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ABSTRACT

Simple examples of several common hydrothermal flow regimes have been found on the

eastern flank of the Juan de Fuca Ridge. Ocean Drilling Program Leg 168 will focus on two

of these, at sites where (1) there is a sharp transition from sediment-free to sediment-covered

igneous crust, where heat flow, crustal temperatures, basement fluid compositions, and

upper crustal seismic velocities all show large systematic changes associated with the

transition from open to closed hydrothermal circulation, and where (2) buoyancy-driven fluid

flow within the igneous crust and through the seafloor is strongly influenced by basement

relief and sediment-thickness variations. If time permits, a third site may be studied where

particularly flat basement and regionally continuous sediment cover should prevent advective

heat loss and allow the total heat flow from this young lithosphere to be determined

confidently. All of these examples represent situations that occur commonly in all ocean

basins, but because of the unusual simplicity of the occurrences in this area, they provide

ideal targets for drilling.

Sampling, downhole measurements, and postdrilling observations will be directed mainly

toward elucidating the physics and fluid chemistry of ridge-flank hydrothermal circulation,

and the consequent alteration of the upper igneous crust and sediments that host the flow.

Two arrays of relatively shallow holes will provide direct information about lateral gradients

in basement fluid composition, formation pressures, and temperatures and strong constraints

on formation-scale heat-transport properties of the upper igneous crust and the vigor of

circulation.

INTRODUCTION

While the most spectacular manifestation of oceanic crustal fluid circulation is found along

mid-ocean ridge axes in the form of high-temperature (350°-400°C) springs that deposit

metal-sulfide minerals, a far greater flux of both heat and seawater occurs via hydrothermal

circulation in the igneous crust of mid-ocean ridge flanks. Modelling and observations of heat

flow indicate that advective heat loss globally through ridge flanks is more than triple that at

ridge axes, and because this heat is lost at lower temperatures the volumetric flux of seawater

through the flanks is proportionately even greater, more than 10 times that at the axes.

Significant hydrothermal heat loss and fluid exchange between the crust and ocean typically

continue to an age of several tens of millions of years, and thus effect more than one-third of

the ocean floor (Anderson et al., 1977; Sclater et al., 1976). This process plays an important

role in the alteration of oceanic crust, which includes changes in its chemistry, mineralogy,



and physical properties such as seismic velocity and attenuation (Alt et al., 1986; Jacobson,

1992; Purdy, 1987). However, because of the wide range of conditions on ridge flanks, and

the limited amount of work done there to date, we know little about these processes in detail.

Major questions remain: what mechanisms drive fluid flow through the crust and seafloor,

what is the magnitude of elemental chemical exchange between the crust and water column,

and what factors are the most important influence on water/rock interactions and thus control

fluid chemistry and the chemical and physical alteration of the crust?

Over the past two decades, several sites of hydrothermal circulation on mid-ocean ridge

flanks have been investigated. These include the Galapagos mounds, the southern flank of

the Costa Rica Rift, the equatorial East Pacific Rise flanks, the western flank of the East

Pacific Rise near 20°S, the western flank of the Mid-Atlantic Ridge, and the flanks of the

Mariana Trough spreading axis. These sites represent a wide range in sediment thickness and

continuity, sediment type, crustal age, and basement topography. Although these localities

display a correspondingly wide range of hydrothermal conditions and processes, our

understanding of the processes remains only semi-quantitative.

As a result of several surface-ship and submersible programs completed during the past

seven years, the eastern flank of the Juan de Fuca Ridge has become one of the most

thoroughly studied ridge flanks. Representative examples of many of the hydrothermal

environments found elsewhere have been discovered and examined in detail, and the crustal

seismic structure has been imaged particularly well. By providing critical hydrologic,

geophysical, and geochemical samples and observations of three subseafloor fluid-flow

"type-example" systems that occur in remarkably simple form on this ridge flank; Leg 168

wll reveal more information on the nature of crustal evolution. The leg will take advantage of

recent ODP technological advances including improvements to several tools that will greatly

enhance the chance of success and the efficiency of operations of the program.

STUDY AREA

The Juan de Fuca Ridge is a seafloor spreading center that lies a few hundred kilometers off

the coast of North America. It supplies crust and lithosphere to the Pacific and Juan de Fuca

plates at rates of about 56 mm/yr (Fig. 1; for reviews, see Johnson and Holmes, 1989; Davis

and Currie, 1993). The topographic relief of the ridge (Fig. 2) produces a barrier to

terrigenous turbidite sediment supplied from Pleistocene glacial sources along the continental

margin, primarily at Queen Charlotte Sound, Juan de Fuca Strait, and the Grays Harbor and

Columbia River estuaries. This situation has resulted in the accumulation of an onlapping



layer of sediment that buries the eastern flank of the Juan de Fuca Ridge. This sedimented

region known as Cascadia Basin extends from the base of the continental margin, where

accretion of the sediment entering the Cascadia subduction zone begins, to within a few tens

of kilometers of the ridge crest, where sediment laps onto crust that is at some locations

younger than 1 Ma (Fig. 3). Along the deformation front of the Cascadia accretionary prism

the sediment layer is over 3 km thick in places; in general, the fill in the northern part of the

basin is sufficient to completely bury the relief of the igneous crust of the Juan de Fuca plate,

with the exception of only a few isolated volcanic cones and seamounts.

