sedimentological investi-
gation of the cores was con-
ducted during both the off-
shore and onshore phases of 
operations. Nine lithogical 
types were recognized, and 
their main characteristics 
and distributions as distinct 
lithostratigraphic units are 
shown in Figs. 4–7 and sum-
marized below.

Modern or sub-recent 
deposits consisting of lime 
sand to pebbles, locally in a 
muddy matrix, cover the 
boundstone lithologies at  
the top of a number of holes. 
Pebbles are made up of coral-
gal boundstone, coralline 
algae (some of them with 
reddish-pinkish color, indi-
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cating they were alive when recovered), serpulid worm 
tubes, mollusk shells and bryozoans. Some pebbles have 
brown staining. Halimeda have been identified, as well as 
larger benthic foraminifera (abundant and well-preserved or 
stained specimens of Alveolinella, Amphistegina, Cycloclypeus, 
Elphidiidae, Heterostegina, Operculina, and Sphaerogypsina).

Coralgal-microbialite and coralgal boundstones are the 
dominant lithologies in the recovered deposits (Fig. 3). The 
coralgal-microbialite boundstones, 10–30 m thick, are com-
posed of corals partially coated by coralline algae and ver-
metids encrusted by microbialites, which volumetrically are 
the major component (Figs. 4–7). Halimeda, mollusks, 
benthic foraminifera, red algae, bryozoans, and echino-
derms occur as pockets of internal sediment in the 
coralgal-microbialite frameworks. Coral assemblages are 
dominated by massive Isopora, branching Acropora, and 
Seriatopora, but massive Porites and Faviidae are locally 
abundant. Hydrolithon onkodes is the most abundant  
coralline alga, together with Lithophyllum prototypum  
and Neogoniolithon fosliei. Amphistegina, Operculina, 
Heterostegina, and Alveolinella are the most common larger 
benthic foraminifera. The relative proportions of coral, coral-
line algae, and microbialite vary within this lithology. The 
coralgal lithologies, ranging from 1 m to 24 m in thickness, 
only differ from the coralgal-microbialite boundstone in con-
taining little or no microbialite. 

Stratigraphically, the coralgal boundstones consistently 
overlie coralgal-microbialite units. However, in two holes 
(M0034A, M0055A) a thin unit of coralgal boundstone 
underlies a thicker coralgal-microbialite interval, and in five 

other holes (Holes M0046A, M0047A, M0048A, M0052A, 
M0057A) a coralgal framestone is the only recovered lithol-
ogy bound by organisms (Figs. 5, 7).

Unconsolidated sediment <1–19 m thick underlies the 
coralgal-microbialite and coralgal boundstone units and is 
composed of bioclastic lime sand to pebbles containing mol-
lusks, larger benthic foraminifera, Halimeda, fragments of 
corals and red algae, bryozoans, and echinoderms. In Hole 
M0036A, an unconsolidated unit 6 m in thickness is brack-
eted by coralgal boundstone, whereas in Hole M0037A—the 
most distal and deepest site (122 m) on the HYD-01A 
transect (Fig. 4)—only unconsolidated sediment was recov-
ered. These unconsolidated sediments were likely to have 
been partly disturbed by coring operations.

Skeletal packstone to grainstone, up to 13 m thick, under-
lies the unconsolidated sediment or the coralgal/
coralgal-microbialite boundstones in most holes. These lith-
ologies are variably cemented and composed of fragments of 
shells, coral, coralline algae, Halimeda, and abundant larger 
benthic foraminifera. The top of the cemented lithologies is 
commonly bored by worms and sponges. Features indicat-
ing subaerial exposure, such as calcrete deposits, brownish 
staining, and rhizoliths, appear at the top of grainstones in 
the shallowest holes on transect NOG-01B. In Hole M0036A, 
a dark-colored boundstone, about 1.5 m thick, overlies the 
packstone. This blackened boundstone is made up of encrust-
ing coral and thin coralline algae in its upper part, and a 
boundstone of coral, thin foliose coralline algae, and worm 
tubes in the lowest 10 cm. The dominant coral is massive 
Goniopora, with fragments of massive Faviidae and fine-

branching Seriatopora.

