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ABSTRACT

Integrated Ocean Drilling Program (IODP) Expeditions 309 and 312 will complete
drilling of a continuous section through volcanic basement and the underlying
sheeted dike complex and into the uppermost plutonic rocks at Ocean Drilling Pro-
gram (ODP) Site 1256. The crust at this site formed at a superfast (>200 mm/y) spread-
ing rate ~15 m.y. ago at the East Pacific Rise. In preparation for deep drilling, during
ODP Leg 206 a reentry cone and 16 inch casing were installed and cemented into
basement in Hole 1256D and coring was completed to 500 meters subbasement (msb)
within the volcanic section.

The relationship between ocean ridge spreading rate and depth to axial low-velocity
zones, interpreted to be subaxial melt lenses, predicts that the dike–gabbro transition
should occur at 900–1300 msb at Site 1256. We estimate reaching a depth of 1450 msb
during Expeditions 309 and 312 and so should penetrate gabbroic rocks, allowing de-
termination of the lithology and structure of the upper oceanic crust and definition
of the thickness of the volcanic and sheeted dike sections. Recovered cores will enable
investigations of magmatic processes within the axial melt lens and determination of
whether upper gabbros are cumulates complementary to dikes and lavas or coarse-
grained equivalents of extrusive rocks. Mineral studies will enable determination of
cooling rates within the melt lens, and structural studies will examine the roles of
faulting and fracturing in crustal accretion and hydrothermal circulation.

We will correlate remotely measured geophysical parameters of the crust with basic
geological observations. Core observations and downhole logging will allow calibra-
tion of seismic velocities with lithology and enable determination of the relationships
between seismic transitions (e.g., the Layer 2/3 boundary) and lithology and meta-
morphism. Magnetic measurements will establish the contribution of different lithol-
ogies and alteration to marine magnetic anomalies. We will investigate interactions
between magmatic processes, rock type, and hydrothermal water-rock interaction, in-
cluding testing the alteration “stratigraphy” within extrusive volcanic rocks and
sheeted dikes established in Hole 504B, as well as in the underlying gabbroic rocks.
Core studies will determine the nature of the deep subsurface reaction and shallower
mixing zones, establish geochemical budgets for the Site 1256 crust, and examine the
depth extent of the subsurface biosphere in igneous basement.

Initial logging during Expedition 309 will sample borehole fluid and determine tem-
perature and hole conditions. Full logging suites collected at or near the end of Expe-
3
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dition 309 and at the end of Expedition 312 will relate recovered material to the crust
and core and borehole geophysical measurements to remote surveys of crustal prop-
erties.

SCHEDULE FOR EXPEDITIONS 309 AND 312

Expeditions 309 and 312 are based on Integrated Ocean Drilling Program (IODP) drill-
ing proposal number 522-Full3 (available at iodp.tamu.edu/scienceops/expedi-
tions/exp309.html). Following ranking by the IODP Scientific Advisory Structure,
the expeditions were scheduled by the IODP Operations Committee for the research
vessel JOIDES Resolution, operating under contract with the U.S. Implementing Orga-
nization (USIO). Expedition 309 is currently scheduled to begin in Balboa, Panama,
on 10 July 2005 and to end in Balboa on 28 August 2005. A total of 38 days will be
available for the drilling, coring, and downhole measurements described in this re-
port. Expedition 312 is currently scheduled to begin in Balboa, Panama, on 14 No-
vember 2005 and to end in Balboa on 28 December 2005. A total of 35 days will be
available for the drilling, coring, and downhole measurements described in this re-
port (for the current detailed schedule, see iodp.tamu.edu/scienceops/. Further de-
tails on the JOIDES Resolution can be found at iodp.tamu.edu/publicinfo/
drillship.html.
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INTRODUCTION

Accretion of oceanic crust is a major means of heat loss from the Earth’s interior and
is a fundamental component of the plate tectonic processes responsible for formation
and evolution of our planet’s surface. Hydrothermal interactions at mid-ocean
spreading centers and on ridge flanks influence the chemistry of the oceans and,
through subduction, the composition of the upper mantle. Despite the role the ocean
crust has played in the evolution of our planet, our sampling of in situ oceanic base-
ment remains rudimentary. Samples of basalts, dikes, gabbros, and peridotites have
been retrieved by dredging and shallow drill holes from most of the ocean basins, but
the geological context of these samples is rarely well established. As such, the nature
and variability of the composition and structure of the ocean crust away from trans-
form faults and other tectonic windows remains poorly known.

Drilling a complete crustal section has always been a major goal of ocean drilling (Bas-
com, 1961; Shor, 1985), but this goal has been impeded by technical difficulties and
the time investments required. The distribution of drill holes in intact oceanic crust
of different ages and formed at different spreading rates is extremely sparse (Fig. F1).
Hole 504B, on the southern flank of the Costa Rica Rift, remains the only hole to pen-
etrate extrusive lavas and most of the way through the sheeted dike complex. The
dike/gabbro boundary has never been drilled, and the nature of the plutonic rocks di-
rectly underlying the sheeted dike complex is not well established, despite this zone
being perhaps the most influential in determining the mechanisms of crustal accre-
tion and the geometry of magmatic and hydrothermal interactions. Importantly,
there are few significant penetrations (>100 m) of crust generated at a fast or superfast
spreading ridge and, before Leg 206, only one (Hole 1224F) in relatively young ocean
crust (<50 Ma) formed at a fast spreading rate. Our poor sampling of ocean crust at
different spreading rates and crustal ages and absence of information on crustal vari-
ability compromises our ability to extrapolate observations from specific sites to glo-
bal descriptions of magmatic accretion processes and hydrothermal exchange in the
ocean crust.

Oceanic crust formation and evolution is one of the primary themes for investigation
in the Initial Science Plan for the Integrated Ocean Drilling Program (International
Working Group, 2001) and other major science priority submissions (e.g., Conference
on Multiple Platform Exploration of the Ocean [COMPLEX]: Pisias and Delaney,
1999; Ocean Drilling Program [ODP] Geochemistry Futures Workshop: Murray et al.,
2002). These documents and others specifically related to the study of the oceanic
5
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lithosphere (Second Conference on Scientific Ocean Drilling [COSOD II]; ODP Long
Range Plan, 1996; ODP–International Cooperation in Ridge-Crest Studies [Inter-
RIDGE]–International Association of Volcanology and Chemistry of the Earth’s Inte-
rior [IAVCEI] workshop; 4D-Architecture of the Ocean Crust Program Planning
Group) reemphasize deep drilling to obtain complete sections of the ocean crust as a
priority and note that the deep drilling capabilities of riserless technology have yet to
be fully utilized. Offset drilling strategies, where deeper portions of the ocean crust
are sampled by drilling in tectonic windows, have recently been high priorities for
ocean drilling (COSOD II, 1987; ODP Long Range Plan, 1996). Drilling at several sites
has provided a wealth of new data and understanding of gabbros and peridotites from
the lower crust and upper mantle (e.g., Hess Deep: Gillis, Mével, Allan, et al., 1993;
Kane Fracture Zone area [MARK]: Cannat, Karson, Miller, et al., 1995; Southwest In-
dian Ridge [SWIR]: Dick, Natland, Miller, et al., 1999; 14°–16°N Mid-Atlantic Ridge
[MAR]: Kelemen, Kikawa, Miller, et al., 2004; Atlantis Massif: Expedition Scientific
Party, 2005a, 2005b). However, serious problems still exist in drilling tectonized rocks
with little sediment blanket or without erosional removal of fractured material, and
it is also commonly difficult to relate drilled sections to regional geology. Composite
sections are not substitutes for deep, in situ penetrations, and drilling deep holes to
obtain complete upper crustal sections continues to be a primary challenge for scien-
tific ocean drilling (Dick and Mevel, 1996; Murray et al., 2002).

Unfortunately, there are no on-land alternatives to drilling in the oceans. Although
ophiolites, ancient slices of ocean crust now preserved on land, provided much of the
early inspiration for ocean crust studies, the classic outcrops of Semail ophiolite
(Oman) and Troodos massif (Cyprus) formed in suprasubduction zone settings and
their different magma and volatile chemistries compromise their applicability to un-
derstanding processes in the major ocean basins. Macquarie Island (Varne et al.,
2000), uplifted along the Australian/Pacific plate boundary ~1000 km south of New
Zealand, may be the only outcrop of subaerially exposed ocean crust formed at a mid-
ocean ridge, but the island is complexly faulted and is an environmentally sensitive
United Nations Educational, Scientific, and Cultural Organization (UNESCO) World
Heritage site from which drilling, even for scientific purposes, is prohibited.

