
Introduction

The Mohorovičić discontinuity (Moho) is a seismically 
imaged, first order acoustic interface assumed to represent 
the transition between the Earth’s crust and the underlying 
mantle in both continental and oceanic settings. To date, this 
elusive frontier has been a symbolic goal for many geologists, 
but beyond the reach of available drilling technology. With 
the recent commissioning of the Chikyu, a new riser-drillingnew riser-drilling 
vessel of the Integrated Ocean Drilling Program (IODP), the the Integrated Ocean Drilling Program (IODP), the Integrated Ocean Drilling Program (IODP), the 
technically challenging goal of drilling to and through the 
Moho within the ocean basins becomes feasible.

The formation and evolution of the oceanic lithosphere 
are the dominant processes in the chemical differentiation the dominant processes in the chemical differentiationes in the chemical differentiation in the chemical differentiation 
and physical evolution of our planet. This evolution encom-
passes the transfer and transformation of material and 
energy from Earth’s mantle to the crust, and from the crust, and from the crust and from the crust 
to the ocean and atmosphere. Independent of sunlight, the 
evolving ocean crust supports life in unique subsurface and 
seafloor habitats that may resemble the earliest of Earth’s 
ecosystems. From its formation until its return by subduction 
to the mantle, the oceanic lithosphere interacts with seawater, 
sequesters surface materials (including water), and recycles, and recycles and recycles 
them back into the mantle. 

In April 1961, the first successful drilling and coring of 
oceanic basement recovered a few meters of basalt in 

3800 meters water depth offshore Guadalupe Island, Mexico. 
This remarkable breakthrough was the first stage of ProjectProjectroject 
Mohole, a much more ambitious project to drill through the 
ocean crust to the Moho (e.g., Bascom, 1961; Shor, 1985). 
Over the last 45 years, this fundamental goal has not been 
achieved, but it has been consistently reiterated in theit has been consistently reiterated in theconsistently reiterated in the 
successive plans of the Deep Sea Drilling Project (DSDP), 
the Ocean Drilling Program (ODP), and the IODP., and the IODP. and the IODP. 

Since the end of the 1960s, tens of holes have been drilled 
and cored into oceanic basement (Fig. 1). These have led to 
major improvements in our understanding of oceanic crustal 
architecture and of mid-ocean ridge processes (Dick et al., 
2006; Ildefonse et al., 2007). To date, however, only four deep, however, only four deep however, only four deep 
basement holes have penetrated more than 1000 meters into 
oceanic basement (Fig. 2). IODP’s most recent successes in 
this arena are two deep holes at complementary sites. Hole. Hole Hole 
U1309D, in slow-spread Atlantic Ocean crust, reached 1415 m 
below sea floor and recovered a complex series of gabbroic 
rocks (Blackman et al., 2006; Ildefonse et al., 2006); and Hole., 2006); and Hole, 2006); and Hole 
1256D, in the superfast-spread crust of the eastern Pacific 
Ocean, reached 1507 m below seafloor and, for the first time, 
passed through a complete Layer 2 (pillow basalt and sheeteded through a complete Layer 2 (pillow basalt and sheeted through a complete Layer 2 (pillow basalt and sheeted 
dike) sequence into the transition between sheeted dikes 
and underlying gabbros (Wilson et al., 2006; Alt et al., in 
press). These two holes have provided considerable 
experience in deep ocean crustal drilling, complementing 
that from the two earlier deep and successful ODP Holes 

Figure 1. Summaries of existing scientific drill holes into oceanic crustal and mantle rocks. [A] Depth of penetration for all holes penetrating more 
than 50 meters into basaltic basement, as a function of spreading rate. Hole 1256D has reached the base of the sheeted dike complex at a shallower 
depth than the bottom of Hole 504B, which is still in sheeted dikes. Black = DSDP holes, blue = ODP holes, red = IODP holes. Modified from IODP 
Expeditions 309 and 312 scientists (2006). [B] Depth of penetration for all ODP and IODP holes deeper than 10 meters below seafloor into gabbroic 
rocks or residual mantle peridotite. Blue = dominantly gabbro, green = dominantly peridotite, white = no recovery. After Blackman et al. (2006).
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504B and 735B in the eastern Pacific Ocean (Guatemala 
Basin) and Indian Ocean, respectively. 