Beneath the nearly continuous, flat-lying sediment cover, local basement relief is dominated

by linear ridges and troughs that were produced by normal faulting and variations in volcanic

supply at the time the crust was created. The amplitude of this relief varies across the basin.

At a point roughly 100 km east of the ridge axis there is a fairly sharp boundary between

areas of relatively smooth and rough basement relief. To the east, basement relief ranges

typically from 300 to 700 m, with ridges separated typically by 3 to 7 km. Closer to the ridge

crest, the crust is much smoother, with local relief typically only 100-200 m.

The sediments that blanket the eastern flank of the ridge provide a conveniently soft layer in

which heat-flow measurements can be made and a relatively low-permeability, porous "filter"

from which pore fluids can be extracted. The degree of sediment burial makes fluid venting

relatively rare, but highly focused and hence easily studied. The combination of water-

column studies, detailed seafloor heat-flow and pore-fluid geochemical measurements sited

along closely-spaced seismic reflection profiles, and direct submersible observations has

provided strong constraints on the directions and rates of fluid flow through the seafloor and

on the thermal structure, patterns of fluid flow, and pore-fluid composition within the upper

igneous crust (e.g., Davis et al., 1992; Mottl and Wheat, 1994; Wheat and Mottl, 1994;

Thomson et al., 1995). These studies form the framework for the drilling program planned

for Leg 168.

Of particular interest are the remarkably simple examples of three general type-examples of

crustal fluid-flow regimes found on this ridge flank that have become the focus of several

detailed studies. These three type-examples comprise (1) a transition zone between sediment-

free (permitting open hydrothermal circulation) and sediment-covered (hydrologically sealed)

crust, (2) an area where rugged basement topography and large variations in sediment thick-

ness are inferred to exert a dominant influence on the pattern and rate of fluid flow within the

upper igneous crust and through the seafloor into the water column, and (3) an area where a

uniform and regionally continuous cover of sediments over unusually flat-lying basement



should prevent advective heat loss and allow the total lithospheric heat flow to be determined

with confidence. Each of these simple and well-characterized examples of common and

important subseafloor hydrologic regimes is particularly well suited to the quantitative studies

proposed here. Although the crust in which they occur is unusually young, similar situations

can be found on virtually all ridge flanks, and the lessons learned will be extremely valuable

for understanding the fundamental nature and consequences of crustal fluid flow as it occurs

throughout the world's oceans.

SCIENTIFIC OBJECTIVES AND METHODOLOGY

Summary of Objectives

The primary objectives of ODP Leg 168 are focused on exploring the causes and conse-

quences of ridge-flank hydrothermal circulation through drilling a suite of relatively shallow

holes that will allow observations of lateral gradients of temperature, pressure, fluid

composition, and rock alteration. Stated in general terms, the objectives are (1) to determine

the thermo-physical characteristics of hydrothermal circulation in the upper oceanic crust in

off-axis settings as influenced by crustal topography, sediment cover, and permeability; (2)

to determine the sensitivity of crustal fluid composition to the age, temperature, and degree of

sediment burial of the igneous crust; (3) to examine the nature and fundamental causes of

physical consolidation and of mineralogical and chemical alteration of the igneous crust as

functions of age and degree of sediment burial; and (4) to improve constraints on the fluxes

of heat and elements between the permeable igneous crust and the overlying ocean. The

program will address these questions in the true spirit of a field experiment, in which several

hypotheses will be critically tested with observations that can be made by drilling in each of

the type-example areas.

Transition from Open to Sediment-sealed Hydrothermal Circulation

About 20 km east of the axis of the Endeavour segment of the Juan de Fuca Ridge, the

elevated relief of the ridge crest plunges beneath the western edge of Cascadia Basin (Fig. 4).

A fundamental change in the nature of hydrothermal circulation occurs in this area. West of

the edge of the abyssal plain turbidites, basement is covered by a relatively thin (less than 1 m

to a few tens of meters), discontinuous veneer of hemipelagic sediment through which fluids

can pass with little hydrologic impedance, whereas to the east, the igneous crust is blanketed

continuously by turbidite sediments that create a hydrologic barrier. Heat flow and estimated

upper crustal temperatures, seismic velocities in the upper crust, and estimates of basement

pore-fluid compositions all show clear lateral gradients that are probably associated with the



transition from open to sealed hydrothermal circulation (Fig. 5). Heat flow and estimated

basement temperatures increase systematically to the east, away from the area of exposed

basement (Davis et al., 1992). Estimated temperatures in the upper igneous crust increase

from less than 10°C near where basement rocks outcrop to about 40°-50°C 20 km to the east.