IODP Expeditions 309 and 312 will deepen ODP Hole 1256D (Fig. F2, F3), which al-
ready extends 502 m into basement, to core through the sheeted dike complex and
into plutonic rocks in a section of crust generated at a superfast spreading rate in the
eastern Pacific to
6
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• Provide the first sampling of a complete section of ocean crust from extrusive rocks,
dikes, and into the gabbros;

• Confirm the nature of high-level axial magma chambers; and 

• Define the relationship between magma chambers and their overlying lavas and
the interactions between magmatic, hydrothermal, and tectonic processes.

SCIENTIFIC OBJECTIVES

1. Test the prediction, from the correlation of spreading rate with decreasing depth to the axial 
melt lens, that gabbros representing the crystallized melt lens will be encountered at 900–
1300 m subbasement (msb) at Site 1256.

The transition from sheeted dikes to gabbros has never been drilled, and this remains
an important objective in achieving a complete or even composite crustal section.
The dike–gabbro transition and the uppermost plutonic rocks are assumed to be the
frozen axial melt lens and the fossil thermal boundary layer between magma cham-
bers and vigorous hydrothermal circulation. Detailed knowledge of the dike–gabbro
transition zone is critical to discerning the mechanisms of crustal accretion. The tex-
tures and chemistries of the uppermost gabbros are presently unknown but are cen-
tral to understanding crustal construction; to date we lack samples that link gabbroic
rocks to the overlying lavas, leading to the following questions:

• What is the geological nature of the low-velocity zones imaged by multichannel
seismic reflection studies at the axes of mid-ocean ridges? 

• Are the upper gabbros cumulate rocks from which magmas were expelled to form
the dikes and lavas that then subsided to form the lower crust, or are the uppermost
gabbros coarse-grained chemical equivalents of the extrusive rocks frozen at the
base of the sheeted dikes? 

• Does most of the crustal accretion occur at deeper levels through the intrusion of
multiple narrow sills? 

• What are the cooling rates of magma chambers? 

These questions can be answered through petrographic and geochemical (major and
trace elements) studies of gabbros (e.g., Natland and Dick, 1996; Kelemen et al., 1997;
Manning et al., 2000; MacLeod and Yaoancq, 2000; Coogan et al., 2002a, 2000b) and
the overlying lavas and their mineral constituents.

2. Determine the lithology and structure of the upper oceanic crust for the superfast-spreading 
7
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end-member.

Some basic observations regarding the architecture of ocean crust, including the li-
thology, geochemistry, and thicknesses of the volcanic and sheeted dike sections and
how these vary with spreading rate or tectonic setting, are not well known. Karson
(2002) provides estimates of the thicknesses of lavas and sheeted dikes from crust gen-
erated at fast and intermediate spreading rates (600–900 m lavas and 300–1000 m
dikes at Hess Deep; 500–1300 m lavas and 500 to >1000 m dikes in Hole 504B and
Blanco Fracture Zone), but these are based mainly on tectonized exposures, where tec-
tonic complexities increase uncertainties in the estimates. Results of Expeditions 309
and 312 will provide the thicknesses of these upper crustal units at Site 1256.

Studies of tectonic exposures of oceanic crust suggest that faulting and distributed
zones of fracturing are common within sheeted dike complexes in crust formed at fast
and intermediate spreading rates (Karson, 2002). In contrast, sheeted dike complexes
in the Semail ophiolite in Oman exhibit little of such faulting and distributed fractur-
ing (Umino et al., 2003). Drilling the sheeted dike complex at Site 1256 will enable
evaluation of whether such faulting and fracturing in tectonic exposures are represen-
tative of oceanic crust or whether they may be related to their tectonic setting.

Most dikes in sheeted dike complexes in tectonic exposures of crust generated at in-
termediate and fast spreading rates and in Hole 504B in intermediate-rate crust gen-
erally dip away from the spreading axis, suggesting tectonic rotation of crustal blocks
(Karson, 2002). Do such rotations occur in crust generated at superfast spreading
rates, and are they similar, or is the crust less tectonically disrupted? A single drill hole
may not conclusively answer this question but should provide important constraint.

3. Correlate and calibrate remote geophysical seismic and magnetic imaging of the structure of 
the crust with basic geological observations.

Ground-truthing regional geophysical techniques such as seismics and magnetic
measurements is a key goal of the IODP Initial Science Plan and related documents
(e.g., COMPLEX). A fundamental question we will address in this experiment is how
velocity changes within seismic Layer 2 and the Layer 2–Layer 3 transition relate to
physical, lithological, structural, and alteration variations in the volcanic rocks, dikes,
and gabbros. At Site 504 in crust generated at an intermediate-rate spreading ridge,
the Layer 2–Layer 3 transition lies within the 1 km thick sheeted dike complex and
coincides with a metamorphic change (Detrick et al., 1994; Alt et al., 1996), but is this
representative of ocean crust and of crust generated at different spreading rates? Is the
8
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depth to gabbros shallower in crust generated at a superfast spreading rate, as pre-
dicted, and what are the relative thicknesses of volcanic and dike sections compared
with crust constructed at slow or intermediate spreading rates?

Marine magnetic anomalies are one of the key observations that led to the develop-
ment of plate tectonic theory, through recognition that the ocean crust records the
changing polarity of the Earth’s magnetic field through time (Vine and Matthews,
1963). It is generally assumed that micrometer-sized grains of titanomagnetite within
the erupted basalts are the principal recorders of marine magnetic anomalies, but re-
cent studies of tectonically exhumed lower crustal rocks and serpentinized upper
mantle indicate that these deeper rocks may also be a significant source of the mag-
netic stripes. Coring a complete section through the sheeted dike complex allows
evaluation of the contribution of these rocks to marine magnetic anomalies. Whether
these deeper rocks have a significant influence on the magnetic field in undisrupted
crust is unknown, as is the extent of secondary magnetite growth in gabbros and
mantle assemblages away from transform faults. Sampling the plutonic layers of the
crust will test the Vine-Matthews hypothesis by characterizing the magnetic proper-
ties of gabbros through drilling normal ocean crust on a well-defined magnetic stripe,
away from transform faults.

4. Investigate the interactions between magmatic and alteration processes, including the 
relationships between extrusive volcanic rocks, feeder sheeted dikes, and underlying 
gabbroic rocks.

Little information presently exists on the heterogeneity of hydrothermal alteration in
the upper crust or the variability of associated thermal, fluid, and chemical fluxes.
How these phenomena vary at similar and different spreading rates is unknown.
Metamorphic assemblages and analyses of secondary minerals in material recovered
by deep drilling can provide limits on the amount of heat removed by hydrothermal
systems and place important constraints on the geometry of magmatic accretion and
the thermal history of both the upper and lower crust (e.g., Manning et al., 2000;
MacLeod and Yaoancq, 2000; Coogan et al., 2002a, 2000b). Fluid flow paths, the ex-
tent of alteration, and the nature of deep subsurface reaction and shallower mixing
zones are all critical components of our understanding of hydrothermal processes
that can only be tackled by drilling. These problems can be addressed by examining
the “stratigraphy” and relative chronology of alteration within the extrusive lavas
and dikes, by determining whether disseminated sulfide mineralization resulting
from fluid mixing and a large step in thermal conditions is present at the volcanic–
dike transition (as in Hole 504B and many ophiolites), and by evaluating the grade
9
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and intensity of alteration in the lower dikes and upper gabbros. The lowermost dikes
and upper gabbros have been identified as the conductive boundary layer between
the magma chambers and the axial high-temperature hydrothermal systems, as well
as the subsurface reaction zone where downwelling fluids acquire black-smoker
chemistries (Alt, 1995; Alt et al., 1996; Vanko and Laverne, 1998; Gillis et al., 2001).
However, extensive regions of this style of alteration or zones of focused discharge are
poorly known, and information from ophiolites may not be applicable to in situ
ocean crust (Richardson et al., 1987; Schiffman and Smith, 1988; Bickle and Teagle,
1992; Gillis and Roberts, 1999). Drilling beyond the boundary between the lower
dikes and upper gabbros will allow tracing recharge fluid compositions, estimating
hydrothermal fluid fluxes (e.g., Teagle et al., 1998, 2003), and integrating the thermal
requirements of hydrothermal alteration in sheeted dikes and underlying gabbros
with the magmatic processes in the melt lens. Detailed logging of cores combined
with geochemical analyses will enable determination of geochemical budgets for hy-
drothermal alteration (e.g., Alt et al., 1996; Alt and Teagle, 2000; Bach et al., 2003). Is
there a balance between the effects of low-temperature alteration of lavas versus high-
temperature hydrothermal alteration of dikes and gabbros? This is a critical check on
global budgets for many elements (Mg, K, 87Sr, U, and 18O) presently estimated from
vent fluid chemistries, riverine inputs, and thermal models (e.g., review of Elderfield
and Schultz, 1996).