The Mission Moho workshop, was convened in Portland, 
Oregon (7–9 September 2006) to provide an opportunity for 
the scientific community to define the scientific goals for 
deep crustal drilling, to propose elements of a global strategy, 
and to develop community priorities in pursuit of IODP’s 21st 
Century Mohole Initiative—“to advance significantly our 
understanding of the processes governing the formation and 
evolution of oceanic crust” (IODP Initial Science Plan, 
International Working Group, 2001). The workshop focused 
on the development of a scientific and operational framework 
that can guide an IODP Mission Moho for a decade or longer. 
An important part of this framework is to identify the scien-
tific and engineering objectives that can be addressed 
immediately with available technology, while leading us 
toward the ultimate “Mohole”—a complete in situ section 
through the ocean crust—at a later stage. 

The Journey to the Moho: Formation and 
Architecture of the Ocean Crust

Since the early 1970s, the standard model of a uniformly 
layered ocean crust has evolved significantly. Ocean drilling 
and other marine geological and geophysical data have 

demonstrated a spatially highly variable crustal architecture 
to be present. Ocean crust produced at fast spreading ridges 
is believed to be close to the layered “Penrose” stratigraphy 
developed from ophiolites (Penrose conference participants, 
1972; Fig. 3). That is, it appears to be uniformly layered and 
fairly homogeneous, reflecting a relatively uniform mode of 
accretion (e.g., Macdonald et al., 1984; Detrick et al., 1993; 
Hooft et al., 1996). 

In contrast, crust created at slow and ultra-slow spreading 
ridges is spatially heterogeneous over distances as small as a 
few hundred meters, both along and across isochrons. Along 
parts of slow spreading ridges (for example, the centers of(for example, the centers offor example, the centers of, the centers of the centers of 
ridge segments in the northern Atlantic), magmatic processes), magmatic processes, magmatic processes 
dominate, and recent seismic imaging has for the first time 
revealed a magma chamber beneath the Mid-Atlantic Ridge 
at 37°18'N (Singh et al., 2006). This result tends to support 
the hypothesis that such magmatically robust, slow-spread 
segments are fundamentally similar to those of fast 
spreading ridges. However, this similarity is limited in space,However, this similarity is limited in space,his similarity is limited in space, 
and the architecture of the crust accreted at slow-spreading 
ridges typically changes along-axis toward segment ends, 
where it is more heterogeneous and even discontinuous, with 
a mixture of serpentinized peridotite and gabbroic intrusions 
locally capped by lavas with or without intervening sheeted 
dikes (Fig. 4; Cannat, 1993). This lateral and vertical 
variability has been well-documented through seafloor 
geological studies and geophysical surveys, in addition to 
scientific ocean drilling expeditions (e.g., Karson and Elthon, 
1987; Dick, 1989; Cannat et al., 1995, 2006; Canales et al., 
2000; Kelemen, Kikawa, Miller, et al., 2004).

The direct route to the Moho: There was a clear workshop 
consensus that the first priority for a Mission Moho should 
be a deep, full crustal penetration hole through the Moho 
and into the uppermost mantle at a single site and that the 
first full-penetration hole should be in fast-spread ocean 
crust. Although only about 20� of modern ridges are 
spreading at fast (>80 mm yr-1) rates, fully half of the present 
day ocean crust, equivalent to ~30� of the Earth’s surface, 
was produced at fast spreading centers. In other words, most 
of the crust recycled into the mantle at subduction zones 
during the last ~200 My formed at fast spreading centers. 
Hence, an understanding of accretion processes at one deep 
drilling site might reasonably be extrapolated to describe a 
significant portion of the Earth’s surface.