Over the same distance the average heat flow increases from less than 15% to more than 80%

of the value expected for the underlying lithosphere. Basement pore-fluid compositions

estimated from sediment pore-fluid studies (Wheat and Mottl, 1994) change from close to

that of seawater near the outcrop to strongly depleted in magnesium and enriched in calcium

at a location 20 km to the east. Inferred chlorinities of the fluids in basement 20 km east of

the point of burial are considerably higher than seawater. At least part of the increased

chlorinity must be due to ongoing hydration reactions in the crust. This is consistent with the

increase in basement temperature and with seismic data, which also reveal a systematic

change. Interval velocities determined for the upper crustal seismic Layer 2A increase from

values that range from 3000-3500 m/s to values exceeding 5000 m/s over the same spatial

interval of about 20 km (Rohr, 1994). While these velocities have been determined for a layer

known to have strong vertical velocity gradients, they probably indicate a significant increase

in velocities throughout Layer 2A. The increase is believed to indicate a decrease in porosity

from alteration (e.g., Wilkens et al., 1991). A similar magnitude of change occurs on other

ridge flanks (e.g., Houtz and Ewing, 1976), although at a much slower rate, probably

because of the much more gradual hydrologic isolation of the upper igneous crust. The rapid

burial of the crust on the eastern Juan de Fuca flank has accelerated the process and made it

possible to relate unambiguously the change in seismic velocities to a measured change in the

hydrothermal regime.

Drilling in this area of "Hydrothermal Transition" will address numerous fundamental

questions about lateral fluid and heat transport and about the physical and chemical alteration

of the crust that results from water-rock interaction. Specific questions include: 

1. How does chemical and thermal transport take place over distances of 10-20 km in

sediment-covered igneous crust? If there is a net horizontal transport of fluid, what is the

rate? 

2. What is the source and magnitude of the pressure gradient that drives the flow? 

3. How do the changes in fluid chemistry and temperature with distance from sediment-free

areas affect the nature of rock alteration? 



4. What is the dominant factor responsible for the increase in upper crustal velocity? 

5. Is there an accompanying decrease in permeability? 

6. At what rate does the alteration take place? 

If it is found that crustal alteration is rapid and is primarily a function of temperature and

fluid chemistry, then the results of studying this simple hydrothermal transition zone can be

generalized to all ocean basins. That this is the case is strongly suggested by the coincidence

of the heat-flow, geochemical, and seismic transitions shown in Figure 5, by the high and

stable values of upper crustal seismic velocities observed to the east of the Hydrothermal

Transition zone, and by the return to more normal (just above seawater) basement-fluid

chlorinities observed in an area farther east.

Topographically Enhanced Fluid Flow

At a point roughly 100 km from the ridge axis, there is an abrupt change from the region of

relatively smooth basement, typified by the "Lithospheric Heat Flow" drilling site discussed

below, to a region where the basement surface is much more rugged. In this region,

basement topography consists primarily of linear ridges and troughs produced by block-

faulting and by variations in volcanic supply at the time the seafloor was created. Local relief

between ridges and troughs of 300 to 500 m is common, and major ridges are separated

typically by 3-7 km (e.g., Fig. 6). All of this relief is now buried by the turbidites of

Cascadia Basin. The tops of two ridges lie a few tens to a few hundreds of meters below the

sediment surface. At three locations along these ridges, small volcanic edifices rise above the

sediment surface to form small, isolated basement outcrops (Figs. 7, 8).

It has long been suggested that basement topography and local basement outcrops play a key

role in seafloor hydrogeology by serving to enhance buoyancy-driven flow (e.g., Fisher et

al., 1990; Fisher and Becker, 1995; Hartline and Lister, 1981; Lowell, 1980) and to focus

flow from the igneous crust into the oceans (e.g., Lister, 1972; Davis and Becker, 1994).

The simplicity of the local structure and the small size of the volcanic outcrops in this part of

the east flank of the Juan de Fuca Ridge make the area an ideal target for seafloor studies.

Results of a series of systematic surveys have confirmed several things about fluid flow in

the crust and discharge through the seafloor in this environment: 

1. Fluid circulation within the upper oceanic crust is sufficiently vigorous to maintain

relatively uniform temperatures at the sediment/basement interface, despite variations of



sediment thickness of more than a factor of 5 (Davis et al., 1992). 

2. In the few locations where samples could be obtained, basement-fluid compositions also

appear locally homogeneous (Mottl and Wheat, 1994). 

3. Fluids leak through the sediment "seal" above buried basement ridges at geochemically

detectable rates (<1 to tens of mm/y) that are inversely proportional to the local sediment

thickness (Davis et al., 1992). 