Microbial alteration of volcanic glass decreases with basement depth at other sites
(Furnes and Staudigel, 1999), but the temperature and depth limits to subbasement
microbiological activity can be investigated by deep sampling and study of glass al-
teration or other geochemical indicators (e.g., Blake et al., 2001; Alt et al., 2003).

DRILLING STRATEGY 

The operational strategy for Expeditions 309 and 312 is to core as deep as possible in
Hole 1256D, including complete borehole coverage with conventional wireline log-
ging tools (Table T1). Operational time for these expeditions includes 38 days on site
for Expedition 309 and 35 days on site for Expedition 312. Using pipe-trip times ap-
propriate for the water and hole depths and assuming 50 h of rotation on each of 12–
15 CC-9 rotary core barrel (RCB) coring bits (determined to be the best available for
coring at Site 1256 during Leg 206), we expect to achieve a minimum depth of at least
1450 m into basement (1700 meters below seafloor [mbsf]). A penetration rate of 1.5
m/h has been assumed in this estimate, which was the average rate of penetration to-
10
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ward the end of drilling during Leg 206 and is similar to rates achieved during oper-
ations in sheeted dikes in Hole 504B during Legs 140 and 148 (Dick, Erzinger,
Stokking, et al., 1992; Alt, Kinoshita, Stokking, et al., 1993).

For a spreading rate of >200 mm/y, the low-velocity zone interpreted as a melt lens is
predicted to occur at a depth between 725 and 1000 m at the ridge axis (Fig. F4). The
steep magnetic inclinations of the uppermost lavas sampled in Holes 1256C and
1256D (Wilson, Teagle, Acton, et al., 2003) as well as the ~100 m thickness of the pon-
ded lava flow (Units 1256C-18 and 1256D-1) suggest that the magma flowed or was
erupted a considerable distance off axis (~5 km). Assuming that there is at least 100–
200 m of additional lavas that flowed relatively short distances from the axis (1–2
km), we predict that gabbros representing the frozen axial low-velocity zone should
occur at ~925–1300 msb (1175–1550 mbsf), providing 150–525 m of gabbro penetra-
tion if the proposed drilling scenario is achieved (Fig. F5).

Using the lowermost heat flow measurement taken in Hole 1256C (109 mW/m2), the
temperature at the sediment/basement boundary (35°C), and appropriate thermal
conductivities for lavas, dikes, and gabbroic rocks, we predict that the ambient tem-
perature at 1700 mbsf in Hole 1256D should be ~100°–140°C, significantly cooler
than that encountered in Hole 504B (~170°C) at these depths.

Our operations schedule includes time for preliminary logging of Hole 1256D, which
will require a dedicated round trip of the drill string, so that an equilibrium tempera-
ture profile and water sample can be recovered before the thermal structure of the
crust is perturbed by drilling operations. We also expect to evaluate the diameter and
eccentricity of the borehole with the triple combination (triple combo) tool string. In
the unexpected case of significant fill and/or large changes in hole diameter, addi-
tional passes with Formation MicroScanner (FMS) or Ultrasonic Borehole Imager
(UBI) may be made to evaluate the need for casing. A full suite of wireline logging
tools will be deployed after the completion of drilling operations, following an order
of operations similar to that used during Leg 206 (see “Triple Combination Tool
String,” “Formation MicroScanner–Dipole Sonic Imager Tool String,” “Ultra-
sonic Borehole Imager,” and “Three-Component Well Seismic Tool” in “Logging
Strategy”). We also expect to run a three-component borehole magnetometer. We
have requested funding to deploy the DMT Digital Color 360° CoreScan system or
similar to digitally record the outer surface of all cores. Core-logging integration will
be enhanced through the use of this system, as used during Leg 206.
11
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Contingency Plans Should Drilling Difficulties Arise in Hole 
1256D

Although hole developments and drilling in Hole 1256D during Leg 206 were exhaus-
tive and prepared the site for the best possible chance of successful deep drilling down
to the gabbros, drilling upper oceanic basement will always be technically challeng-
ing and risk of hole collapse or drill string failure will always exist. As such, it is pru-
dent that a range of contingency options be considered and approved precruise so
that the best decisions can be made should the need arise.

The underlying philosophy for this experiment to drill a complete section of in situ
upper oceanic crust was to construct a borehole engineered specifically for deep drill-
ing. In Hole 1256D, the borehole infrastructure includes a large reentry cone sup-
ported by 95 m of 20 inch casing and 270 m of 16 inch casing that penetrates
completely through the sedimentary overburden and is cemented ~20 m into the
basement. This arrangement allows two further casing strings (133/8 inch and then
103/4 inch) to be deployed in the hole should the need arise to isolate and armor a
section of basement. Our drilling strategy and contingency plans must protect the in-
tegrity of Hole 1256D, in which there has already been significant investment, as well
as utilize the engineering opportunities allowed by the ocean bottom structures al-
ready in place.

Potential failings that may occur during Expeditions 309 and 312 fall into two broad
categories: (1) failure of the drill string, requiring fishing operations, and (2) collapse
and instability of the borehole itself. Drill string failures may be directly linked to
borehole wall collapses. To mitigate against drill string failures we will adopt a con-
servative drilling strategy, with consistent core recovery taking priority over rapid
penetration. Where necessary, half-cores (4.5 m) will be taken if core recovery be-
comes very low, so at least some rocks will be recovered from all intervals. The drilling
operations team will ensure that Expeditions 309 and 312 will sail with the best pos-
sible arsenal of fishing tools (fishing jars, intensifiers), so should drill string or other
equipment be lost in Hole 1256D we will have available all potentially useful tools to
recover the lost equipment or mill it out.

Borehole failures are potentially more difficult to tackle. Casing a section of borehole
a significant distance into Hole 1256D will require a very large expenditure of time
and equipment. Deployment of the next-sized casing string (133/8 inch) will require
the hole to be reamed to an internal diameter of 18.5 inches before casing can be in-
12
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serted. Table T2 shows an estimation of the time required to open Hole 1256D to case
a blockage at ~500 msb. Such an operation would take ~34 days, similar to the num-
ber of operational days on site for Expedition 309. Although installation of a smaller-
diameter casing string (103/4 inch) would require less milling and would be less tech-
nically difficult, such an approach would not allow further casing strings to be in-
serted into Hole 1256D and would make redundant the difficult engineering
operations required to cement 16 inch casing into basement during Leg 206.

It should be noted that a deep basement casing operation has never been attempted
in scientific ocean drilling, and the best reaming strategies and tools remain un-
known. As such, we will adopt one of the following strategies should a borehole
breach occur that requires a significant casing string to be installed in Hole 1256D.

1. To prepare for opening and casing Hole 1256D we will test hole opening strategies
and tools including the deployment of 14.5 ×  18.5 inch bicenter reamers coupled
to 97/8 inch wobble bits and other potential tools to test their effectiveness and de-
termine progress rates so that the best reaming and casing strategy can be devel-
oped ashore for future operations at the site.

2. If Hole 1256D suffers a catastrophic collapse or unrecoverable equipment failure
and must be abandoned, we will use the time available to start a new deep hole
close to Hole 1256D, including installation of 16 inch casing to basement. This op-
eration should take ~8 days (Table T2). All equipment required for such an opera-
tion will be aboard the JOIDES Resolution. We will then drill ahead until the end of
the cruise.

3. If Hole 1256D requires casing, following tests of reaming equipment (number 1,
above), there are a number of other operations which could be conducted that
would yield significant scientific return. These include the following:

• Drilling a number of single-bit or free-fall funnel multi-bit holes in the environs
of Hole 1256D to establish regional variation in upper crustal processes, litho-
logic structure, and seawater interactions would provide important information
that is of high priority in the IODP Initial Science Plan. Determining the extent
of the massive lava flow encountered in Holes 1256C and 1256D would con-
strain the size of off-axis eruptions. Drilling further afield in the GUATB-03 sur-
vey region would allow investigation of the significant variations in upper
crustal velocities that were recognized across the survey region. The causes of
these seismic velocity variations could be verified with a number of shallow
holes combined with logging, providing important new knowledge on the range
13
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of crustal architectures present in upper oceanic basement formed at fast spread-
ing rates. Specific sites shown in Figure F6 were selected from the pre-Leg 206 site
survey cruise (Wilson et al., 2003) where crossing geophysical lines are available.
Both of these sites were approved by the Site Survey Panel (SSP) and the Pollution
Prevention Safety Panel (PPSP) as alternate sites for Leg 206. Slow seismic veloc-
ities in the southwest of the grid coincide with better-defined abyssal hill fabric
and possibly more porous or rubbly material compared to Site 1256. As we antic-
ipate drilling only shallow holes (200–300 msb), deep thrust structures imaged
on some lines will not be encountered. As the sediment overburden in this re-
gion has been thoroughly characterized and shown to be regionally uniform by
drilling at Sites 1256, 844, and 845, we request that we be allowed to wash
through most of the sediment pile and initiate coring just above basement. All
holes >100 m will be logged with a full suite of wireline tools to return the max-
imum information on the crustal architecture.