Below the uppermost 
packstone-grainstone, a va-
riety of lithologies were en-
countered. In the shallow-
est three holes on NOG-01B 
(Fig. 7) transect coralgal 
and coralgal-microbialite 
boundstones alternate with 
packstone-grainstone units, 
reaching up to 25 m in total 
thickness. All lithologies 
show dissolution surfaces, 
brownish stainings, and dis-
solution of aragonitic com-
ponents. These features  
suggest several phases of 
emersion and weathering.  
In other holes, unconsoli-
dated sediment underlies or 
alternates with cemented 
inter-vals of packstones and 
grainstones. In the deep 
holes of transects HYD-01C 

Figure 8. Age histograms of preliminary dating samples (1-ky rounded). All ages are in years before AD 
1950. Numbers in blue listed below the arrow indicate 3 U/Th ages obtained for older samples. 
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Except for Hole M0037A, all sample ages in all of the holes 
are in stratigraphic order. This provides confidence in the 
accuracy of the dates, and it ensures that the cores have 
sampled in situ reef framework, consistent with the sedi-
mentologic observations. The majority of the deeper holes 
have U-Th dates near their bases that indicate the Last 
Glacial Maximum (LGM) was sampled, ranging between 
20 cal k.y. BP and 25 cal k.y. BP (Fig. 8). Shallower samples 
from these cores (dated by radiocarbon) indicated dates as 
recent as 13–14 cal k.y. BP, which suggests that the early 
portion of the deglacial has also been captured by Exp. 325 
drill cores. Holes drilled in shallower water have ages as 
young as 10 cal k.y. BP, indicating that early Holocene coral 
reef samples have been collected. This data opens up the 

(M0037A) and NOG-01B (M0053A and 
M0054A-B) lime sand rich in larger 
foraminifera and mollusks underlies the 
consolidated lithologies. Although there is 
clear evidence of downhole contamination 
in their upper part, these deposits appear 
to be undisturbed and are probably in situ, 
with minimal disturbance from downhole 
contamination. No consistent pattern has 
yet been extracted in the succession of 
these units.

Finally, the deepest hole of Exp. 325 was 
M0058A at a depth 167 m in the fore-reef 
slope; it recovered 41 meters of mainly 
unconsolidated green mud with two inter-
calated units of fine to medium sand and a 
few grainstone intervals. The three mud 
units in M0058A are characterized by a 
lack of bedding and scattered small frag-
ments of mollusk shells and benthic 
foraminifera tests. The sand/grainstone 
units are up to 7 m thick and consist of  
fine to medium sand with fragments of 
well-cemented grainstone, mollusks, bryo-
zoa, coralline algae, echinoids, larger 
foraminifera, and serpulids. 

Chronology

Preliminary dating provided an impor-
tant overview of the age of the material 
recovered during the offshore phase of 
Exp. 325. Subsamples of core catcher 
material (coral and mollusk) were taken 
during the offshore phase for U-Th or 
radiocarbon dating. The dated samples 
were free of visible diagenetic features of 
detrital contamination. Additional diage-
netic screening of these samples using 
XRD and SEM is ongoing. To constrain  
the basic chronology of each hole, we 
collected samples from representative 
core sections from the top, middle, and bottom of the hole.  
A total of sixty-eight samples were sent to the University of 
Tokyo (Japan) and the University of Oxford (United 
Kingdom) for dating. Radiocarbon samples, after being 
graphitized at University of Tokyo, were transferred to the 
Australian National University for analysis by AMS 
(Accelerator Mass Spectrometry). To ensure that the chron-
ological control on the lower portions of holes was not limited 
by the range of the radiocarbon chronometer (~50 cal k.y. BP 
[~50 thousand calendar years BP]), the deeper samples from 
each hole were selected for U-Th analysis, and the shallower 
samples were analyzed for radiocarbon (see Webster et al., 
2011 for detailed information).

Figure 9. Examples of borehole logging data. The figure illustrates the detail obtained from 
the ABI40 tool and 3D virtual borehole, transect NOG-01B. (3D Borehole = 3D borehole 
visualization, ABI 40 traveltime image is overlain by total gamma ray (TGR), OH = open 
hole). Depth given as wireline log matched depth below sea floor (WMSF).
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possibility of comparison 
between these sites in the 
GBR with other localities 
that were drilled from on-
shore rigs. There appears to 
be a sharp decline in the 
number of samples post-
dating 10 cal k.y. BP (Fig. 8). 
This may reflect a reef 
drowning event at this time 
or may simply be an artifact 
of the relatively small data-
set and/or a sampling bias.

U-Th ages prior to the 
LGM show promise for 
recovering high-quality ma-
terial for dating of earlier 
periods in the Pleistocene. 
Holes M0032A, M0056A, 
and potentially M0033A 
have material from Marine 
Isotope Stages 4 and 3, 
whereas Hole M0042A may 
provide material from the 
transition between marine 
isotope Stages 7 and 6. Hole 
M0057A has U-Th isotope 
ratios that suggest that the 
age of the samples is older 
than the LGM and, although 
not yielding a closed system U-Th age due to its intermediate 
depth, this hole may enable insights into glacial-interglacial 
transitions older than the last interglacial.

