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Regional proposals drilled since 

2013 and to be drilled soon

The quality of drilling proposals for the period after 2013, often led 
by ANZIC scientists, is very high, as is attested by the articles below. 
They were all written in 2016. The expeditions have all been drilled or 
are scheduled to be drilled. Proposal 832 has become Expedition 371; 
Proposal 781A will become Expeditions 372 and 375; Proposal 751 will 
become Expedition 374; and Proposal 818 will become Expedition 376. 
ANZIC authors, other than the writers of the articles, are shown in 
bold print.

»
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Indonesian Throughflow: A 5-million-year 
history of the Indonesian Throughflow Current, 
the Australian Monsoon and subsidence 
on the Northwest Shelf of Australia: IODP 
Expedition 356
Stephen J. gallagher, university of Melbourne 

(On behalf of Craig S. Fulthorpe, University of Texas at Austin; Kara 
Bogus, JOIDES Resolution Science Operator, College Station, Texas; and 
the Expedition 356 Scientists)

Introduction
In 2015, IODP Expedition 356 successfully addressed three important 
topics off northwest Australia in the last 5 million years: the history of 
the major currents, the onset of the monsoon and regional aridity, and 
the regional subsidence history. The Indonesian Throughflow Current is 
a critical part of the global oceanic thermohaline conveyor. It transports 
heat from the equatorial Pacific (the Indo-Pacific Warm Pool) to the Indian 
Ocean, thus exerting a major control on global climate. The complex 
tectonic history of the Indonesian archipelago, a result of continued 
northward motion and collision of the Australasian plate into the 
southeast Asian part of the Eurasian plate, makes it difficult to reconstruct 
long-term (i.e. million-year) throughflow history from sites within the 
archipelago. The best areas to investigate Indonesian Throughflow history 
are downstream in the Indian Ocean, either in the deep ocean away from 
tectonic deformation or along passive (non-tectonic) margins directly 
under its influence. Although previous ODP and DSDP deep-water cores 
in the Indian Ocean have been used to document the variability of the 
Indo-Pacific Warm Pool and the Indonesian Throughflow, these sections 
lack direct evidence of the current. IODP Expedition 356 cored seven 
sites covering a latitudinal range of 29°S–18°S off the northwest coast of 
Australia to obtain a 5-million-year record of Indonesian Throughflow, 
Indo-Pacific Warm Pool, and climate evolution that matches deep-sea 
records in its resolution.
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Figure 11.1. Map of the Northwest Shelf showing major basins and 
location of modern and ‘fossil’ reefs
Stars = drill sites; green circles = DSDP/ODP sites and other core locations referred to 
in text; yellow circles = industry well locations (Angel = Angel-1; g2/6/7 = goodwyn-2, 
goodwyn-6, and goodwyn-7; A1 = Austin-1; M/MN1 = Maitland/Maitland North-1; TR1 = 
west Tryal Rocks-1). wA = western Australia, NT = Northern Territory, SA = South Australia, 
QlD = Queensland, NSw = New South wales.
Source: Stephen gallagher

The history of the Australian Monsoon and its variability are thought to 
be related to the East Asian Monsoon, and this is hypothesised to have 
been in place since 5 million years ago (Ma). The presence of airborne 
desert dust and the pollen of fossil plants in our cores better constrains 
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the development of aridity on the Australian continent. Detailed 
palaeobathymetric and stratigraphic data from the well transect address 
the subsidence history over the last 5 million years, and its causes.

Summary of outcomes
Expedition 356 began in Fremantle, Western Australia, on 31 July 2015. 
After a short transit, coring began near 29°S and progressed northward 
to 18°S along the Northwest Shelf of Australia (Figure 11.1). Seven sites 
recovered 5,185 m of material with 67 per cent recovery overall. This is an 
unparalleled sediment archive of warm temperate to tropical climate and 
oceanography along the continental margin of Australia. Post-cruise research 
is providing insights into the complex relationship between subsidence, reef 
development, Indonesian Throughflow variability, the Australian monsoon 
and the onset of aridity in Australia over the last 5 million years. Despite 
intermittent recovery in some sections, the cores provide sufficient high-
quality material for future studies by the Expedition 356 scientific party as 
well as many other scientists over the coming decades. Shipboard findings 
met or exceeded expectations, and we successfully addressed the three 
expedition objectives as summarised below.

1. Determine the timing and variability of the Indonesian 
Throughflow and the Indo-Pacific Warm Pool, and the onset of the 
Leeuwin Current, to understand the controls on Quaternary tropical 
carbonate and reef deposition.

Sites U1458, U1459 and U1460 (Figure 11.1), in the Perth Basin at 
~29°S, are close to the Houtman-Abrolhos reef system, the most southerly 
reef system in the Indian Ocean. The high-latitude position of these reefs 
is related to the path of the south-flowing warm Leeuwin Current, which 
is itself controlled by the relative intensity of the Indonesian Throughflow. 
Hard cemented layers at the seabed prevented Site U1458 from successful 
coring, so we quickly proceeded to Site U1459. Sites U1459 and U1460 
yielded 50- to 5-million-year-old carbonate-rich strata that record the role 
of the Leeuwin Current on the initiation and evolution of reefs on the 
Rottnest Shelf and the Carnarvon ramp. Sites U1461 and U1462 in the 
northern Carnarvon Basin are near a series of drowned reefs at ~22°S. 
From cored layers equivalent to those beneath these reefs, we can confirm 
that these are relatively young reefs that were initiated in the last million 
years. Site U1464 in the Roebuck Basin is close to a reef, and coring 
reveals that this Rowley Shoal drowned at least 3 Ma.
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2. Obtain an approximately 5-million-year orbital-scale tropical to 
subtropical climate and ocean archive, directly comparable to deep-
ocean oxygen isotope and ice-core archives, to chart the variability of the 
Australian monsoon and the onset of aridity in northwestern Australia.