Drilling and sampling a complete crustal section will 
enable scientists to accurately estimate the bulk composition 
of the crust; understand the extent and intensity of hydro-
thermal exchange between the ocean crust and seawater; 
establish the chemical connections between the lavas that 
erupt at the seafloor and the melts that are separated from 
their mantle sources; more accurately estimate the chemical 
flux returned to the mantle by subduction; test competing 
models of lower crustal magmatic accretion; calibrate 
regional seismic measurements and the layered-crust models 

Figure 2. Core pieces from the four deepest holes in the ocean crust. 
[A] The gabbroic section recovered in Hole 735B (Atlantis Bank, 
Southwest Indian Ridge; Dick, et al., 1999) is unique in that as much 
as 23% of the core is plastically deformed. The picture shows the 
base of a ~20-meters-thick shear zone at ~964 m below seafloor. 
[B] Olivine-rich troctolite from Hole U1309D (Atlantis massif, Mid-
Atlantic Ridge; Blackman, et al., 2006) at ~1194 m below seafloor. 
These troctolites contain as much as 90% olivine, and are locally 
extremely fresh (<1% serpentinization). [C] Hole 504B (Guatemala 
basin, Eastern Pacific) sampled for the first time the in situ sheeted 
dike complex, as illustrated by this sample of a vertical chilled contact 
between two basaltic dikes recovered at ~1352.9 m below seafloor 
(Becker, Sakai et al., 1988). [D] The transition zone from sheeted dikes 
to gabbro was reached for the first time in Hole 1256D (Expedition 
309 and 312 Scientists, 2006). The picture shows the contact between 
basaltic dike and gabbro units at ~1488 meters below seafloor. The 
basalt is invaded by gabbronorite from the gabbro unit.
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derived from them; better understand the origin of magnetic 
anomalies; and determine cooling rates of the lithosphere. 
Only by sampling across the crust-mantle boundary will we 
be able to define, at least in one place, the geological meaning 
of the Moho, determine the, determine the determine the in situ composition of the 
uppermost mantle and its deformation, and address details of, and address details of and address details of 
the physics and chemistry of mantle melt migration.

Essential complementary studies: The fundamental 
objective of fully penetrating the crust in at least one place 
must be supplemented by studies of spatial and temporal 
variability if a comprehensive understanding of the origin 
and evolution of the ocean lithosphere is to be achieved. In 
order to fully understand the architecture of the ocean crust, 
the slow-spread crust must be explored in different tectonic 
settings. For example, serpentinized mantle rocks are 
commonly incorporated into the crust (as defined seismi-
cally) at slow-spreading ridges. Drilling in this type of crust 
down to fresh peridotite will test competing hypotheses on 
the nature of the Moho. Is the Moho (1) the 
boundary between the residual upper 
mantle and the igneous crust, or (2) a 
broader zone of layered ultramafic and 
mafic rocks, or (3) a serpentinization front, 
or, perhaps, (4) some combination of these(4) some combination of thesesome combination of these 
three�� Slow-spread crust also offers 
windows of opportunity to relatively easily 
acquire long sections of lower crust (e.g.,, 
IODP Sites 735 and U1309). 

The overarching goals of deep crustal 
drilling in slow-spread lithosphere are to 
efficiently characterize the spatial and 

temporal variability of crustal and upper mantle architecture, 
and to identify and constrain the key forcing functions that 
control this variability. To achieve these goals will require 
drilling to various depths at key sites that encompass much 
of the known vertical and lateral variability of slow-spread 
crust. Main  objectives for this type of drilling, in addition to 
those listed above for the deep penetration of the crust, 
include:

Determining the variability of the lithologic nature of the 
(seismic) Moho.
Investigating the contrast between crust formed along 
volcanogenic parts of slow spreading ridges (segment 
centers) and lava-poor segment ends. Is crust from segment 
centers similar in structure to fast-spread crust ��
Understanding the relationships between crustal archi-
tecture and tectonic setting.
Determining the depth to which seawater penetrates in 
different tectonic settings. Is there a relationship between 
crustal architecture and depth of seawater penetration��
Investigating the chemical, mineralogical, and microbio-, and microbio- and microbio-
logical character and variability of hydrothermal systems.