4. Fluids flow through the basement outcrops at rates sufficient to generate detectable

thermal, chemical, and light transmissivity anomalies in the water column (Thomson et

al., 1995). 

5. Discharge through the outcrop has been sufficiently long-lived to allow significant

hydrothermal precipitates to accumulate. Cores from the outcrop have recovered green

clay, semilithified black ferromanganese crusts and layers, and reddish iron oxides in

indurated sediment (Mottl et al., 1993). 

6. The thermal structures of all three basement outcrops are fundamentally the same,

allowing us to conclude that upflow and discharge not only are stable and long-lived, but

also are a general consequence of the permeability and temperature structure of what we

referred to as "Permeable Penetrators" (Figs. 7, 8).

Although the nearly complete burial of the outcrops in this area makes them exaggerated

examples, they are representative of a general class of circulation that is present wherever the

crustal topographic relief of mid-ocean ridge flanks is partially filled in by sedimentation. An

example of an "early" phase is the region of North Pond on the Mid-Atlantic Ridge flank

studied by Langseth et al. (1992). A relic, fully buried example was probably intersected at

Site 417 on the Mid-Atlantic Ridge flank (Donnelly et al., 1980). A highly focused and very

active example was investigated during Leg 139 in the Middle Valley rift (Site 858, Dead

Dog vent field; Davis and Becker, 1994).

Examples of topographically influenced circulation within the upper igneous crust occur on

the Costa Rica Rift flank (holes in the vicinity of and including Hole 504B; e.g., Langseth et

al., 1988; Mottl et al., 1989), and possibly on the northern flank of the Galapagos spreading

center (Green et al., 1981). Again, the high degree of burial makes the Juan de Fuca Ridge

flank an exaggerated example of topographically influenced fluid flow, but one that is ideally



suited to the study planned for Leg 168.

Whereas the general characteristics of fluid flow within the crust and through the seafloor in

this environment are reasonably well constrained, proper quantification of the hydrologic

regime and elucidation of the consequences of fluid flow require drilling. With the array of

holes planned, the following questions can be addressed: 

1.  To what degree are basement fluids thermally and chemically homogenized by circulation

in this environment? 

2.  What implications can be drawn about the bulk hydrologic transport properties of the

upper crust from constraints gained from observations of lateral temperature, pressure,

and compositional gradients? 

3.  How is permeability distributed within upper basement? 

4.  To what degree has hydrothermal alteration of the crust proceeded at this 3.5-Ma site? 

5.  How have physical properties, namely velocity and permeability, changed with

alteration? 

6.  What are the nature and magnitude of the forces that drive fluid flow through the

sediment section above basement ridges and through "Permeable Penetrators," where

basement is exposed at the seafloor? 

7.  What is the source of the fluids that vent through the seafloor at the outcrops? Do they

simply come from the inferred homogeneous basement "reservoir" regionally sealed

beneath the sediments or is there a component from a deeper source? 

8.  How are sediments chemically and physically affected by fluid seepage? Can a declining

rate of seepage through the sediment section be tracked through the history of burial? 

9.  What is the nature of recharge? Is seawater supplied to the crust solely by regional diffuse

flow through the sediments away from basement highs, or do some fluids enter the crust

via locally focused pathways?



Lithospheric Heat Flow

In a region spanning ~60 to 100 km from the ridge crest, igneous basement is relatively

smooth and continuously sedimented (Fig. 9). A suite of parallel seismic lines running

perpendicular to the ridge demonstrates that this character is continuous for at least 30 km

along strike. Because the sediment layer covering basement is so uniform and regionally

extensive, the site provides an ideal target for determining accurately the level of total heat

loss from young oceanic lithosphere. Local heat-flow variability normally associated with

sediment thickness variations should be small, and the closest basement outcrops through

which undetected heat could be lost advectively are sufficiently far away that they should

have an insignificant effect.

Accurate determination of the "normal" total rate of heat loss from oceanic lithosphere has

been pursued for as long as marine heat-flow measurements have been collected. Obtaining

high-quality lithospheric heat-flow "calibration" data has been extremely difficult, however,

because of the perturbing effects of hydrothermal circulation that are usually very difficult to

avoid (e.g., Sclater et al., 1976). Many studies critically depend on knowing the relationship

between lithospheric heat flow and age. The heat flow vs. age relationship allows determina-

tion of estimates of deep-rock thermal properties (e.g., Lister, 1977). It allows accurate

estimation of global heat loss using the known global distribution of seafloor age (e.g.,

Williams and Von Herzen, 1974). An accurate background "reference" heat flow vs. age

relationship allows the thermal anomalies associated with mantle plumes, asthenospheric

convection, and widespread reheating events to be determined (e.g., Von Herzen et al.,

1982). And, of course, it allows estimation of local and regional hydrothermal fluid budgets

(see Fig. 5).