There are no well-constrained orbital-scale climate records older 
than 500,000 years along the entire western margin of Australia. 
We  continuously cored strata to extend this record to 5 million years. 
In particular, we targeted areas that should yield significant dust, clay and 
pollen that have been transported from coastal regions off western Australia 
by wind or water (rainfall/monsoon). For example, Sites U1458–U1460 
cored records of the southern Australian winter-dominated rainfall 
regime for more than the last 5 million years. The more northerly sites 
(U1461–U1464) cored records of the summer rainfall–dominated 
Australian monsoon for the same time period. 

Post-cruise research on these sections is greatly increasing our 
understanding of how Australia’s subtropical to warm temperate climate 
responded to Pliocene (5–2.5 Ma) warmth through to Pleistocene (2.5–0 
Ma) icehouse conditions.

Site U1461 yielded the thickest (1,000 m) sequence of 5–0-million-year 
strata obtained during this expedition. Together with its excellent recovery 
(83 per cent) and the very good preservation of the microfossils, this is 
now one of the best sampled palaeoceanographic and climate archives 
along the western Australian continental margin. Calcareous microfossil 
preservation was also excellent at Site U1463. The very good preservation 
of microfossils at these sites will facilitate fine-scale palaeoceanographic 
and palaeoclimate reconstructions using inorganic and organic oceanic 
proxies leading to an unparalleled 5-million-year record of conditions 
downstream of the Indonesian Throughflow.

3. Provide empirical input into the patterns of subsidence along the 
Northwest Shelf that can be used to place fundamental constraints on 
the interaction between Australian plate motion and mantle convection.

Accurate subsidence analyses of the sections cored over 10° of latitude 
can resolve whether northern Australia moved with or over a time-
transient or long-term stationary downwelling within the mantle, 
vastly improving our understanding of deep-earth dynamics and their 
impact on surface processes. The latitudinal transect of seven sites from 
29°S to 18°S has provided a well-constrained framework that will allow 
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construction of a series of detailed subsidence curves. Such analysis draws 
on the detailed rock physical properties data, age models and palaeodepth 
estimates from microfossils and seismic sections at each site.

Preliminary analyses of the four northerly sites have revealed that the 
Northwest Shelf subsided synchronously at around 5 Ma from palaeodepths 
of 0–50 m to over 300 m, and that subsequently this subsidence reversed. 
These results suggest that this part of the Australian plate travelled with a 
time-transient downwelling feature in the mantle. However, it is not clear 
how or why this process reversed. Further investigations of this unusual 
subsidence pattern will shed light on the impact of deep-earth dynamics 
(dynamic topography) on surficial processes.

Figure 11.2. The Assistant Minister for Science, the Honourable Karen 
Andrews MP, shares a joke with Stephen Gallagher, Brad Clement and 
Neville Exon beside JOIDES Resolution in Darwin after the expedition
Source: JOIDES Resolution Science Operator, Texas A&M university
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The rise and fall of the Cretaceous hot 
greenhouse off southwest Australia: IODP 
Expedition 369
Richard hobbs, Durham university

(On behalf of Irina Borissova, Geoscience Australia; Brian Huber, 
Smithsonian Institution; Kenneth MacLeod, University of Missouri)

Expedition objectives
Between 2015 and 2018, the drill ship JOIDES Resolution is undertaking 
several exciting expeditions in Australian waters. The expedition planned 
for September 2017 off southwest Australia will drill several holes on the 
Naturaliste Plateau and the adjacent Mentelle Basin lying beneath the 
Naturaliste Saddle. The unique tectonic and palaeoceanographic setting 
of this region offers an outstanding opportunity to investigate a range 
of  scientific issues of global importance with particular relevance to 
climate change, as well as the geological history of western Australia.

Sites were chosen with the goal of recovering samples suitable for generating 
palaeotemperature and biotic records spanning the Cretaceous hot 
greenhouse, from initiation to collapse, including the times of Oceanic 
Anoxic Events (OAE) 1d (~98–97 Ma) and 2 (~94–93 Ma). Data generated 
will provide insight into surface and deep-water circulation that can be used 
to test predictions from and provide input for earth system models. The 
high palaeolatitude (60–62°S) location of the sites is especially important 
because high latitudes are more sensitive to climatic changes than mid 
and low latitudes. Such enhanced sensitivity should increase the size of 
the climatic signal recorded and maximise the resolving power of the data 
generated. In addition to records of the Cretaceous hot greenhouse interval, 
target sites will reveal the regional effects of the mid-Eocene–early Oligocene 
opening of the Tasman gateway and the Miocene–Pliocene restriction of 
the Indonesian gateway; to the present day, both gateways have important 
effects on global oceanography and climate. 

The expedition also plans to drill deep holes into rifted basins that formed 
on the boundary between Australia, India and Antarctica before these 
continents drifted apart in the Cretaceous. The sedimentary record from 
these basins will provide information on the timing of the different 
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stages of the Gondwana breakup and complex magmatic history of the 
region at that time. Better knowledge of the magmatic history will allow 
exploration of possible temporal and causal relationships between high 
levels of volcanic activity during this time and the onset of Cretaceous 
greenhouse conditions in the region.