• Logging Hole 504B (1°13.6′ N, 83°43.8′ W). Hole 504B is presently the only
crustal borehole to penetrate an entire section of lavas and sampled ~1 km of
sheeted dikes. Because of tool failure during Leg 148, an FMS log of the entire
hole was not achieved and the UBI was never deployed at that site. Because of its
unique penetration, Hole 504B has been regarded as the oceanic crust reference
site for more than a decade, but the absence of continuous imaging of the bore-
hole walls and poor core recovery makes understanding the architecture of the
oceanic basement at that site difficult and brings geochemical exchange budgets
calculated from the distribution of the recovered cores into question. Transit to
Hole 504B is ~2.5 days, and a full suite of logging operations would take ~5 days.
Logging this site would provide important information critical to many key ob-
jectives regarding the architecture of the oceanic crust and chemical exchange
between seawater and oceanic basement, highlighted in the initial science plan.

• Deepening Hole 896A (1°13.0′ N, 83°43.4′ W). Hole 896A was drilled during Leg
148 (Shipboard Scientific Party, 1993) following termination of operations in
Hole 504B. The hole is sited on a basement high, ~1 km southeast of Hole 504B,
where heat flow and pore water studies indicate ongoing upwelling of basement
fluids. The hole was drilled to investigate local-scale heterogeneity of the ocean
crust around Site 504 and the effects of basement topography on the intensity of
hydrothermal alteration. Three specific objectives were addressed in Hole 896A
during Leg 148: (1) to examine the local variability in volcanic stratigraphy, areal
extent of lava flows, and horizontal and vertical variations in igneous geochem-
istry; (2) to examine the effects of off-axis hydrothermal activity on the basement
14
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relating the composition of upwelling fluids in a high heat flow area to the alter-
ation of the basement; and (3) to drill the second of a pair of deep basement holes
from which future geophysical experiments between the paired holes can be
conducted. Hole 896A is fitted with a reentry cone and 191 m of 113/4 inch cas-
ing. Basement was first encountered at 179 mbsf, and the hole was cored from
195.1 to 469 mbsf, 290 m into basement (Alt, Kinoshita, Stokking, et al., 1993).
Deepening Hole 896A will provide important information on the variation of
crustal structure in the vicinity of Hole 504B. The cores recovered so far have all
incurred oxidative seawater alteration, but from Hole 504B one would predict
that the transition to more reducing conditions occurs only a few tens of meters
below the current depth of the hole. However, the depth of exchange with oxi-
dative seawater may be dependent upon other hitherto unconstrained criteria,
such as basement topography, volcanic stratigraphy, or sediment thickness.
Knowledge of the variation of the penetration of oxidative seawater would be
gained by deepening this hole, with important implications for refining
geochemical budgets.

LOGGING STRATEGY

Downhole logging will be an important complement to coring operations during Ex-
peditions 309 and 312 and will greatly assist in the attainment of the scientific objec-
tives by providing continuous, in situ geophysical measurements on the drilled
basalts, dikes, and gabbros. The logging program will refine the volcanic stratigraphy,
eruptive morphology, and variations in seawater-basalt alteration as a function of
depth as well as allow direct correlation of wireline measurements with discrete labo-
ratory measurements on recovered core (e.g., Fig. F7). In addition, downhole mea-
surements will be used in conjunction with core images from the DMT Core Scanner
to reorient veins, fractures, and other features back into the geographic reference
frame. Core recovery during drilling of igneous basement is often incomplete and bi-
ased, with weaker rock types preferentially lost. In contrast, wireline logging provides
continuous data across all intervals including those with low recovery.

Five logging tool strings will be deployed in Hole 1256D during Expeditions 309 and
312, and the characteristics of these five tool strings are briefly described below. We
anticipate that we will log Hole 1256D toward the end of Expedition 309 once signif-
icant penetration has been achieved, and logging will be the final act on site during
Expedition 312. In addition, we have set aside time in the operations schedule for pre-
15
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liminary logging of Hole 1256D during Expedition 309, enabling an equilibrium tem-
perature profile to be measured using the Water Sampling Temperature Probe (WSTP)
and a deep basement water sample to be taken. The borehole will also be checked for
breakouts and variations in hole diameter using the triple combo tool string.

Triple Combination Tool String

The triple combo tool string consists of five probes:

• The Accelerator Porosity Sonde (APS) uses an electronic neutron source to measure
the porosity of the formation.

• The Hostile Environment Litho-Density Sonde (HLDS) measures bulk density.

• The Hostile Environment Gamma Ray Sonde (HNGS) measures natural radioactiv-
ity of the formation and provides indications of the Th, U, and K concentrations.
These measurements can then be integrated with analytical studies to determine
downhole geochemical variations in alteration.

• The Dual Laterolog (DLL) tool will be used to measure rock resistivity at two inva-
sion depths.

• The Lamont-Doherty Earth Observatory (LDEO) Temperature/Acceleration/Pres-
sure (TAP) tool will be attached at the bottom of the tool string to measure borehole
temperature, tool acceleration, and hydrostatic pressure in situ.

Formation MicroScanner–Dipole Sonic Imager Tool String

The FMS-sonic tool string has two main components:

• The Dipole Sonic Imager (DSI) measures a full waveform, including compressional
wave (P-wave), shear wave (S-wave), and Stoneley wave (St-wave). This tool pro-
vides information related to the seismic structure of the upper oceanic crust.

• The FMS consists of four orthogonal pads with 16 electrodes on each pad. The FMS
tool obtains a high-resolution microresistivity image of the borehole wall, which is
useful for identification of volcanic units and tectonic features (e.g., the presence
of fractures and faults and their orientations). The FMS tool includes a General Pur-
pose Inclinometry Tool (GPIT), which provides tool acceleration and fluxgate mag-
netometer measurements that are used to orient the microresistivity images. The
FMS arms are also used as calipers for hole size estimation. A Scintillation Gamma
Ray Tool (SGT) is included in this tool string to enable the FMS measurements to
be correlated with other logging tool runs and true depths of core features to be es-
tablished.
16
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Ultrasonic Borehole Imager

The UBI measures the amplitude and transit time of an acoustic wave propagated into
the formation. It provides high-resolution images with 100% borehole wall coverage,
allowing detection of small-scale fractures. The GPIT is deployed with the UBI and en-
ables borehole images, fractures, and other structural features to be oriented. This can
provide important information on the local stress field and borehole geometry even
within casing. An SGT is included in this tool string to allow correlation with other
logging runs for establishing consistent depth estimates.

Borehole Magnetometer

The Göttingen Borehole Magnetometer (GBM) that was successfully deployed during
basement drilling during ODP Leg 197 and IODP Expedition 305 has been requested
as a third-party tool for Expeditions 309 and 312. This tool has three fluxgate sensors
that measure three orthogonal components of the magnetic field. The tool includes
a gyroscope, which measures the tool rotation during data acquisition and allows the
orientation of the tool to be determined. The data from the magnetometer will be
used to monitor changes in the magnetic properties of the oceanic lithosphere as well
as changes in paleomagnetic direction, primary objectives of the Site 1256 experi-
ment. Although deployment of the GBM is contingent on availability of the tool and
funds, we expect that the Joint Oceanographic Institute (JOI) logging contractors will
support an experiment that is a named priority in the IODP Initial Science Plan.

Three-Component Well Seismic Tool

The three-component Well Seismic Tool (WST-3) records acoustic waves generated by
an air gun located near the sea surface. It provides a complete checkshot survey, a
depth-traveltime plot, and accurate estimates of drilling depth. A generator-injector
air gun positioned over the side of the JOIDES Resolution will be used as the seismic
source.

SAMPLING STRATEGY

Shipboard and shore-based researchers should refer to the interim IODP Sample,
Data, and Obligations policy posted on the Web at iodp.tamu.edu/curation/pol-
icy.html. This document outlines the policy for distributing IODP samples and data
to research scientists, curators, and educators. The document also defines the obliga-
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tions that sample and data recipients incur. As Expeditions 309 and 312 are both ex-
ecution of the same proposal, we expect to consider the seagoing participants from
both cruises as well as any approved shore-based researchers for either cruise as a sin-
gle science party. Therefore, the Sample Allocation Committee (SAC) will consist of
all four Co-Chief Scientists, both Staff Scientists, the IODP onshore Curator, and the
curatorial representatives onboard the ship. This team will work with the entire sci-
ence party from both expeditions to formulate a specific sampling plan for shipboard
and postcruise sampling.