In the past, heat-flow measurements were attempted in this otherwise ideal study area, but

shallow sandy layers prohibited probe penetration. As an alternative, temperature and

thermal conductivity data from a single borehole could provide an accurate estimate of the

regional basement temperature. This, combined with the well-determined depth to basement

defined by the seismic data and the knowledge that efficient lateral hydrothermal heat

transport maintains an effectively isothermal sediment/basement surface will allow an

excellent determination of the regional lithospheric flux to be made. In addition to addressing

this objective, drilling at this 2.8-Ma site, which is located between the two principal sites

(1.0 and 3.5 Ma), will also provide intermediate samples of basement rocks and water along

the overall transect from relatively fresh to hydrothermally altered oceanic crust.



DRILLING, LOGGING, AND POST-DRILLING OPERATIONS STRATEGY

Although virtually all individual holes planned for Leg 168 are separated by greater distances

than normal for single-site specifications (i.e., as defined by the range for single-beacon

acoustic navigation), the holes have been grouped into three operational "super sites"

according to geographic area and primary objectives:  (1) the Hydrothermal Transition site,

(2) the Permeable Penetrators site, and (3) the Lithospheric Heat Flow site.

The specific drilling strategy to be adopted during the leg involves a mixture of conventional

drilling, coring, and reentry operations arranged in a sequence of single holes at each site

(Table 1). It represents a departure from traditional ODP operations, but provides an efficient

means by which the primary objectives, including the safe establishment of four cased

reentry holes sealed with CORK hydrologic observatory installations, can be met during the

56 days allotted to the leg. There is a considerable amount of excellent work that cannot be

fitted into the time frame of the leg, given the estimated operations schedule. This work has

been included in Table 2 as a suite of second priority holes. Any time gained (e.g., through

more efficient casing and CORK operations at reentry holes) could allow additional drilling,

coring, and downhole measurements at one or more of the second priority sites, although the

likelihood of this possibility is unclear until the program is well underway.

Leg 168 will begin by coring two holes with the Advanced Hydraulic Piston Corer (APC)

and Extended Core Barrel (XCB) at proposed Sites HT-1A and HT-2A. These holes will be

cored only to the top of basement; coring will end with the first recovery of basalt (or with

any other reliable indication that basement has been reached if there is no recovery).

Although it would be scientifically desirable to collect additional basalt cores within upper

basement at these sites, such operations could jeopardize the hydrologic experiments planned

for nearby proposed Sites HT-3A and HT-4A if the hydrologic seal overlying the most

permeable upper volcanic basement is breached. Frequent measurements of in-situ

temperature and frequent whole-round sampling for geochemistry and physical properties

will accompany all APC/XCB coring, as described in the next section. Drilling will be

completed at Sites HT-1A and HT-2A without tripping the drill string back to the rig floor;

the ship will be dynamically positioned from site to site. Acoustic beacons will be dropped

for all HT holes under Global Positioning System (GPS) navigational control prior to the

deployment of the drill string at Site HT-1A. No underway geophysical data will be required

at any of the sites.

Upon completion of operations at Site HT-2A, the ship will be dynamically positioned



toward Site HT-4A and a jet-in test will be conducted in preparation for reentry and casing

operations (preferably as far from Site HT-4A as possible). The drill string will then be

returned to the surface, and a reentry cone and 16" conductor casing assembled. This

assembly will be lowered to the seafloor at Site HT-4A along with a bottomhole assembly

(BHA) for the Rotary Core Barrel (RCB). The casing will be jetted in and released, and

RCB coring will continue to basement. Coring will be continued into basement only deep

enough to find a suitable casing and cementing point, probably about 10 m below the

sediment/basement interface. This will constitute the pilot hole. We will follow this nested

approach to eliminate the high risk of hydrologic disturbance from a separate pilot hole.

Following completion of the RCB operations, the hole will be enlarged to accept a casing

string, which will then be assembled and run into the hole. After the casing is cemented into

place, RCB coring will continue into upper basement for an additional ~30 m into the

permeable and hydrologically active part of the upper igneous crust. Additional drilling may

be required to reach this "hydrologic basement." The pipe will then be tripped back to the

surface, and a packer BHA assembled for quantification of the bulk permeability of upper

basement. A flowmeter log (Becker et al., 1994) will be run as part of packer operations,

should initial testing with the packer alone indicate the presence of significant bulk

permeability. The flowmeter log should give an indication of the distribution of permeability

in uppermost basement (although more complete quantification of this distribution must

await deeper basement drilling). It will also provide a check on the quality of the hydrologic

seal around the cemented casing shoe. After packer operations have been completed, the pipe

will be returned to the surface and a CORK assembled and deployed. The CORK body will

be lowered into the reentry cone and casing, followed by the data logger and the

sensor/sampling cable, which will span the cased section and extend into the open hole

below. The cable will include 10 thermistors distributed along its length, with a

concentration of thermistors at the bottom (for monitoring of open basement), and an

osmotic fluid sampler located in the open section of the hole. The CORK instrumentation

will provide a continuous record of formation pressure, temperature, and basement-fluid

chemistry for a period of up to several years following deployment and permit observations

to be made of the transient recovery from disturbances caused by drilling of equilibrium

formation conditions and of any natural hydrologic variations.