Regional setting of the Naturaliste Plateau and the 
Mentelle Basin
The Naturaliste Plateau (Figure 11.3) is a large (90,000 km2) submarine 
plateau with water depths ranging mostly between 2,000 m and 3,000 m. 
From field analyses, dredging and previous DSDP drilling (Legs 26 and 
28), the Naturaliste Plateau is believed to be underpinned by crystalline 
continental crust incised by Mesozoic and possibly even Palaeozoic 
rift basins and covered by an extensive carapace of volcanic rocks and 
related intrusives. The Mentelle Basin lies immediately to the east of the 
Naturaliste Plateau and is a large sedimentary basin potentially containing 
up to 12 km of sediments.

Figure 11.3. Location of the Naturaliste Plateau and the Mentelle Basin 
off the southwest Australian coast
Source: geoscience Australia
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The Naturaliste Plateau and the Mentelle Basin are key pieces in the Eastern 
Gondwana geodynamic reconstructions. The pre-breakup position of the 
Naturaliste Plateau against the Antarctic margin remains unclear, causing 
ongoing problems with Indian and Southern Ocean reconstructions.

The long history of continental extension between Greater India and 
Australia–Antarctica spanned the Palaeozoic and Mesozoic and created 
a  set of depocentres along Australia’s western margin, including the 
Mentelle Basin in the south. There were two separate rifting episodes 
along the western margin of Australia: Permian and Jurassic to Early 
Cretaceous, forming a complex system of interconnected rifted basins. 
Seismic interpretation suggests that remnants of the Permian rifts may be 
present beneath the eastern Mentelle Basin. During the second phase of 
rifting, in the Jurassic to Early Cretaceous, a series of deep depocentres 
formed on the Perth margin and up to 7 km of sediments were deposited 
in the western Mentelle Basin. At the very end of the Jurassic, breakup 
between Australia and India led to opening of the first Indian Ocean 
basin, the Argo Abyssal Plain, consisting of oceanic crust. By the Early 
Cretaceous (Valanginian), the breakup had advanced to the south and 
had reached the Naturaliste Plateau (Figure 11.4). This breakup at the 
southwestern corner of Australia was associated with significant intrusive 
and extrusive magmatism. Spectacular lava flows of the Bunbury Basalt 
and multiple volcanic facies recognised in seismic data on and above the 
Valanginian unconformity led to some researchers classifying this area as 
a volcanic margin. However, the origin and age(s) of volcanic sequences 
mapped on the Naturaliste Plateau and in the Mentelle Basin are not 
known; therefore, our understanding of the volcanic events in the area 
is still sketchy. In  particular, potential links between volcanism on the 
southwestern corner of Australia and the Kerguelen Hotspot are debatable.

Rifting of Australia and Antarctica was protracted, taking approximately 
50 million years before true sea-floor spreading was established in the 
mid-Palaeogene. Formation of this hyper-extended margin led to the 
unroofing of the crust and exposing of the mantle rocks in the Diamantina 
Zone. During this period, the western Mentelle Basin subsided quickly 
and accumulated a thick mid to upper Cretaceous succession. Drilling at 
DSDP Site 258 (located on the boundary between the Naturaliste Plateau 
and the Mentelle Basin, Figure 11.3) in 1972 sampled a 525 m section 
containing intervals of black shale believed to have been deposited during 
Cretaceous Oceanic Anoxic events. Seismic data acquired by Geoscience 
Australia indicates that the black shale section at Site 258 expands to the 
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east into an almost 1 km thick sequence beneath the western Mentelle 
Basin. The new biostratigraphic interpretations of the excellently 
preserved foraminifera from site DSDP-258 (Figure 11.5) indicate that 
there is a high probability of a complete mid to late Cretaceous record, 
including both the OAE-1D and OAE-2 events.

Figure 11.4. Regional plate reconstructions of the Australian southwest 
margin
Source: Modified from gibbons et al. (2012) and hall et al. (2013)
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Figure 11.5. Stable isotope curves for DSDP Site 258 and Hole 258A 
based on data from Huber et al. (1995) and unpublished data (measured 
at the University of Missouri Stable Isotope Geochemistry Laboratory) 
relative to revised calcareous nannofossil and planktonic foraminiferal 
biostratigraphic zonal and age assignments
Cored intervals are labelled with black representing recovered core and white representing 
unrecovered core. The cross-hatched pattern represents intervals drilled without coring.
Source: Brian huber
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By the late Palaeogene, the Tasman gateway was open, allowing an 
alternative route for deep-water exchange between the Pacific and Indian 
Oceans, as by then the Indonesian gateway was closed by the northward 
movement of the Australian continent. Together with the opening of 
the Drake Passage, the Tasman gateway enabled the formation of the 
circumpolar current that dominates the Earth’s climate to the present day. 
The location of the Naturaliste Plateau and the Mentelle Basin is ideal to 
sample the effects of changing deep-water ocean currents over this period.

Scientific rationale and drilling objectives

Figure 11.6. Late Cenomanian palaeogeographic map showing the 
location of DSDP Site 258 and select deep-sea sites yielding reliable 
oxygen isotope data
Source: Modified from hay et al. (1999)

Constraint by observation of the mechanisms, feedbacks and time 
relationships that link climate dynamics from the polar regions to the tropics 
is of fundamental importance for reconstructing rapid climate change in 
the past. Understanding past climates is a critical test of understanding 
climates in general and, hence, to improving predictions for the future. 
High-resolution stratigraphic records from strategic locations around the 
globe, especially from the high latitude ocean, are essential to achieve this 
broader goal (Figure 11.6). Within this context, past periods of extreme 
warmth, such as the Cretaceous hot greenhouse (~100–89 Ma) and the 
Palaeocene-Eocene Thermal Maximum (55.8–55.6 Ma) have attracted 
increasing research interest over recent years. Results have provided often 
spectacular (and sometimes contradictory) insights into the mechanisms 
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of natural short-term change in climate, biogeochemical cycling and ocean 
oxygenation. They have also demonstrated that short-term events are 
not independent from longer-term tectonic conditions (e.g. continental 
positions, depth of oceanic gateways and magmatic activity).