Hydrothermal alteration of the oceanic crust encompasses 
a wide range of water-rock reactions that change the physical 
properties of the crust on a variety of temporal and spatial 
scales. One strategy for studying the aging of oceanic crust 
is to drill multi-hole transects along seafloor spreading flow 
lines to examine the time-integrated changes in physical and 
chemical properties. To date, drilling has been concentrated 
either relatively close to mid-ocean ridge axes or close to 
subduction zones; very few holes have been drilled in crust 
~20–80 My old. There are, especially, no sites in ~60–65 
My- old crust, which, based on heat flow measurements, is, which, based on heat flow measurements, is which, based on heat flow measurements, is 
the average age at which the crust becomes sealed and the 
heat flux from the mantle becomes solely conductive. 
Further, seafloor alteration is spatially heterogeneous and 
variable in style. Although drilling cannot address this on a 
global scale, important information on styles and length 
scales of variability can be obtained by sampling and logging 
of closely spaced holes in conjunction with cross-hole exper-
iments.

•

•

•

•

•

0

2

4

6

8

10

Moho

Layer 3

Layer 2

2 4 6 80

Vp (km s-1)

de
pt

h 
be

lo
w 

se
af

lo
or

 (k
m

)

layered crustophiolitic section
M

an
tle

pe
rid

ot
ite

ga
bb

ro

dunite

wehrlite

di
ke

s ba
sa

lt

Cr
us

t

A

B

2

-120 -100

8°15' 8°30' 8°45' 9°00' 9°15' 9°30' 9°45' 10°00' 10°15'

-80 -60 -40 -20 0 20 40 60 80 100

4

6

8

10

12

basalt

latitude (N)

distance (km)

sheeted dikes gabbro peridotite

de
pt

h 
(k

m
 b

el
ow

 s
ea

 le
ve

l)

Clipperton FZSiqueiros FZ 9°03’N OSC

West of EPR axis

Figure 3. Sections through typical fast-spread crust. [A] Comparison 
of the layered stratigraphy derived from seismic data (right column; 
modified from Mével, 2003), and diagrammatic representative 
lithostratigraphy of the Oman ophiolite sections (Nicolas, 1990). [B] 
Interpreted lithostratigraphy of East Pacific Rise crust, from a ridge 
-parallel wide-angle seismic refraction profile between 8°N and 10°N, 
immediately west of the ridge axis (after Canales et al., 2003).

Figure 4. Simplified, interpreted, axis-parallel section through slow-spread crust (modified 
from Cannat et al., 1995). Note the shallower Moho beneath segment ends, reflecting seismic 
observations beneath inside high corners along the northern Mid-Atlantic Ridge (e.g., Canales 
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The sub-seafloor biosphere also plays an important role in 
the chemical evolution of oceanic crust. The spatial distri-
bution of microbes in the crust is not known but is likely 
influenced by host rock composition, temperature, and, and and 
permeability. Progress in understanding sub-seafloor-seafloorseafloor 
microbial distribution and its interactions with geochemical 
alteration processes will proceed hand-in-hand with deter-
mining the distribution of rock type, temperature, anding the distribution of rock type, temperature, and the distribution of rock type, temperature, and, and and 
permeability as a function of depth and crustal age, and 
learning how these relationships influence the distributionhow these relationships influence the distribution 
of microbial activity.