Petrophysics

A set of slimline borehole logging probes was chosen on 
the basis of the scientific objectives and geological setting of 
the expedition. The tool suite used during Exp. 325 
comprised probes with the capability of yielding a variety of 
data including high resolution borehole images (optical 
[OBI40] and acoustic [ABI40] borehole televiewers; Fig. 9), 
borehole fluid characterization (IDRONAUT), borehole 
diameter (CAL3), and a variety of petrophysical measure-
ments such as electrical conductivity (DIL45), acoustic 
velocity (SONIC), spectral natural gamma radiation (ASGR), 
and magnetic susceptibility (EM51). Downhole logging was 
performed in a total of four boreholes, with the majority of 
measurements being taken in open hole. The only exception 
to this was a preliminary spectral gamma log conducted 
through-pipe in each hole.

Downhole logging units were identified on the basis of 
combined data signatures. These logging divisions were 
found to be largely coincident with the lithostratigraphic 
units defined by core description (Fig. 9). A combination of 

whole core, split core, and discrete sampling petrophysical 
measurements were taken on the expedition cores. These 
measurements include density and porosity, resistivity, 
P-wave velocity, magnetic susceptibility, thermal conductiv-
ity, and color reflectance spectrophotometry. All cores re-
covered during the expedition were measured where appro-
priate and possible to do so. Multivariate analysis relating 
the physical properties data with different coralgal assem-
blage compositions (Lado-Insua et al., 2010) indicate that it 
is possible to infer important composition information from 
the petrophysical dataset. This has the potential for use as a 
proxy for the identification of sample types from the non-
destructive, offshore physical properties measurements in 
future research. Future work planned by the Exp. 325 
Science Party will move towards improving and furthering 
the integration of the different petrophysical and lithological 
datasets.

Paleomagnetics

A total of thirty cores were provided for paleomagnetic 
measurements. The AF demagnetization of the U-channels 
and of discrete samples from the fore-reef slope Hole 
M0058A suggests the presence of magnetic impurities and 
potential deformation during drilling operations. However, 
the magnetic susceptibility and artificial remnant magneti-
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zations such as anhysteretic (ARM), isothermal (IRM), and 
indirect parameters (ARM/IRM, S-ratio, and HIRM) show 
clear separations, with two horizons of high concentrations 
of a low coercivity magnetic mineral (Webster et al., 2011). 
Rock magnetic properties confirm that the magnetic car-
rier is magnetite (Fig. 10a, 10c) with the two horizons char-
acterized by a mixture of low and high-coercivity minerals. 
The magnetic horizons may correspond to two periods of 
higher terrigenous sediment input that likely correlate  
with the two sand/grainstone lithologic units observed in 
the core. While in the shelf edge fossil reef cores (e.g., 
M0041), a non-interactive single domain (SD) low coerci-
vity mag-netic mineral (probably magnetite) was measured 
in discrete samples from fossil coral materials. We attribute 
that to the presence of magnetosomes of magnetotactic  
bacteria (Fig. 10b, 10d; Egli et al., 2010). Further studies of 
rock magnetic properties will provide more detailed infor-
mation and help establish the nature of relationships bet-
ween magnetic properties, coral formation, and climate 
change. 

Geochemistry

A total of 115 interstitial water (IW) samples were 
acquired during Exp. 325, from transects of HYD-01C (16), 
HYD-02A (20), RIB-02A (2), and NOG-01B (77). (Numbers 
in parentheses indicate the number of samples obtained 
from each transect.) The majority of the IW samples was 
collected from the holes drilled into the carbonate reef com-
plex of the GBR. The pH, alkalinity, and ammonium concen-
trations of IW collected from the holes drilled into the car-
bonate reef complex did not indicate any apparent 
depth-related or transect-specific variation, probably due to 
the scarcity of IW samples at each transect. 

However, Hole M0058A (NOG-01B transect) consisted 
of fine to coarse sediments, unlike other holes, and there-
fore continuous IW sampling was possible. While there was 
no systematic vertical variation in the pH, alkalinity, and 

Figure 11. Porewater geochemistry data from Hole M0058A. Gray 
bars represent the two coarse sand/grainstone units
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chloride, the ammonia and strontium concentrations 
increased with depth (Fig. 11). The notable characteristic of 
IW from Hole M0058A is that two large anomalies occur 
coincident with the two sand/grainstone lithologic units, in 
the profiles for total iron and manganese concentrations. 
The percentage quartz profile of the sediments displayed  
the opposite trend to that of percentage carbonate. These 
litho-logic units also contain low total organic carbon con-
tent, with an average value of 0.25%, compared to the rest of 
the core. Consistent with the paleomagnetic data, these fin-
dings suggest that the two sand/grainstone units may corre-
spond to the increased input of terrestrial material during 
their deposition. Further investigations are needed to fully 
understand the cause of lithologic changes found at Hole 
M0058A.