The Naturaliste Plateau and the Mentelle Basin provide a unique 
opportunity to study how the Earth’s climate and oceans respond to 
elevated levels of atmospheric CO2 and the role of local tectonic events 
in the onset of anoxic conditions. Key questions that will be addressed by 
scientific drilling here include:

• Rise and collapse of the Cretaceous hot greenhouse. What was 
the timing for onset of warming, and when were peak temperatures 
reached? When did cooling begin? What were the causes for these 
climatic transitions? How did the climate–ocean system and biota 
respond?

• Oceanic Anoxic Events. What were the relative roles of productivity 
and ocean circulation during these major carbon cycle perturbations 
that caused depletion of oxygen in vast areas of the world’s oceans? 
Did any local factors (such as extensive volcanic activity or restricted 
circulation in semi-isolated basins) contribute to the onset of these 
conditions?

• Cretaceous deep and intermediate water circulation. Where were 
the main source regions for regional water masses in the southeast 
Indian Ocean, particularly during the peak of the hot greenhouse 
temperatures? How did these change during Gondwana breakup and 
climatic cooling?

• Cenozoic palaeoceanography. How did oceanographic conditions 
at the Naturaliste Plateau change during the opening of the Tasman 
and restriction of the Indonesian gateways?

• Naturaliste Plateau and Mentelle Basin tectonic and depositional 
history. What is the age of sediments in the syn-rift succession of 
the Mentelle Basin? What is the nature of basement beneath the 
Mentelle Basin? How many volcanic phases occurred and how did the 
environment change after the volcanism?

• Gondwana breakup. What was the position of the Naturaliste Plateau 
against the Antarctic terrains? When did the Naturaliste Plateau fully 
separate from India? When did the separation with Antarctica begin? 
How was the Diamantina Zone formed?
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Project status
The planned drilling expedition to the Naturaliste Plateau and the 
Mentelle  Basin, Expedition 369, is the result of a project proposal 
760  submitted to IODP in 2014. After some revisions, the science 
proposal was accepted and recommended for drilling. In September 
2015, the sites were approved by the Environment Protection and Safety 
Panel. The drilling leg was scheduled to start in September 2017. A site 
was added later in the Great Australian Bight, to drill the black shales 
of the Cenomanian–Turonian OAE 2 interval, which were dredged by 
Geoscience Australia scientists some years ago.
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Subduction Initiation and Palaeogene 
Climate (SIPC) in the Tasman Frontier, 
southwest Pacific: Forthcoming IODP 
Expedition 371
Rupert Sutherland, then gNS Science, now Victoria university 
of wellington

(Co-proponents of IODP Proposal 832: G.R Dickens, Rice University; 
M. Gurnis, Caltech Seismological Labratory; J. Collot, Geological Survey 
of New Caledonia; M. Huber, Purdue University; C.J. Hollis, GNS 
Science; W. Stratford, GNS Science; S. Etienne, Geological Survey of New 
Caledonia; B. Opdyke, The Australian National University; H. Nishi, 
Tohuku University; E. Thomas, Yale University; M. Seton, University of 
Sydney; and W. Roest, IFREMER, France)

Subduction systems are the primary drivers of plate motions, mantle 
dynamics and global geochemical cycles, but little is known about how 
subduction starts. What are the initial conditions? How do forces and 
kinematics evolve? What are the short-term consequences and surface 
signatures: uplift, subsidence, deep-water sedimentary basins, convergence, 
extension and volcanism? Subduction initiation and changes in plate 
motion are linked because the largest driving and resisting tectonic forces 
occur within subduction zones. 

Early Eocene onset of subduction in the western Pacific was accompanied 
by a profound global reorganisation of tectonic plates and a change in 
Pacific plate motion that is now manifest as the Emperor-Hawaii bend 
(Figure 11.7). The Izu-Bonin-Mariana and Tonga-Kermadec systems 
contain complementary information about this event, but the southwest 
Pacific has had little relevant drilling.

Our primary goal is to understand Tonga-Kermadec subduction initiation 
through recovery of Palaeogene sediment records from the Tasman 
Frontier region (Figure 11.8). Compilation of seismic-reflection data has 
led to new interpretations and hypotheses; hence drilling targets were 
identified, and  four additional marine surveys were undertaken during 
the period 2013–15. High-quality sedimentary records with excellent 
fossil preservation are preserved in the region, due to optimal water depths 
of 1,000–4,000 m.
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Figure 11.7. Location of Tonga-Kermadec subduction in the Tasman 
Frontier, southwest Pacific 
The Tasman frontier spans 3,000,000 km2 between Australia, New Zealand and New 
Caledonia, and has bathymetric rises and troughs hosting sediment records of Tonga-
Kermadec subduction initiation.
Source: Sutherland, R., Dickens, g.R., and Blum, P., 2016. Expedition 371 Scientific 
Prospectus: Tasman Frontier Subduction Initiation and Palaeogene Climate. International 
Ocean Discovery Program. dx.doi.org/10.14379/iodp.sp.371.2016