Recommended Elements for Mission Moho

Because of the inherent variability of oceanic lithosphere, 
a comprehensive program to achieve the scientific objectives 
outlined above, that is documenting and understanding the 
evolution of more than half of Earth’s surface, is an enormous 
and complex task. Despite this complexity, and the diversity 
of individual scientific opinions and priorities, participants 
reached consensus on the core components of an opera-
tionally realistic Mission Moho. Mission Moho should focus 
on the ultimate goal of achieving full crustal penetration at a 
single fast-spread site. Progress towards this ultimate goal, 
both technological and scientific, will require drilling at 
various additional sites, including some in slow-spread 
crust. 

Complete Crustal Penetration in Fast-Spread Crust: The 
workshop agreed by consensus that the primary goal of 
Mission Moho should be to achieve a deep penetration site in 
fast-spread crust. This would take advantage of the reduced 
crustal thickness, simpler crustal structure, and represen-
tative character of this tectonic setting. Designation of a 
primary site implies an ongoing commitment to work towards 
complete penetration through the gabbro of the lower crust 
into rocks that have mantle seismic velocities and into perido-
titic residues of partial melting. Elements of the ongoing 
scientific drilling effort, which must be coordinated and 

combined with significant technical development and feasi-
bility testing, will also support a number of science goals, 
both directly related, and ancillary, to the objective of full 
crustal penetration.

A few years ago, Site 1256 (Fig. 5A) was chosen to initiate 
a deep hole in fast-spread crust, starting with ODP Leg 206. 
This site was selected because it best met a majority of the 
criteria for a deep penetration site that were thoroughly 
discussed and listed by the ODP “Architecture of the 
Lithosphere” Program Planning Group (see the full workshop 
report, see also see Wilson et al., 2003 for full site justifi-
cation). Site 1256 is located in the eastern equatorial Pacific, 
on 15-Ma-old crust of the Cocos plate that formed at a-Ma-old crust of the Cocos plate that formed at aMa-old crust of the Cocos plate that formed at a-old crust of the Cocos plate that formed at aold crust of the Cocos plate that formed at aa 
superfast spreading rate (Wilson, 1996). Based on a 
documented inverse relationship between spreading rate 
and depth to axial low velocity zones, inferred to be axial 
melt lenses (Purdy et al., 1992), Site 1256 was selected to 
provide the best possible chance of reaching gabbroic crust 
at the shallowest possible depth. After three expeditions 
(206, 309, and 312), Hole 1256D is currently rooted in a dike-
gabbro transition zone (Wilson et al., 2006; Fig. 2D). The 
gabbros so far have compositions similar to the overlying 
lavas and dikes. Cumulate rocks have not yet been encoun-
tered, and shipboard P-wave velocity measurements are, and shipboard P-wave velocity measurements are and shipboard P-wave velocity measurements are 
characteristic of seismic layer 2. The current temperature at 
the bottom of Hole 1256D is estimated as ~115°C–125°C.C–125°C.–125°C. 
The Moho is imaged at the site at 5.5 km depth (Wilson et al., 
2002).

To achieve full penetration of fast-spread crust, the 
following steps are recommended..

Site 1256 should be designated as the provisional primary 
site and deepened using current, riserless technology as 
far possible into gabbro to the point where further riserless 
drilling is technically not feasible. Further drilling will 
provide immediate and otherwise unavailable operational 
experience and fulfill a number of science goals, including 
confirming whether the hole has fully penetrated into 
crustal Layer 3.
Site identification and survey work should begin as soon 
as possible to identify and characterize one or more alter-
native complete crustal penetration site(s), in case condi-
tions at Site 1256 prove to be unsatisfactory for full crustal 
penetration. The greatest currently perceived threat at 
Site 1256 is from potentially high down-hole tempera-
tures. For this reason, the alternate site(s) should be on 
older crust. A critical limiting factor is that the site must 
be within reach of planned deep riser for thethe Chikyu. This 
limit is currently 4000 meters. If the design target for the 
riser could be increased to 4500 meters, the number of 
potential sites would be significantly higher (Fig. 6). 
Initial evaluations might encompass two or three sites, 
with a relatively rapid narrowing to a single site for the 
more intensive investigations. Activities at such sites 
might include:

1.