Operations at Site HT-3A will be postponed until near the end of the leg. This will provide

optimum flexibility if contingency plans need to be reviewed. Site HT-3A is considered the

lowest priority of those to be instrumented with CORKs.

Following operations at Site HT-4A, the ship will transit to the Permeable Penetrator Site



PP-1A and operations will continue with a single APC/XCB hole to the top of basement.

Logging will be conducted after the completion of coring operations. Another APC/XCB

hole will be drilled at Site PP-3A, and a jet-in test conducted for Site PP-4A. A complete

reentry system, casing, and CORK will then be deployed at Site PP-4A, with RCB coring

completed through the reentry cone, as at Site HT-4A. This hole may also be logged,

depending on results of logging at Site PP-1A and on time constraints. A single-hole coring,

casing, and CORK operating sequence will then be completed at Sites PP-5A and HT-3A,

again following the sequence of operations at Site HT-4A, including pre-CORK packer tests.

Total penetration into basement will also be ~40 m (30 m below the casing shoe) as an initial

target.

If, at the end of packer operations at Site PP-5A, it is anticipated that insufficient time is

available for drilling, reentry system installation, packer work, and CORK deployment at

Site HT-3A, the fourth CORK installment of Leg 168 will be abandoned. The time will be

used for additional basement penetration and/or work at the second priority sites listed in

Table 2.

Specifically, additional work could include (1) continued drilling deeper into basement and

downhole measurements at Site PP-5A (prior to CORK installation), (2) a third hole ( Site

PP-10A) drilled into the basement ridge, located along strike from Sites PP-3A and PP-5A,

(3) a hole (Site PP-2A) into sediments between the buried ridge ( Site PP-3A) and trough

(Site PP-1A) , (4) one or more holes drilled at Site PP-6A (RCB) and/or Site PP-7A-PP-9A

(APC/XCB) at the basement outcrop, (5) APC/XCB coring at Site LH-2A, or (6) APC/XCB

coring at Site HT-3A. The time required for each of these options is listed in Table 2. The

estimate given for the deepening of Site PP-5A is for 100 m (one bit) of advance. In the

event the fourth CORK hole cannot be drilled, the decision about what additional work will

be completed will be based on the results of the leg at that point, and will be made by the Co-

Chief Scientists, in consultation with the Operations Superintendent, Staff Scientist, and the

Leg 168 scientific party.

MEASUREMENT STRATEGY

Meeting the major scientific objectives of Leg 168 will require quantitatively accurate

documentation of rock properties and of lateral and vertical thermal, pressure, and

geochemical gradients in pore waters of the sediments and upper basement. Elucidation of

these properties and gradients will require the deployment of several specialized tools during

Leg 168, as well as modifications to the standard ODP/JOIDES policies regarding whole-



round sampling and logging. These modifications are required to achieve the primary

objectives of the expedition.

Sediment Temperature Measurements

Temperature measurements during Leg 168 will be made in the sediments overlying basaltic

basement with three tools. The APC temperature tool will be deployed starting with Core 4

and continuing with every APC core until excessive overpull occurs at all sites where APC

cores are collected. This includes four first priority Sites (Sites HT-1A, HT-2A, PP-1A, and

PP-3A). The ODP water-sampling temperature probe or a third-party (Canadian/German)

self-contained sediment temperature probe will be run for temperature measurements in all

APC/XCB holes at depths where APC temperature measurements are not possible. These

tools also will be run in all RCB holes, as often as every other core on occasion. Actual

measurement frequency with all temperature tools will depend on local anticipated

requirements or on results obtained during previous deployments.

Interstitial-Water Measurements

To document the nature, extent, direction, and intensity of fluid flow within the sediments

and underlying basement, closely-spaced samples will be required. Interstitial water will be

collected by squeezing 5-10-cm-long whole-round samples from every core. Higher

resolution sampling (perhaps as frequent as one per section) will be required near the

seafloor and immediately above the sediment/basement interface. Additional samples may be

collected from split cores. This should result in the collection of approximately 200-250 pore

water samples.

Physical Properties Samples

In order to document the physical nature of alteration and hydrologic properties within the

sediment column and the extent of lateral variations in sediment properties, whole-round

samples will be collected at several of the APC holes. Four to six samples will be collected at

each of the Sites HT-1A, HT-2A, PP-1A, and PP-3A. These samples will be subjected to

geotechnical and permeability testing, as well as XRD, index properties, grain-size, and

SEM analysis to evaluate the relationships between hydrologic properties and alteration.

Whole-round basement cores may also be required for short-term, nondestructive anelastic

stress relaxation tests. If these measurements are done, the samples will be returned to the

normal core handling routine within a few days.