Eocene tectonic changes occurred at an important turning point in 
Cenozoic climate at ~50 Ma. Global warming through the Palaeocene–
Eocene transition culminated in the Early Eocene Climate Optimum 
(~52–50 Ma), which was followed by an extended cooling trend that 
continued through the remaining Cenozoic. Understanding the nature and 
causes of this turning point will address an outstanding climate question: 
why does the Earth oscillate between multimillion-year greenhouse and 
icehouse climate states?

http://dx.doi.org/10.14379/iodp.sp.371.2016
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Figure 11.8. Available seismic data, and existing DSDP (red) and proposed 
drill sites (green)
Source: Sutherland, R., Dickens, g.R., and Blum, P., 2016. Expedition 371 Scientific 
Prospectus: Tasman Frontier Subduction Initiation and Palaeogene Climate. International 
Ocean Discovery Program. dx.doi.org/10.14379/iodp.sp.371.2016

Under very high pCO2 conditions or high climate sensitivity, global 
climate models can accurately simulate Early Eocene warming in most 
regions, but not the extreme warmth reported in the southwest Pacific 
and Southern Oceans. Do these southwest Pacific proxy records point to 
undiscovered climate phenomena that amplify high-latitude temperatures 
during periods of global warmth? Would more accurate Tasman 
palaeobathymetry estimates alter models of ocean circulation and predict 
southern expansion of tropical currents?

http://dx.doi.org/10.14379/iodp.sp.371.2016
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Drilling at the proposed sites (Figure 11.8) will enable precise dating 
of deformed strata and the environmental changes associated with Tonga-
Kermadec subduction initiation. Was subduction initiation synchronous 
throughout the western Pacific? How was the change in Pacific plate 
motion related to changes at the plate boundaries? Did compression occur 
synchronously in the near and far fields, relative to the proto-trench? 
What was the spatial and temporal pattern of vertical motions? Key 
observations may support the conjecture that a period of high-amplitude 
long-wavelength compression led to subduction initiation.

Our Palaeogene sediment studies will address these questions that 
are related to our primary science goal of understanding subduction 
initiation, and be significant in a key region for our secondary science 
goal of understanding Cenozoic global climate. The proposal may also 
have significant implications for how species dispersed through the south 
Pacific during Cenozoic time. 

The SIPC proposal was strongly supported at the IODP Science Evaluation 
Panel meeting of January 2016, and approved by the JOIDES Resolution 
Facility Board in May 2016. The expedition is scheduled for mid-2018.
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Unlocking the secrets of slow slip by drilling 
at the northern Hikurangi subduction margin, 
New Zealand: Including forthcoming IODP 
Expeditions 372 and 375 
laura wallace, university of Texas at Austin and gNS Science, 
lower hutt

(On behalf of Demian Saffer, Pennsylvania State University, Pennsylvania; 
Stuart Henrys, GNS Science, Lower Hutt; Phil Barnes, NIWA, 
Wellington; and other members of the Hikurangi Margin working group)

Over the last decade, the discovery of episodic slow slip events (SSEs) 
at subduction margins around the globe has led to an explosion of 
new theories about fault rheology and slip behaviour along subduction 
megathrusts. The northern Hikurangi subduction margin offshore New 
Zealand is the only place on Earth where well-documented SSEs occur 
on a subduction interface within range of scientific drilling capabilities 
(Figures 11.9 and 11.10). Drilling, downhole measurements and 
sampling of the northern Hikurangi SSE source area will provide a unique 
opportunity to definitively test hypotheses for the physical conditions and 
rock properties leading to SSE occurrence and, ultimately, to unlock the 
secrets of slow slip. Northern Hikurangi subduction margin SSEs recur 
every one to two years, and thus provide an excellent setting to monitor 
changes in deformation rate and associated chemical and physical 
properties surrounding the SSE source area throughout a slow slip cycle.
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Figure 11.9. Tectonic setting and location of slip on the interface in the 
January/February (green contours) and the March/April (orange contours) 
2010 SSEs and the reflective properties of the subduction interface at 
northern Hikurangi
Black dashed line with pink ellipses shows the location of the proposed riserless drilling 
transect (proposal 781A-full), while the pink square shows the proposed riser drill site, 
hSM01-B (proposal 781B-full). Inset figure (b) shows the east component of the position 
time series for a continuous gPS site near gisborne to demonstrate the repeatability 
of SSEs since they were first observed in 2002.
Source: Saffer, D.M., wallace, l.M., and Petronotis, K., 2017. Expedition 375 Scientific 
Prospectus: Hikurangi Subduction Margin Coring and Observatories. International Ocean 
Discovery Program. doi.org/10.14379/iodp.sp.375.2017

http://doi.org/10.14379/iodp.sp.375.2017


171

11 . REgIONAl PROPOSAlS DRIllED SINCE 2013 AND TO BE DRIllED SOON

To achieve this goal, a series of riserless and riser drilling proposals 
(781-CDP, 781A-Full, 781B-Full) targeting slow slip at the Hikurangi 
margin has been submitted to IODP over the last four years. This suite of 
proposals has involved numerous proponents from New Zealand, the US, 
Japan, Europe and Canada, and has included a large number of ANZIC 
(New Zealand) scientists as part of the lead proponent group (see table 
below). Proposal 781-CDP outlines the overall plan to use both riserless 
(JOIDES Resolution) and riser (Chikyu) drilling to discern the mechanisms 
behind subduction zone SSEs by drilling at northern Hikurangi. The 
riserless proposal (781A-Full) is focused on sampling the upper plate and 
subducting section via shallow drilling (400–1,500 m) and installation of 
borehole observatories (Figure 11.10). The primary aims of the riser phase 
(781B-Full) are to sample, log and conduct downhole measurements in 
the hanging wall and across the portion of the plate interface where SSEs 
occur at 5–6 km below the sea floor (Figure 11.10). Both 781A-Full and 
781B-Full have received an ‘excellent’ ranking from the IODP Science 
Evaluation Panel and were forwarded to their respective facilities boards 
(JOIDES Resolution Facilities Board (JRFB) and Chikyu IODP Board 
(CIB)) for consideration for ranking and scheduling. Proposal 781A has 
given rise to Expeditions 372 and 375, the first of which will begin in 
late 2017.