2.

Figure 5. Recommended fast-spread crust sites. [A] Bathymetric map 
of the eastern Pacific, showing the locations of Site 1256 and Hess 
Deep (modified from Wilson et al., 2003). [B] Tectonic sketch map of the 
Pacific-Nazca-Cocos triple junction showing the location of Hess Deep. 
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site survey activities including seafloor mapping, heatite survey activities including seafloor mapping, heat 
flow, and seismic studies to determine both sediment 
thickness and seismic structure,,
initial shallow drilling to determine the nature of thenitial shallow drilling to determine the nature of the 
upper crust and its potential to maintain a stable hole 
during extended deep drilling operations, and, and
deeper drilling, ideally at least to the dike-gabbroeeper drilling, ideally at least to the dike-gabbro 
transition.

Additional drilling should be conducted at the primary 
site to establish spatial context including primary and 
secondary shallow crustal variability, permeability, and, and and 
other characteristics. 
Design work, including necessary technical and 
engineering development, should begin at the primary 
site for a deep, cased hole that is engineered for riser 
drilling through the full crust.
Enhanced site survey activities should be conducted at 
the primary site, including, but not necessarily limited to, 
high resolution deep seismic studies.

Complementary drilling and context studies in fast-spread 
crust: Boreholes are spatially limited, and they need to be 
understood in their broader context. Therefore, it isTherefore, it ist is 
imperative that any site chosen for a deep penetration hole is 
thoroughly investigated and characterized. Conceptually, 
spatial context is also augmented by drilling in tectonic 
windows and by geological field studies of ophiolites, in 
particular the Oman ophiolite. Non-riser drilling in tectonic 
windows can potentially provide access to lower crust andcan potentially provide access to lower crust andpotentially provide access to lower crust and 
uppermost mantle, the critical boundaries between crustal 
layers, and, possibly the crust-mantle boundary., and, possibly the crust-mantle boundary. and, possibly the crust-mantle boundary. 

In fast-spread crust, the best known and most readily 
accessible tectonic window is the Hess Deep rift valley (2°N, 
101°W; Fig. 5) near the Pacific-Cocos-Nazca triple junction. 
Hess Deep is the only place on the Earth’s surface where a 
substantial section of fast-spread lower crust and shallow 
mantle is exposed at the seafloor 
and/or accessible via current non-
riser drilling technology. Hess Deep 
is forming as the Cocos-Nazca ridge 
propagates westward into younges westward into young westward into young 
(~1 Ma) fast-spread lithosphere 
generated at the East Pacific Rise. 
Well-studied exposures of intact 
upper crust, from the upper gabbros 
to the lava sequence along the 
northern scarp, reveal significant, reveal significant reveal significant 
lateral variability in crustal structure 
and hydrothermal alteration 
(Francheteau et al., 1990; Karson et 
al., 1992, 2002). Deep crustal and, 1992, 2002). Deep crustal and 1992, 2002). Deep crustal and 
shallow mantle sequences, dismem-
bered by the Cocos-Nazca rifting, 
are also exposed, from an intra-rift 
ridge, southward to the axis of the 
Deep at ~5400 m water depth. 

i)

ii)

iii)

3.

4.

5.

Because of these unique exposures, Hess Deep provides a 
unique opportunity for shallow non-riser drilling to access 
lower crust and mantle sequences and transitions in fast-
spread oceanic crust (Gillis et al., 1993). Complementary 
studies in this ‘natural laboratory’ should be among the 
highest priorities for future investigations. 

Complementary drilling in slow-spread crust: The second 
important goal of Mission Moho is to sample crust and upper 
mantle produced at low spreading rates (i.e., low magma 
flux), in order to at least partially address the variability of 
lithospheric architecture and of the nature of the Moho. 
Because slow-spread crustal architecture is highly variable, 
however, there is a broad range of scientific objectives and 
many drilling options available to address them. The extent drilling options available to address them. The extent 
to which current or planned drilling projects in slow-spread 
crust should be included in Mission Moho, and the criteria 
for inclusion of such projects, will have to be defined by a 
mission proponent team. 