Owing to the short planning window for these expeditions, in order to coordinate all
shipboard sampling shipboard scientists from both expeditions are expected to sub-
mit sample requests (iodp.tamu.edu/curation/samples.html) as soon as possible.
Following good practice established during Leg 206, we strongly encourage collabo-
ration among the shipboard and shore-based scientists so that the best use is made of
the recovered core. Postcruise analytical programs should be coordinated to ensure
that the full range of geochemical, magnetic, and physical property studies are under-
taken on a representative sample suite. Sampling all but the most critical intervals will
take place on board the ship, and, as few scientists will sail on both expeditions, sci-
entists are encouraged to establish collaborations before Expedition 309 sails so that
they have an interested party or group who can sample appropriate material during
both cruises.

Based on sample requests (shipboard and shore based), the SAC will prepare a tenta-
tive sampling plan. The sampling plan will be subject to modification depending
upon the actual material recovered and collaborations that may evolve between sci-
entists during the expeditions.

For the purpose of developing sample requests, participating scientists could expect
to receive on the order of 25–100 samples of no more than 25 cm3. This is based on
historic precedent from ODP designed to enable scientists to complete a research pro-
gram and meet the established publication deadlines. For these expeditions, all per-
sonal sample frequencies and sample volumes taken from the working half of the core
must be justified on a scientific basis and will be dependent on core recovery, the full
spectrum of other requests, and the project objectives. Postcruise research projects
that require more frequent sampling or larger sample volumes should be further jus-
tified in sample requests. Some redundancy of measurement is unavoidable and even
encouraged, but minimizing redundancy of measurements among the shipboard
18
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party and identified shore-based collaborators when recovery is sparse will be a factor
in evaluating sample requests.

If some critical intervals are recovered (e.g., mineralization, veins, dikes or glassy mar-
gins, thin gabbroic intervals, melt lenses, etc.), there may be considerable demand for
samples from a limited amount of cored material. These intervals may require special
handling, a higher sampling density, reduced sample size, or continuous core sam-
pling by a single investigator. A sampling plan coordinated by the SAC may be re-
quired before critical intervals are sampled.
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Table T1. Time estimates for Superfast Spreading Rate Crust 2 and 3 (Expeditions 309 and 312).

Water depth 
(mbrf) Operations description (mbsf)

Transit 
(days)

Drilling 
(days)

Logging 
(days)

Sea voyage from Balboa, Panama, to Hole 1256D, 823 nmi @ 10.5 kt 3.3

3645 Hole 1256D:
- Locate and reenter hole
- Temperature measurement
- Water sample
- Wireline logging 2.5

Rotary core (RCB) from 752 to 1360 mbsf 30.4

Wireline logging:
- Triple combo
- Formation MicroScanner–Dipole Sonic Imager
- Ultrasonic Borehole Imager
- GBM Magnetometer
- Well Seismic Tool

4.5

Sea voyage from Hole 1256D to Balboa, Panama, 823 nmi @ 10.5 kt 3.3

Subtotals: 6.6 30.4 7.0

Total operating days Expedition 309: 44.0

Sea voyage from Balboa, Panama, to Hole 1256D, 823 nmi @ 10.5 kt 3.3

3645 Hole 1256D:
- Locate and reenter hole
- Temperature measurement
- Water sample
Rotary core (RCB) from 1360 to 1960 mbsf 30.5

Wireline logging:
- Triple combo
- Formation MicroScanner–Dipole Sonic Imager
- Ultrasonic Borehole Imager
- GBM Magnetometer
- Well Seismic Tool

4.5

Sea voyage from Hole 1256D to Balboa, Panama, 823 nmi @ 10.5 kt 3.3

Subtotal: 6.6 30.5 4.5

Total operating days Expedition 312: 41.6
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Table T2. Contingency operations time estimates.

Note: Add 3.7 days and 100 m penetration per bit run.

Operation

Time

(hours) (days) Total

Open hole to 500 m subbasement and install 750 m of 10.75 inch casing

Run in hole 10.50 0.44 0.44

Open hole from 9.875 to 18.5 inches 483.90 20.16 20.60

Bit change 212.92 8.87 29.47

Pull out of hole 10.50 0.44 29.91

Make up casing string 24.00 1.00 30.91

Run in hole with casing 16.00 0.67 31.58

Run casing 22.00 0.92 32.49

Cement and R/T 24.00 1.00 33.49

Drill out cement 4.00 0.17 33.66

Trip 12.00 0.50 34.16

Install new reentry cone and 20 and 16 inch casing

Jet 20 inch casing 30.60 1.3

Pull out of hole 9.70 0.4 1.7

Make up, run in hole, reenter 10.00 0.4 2.1

Open hole 20 m subbasement 52.00 2.1 4.3

Pull out of hole 10.00 0.4 4.7

Makeup 270 m of 16 inch casing 8.00 0.3 5.0

Run in hole and reenter 8.60 0.4 5.4

Land casing 9.00 0.4 5.7

Cement casing 0.25 0.0 5.8

Clear seafloor 3.50 0.1 5.9

CADA on surface 7.75 0.3 6.2

Makeup bit and RCB bottom-hole assembly 1.50 0.1 6.3

Run in hole and reenter 8.50 0.4 6.6

To top of cement 3.25 0.1 6.8

Drill out cement 4.00 0.2 6.9

Pull out of hole 9.00 0.4 7.3

Single-bit holes (100–150 m subbasement)

Run in hole 10.50 0.4 0.4

Core to bit destruction 85.00 3.5 3.9

Drop bit, log 24.00 1.0 4.9

Multi-bit holes (200–300 m subbasement)

Run in hole 10.50 0.4 0.4

Core to 50 hours on bit 65.00 2.7 3.1

Drop free-fall funnel; pull out of hole 10.00 0.4 3.5

Run in hole 10.50 0.4 3.9

Core to bit destruction 85.00 3.5 7.4

Drop bit, log 36.00 1.5 8.9

Log Hole 504B

Transit to Hole 504B 60.00 2.5 2.5

Run in hole 10.00 0.4 2.9

Water Sampling Temperature Probe 4.00 0.2 3.1

Triple combo, Formation MicroScanner-sonic, Ultrasonic 
Borehole Imager, GBM magnetometer, Well Seismic Tool

108.00 4.5 7.6

Deepen Hole 896A

Run in hole 10.00 0.4 0.4

Water Sampling Temperature Probe 4.00 0.2 0.6

Core to 50 hours on bit 65.00 2.7 3.7

Logging 108.00 4.5 8.2
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Figure F1. A. Basement age versus depth of basement penetration for scientific drill holes deeper than 50
m drilled into in situ ocean crust formed at the mid-ocean ridges. B. Depth of penetration of drill holes
into in situ basement clustered by broad spreading rate subdivisions where slow < 40 mm/y < moderate <
80 mm/y < fast. Note the boundaries between the erupted lavas, dike–lava transition zone, and the
sheeted dike complex/upper gabbro boundary are placed at arbitrary depths based loosely on the Hole
504B stratigraphy. Predictions based on marine seismic reflection studies indicate that the combined
thickness of the lava-dike sequences should decrease with spreading rate but are yet to be tested, and
whether it is the dikes or lavas that are thinned is so far unknown. Black lines = DSDP drill holes, dark
blue lines = ODP drill holes, red lines = Holes 1256C and 1256D drilled into basement during Leg 206.
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Figure F2. Age map of the Cocos plate and corresponding regions of the Pacific plate. Isochrons at 5 m.y.
intervals have been converted from magnetic anomaly identifications according to the timescale of Cande
and Kent (1995). Selected DSDP and ODP sites that reached basement are indicated. The wide spacing of
10–20 m.y. isochrons to the south reflects the extremely fast (200–220 mm/y) full spreading rate (modi-
fied from Shipboard Scientific Party, 2003). FZ = fracture zone.
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Figure F3. Details of isochrons inferred from magnetic anomalies near Site 1256. Shading shows normal
magnetic polarity, based on digitized reversal boundaries (small circles, after Wilson, 1996). Bold line
shows location of Guatemala Basin multichannel seismic tracklines from the site survey conducted in
March–April 1999. Anomaly ages: 5A = ~12 Ma, 5B = 15 Ma, and 5D = ~17 Ma (from Shipboard Scientific
Party, 2003).
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Figure F4. Depth to axial low-velocity zone plotted against spreading rate (modified from Purdy et al.,
1992, and Carbotte et al., 1997). Depth versus rate predictions from two models of Phipps Morgan and
Chen (1993) are shown, extrapolated subjectively to 200 mm/y (dashed lines). Penetration to date in
Holes 504B and 1256D is shown by solid vertical lines, and planned deepening for Expeditions 309 and
312 are indicated. MAR = Mid-Atlantic Ridge, EPR = East Pacific Rise, JdF = Juan de Fuca Ridge, Lau = Valu
Fa Ridge in Lau Basin, CRR = Costa Rica Rift.
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Figure F5. Depth versus time graph for drilling and wireline logging operations for Expeditions 309 and
312. Solid line shows the current depth of Hole 1256D. Horizontal lines show the range of depths at
which axial low-velocity zones, now frozen as gabbros, are predicted to occur. Drilling rates and pipe-trip
times as calculated in Table T1. RCB = rotary core barrel.
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Figure F6. Bathymetry and site survey track map for Site 1256 and local, alternate single- or multibit pen-
etration holes. Abyssal hill relief of as much as 100 m is apparent in the southwest portion of the survey
area; relief to the northeast is more subdued. MCS = multichannel seismic, OBH = ocean bottom hydro-
phone.
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Figure F7. Diagram illustrating a comparison between lithostratigraphy determined by core descriptions
(left column) and from downhole wireline logging data (right column). Stratigraphic columns are keyed
to the color codes in the pie charts.
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Figure F8. Stacked, migrated section of MCS data from seismic Line 22, showing positions of primary drill Site 1256 and alternate Site GUATB-
0
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Figure F9. Stacked, migrated section of MCS data from Line 27, showing the primary drill Site 1256 and crossing positions of Lines 21–23. The
b