Microbiology

The subsurface microbial ecology will be characterized 
using multiple molecular based techniques. Fine grain sedi-
ment cores collected from transect NOG-01B, Hole M0058A 
represent the bulk of microbiological sampling. Sediment 
was collected for cell enumeration and phylogenetic analysis 
during shipboard and onshore operations. Shipboard sam-
ples were taken at multiple depths downcore, immediately 
frozen at -80°C for the duration of the cruise and then  
shipped on dry ice to labs in the United States (Texas A&M 
University) and China (China University of Geosciences). 
Onshore, sediment was collected from locations adjacent to 
the samples collected during the offshore phase. These 
samples are designed to test shifts in microbial community 
activity and structure during 4oC transit to, and storage in, 
Bremen, Germany against those samples collected immedi-
ately after coring that were frozen offshore. Samples re- 
mained at 4°C for approximately three months prior to 
shore-based sampling. Microbial communities in both ship-
board and onshore sediment samples will be described for 
total structure and function using DNA- and RNA-based 
molecular targets, respectively. For cell enumeration, on-
shore sediment samples were preserved in 4% formaldehyde 
and stored at 4°C. By combining all microbial data, the total, 
potential, and active communities can be determined. The 
analysis will provide a unique advance in understanding sub-
surface microbial ecology, as well as a description of poten-
tial sediment composition and chemistry altering biological 
processes that may occur during standard IODP 4°C stor-
age. 

Concluding Remarks and Future Plans

During the course of IODP Expedition 325 offshore 
phase, thirty-four holes were drilled, obtaining 225 meters of 
core materials from water depths ranging from 42 mbsl to 
167 mbsl (Fig. 12). The preliminary chronology of core 
catcher materials dated by both radiocarbon and U-series 
methods prior to the OSP provided a firm chronological 
framework for conducting further scientific analyses. 

Fulfillment of the Exp. 325 scientific objectives can be seen 
as follows: 

1. Reconstruct the course of postglacial sea-level change 
in GBR from 20 ka to 10 ka. Coral-algal-microbialite 
lithologies of in situ and robust Isopora and Acropora 
assemblages are indicative of very shallow reef envi-
ronments. They will contribute to the reconstruction 
of a robust sea-level curve from the LGM to 10 ka. 

2. Establish sea-surface variations in the GBR from 20 ka 
to 10 ka. preliminary chronologic results clearly show 
that important coral reef deposits were recovered con-
sisting of key paleoenvironmental intervals including 
LGM, Bölling-Alleröd, Younger Dryas, and Heinrich 
events. Massive coral colonies suitable for paleocli-
mate studies will help define SST variations and aid 
paleoceanographic reconstruction for the region.

3. Investigate the response of the GBR to environmental 
changes caused by sea-level and climate changes.  
Cores were recovered from various locations and 
water depths along the GBR. Their large geographical 
spread and shelf edge position will allow the results to 
be interpreted in both a broad temporal and spatial 
context, allowing a better understanding of the devel-
opment of the GBR in response to environmental 
changes. 

In addition to the main scientific outcomes summarized 
above, we expect three additional scientific outcomes will be 
achieved.

1. It is believed that sea-level and paleoclimate informa-
tion can be extended back to the LGM and pre-LGM 
periods based on the preliminary age determinations. 
This will enable a reconstruction of the evolution of 
the GBR during these earlier periods. 

2. High-resolution paleoenvironmental information 
obtained from a nearly continuous 41-m sediment core 
in the fore-reef slope of Noggin Pass (M0058A) will 
complement the sea-level and paleoenvironmental 
records obtained from reef cores recovered from shal-
lower shelf sites.

3. The microbial community structure and function will 
also be assessed within the Hole M0058 sediments 
using direct count microscopy and RNA/DNA gene 
targets. Correlations will be made between offshore 
and onshore geochemical characterizations in order 
to better describe the subsurface biosphere ecology.

Future work will now focus on more detailed sedimento-
logical, petrophysical, geochemical, and geophysical investi-
gations in the various laboratories of the IODP Exp. 325 
Science Party members. The results obtained from these 
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studies will improve our understanding of sea-level and cli-
mate change as well as coral reef response since the LGM. 
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