Nevertheless, some key objectives compatible with a 
Mission Moho emerged from the workshop. One key mission 
objective, requiring studies at numerous sites, is an 
assessment of the role of serpentinization in modifying the 
seismic signature of the ocean crust (e.g., Carlson and Miller, 
1997; Mével, 2003) and the transition to typical mantle 
velocities. Seismic studies will, for the foreseeable future, 
continue to be the primary tool for investigation of the 
subsurface over wide areas. Understanding the relationship 
between lithologic variability and subsurface seismic images 
is a critical, ongoing goal that can only be reached by drillingreached by drilling by drilling 
multiple sections through non-layered, slow-spread crust.

Many sites (or types of sites) in various tectonic and 
magmatic settings were discussed as potentially relevant to 
Mission Moho scientific objectives, including three listedree listed listed 
below.
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Figure 6. Areas accessible for deep riser drilling by Chikyu in the eastern Pacific, depending on 
the riser depth capability. Colored areas correspond to reasonably well-mapped and tectonically 
simple crust that is older than 15 Ma, and less than [A] 4000 meters or [B] 4500 meters below sea 
level. Green lines delimit the Exclusive Economic Zones of countries that are not IODP members 
(Figure  by Doug Wilson).
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Sites in magma-rich, volcanogenic portions of slow-spread 
crust (e.g., DSDP Site 332, Mid-Atlantic Ridge, 37°N 
34°W; Lucky Strike segment, Mid-Atlantic Ridge, 37°20’N 
32°-32°30’W) provide opportunities to compare and 
contrast magmatically robust parts of slow-spreading 
centers with fast-spreading ridges. ODP Site 332, ~1800 m 
below sea level, was drilled during DSDP Leg 37 and 
penetrated 310 m into basement. Drilling conditions and 
water depth at this site are suitable for relatively deep,site are suitable for relatively deep,ite are suitable for relatively deep, 
non-riser drilling into the upper, basaltic crust. The Lucky 
Strike segment of the Mid-Atlantic ridge is well known, 
although it has not been surveyed specifically for drilling 
(e.g., Escartin et al., 2001; Singh et al., 2006). Lucky Strike 
is one of the main sites of the long-term monitoring of the 
Mid-Atlantic ridge (MoMAR) initiative, offering a 
potential opportunity to link a deep borehole with local 
seafloor observatories.

Sites in oceanic core complexes offer a large number of 
drilling options, including the opportunity to penetrate 
tectonically uplifted Moho. The two deepest holes in slow-
spread ocean crust—and two of the four deepest holes in 
ocean crust—are ODP Hole 735B (1508 m deep; Dick et 
al., 1999, Fig. 2A) in Atlantis Bank (Southwest Indian 
Ridge, 33°S 57°E), and IODP Hole U1309D (1415 m deep;, and IODP Hole U1309D (1415 m deep; and IODP Hole U1309D (1415 m deep; 
Blackman et al., 2006; Fig.2B) in Atlantis Massif (Mid-
Atlantic Ridge, 30°N 42°W).