Proposal title and number Proponents

781-CDP: Multiphase Drilling 
Project: unlocking the secrets of 
slow slip at the northern hikurangi 
subduction margin .

l. wallace (uS/ANZIC), S. henrys (ANZIC), 
P. Barnes (ANZIC), D. Saffer (uSA), h. Tobin 
(uSA), N. Bangs (uSA), R. Bell (ECORD) and the 
hikurangi margin working group (24 people).

781A-full: unlocking the secrets 
of slow slip by drilling at the northern 
hikurangi subduction margin, NZ: 
Riserless drilling to sample the 
forearc and subducting plate .

D. Saffer (uSA), P. Barnes (ANZIC), l. wallace 
(uS/ANZIC), S. henrys (ANZIC), M. underwood 
(uSA), M. Torres (uSA) and the hikurangi margin 
working group (26 people).

781B-full: unlocking the secrets 
of slow slip at the northern hikurangi 
subduction margin: Riser drilling to 
intersect the plate interface .

l. wallace (uS/ANZIC), y. Ito (Japan), 
S. henrys (ANZIC), P. Barnes (ANZIC), 
D. Saffer (uSA), S. Kodaira (Japan), h. Tobin 
(uSA), M. underwood (uSA), N. Bangs (uSA), 
A. fagereng (ECORD), h. Savage (uSA), 
S. Ellis (ANZIC) and the hikurangi margin 
working group (22 people).
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Figure 11.10. Interpretation of depth converted seismic profile 05CM-04 
across the upper plate and subducting Pacific Plate east of Gisborne
The profile is co-located with the proposed/planned drilling transect. The bold black fault 
is the subduction interface. The proposed deep riser hole (co-located with hSM-01A) is 
denoted by the white heavy line, while the dark vertical lines show proposed riserless sites. 
Our latest trimmed-down plan prioritises JOIDES Resolution riserless drilling at hSM-05A, 
hSM-10A and hSM-01A. CORK subsurface hydrogeological observatories (funded by 
NSf) will be installed at hSM-01A and an alternate site for hSM-10A during riserless drilling 
in 2018.
Source: Saffer, D.M., wallace, l.M., and Petronotis, K., 2017. Expedition 375 Scientific 
Prospectus: Hikurangi Subduction Margin Coring and Observatories. International Ocean 
Discovery Program. doi.org/10.14379/iodp.sp.375.2017

http://doi.org/10.14379/iodp.sp.375.2017
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The riserless proposal (781A-Full) constitutes the first phase of the project 
and has advanced rapidly through the IODP system since its submission in 
late 2011. The JRFB has committed to scheduling 781A-Full for drilling 
as Expeditions 372 and 375 in the United States Fiscal Year 2018. Primary 
sites and a suite of alternate sites for riserless drilling have already been 
approved by IODP’s Environmental Protection and Safety Panel (EPSP). 
The United States National Science Foundation (NSF) is funding the 
borehole observatory component of the project, which will be undertaken 
as a ‘community experiment’ with the data from the observatories being 
openly available to the public. The 3–4 planned riserless boreholes are 
designed to address three fundamental scientific objectives: (1) characterise 
the state and composition of the incoming plate and shallow plate boundary 
fault near the trench, which comprise the protolith and initial conditions 
for fault zone rock at greater depth; (2) characterise material properties, 
thermal regime and stress conditions in the upper plate above the SSE 
source region; and (3) install borehole observatory instruments to monitor 
a transect of holes above the SSE source, to measure temporal variations in 
deformation, fluid flow and seismicity.

The riser drilling proposal (781B-Full) has been named as one of several 
flagship Chikyu proposals and is awaiting consideration for drilling by the 
CIB. The riser borehole is designed to address two fundamental scientific 
objectives: (1) characterise the composition, mechanical properties and 
structural characteristics of the megathrust in the slow slip source area; 
and (2) characterise hydrological properties, thermal regime, stress and 
pore pressure state above and within the SSE source region. Together, these 
data will test a suite of hypotheses about the fundamental mechanics and 
behaviour of slow slip events, and their relationship to great subduction 
earthquakes. Without direct sampling of rocks from the SSE source and 
in situ measurements of physical properties (as proposed in 781B-Full), 
geoscientists are limited to speculation regarding the mechanisms that lead 
to SSEs. A group of American, New Zealand, Japanese and British scientists 
are in the process of pursuing funding to undertake a 3D seismic survey 
of the proposed riser drilling site, which is required in order to undertake 
riser drilling. A recent sea-floor geodetic and ocean bottom seismometer 
deployment suggests that large slow slip may actually extend to much 
shallower depths than originally thought, which suggests the possibility for 
an even shallower riser target (~2–3 km below the sea floor) to intersect a 
region of large slow slip on the Hikurangi subduction thrust. This result 
makes the possibility of riser drilling to intersect Hikurangi SSEs much 
more tractable than was previously thought.