NE
12 13
right reflector at 5.5–5.7 s near Line 21 crossing may be a thrust fault.
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Figure F10. Stacked, migrated section of MCS data from Line 21, showing the alternate drill Site GUATB-03A and crossing positions of lines.
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Figure F11. A. Contour map of seafloor bathymetry in the vicinity of Sites 504 and 896 (modified from
Langseth et al., 1988). Line A–A′  shows the location of single-channel seismic section shown in B. Single-
channel seismic section across Line A–A′ .
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SITE SUMMARIES

Site 1256

Priority: 1 

Position: 6°44.19′ N, 91°56.06′ W

Water depth (m): 3655

Sediment thickness (m): 252

Target drilling depth (mbsf): As deep as possible 

Approved maximum penetration (mbsf): 1700 (although EPSP notes also report approved as 
proposed and proposal requests >1700 m total 
penetration)

Survey coverage: Acquired during Ewing cruise EW9903, March–April, 
1999:

• MCS with 480 channels, 10 air guns
• Refraction shooting 20 air guns recorded on 

ocean bottom hydrophones (OBHs)
• 3.5 kHz reflection
• Hydrosweep multibeam bathymetry

Site 1256 is at the crossing of EW9903 Lines 22 and 27 
(see Figures F8, F9)

Objective: • Provide a reference with in situ samples through 
the extrusive volcanic and feeder dike section and
into gabbroic rock normal, intact oceanic crust
formed at very fast spreading rate at 15 Ma to
constrain models of formation and alteration of
oceanic crust

• Maintain a “legacy hole” available for future deep-
ening

Drilling and logging program: Continuous coring as deep as possible

Logging program: • WSTP on arrival
• Triple combo to determine borehole condition. If 

borehole has notably deteriorated we may elect to
conduct more logging runs with additional tools

• Full logging suites planned at the end of each ex-
pedition include
• Triple combo
• FMS/sonic
• BGR borehole magnetometer: oriented magnet-

ic field measurements
• UBI: acoustic borehole images
• WST: normal-incidence vertical seismic profiling

• Incremental logging runs may be implemented if 
hole conditions warrant

Nature of rock anticipated: Basalt, diabase, and gabbro
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SITE SUMMARIES (CONTINUED)

Site GUATB-03A

Priority: 2 (Alternate site) 

Position: 6°40.64′ N, 91°55.94′ W

Water depth (m): 3621 

Sediment thickness (m): 240 

Target drilling depth (mbsf): 350–600 

Approved maximum penetration (mbsf): Approved for unlimited penetration according to ODP 
Leg 206 Scientific Prospectus; same approval 
requested for IODP Expeditions 309 and 312

Survey coverage: Acquired during Ewing cruise EW9903, March–April, 
1999:

• MCS with 480 channels, 10 air guns
• Refraction shooting 20 air guns recorded on OBHs
• 3.5 kHz reflection
• Hydrosweep multibeam bathymetry

Site GUATB-03A is on EW9903 Line 21 between Lines 
26 and 27 (see Figure F10)

Objective: • Establish regional variation in upper crustal pro-
cesses, lithologic structure, and seawater interac-
tions

• Determine the extent of the massive lava flow en-
countered in Holes 1256C and 1256D to constrain
the size of off-axis eruptions and drilling further
afield in the GUATB-03 survey region

Drilling and logging program: • Single bit to destruction or free-fall funnel deploy-
ment for an additional bit trip if recovery warrants

• Because the sediment cover in the area has been 
documented in multiple cores, we request the op-
tion to wash through the sediment column a be-
gin coring at the sediment/basement interface

Logging program: • Triple combo
• FMS-sonic
• BGR borehole magnetometer: oriented magnetic 

field measurements
• UBI: acoustic borehole images

Nature of rock anticipated: Pelagic sediment overlying basalt 
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SITE SUMMARIES (CONTINUED)

Site GUATB-03B

Priority: 2 (Alternate site) 

Position: 6°43.64′ N, 91°56.66′ W

Water depth (m): 3650

Sediment thickness (m): 240

Target drilling depth (mbsf): 350–600

Approved maximum penetration (mbsf): Approved for unlimited penetration according to ODP 
Leg 206 Scientific Prospectus; same approval 
requested for IODP Expeditions 309 and 312.

Survey coverage: Acquired during Ewing cruise EW9903, March–April, 
1999:

• MCS with 480 channels, 10 air guns
• Refraction shooting 20 air guns recorded on OBHs
• 3.5 kHz reflection
• Hydrosweep multibeam bathymetry

Site GUATB-03B is on EW9903 Line 22 between Lines 
26 and 27 (see Figure F8)

Objective: • Establish regional variation in upper crustal pro-
cesses, lithologic structure, and seawater interac-
tions

• Determine the extent of the massive lava flow en-
countered in Holes 1256C and 1256D to constrain
the size of off-axis eruptions and drilling further
afield in the GUATB-03 survey region

Drilling and Logging program: • Single bit to destruction or free-fall funnel deploy-
ment for an additional bit trip if recovery warrants

• Because the sediment cover in the area has been 
documented in multiple cores, we request the op-
tion to wash through the sediment column a be-
gin coring at the sediment/basement interface

Logging program: • Triple combo
• FMS-sonic
• BGR borehole magnetometer: oriented magnetic 

field measurements
• UBI: acoustic borehole images

Nature of rock anticipated: Pelagic sediment overlying basalt
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SITE SUMMARIES (CONTINUED)

Hole 504B

Priority: 2 (Alternate site) 

Position: 1°13.611′ N, 83°43.818′ W (see Figure F11)

Water depth (m): 3463

Sediment thickness (m): 274.5

Target drilling depth (mbsf): None

Approved maximum penetration (mbsf): None

Objective: • Acquire FMS-sonic and UBI data from as much 
of the borehole as possible

• Collect water sample and temperature profile 
first, followed by caliper (triple combo) to deter-
mine borehole stability
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Tetsuya Sakuyama
Earth and Planetary Science
University of Tokyo
7-3-1 Hongo
Bunkyo-ku, Tokyo 113-0033
Japan
tetsuya-saku@eps.s.u-tokyo.ac.up
Work: (81) 3-5841-4670
Fax: (81) 3-5841-8378

Igneous Petrologist/Geochemist
Yongjun Gao
Department of Geosciences
University of Houston 
c/o John Casey
4800 Calhoun Road
SR1 Building
Houston TX 77204
jfcasey@uh.edu

Metamorphic Petrologist
Laura Galli
Dipartimento di Scienze della Terra
Universita degli Studi di Milano
Via Mangiagalli 34
Milano 20133
Italy
lauragalli1@aliceposta.it
Work: (39) 02 5031 5524
Fax: (39) 02 5031 5494

Metamorphic Petrologist
Christine Laverne
Laboratoire de Pétrologie Magmatique–CEREGE 

(URA 1277)
Université d’Aix-Marseille III
Faculté des Sciences de Marseille de St.-Jérome
Avenue Escadrille, Normandie Nieman
13397 Marseille Cedex 13
France
christine.laverne@univ.u-3mrs.fr
Work: (33) 4-91-28-85-18
Fax: (33) 4-91-98-70-32

Metamorphic Petrologist
Christopher E. Smith-Duque
School of Ocean and Earth Science
University of Southampton
European Way
Southampton SO14 3Zh
United Kingdom
csd2@soc.soton.ac.uk
Work: (44) 23-8509-6634
Fax: (44) 23-8059-3052

Paleomagnetist
Emilio Herrero-Bervera
Hawaii Institute of Geophysics and Planetology
University of Hawaii at Manoa
Petrofabrics and Paleomagnetics Laboratory
1680 East West Road
Honolulu HI 96822
herrero@soest.hawaii.edu
Work: (808) 956-6192
Fax: (808) 956-3188