IODP Hole U1309D is open and in good condition, 
offering the opportunity to drill deeper at any time. Its 
apparent seafloor age is young (~2 Ma), likely too warm 
to allow drilling beyond 2–3 km. Nevertheless, 
continuing this hole as far as possible with current, non-
riser technology will provide valuable operational 
experience, test drilling feasibility in relatively young 
gabbroic crust, and most certainly provide uniqueprovide uniqueunique 
additional scientific return on lower crustal processes atreturn on lower crustal processes at lower crustal processes at 
slow-spread ridges. The operational experience is 
independent of spreading rate and will be directly 
relevant to fast-spread crust. 
ODP Hole 735B is located in older (~11 Ma) crust, and 
could be a suitable place for deep drilling, and eventually 
testing the proposed models of slow-spread crustal 
architecture (Dick et al., 2007).
Three other potential sites that have site survey data potential sites that have site survey data 
available include Kane megamullion, Mid-Atlantic 
Ridge, 23°30’N 45°30’W; Godzilla megamullion, Parece-; Godzilla megamullion, Parece- Godzilla megamullion, Parece-
vela Basin, 16°N 139°E; and Uraniwa-Hills, Centraland Uraniwa-Hills, CentralUraniwa-Hills, Central 
Indian Ridge, 25°S 70°E.

A site in ultra-slow-spread crust (e.g., eastern Southwest 
Indian Ridge, 26–31°S 61–66°E; Gakkel Ridge; Arctic 
Ocean) could address objectives related to global-scale 
spatial variability of the crust. In addition, the abundance 
of mantle peridotites exposed along ultra-slow spreading 
centers suggests that a well-chosen site might achieve a-chosen site might achieve achosen site might achieve a 
long-standing elusive goal—to access fresh peridotite by 
relatively shallow drilling. In the Indian Ocean, “smooth” 

A)

B)

•

•

•

C)

sea-floor areas interpreted as being the expression of the 
lowest magmatic activity (Cannat et al., 2006) are generally 
less than 4000 m deep and therefore accessible to future 
riser drilling by the the Chikyu. The Gakkel ridge in the Arctic 
(e.g., Michael et al., 2003) offers similar settings, but its 
extreme northern latitude would require special (MSP) 
drilling arrangements.

Mission Moho: a Technological Challenge

Penetrating the entire ocean crust will require riser 
drilling technology. The world’s only scientific riser drilling 
vessel Chikyu (“Earth” in Japanese) is scheduled to start 
operations for IODP in September 2007. For eventual 
penetration of fast-spread oceanic crust, a technically 
challenging modification of the riser will be required, fromwill be required, fromfrom 
the current 2500-m maximum water depth to at least 4000 m 
(preferably 4500 m). The construction of such a deep-water 
riser was recently included as one of five domestic science 
and technology high priorities by the Japanese government.government.overnment. 

Technological requirements for Mission Moho scientific 
objectives were discussed at the Mission Moho workshop by 
a special panel that included several drilling engineers. In 
addition to deep drilling, the panel considered improved core 
recovery, the ability to obtain oriented cores, and higher 
temperature tolerances (>150°C–200°C) for drilling, andC–200°C) for drilling, and–200°C) for drilling, and, and and 
especially logging tools. More experience is needed to drill 
in high temperature conditions, especially to understand the 
effects of thermal stress on hole stability in ocean crust 
lithologies. The temperature and cost limits beyond which 
we are unlikely to successfully drill are currently unknown. 
They will need to be established through the experience of 
drilling progressively deeper holes. 

In planning for Mission Moho, the following broad guide-
lines should be considered:

To achieve a Mission Moho requires a commitment to a 
~10-year program of increasing complexity.
Mission Moho will occupy about 4–6 sites, including at 
least one primary and one alternate site as well as several 
complementary sites. Most sites will require multiple 
expeditions—we estimate 12 to 20 expeditions in total.
A riser capable of drilling in at least 4000 m water depth m water depthm water depth 
will be required for the second half of the 10-year 
mission. 

If the riser can be engineered for 4500 m water depth, the 
range of possible sites is significantly increased (Fig. 6). 
Whether this is achievable must be known early in the 
mission to allow for final selection of a deep penetration site.

The journey to Moho will be long, but the challenges to 
our imagination and the potential for major scientific 
discoveries along the road are enormous. Each of the diverse 
recommended activities is essential to build a scientific and 

•

•

•
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operational knowledge base that will ultimately enhance our 
ability to design and execute an ultra-deep drill hole that will 
penetrate all the way to the Earth’s mantle. 
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