Wireline Logging

JOIDES policy generally directs that a standard suite of logging instruments be run in all

sediment holes deeper than 400 m and in basement holes with greater than 50 m of open

hole. This standard suite includes a geophysical string, a Formation Microscanner (FMS)

string, and a geochemical string. The Quad combination (Quad-combo) geophysical tool

string provides measurements of natural gamma activity, sonic velocity, porosity, density,

and electrical resistivity. Data from this tool string will aid in characterizing lithology,

sediment fabric, degree of lithification, and diagenetic alteration and will aid in defining the

location and distribution of possible fluid pathways. Together with core measurements, the

sonic velocity and density logs can be used to generate synthetic seismograms, which can tie

seismic information directly to the log and core data. The Formation Microscanner produces

oriented, two-dimensional, high-resolution images of the variations in microresistivity

around the borehole wall that can be used to distinguish thin beds, sedimentary structures,

diagenetic features, and fractures. FMS images can also be used for correlation of coring and

logging depth, orientation of cores, and location of cored sections where recovery is less

than 100%. The Geochemical Logging Tool (GLT) provides bulk mineralogy and delineates

mineralogical changes downhole. The GLT measures relative concentrations of Si, Ca, Fe,

S, H, and Cl, as well as wet weight percentages of K, U, Th, and Al. Shore-based

processing calculates dry-weight percentages of these major rock-forming elements as well

as Gd and Ti.

Within the sediment column, the FMS and geochemical logging tools are expected to provide

little information of direct benefit to the scientific objectives of Leg 168. For this reason, and

because of time and operational limitations (such as the use of an 11-3/4" APC/XCB bit in

one of the logged holes) logging within the holes at Sites PP-1A and PP-4A will most likely

be restricted to geophysical tool strings. The FMS may also be run at Site PP-4A, depending

on drilling conditions, the time required to core, and the time remaining for additional

operations. Basement penetration may be limited to 40 m per site, with total open-hole length

of only 30 m, essentially precluding the use of wireline logs. However, additional basement

penetration and associated downhole measurements (including a full suite of Schlumberger

logs and packer/flowmeter work), is included in the list of alternative operational plans.

Options for additional basement work during Leg 168 will be considered along with options

for additional sediment coring and sampling.

Long-Term Borehole Observatories (CORKs)

CORKs were deployed during ODP Legs 139, 146, and 156. The conceptual and physical



design of the CORK experiment are detailed in Davis et al. (1992). The CORK system

comprises a modified reentry cone, a hydrologic seal that fits inside the throat of the cone, a

data logger with sufficient power and memory to record data for several years, a valve

mechanism by which the sealed hole can be vented to the overlying ocean, and a sensor cable

to monitor formation pressure and temperature as a function of depth. A continuous fluid

sampler will also be installed as part of each sensor cable. The samplers will provide a time-

series sample of basement water as the perturbations associated with drilling dissipate.

The CORK deployments during Leg 168 are intended to quantify accurately the temperatures

and pressures in uppermost basement that are responsible for vertical and lateral fluid, heat,

and solute transport and any resulting gradients in fluid geochemistry. The Leg 168

operations strategy was designed to maximize the chances for four CORK deployments

during a single cruise. 
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TABLE 1.  SITE OPERATIONS SUMMARY (Priority 1)

Site (Lat/Long) Line/Shot Water Depth Penetration (m) Operations Time 
Location       (m) Sediment/Basement (days)
                                                                                                                                                                                        

Transit              2.7
HT-1A 47°55.56'N 95-15/170 2600 85/1 APC/XCB 0.9 
 128°50.02'W 
Transit               0.1
HT-2A 47°55.04' 95-15/300 2608 195/1 APC/XCB 1.3
  128°47.52'  
Transit              0.1
HT-4A    47°53.25'     95-15/750   2637          105/40 RCB/CORK     9.9
  128°38.90'
Transit              0.2
PP-1A     47°46.52'    95-27/420  2683      415/1 APC/XCB 4.0
 127°43.52'      
Transit               0.1
PP-3A       47°46.79'    95-27/350  2681     185/1   APC/XCB 1.4
  127°44.85'       
Transit               0.1
PP-4A   47°45.41'   95-26/430 2683    535/40 RCB/CORK 13.6

127°43.85'     
Transit              0.1
PP-5A      47°45.76'  95-26/340   2679 220/40 RCB/CORK    10.4

127°45.55'                                                                                       
Transit               0.2
HT-3A     47°54.52'  95-15/430  2637 140/40  RCB/CORK     10.1

128°45.00'
Transit to 0.9
Victoria, B.C. TOTAL DAYS   56.1

Note: These holes are listed according to the planned order of drilling.