Paleomagnetist
Eugenio A. Veloso Espinosa
Graduate School of Environmental Sciences
University of Tsukuba
Tennodai 1-1-1
Tsukuba Science City
Ibaraki 305-8572
Japan
eveloso@arsia.geo.tsukuba.ac.up
Fax: (81) 29-853-6888

Physical Properties Specialist
Lisa A. Gilbert
Marine Studies Program
Williams College and Mystic Seaport
75 Greenmanville Avenue
Mystic CT 06355
USA
lisa.gilbert@williams.edu
Work: (860) 572-0711
Fax: (860) 572-5329

Physical Properties Specialist
Masako Tominaga
Department of Oceanography
Texas A&M University
3F Oceanography Building
3146 TAMU
College Station TX 77843-3146
USA
masako@ocean.tamu.edu
Work: (979) 845-8211
Fax: (979) 845-6331
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Structural Geologist
Laura Crispini
Dipartimento per lo Studio del Territorio e delle 

sue Risorse
Università degli Studi di Genova
Corso Europa 26
16132 Genova
Italy
crispini@dipteris.unige.it
Work: (39) 010-353-8204
Fax: (30) 010-352-169

Structural Geologist
Paola Tartarotti
Department of Earth Sciences
Università degli Studi di Milano
Via Mangiagalli 34
20133 Milano
Italy
paola.tartarotti@unimi.it
Work: (39) 02-5031-5524
Fax: (39) 02-5031-5494

Logging Trainee
Akram Belghoul
Laboratoire de Mesures en Forage
ODP/Natrualia et Biologia (NEB)
ISTEEM, cc49
34095 Montpellier Cedex 5
France
belghoul@dstu.univ-montp2.fr
Work: (33) 4-6714-9309
Fax: (33) 4-6714-6308

Operations Superintendent
Kevin Grigar
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77840
USA
grigar@iodp.tamu.edu
Work: (979) 845-2294
Fax: (979) 845-2308

Laboratory Officer 
Burnette W. Hamlin
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845-9547
USA
hamlin@iodp.tamu.edu
Work: (979) 845-2496
Fax: (979) 845-0876

Assistant Laboratory Officer 
Lisa K. Crowder
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845
USA
crowder@iodp.tamu.edu
Work: (979) 845-7716
Fax: (979) 845-2308

Assistant Laboratory Officer/
Marine Laboratory Specialist: Chemistry

Chieh Peng
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845-9547
USA
peng@iodp.tamu.edu
Work: (979) 845-0879
Fax: (979) 845-0876

Laboratory Specialist: Chemistry
Robert M. Wheatley
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845
USA
wheatley@iodp.tamu.edu
Work: (979) 458-1067
Fax: (979) 845-0876

Marine Laboratory Specialist: Core
Bradley Weymer
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845
USA

Marine Laboratory Specialist: Core
Tomoyuki Tanaka
Japan Marine Science and Technology Center
2-15 Natsushima-cho
Yokosuka 237-0061
Japan
ttanaka@jamstec.go.up
Work: (81) 88-878-6285
Fax: (81) 88-878-6287
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Marine Laboratory Specialist: 
Downhole Tools/Thin Sections

Ted Gustafson
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845
USA
gustafson@iodp.tamu.edu
Work: (979) 845-3602
Fax: (979) 845-0876

Research Specialist: Paleomagnetism
Trevor J. Cobine
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845
USA
cobine@iodp.tamu.edu
Work: (979) 458-1067
Fax: (979) 845-2308

Marine Laboratory Specialist: 
Physical Properties

Klayton Curtis
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845
USA

Marine Laboratory Specialist: 
Underway Geophysics

Will Mefferd
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845
USA

Marine Laboratory Specialist: X-Ray
Eric Jackson
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845
USA
geocrust@yahoo.com
Work: (979) 845-3602
Fax: (979) 845-0876

Marine Instrumentation Specialist
Jan Jurie Kotze
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845
USA
kotzejj@megaweb.co.za
Work: (979) 845-3602
Fax: (979) 845-0876

Marine Instrumentation Specialist
Pieter Pretorius
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845-9547
USA
pretorius@iodp.tamu.edu
Work: (979) 845-3602
Fax: (979) 845-0876

Marine Curatorial Specialist
Paula Weiss
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845
USA
pweiss@qwest.net
Work: (979) 845-3602
Fax: (979) 845-0876

Imaging Specialist
Leah Shannon Housley
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845
USA
housley@iodp.tamu.edu
Work: (979) 862-7757
Fax: (979) 458-1617

Yeoperson
Debbie Partain
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845-9547
USA
partain@iodp.tamu.edu
Work: (979) 845-1199
Fax: (979) 862-3527
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Marine Computer Specialist 
Paula Clark
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845-9547
USA
clark@iodp.tamu.edu
Work: (979) 845-3897
Fax: (979) 458-1617

Marine Computer Specialist 
Michael J. Hodge
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845-9547
USA
hodge@iodp.tamu.edu
Work: (979) 862-4845
Fax: (979) 458-1617

Applications Developer
John Eastlund
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845
USA
eastlund@iodp.tamu.edu
Work: (979) 845-3044
Fax: (979) 845-2308

Schlumberger Engineer
Javier Espinosa
Schlumberger Offshore Services
369 Tristar Drive
Webster TX 77598
USA
jespinosa@webster.oilfield.slb.com
Work: (281) 480-2000 

Teacher at Sea
Alan C. Gelatt
1957 Seneca Street
Romulus NY 14541
USA
AGelatt@rcs.k12.ny.us

Expedition 312
Co-Chief Scientist
Jeffrey C. Alt
Department of Geological Sciences
University of Michigan
1000 North University
Ann Arbor MI 48109-1005
USA
jalt@umich.edu
Work: (734) 764-8380
Fax: (734) 763-4690

Co-Chief Scientist
Sumio Miyashita
Department of Geology
Niigata University
8050 Ikarashi
Niigata 950-2181
Japan
miyashit@geo.sc.niigata-u.ac.jp
Work: (81) 25-262-6193
Fax: (81) 25-262-6194

Staff Scientist/Expedition Project Manager
Neil Banerjee
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845-9547
USA
banerjee@iodp.tamu.edu
Work: (979) 845-0506
Fax: (979) 845-0876

Logging Staff Scientist
Marc Reichow
Department of Geology
University of Leicester
University Road
Leicester  LE1 7RH
United Kingdom
mkr6@le.ac.uk
Work: (44) 116 252 3641
Fax: (44) 116 252 3918
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Inorganic Geochemist
Stephanie Ingle
SOEST - University of Hawaii
Honolulu HI 96822, USA 
ingle@hawaii.edu
Work: (808) 956-5960
Fax: (808) 956-5512

Inorganic Geochemist
Natsuki Neo
Department of Geology
Niigata University
Faculty of Science
2-8050 Ikarashi
Niigata  950-2181
Japan
f05j007a@mail.cc.niigata-u.ac.jp
Work: (81) 25-262-6192
Fax: (81) 25-262-6194

Inorganic Geochemist
Nobuo Hirano
Graduate School of Environmental Studies
Tohoku University
6-6-20 Aza-Aoba, Aramaki
Aoba-ku, Sendai  980-8579
Japan
nhirano@mail.kankyo.tohoku.ac.jp
Work: (81) 22-795-6336
Fax: (81) 22-795-6336

Igneous Petrologist
Rosalind Coggon
School of Ocean and Earth Science
University of Southampton
Southampton Oceanography Centre
European Way
Southampton, Hants  S014 3ZH
United Kingdom
rmc01@soc.soton.ac.uk
Work: (44) 2380 596133
Fax: (44) 2380 593052

Igneous Petrologist
David M. Christie
College of Oceanic and Atmospheric Sciences
Oregon State University
104 Ocean Admin. Building
Corvallis OR 97331-5503
USA
dchristie@coas.oregonstate.edu
Work: (541) 737-5205
Fax: (541) 737-2064

Igneous Petrologist
Juergen Koepke
Institut fuer Mineralogie
Universität Hannover
Callinstrasse 3
Hannover  30167
Germany
koepke@mineralogie.uni-hannover.de
Work: (49) 511 762 4084
Fax: (49) 511 762 3045

Igneous Petrologist
John Maclennan
School of Geosciences
University of Edinburgh
West Mains Rd.
Edinburgh  EH9 3JW
United Kingdom
john.maclennan@ed.ac.uk
Work: (44) 131-650-4838
Fax: (44) 131-668-3184

Igneous Petrologist
Sung-Hyun Park
School of Earth and Environmental Sciences
Seoul National University
Bldg. 25-1, Room 318
Sillim-dong, Gwanak-gu
Seoul  151-747
Korea
shpark21@snu.ac.kr
Work: (82) 2 885 6756
Fax: (82) 2 888 6733