ExPlORINg ThE EARTh uNDER ThE SEA

174

Gateway to the Sub-Arc Mantle: Volatile flux, 
metal transport and conditions for early life: 
Forthcoming IODP Expedition 376
Cornel de Ronde, gNS Science, lower hutt

(On behalf of Wolfgang Bach, University of Bremen; Richard Arculus, 
The Australian National University; Susan Humphris, Woods Hole 
Oceanographic Institution; Ken Takai, JAMSTEC; Anna-Louise 
Reysenbach, Portland State University)

Hydrothermal systems hosted in submarine arc volcanoes differ 
substantially from those in spreading environments in that they commonly 
contain a large component of magmatic fluid. Our primary scientific 
goal is to discover the fundamental, underlying processes that drive these 
differences. This magmatic hydrothermal signature, coupled with the 
shallow depths of these volcanoes and high volatile contents, strongly 
influences the chemistry of the fluids and the resulting mineralisation, 
and likely has important consequences for the biota associated with these 
systems. Given the high metal contents and very acidic fluids, these 
hydrothermal systems are also thought to be important analogs of many 
porphyry copper and epithermal gold deposits mined on land.

Brothers Volcano on the Kermadec Arc (Figure 11.11) has been identified 
as the top candidate for arc volcano drilling to provide the missing 
link (i.e. the 3rd dimension) in our understanding of mineral deposit 
formation along arcs, the subseafloor architecture of these volcanoes and 
their related permeability, and the relationship between the discharge of 
magmatic fluids and the deep biosphere. The proposed drilling is highly 
likely to occur in 2018 and has four objectives:

i. characterising the sub-volcano, magma chamber-derived volatile 
phase to test model-based predictions that this is either a single-phase 
gas, or two-phase brine-vapour

ii. exploring the subseafloor distribution of base and precious metals and 
metalloids, and the reactions that have taken place along pathways to 
the sea floor

iii. quantifying the mechanisms and extent of fluid-rock interaction, 
the consequences for mass transfer of metals and metalloids into 
the ocean, and the role of magmatically derived carbon and sulphur 
species in mediating those fluxes
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iv. assessing the diversity, extent and metabolic pathways of microbial life 
in an extreme, metal-toxic and acidic volcanic environment.

Figure 11.11. Bathymetry of the Kermadec Arc and Trench, and of Brothers 
Volcano
A. Bathymetry of the Kermadec Arc and Trench with major tectonic elements labelled.
Brothers Volcano is located on the volcanic front in the southern half of the arc (from de 
Ronde et al., 2012). B. Detailed bathymetry of Brothers volcano and surrounds (modified 
after Embley et al., 2012). Dashed lines are structural ridges. letters designate North fault 
(Nf), South fault (Sf), North rift zone (NRZ), upper Cone (uC), and lower Cone (lC), Nw 
Caldera (NwC), w Caldera (wC) and regional tectonic ridge (RTR). letters A–B and C–D are 
endpoints for the bathymetric cross sections shown in the top panels. The topographic cross-
section ‘A–B’ is coincident with the seismic section ‘Bro-03. Red dots mark the locations of 
the ocean bottom hydrophones (OBhs) referred to in the text. Contour interval is 200 m.
Source: gNS Science

We proposed a JOIDES Resolution expedition (IODP Proposal 818) to 
drill and log a series of sites at Brothers Volcano that will provide access 
to critical zones dominated by magma degassing and high-temperature 
hydrothermal circulation, over depth ranges regarded as crucial not 
only in the development of multiphase mineralising systems but also 
in identifying subsurface microbially habitable environments. We have 
identified and prioritised seven potential drill sites based on topographic 
slope, magnetic delineation of ‘upflow’ zones, and the location of 
hydrothermal vents that target all four hydrothermal fields that range 
from gas to seawater-dominated systems.
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Our proposed drilling at Brothers Volcano (Figures 11.12, 11.13) is 
multidisciplinary and relates directly to challenges identified in the 
IODP New Science Plan 2013–2023, including two under the Earth 
Connections theme: one under the Earth in Motion theme and two 
under the Biosphere Frontiers Theme.

Figure 11.12. Proposed drill sites at Brothers Volcano
A. location of proposed drill sites at Brothers Volcano. Transparent areas mark magnetic 
‘lows’ inferred to be upflow zones within the Brothers hydrothermal system (Caratori Tontini 
et al., 2012). B. Slope map of Brothers. Drill sites NwC-1A, -2A and SEC-1A are sited on 
slopes of <5°; wC-1A on <10°; uC-1A and lC-1A <15° within a minimum circle area of 15 
m up to 150 m. NwC-1A, wC-1A and uC-1A are primary sites with the others alternate 
sites. NwC, Nw Caldera, uC, upper Cone; lC, lower Cone; SEC, SE Caldera, wC, west 
Caldera. Red line is seismic section ‘Bro-03’ shown in fig. 11.13.
Source: gNS Science
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Figure 11.13. Seismic section along line ‘Bro-3’ for the three main drill 
holes (NWC-1A, WC-1A and UC-1A) and one backup hole (UC-2A)
legend shows the length of a ~400 m hole based on a seismic velocity of 2.5 km/s; higher 
velocities will mean ‘shallower’ and lower velocities ‘deeper’ holes on the same section. 
Blue line is the sea floor derived from the bathymetric data. hole wC-1A is slightly out of 
the plane of the section. Two-phase zone derived from OBhs.
Source: gNS Science and NIwA

The need for drilling: Why Brothers Volcano is the 
best primary site
Brothers Volcano has been the focus of multiple research voyages 
using surface ships, manned submersibles and remotely operated and 
autonomous underwater vehicles. Multidisciplinary research has focused 
on the volcanology, igneous petrology, geophysics, vent fluid geochemistry, 
numerical model simulation of fluid flow, mineral deposit formation and 
biological studies, culminating in the recent publication of an issue of 
Economic Geology largely devoted to this volcano (de Ronde et al., 2012).