Igneous Petrologist
Birgit Scheibner
Institut für Geochemie
Universität Göttingen
Goldschmidtstrasse 1
Gottingen  37077
Germany
bscheib@gwdg.de
Work: (49) 551-395756
Fax: (49) 

Igneous Petrologist
Toru Yamasaki
Department of Earth and Planetary Sciences
Hokkaido University
Graduate School of Science
N 10, W 8
Sapporo, Hokkaido  060-0810
Japan
toru@ep.sci.hokudai.ac.jp
Work: (81) 11 706 4655
Fax: (81) 11 746 0394
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Igneous Petrologist
Shusaku Yamazaki
Department of Geology
Niigata University
Faculty of Science
2-8050 Ikarashi
Niigata  950-2181
Japan
shu-saku@mvd.biglobe.ne.jp
Work: (81) 25-262-6263

Metamorphic Petrologist
Christine Laverne
Laboratoire de Pétrologie Magmatique–CEREGE (URA 

1277)
Université d’Aix-Marseille III
Faculté des Sciences de Marseille de St. Jérome
Avenue Escadrille, Normandie Nieman
13397 Marseille Cedex 13
France
christine.laverne@univ.u-3mrs.fr
Work: (33) 4-91-28-85-18
Fax: (33) 4-91-98-70-32

Metamorphic Petrologist
Sally Morgan
School of Earth Sciences
University of Leeds
Leeds, West Yorkshire  LS2 9JT
United Kingdom
sally@earth.leeds.ac.uk
Work: (44) 113 274 6490
Fax: (44) 113 343 5259

Metamorphic Petrologist
Damon A.H. Teagle
School of Ocean and Earth Science
University of Southampton
Southampton Oceanography Centre
Waterfront Campus, European Way
Southampton, Hampshire SO14-3ZH
United Kingdom
dat@soc.soton.ac.uk
Work: (44) 1703-59-2723
Fax: (44) 1703-59-3059

Paleomagnetist
Julie Carlut
Laboratoire de Geologie
École Normale Supérieure
24 rue Lhomond
Paris 75231
France
jcarlut@geologie.ens.fr
Work: (33) 1-44-32-22-75
Fax: (33) 1-44-32-20-00

Paleomagnetist
Douglas S. Wilson
Department of Geological Sciences
University of California, Santa Barbara
1006 Webb Hall
Santa Barbara CA 93016-9630
USA
dwilson@geol.ucsb.edu
Work: (805) 893-8033
Fax: (805) 893-2314

Physical Properties Specialist
Stephen A. Swift
Department of Geology and Geophysics
Woods Hole Oceanographic Institution
MS #24
Woods Hole MA 02543
USA
sswift@whoi.edu
Work: (508) 289-2626
Fax: (508) 457-2150

Physical Properties Specialist
Anahita A. Tikku
Department of Earth and Environmental Sciences
Rensselaer Polytechnic Institute
2C01 Jonsson-Rowland Science Center
110 8th Street
Troy NY 12180-3590
USA
tikkua@rpi.edu
Work: (518) 276-3726
Fax: (518) 276-2012

Structural Geologist
Ryo Anma
Graduate School of Earth and Environmental 

Sciences
University of Tsukuba
Ten-no dai 1-1-1
Tsukuba, Ibaraki  305-8572
Japan
anma@arsia.geo.tsukuba.ac.jp
Work: (81) 29-853-4012
Fax: (81) 29-853-4012

Structural Geologist
Laura Galli
Dipartimento di Scienze della Terra
Universita degli Studi di Milano
Via Mangiagalli 34
Milano 20133
Italy
lauragalli1@aliceposta.it
Work: (39) 02 5031 5524
Fax: (39) 02 5031 5494
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Structural Geologist
Nicholas W. Hayman
Division of Earth & Ocean Sciences
Duke University 
Box 90227, 103 Old Chemistry Bldg.
Durham, NC 27708
USA
hayman@duke.edu
Work: (919) 681-8165
Fax: (919) 684-5833

Structural Geologist
Eugenio A. Veloso Espinosa
Graduate School of Environmental Sciences
University of Tsukuba
Tennodai 1-1-1
Tsukuba Science City
Ibaraki 305-8572
Japan
eveloso@arsia.geo.tsukuba.ac.up
Fax: (81) 29-853-6888

Geophysical Core Scanner Specialist
Masako Tominaga
Department of Oceanography
Texas A&M University
3F Oceanography Bldg.
College Station TX 77843-3146
USA
masako@ocean.tamu.edu
Work: (979) 845-7211
Fax: (979) 845-6331

Schlumberger Engineer
Javier Espinosa
Schlumberger Offshore Services
369 Tristar Drive
Webster TX 77598
USA
jespinosa@webster.oilfield.slb.com
Work: (281) 480-2000

Operations Superintendent
Ron Grout
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77840
USA
grout@iodp.tamu.edu
Work: (979) 845-2144
Fax: (979) 845-0876

Laboratory Officer 
Burnette W. Hamlin
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845-9547
USA
hamlin@iodp.tamu.edu
Work: (979) 845-2496
Fax: (979) 845-0876

Assistant Laboratory Officer 
Lisa K. Crowder
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845
USA
crowder@iodp.tamu.edu
Work: (979) 845-7716
Fax: (979) 845-2308

Assistant Laboratory Officer
Chieh Peng
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845-9547
USA
peng@iodp.tamu.edu
Work: (979) 845-0879
Fax: (979) 845-0876

Curatorial Specialist
Paula Weiss
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845
USA
pweiss@qwest.net
Work: (979) 845-3602
Fax: (979) 845-0876

Imaging Specialist
Leah Shannon Housley
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845
USA
housley@iodp.tamu.edu
Work: (979) 862-7757
Fax: (979) 458-1617
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Research Specialist: Chemistry
Robert M. Wheatley
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845
USA
wheatley@iodp.tamu.edu
Work: (979) 458-1067
Fax: (979) 845-0876

Marine Laboratory Specialist: Chemistry
Timothy Bronk
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845
USA
bronk@iodp.tamu.edu
Work: (979) 845-0879
Fax: (979) 845-0876

Marine Laboratory Specialist: Core
Toru Fujiki
Marine Works Japan Ltd.
Asahi Building 3F
2-16-32 Kamariya-higashi
Kanazawa-Ku, Yokohama  236-0042
Japan
fujiki@mwj.co.jp
Work: (81) 45-787-0633
Fax: (81) 45-787-0630

Marine Laboratory Specialist: Core
Alexander Roth
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845
USA
alroth@ucdavis.edu
Work: (979) 845-3602
Fax: (979) 845-0876

Marine Laboratory Specialist: 
Downhole Tools/Thin Sections

Ted Gustafson
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845-9547
USA
gustafson@iodp.tamu.edu
Work: (979) 845-3602
Fax: (979) 845-0876

Research Specialist: Paleomagnetism
Trevor J. Cobine
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845
USA
cobine@iodp.tamu.edu
Work: (979) 458-1067
Fax: (979) 845-2308

Marine Laboratory Specialist: 
Physical Properties

Klayton Curtis
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845
USA
curtis@iodp.tamu.edu
Work: (979) 845-3602
Fax: (979) 845-0876

Marine Laboratory Specialist: 
Underway Geophysics

Bradley Weymer
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station, TX  77840
USA
Work: (979) 845-3602
Fax: (979) 845-0876

Marine Laboratory Specialist: X-Ray
Eric Jackson
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station, TX  77840
USA
geocrust@yahoo.com
Work: (979) 845-3602
Fax: (979) 845-0876

Yeoperson
Ginny Lowe
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845
USA
lowe@iodp.tamu.edu
Work: (970) 593-1730
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Marine Instrumentation Specialist
Jan Jurie Kotze
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845
USA
kotzejj@megaweb.co.za
Work: (979) 845-3602
Fax: (979) 845-0876

Marine Instrumentation Specialist
Pieter Pretorius
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845-9547
USA
pretorius@iodp.tamu.edu
Work: (979) 845-3602
Fax: (979) 845-0876

Marine Computer Specialist 
Michael J. Hodge
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845-9547
USA
hodge@iodp.tamu.edu
Work: (979) 862-4845
Fax: (979) 458-1617

Marine Computer Specialist 
Michael Petersen
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845
USA
petersen@iodp.tamu.edu
Work: (979) 862-1789
Fax: (979) 458-1617

Programmer
Dwight Hornbacher
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845-9547
USA
hornbacher@iodp.tamu.edu
Work: (979) 845-1927
Fax: (979) 458-1617

Headquarters Representative
Douglas A. Johnson
Integrated Ocean Drilling Program
Texas A&M University
1000 Discovery Drive
College Station TX 77845-9547
USA
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