The chance to drill separate but linked vent sites at a single location thus 
presents a uniquely important opportunity. 

Brothers represents a window into the complicated hydrothermal systems 
that are found at submarine arc volcanoes, with a range of geological and 
structural settings, vent fluid chemistry, animals and microbes unheralded 
at any other site on the sea floor. 
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Ocean–ice sheet interactions and 
West Antarctic Ice Sheet vulnerability 
(IODP Proposal 751-full): Forthcoming IODP 
Expedition 374
Rob McKay, Victoria university of wellington

(On behalf of L. De Santis, CGS, Trieste; P. Bart, Louisiana State 
University; A. Shevenell, University of South Florida; T. Williams, Texas 
A&M University; R. Levy, GNS Science; L. Bartek, University of North 
Carolina; C. Sjunneskog, University of Otago; A. Orsi, Texas A&M 
University; S. Warny, Louisiana State University; R. DeConto, University 
of Amhurst; D.  Pollard, Stanford University; Y. Suganuma, National 
Institute of  Polar Research, Japan; and J. Hong, Korea Polar Research 
Institute)

The Southern Ocean is warming significantly, while Southern Hemisphere 
westerly winds have migrated southward and strengthened due to 
increasing atmospheric CO2 concentrations and/or ozone depletion. 
These changes have been linked to thinning of Antarctic ice shelves 
and marine terminating glaciers. Numerical modelling combined with 
the results of geological drilling on Antarctica’s continental margins 
indicates a fundamental role for oceanic heat in controlling marine ice 
sheet variability over at least the past 20 million years, particularly due to 
oceanic processes operating at the continental shelf edge. While ice sheet 
variability has been observed previously, sedimentary sequences from 
the outer continental shelf are still required to evaluate the exact oceanic 
processes that may have led to past marine ice sheet collapse events. 

The Ross Sea drilling proposal (751-full, now Expedition 374; 
Figure  11.14) aims to drill a latitudinal and depth transect of six sites 
from the outer continental shelf and rise in the Eastern Ross Sea to resolve 
the relationship between climatic/oceanic change and West Antarctic Ice 
Sheet (WAIS) evolution through the past 23 million years. This location 
was selected because numerical ice sheet models indicate that it is highly 
sensitive to changes in ocean currents and heat, and thus the project is 
designed for optimal data–model integration to enable an improved 
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understanding of the sensitivity of Antarctic Ice Sheet mass balance 
during warmer-than-present climates of the early Pliocene (~5.3–3.6 Ma) 
and middle Miocene (~18–14 Ma).

Figure 11.14. Ross Sea maps and seismic section
A. Antarctica with basic glaciology and previous/proposed DSDP/ODP/IODP. B. Ross 
Sea bathymetry with locations of proposed IODP 751-full sites (including alternates) and 
existing seismic network. C. Schematic of Ross Sea seismic stratigraphy and previous 
drilling highlighting continental to rise transect and linkages to previous drilling and evolution 
of wAIS.
Source: McKay, R.M., De Santis, l., and Kulhanek, D.K., 2017. Ross Sea west Antarctic 
Ice Sheet history: Ocean-ice sheet interactions and west Antarctic Ice Sheet vulnerability: 
Clues from the Neogene and Quaternary record of the outer Ross Sea continental margin. 
IODP Scientific Prospectus, 374. doi.org/10.14379/iodp.sp.374.2017

This latitudinal and depth transect from the Ross Sea continental shelf 
to rise is designed to achieve five scientific objectives:

1. Evaluate the contribution of West Antarctica ice volume variations 
to past sea-level change.

http://doi.org/10.14379/iodp.sp.374.2017
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2. Reconstruct atmospheric and oceanic temperatures to identify past 
polar amplification and assess its forcings and feedbacks.

3. Assess the role of oceanic forcing (e.g. sea level and temperature) on 
WAIS stability/instability.

4. Understand natural ice age cycles by identify the sensitivity of WAIS 
to Earth’s orbital configuration under a variety of climate boundary 
conditions.

5. Reconstruct Eastern Ross Sea bathymetry to examine relationships 
between sea-floor geometry and marine ice sheet instability.

The proposal is particularly relevant to the Australasian region as it 
continues New Zealand’s long involvement in drilling on the inner Ross 
Sea continental shelf (e.g. Cape Robert Projects, ANDRILL projects) 
and deep drilling sites/targets collected offshore of Eastern New Zealand 
by the Ocean Drilling Program in 1998, which contain a record of the 
largest inflow of Antarctic Bottom Water (sourced from the Ross Sea) 
into the global ocean. The proposal was designed to integrate these older 
records into an unprecedented ice proximal to far-field oceanographic 
view of Antarctic cryosphere evolution in the southwest Pacific, and to 
determine how changes in this region have global implications for ocean 
heat transport. It also builds on recent Antarctic records collected south 
of Australia as part of the Wilkes Land expedition (IODP Leg 318), 
another of the three key regions of Antarctic Bottom Water (alongside the 
Ross and Weddell Seas). The proposal has been approved by the Science 
Evaluation Panel and scheduled by the JRFB for early 2018.



This text is taken from Exploring the Earth under the Sea: Australian 
and New Zealand achievements in the first phase of IODP Scientific 

Ocean Drilling, edited by Neville Exon, published 2017 by ANU Press, 
The Australian National University, Canberra, Australia.