TABLE 2. SITE OPERATIONS SUMMARY (Priority 2)

Site (Lat/Long) Line/Shot Water Depth Penetration (m) Operations   Time

Location        (m) Sediment/Basement (Days)

                                                                                                                                                                                             

PP-2A   47°46.71' 95-27/370 2682 265/1 APC/XCB   2.3

127°44.47'

PP-5A 47°45.76' 95-26/340 2679 0/100+ Deepen into 2.8

127°45.55' Basement 

PP-6A   47° 42.61'  95-23b/70 2618 0/100 RCB 3.0

127°47.18'

PP-7A 47°42.63' 95-23b/60 2687 40, 95, & 135 APC/XCB 2.2

-8A/9A 127°47.37' 

PP-10A 47°44.68' 95-32/285 2683    275/1 APC/XCB 2.4

127°45.97'

LH-2A 47° 46.23'   95-23a/615     2662          280/1    APC/XCB 2.3

128° 04.62'

Note: These holes are listed with no internal priority implied; the order of drilling will depend on earlier results of the leg. 

Basement penetration listed for APC/XCB drilling (1 m) indicates minor recovery.



FIGURES 

Figure 1.  Location map for Leg 168 drilling operations, indicating area in Figures 2 and 3.

Figure 2.  Bathymetry of the Juan de Fuca Ridge and ridge flank where Leg 168 proposed

sites are located.

Figure 3.  Magnetic anomalies (from Currie et al., 1982) and inferred crustal ages (from

Cande and Kent, 1992; Spell and McDougal, 1992) shown for the area in Figure 2.

Figure 4.  Seismic reflection and co-located heat-flow profiles crossing the Hydrothermal

Transition drilling sites.

Figure 5.  Heat flow, basement surface temperatures, and seismic velocities along the

Hydrothermal Transition transect. Values are plotted relative to the distance from the Juan de

Fuca Ridge axis. The location of the sharp transition from sediment-free to sediment-covered

igneous crust is shown as a vertical line.

Figure 6A.  Seismic reflection and co-located heat-flow profile crossing the buried basement

ridge where Permeable Penetrators proposed drilling Sites PP-1A-PP-3A are located (all sites

without the letter "A" label on the figures are the same sites with the letter dicussed in the

text). The profile crosses the ridge in a direction perpendicular to strike and is ordered from

north to south.

Figure 6B.  Seismic reflection and co-located heat-flow profile crossing the buried basement

ridge where Permeable Penetrators proposed drilling Sites PP-4A and PP-5A are located. The

profile crosses the ridge in a direction perpendicular to strike, and is ordered from north to

south.

Figure 6C.  Seismic reflection and co-located heat-flow profile crossing the buried basement

ridge where Permeable Penetrators proposed drilling Site PP-10A is located. The profile

crosses the ridge in a direction perpendicular to strike, and is ordered from north to south.

Figure 7.  Seismic reflection and co-located heat-flow profiles crossing the basement outcrop

where proposed Sites PP-6A-PP-9A are located.



Figure 8.  Bathymetry of the area of the Permeable Penetrators drilling sites, showing the

location of three small basement edifices above the turbidite abyssal plain.

Figure 9.  Seismic reflection profile crossing the Lithospheric Heat Flow proposed drilling

site.

























APPENDICES

Appendix 1A.  Seismic track lines across the Hydrothermal Transition sites.

Appendix 1B.  Seismic track lines across the Permeable Penetrator sites.

Appendix 1C.  Seismic track lines across the Lithospheric Heat Flow site.









PROPOSED DRILL SITES

Site:  HT-1A

Priority:  1

Position:  47°55.56'N; 128°50.02'W

Water Depth:  2600 m

Sediment Thickness:  85 m

Total Penetration:  85 mbsf (stop at first basement recovery)

Seismic Coverage:  Line 95-15, S.P. 170 (Fig. 4, Appendix 1A)

Objectives:  The Hydrothermal Transition site comprises a suite of four holes spanning a

transition from open to sediment-sealed hydrothermal circulation in the oceanic crust. Holes

are sited from 200 m to about 20 km away from the nearest basement outcrop. Heat flow

across the transect increases from about 15% to more than 80% of expected lithospheric

values; upper basement temperatures increase from a few degrees to more than 40°C;

hydrothermal fluid composition changes from normal to altered seawater; upper crustal

seismic velocities increase from approximately 3.5 to more than 5.5 km/s. This hole is

located in the youngest crust of the transect, and only a few hundred meters from

outcropping basement. Basement temperature is expected to be less than 10°C.

Drilling Program:  APC/XCB (if necessary)

Logging and Downhole:  APC temperature every core

Nature of Rock Anticipated:  Turbidite sediments, unaltered basalt



Site:  HT-2A

Priority:  1

Position:  47°55.04'N; 128°47.52'W

Water Depth:  2608 m

Sediment Thickness:  195 m

Total Penetration:  195 mbsf (stop at first basement recovery)

Seismic Coverage:  Line 95-15, SP 300 (Fig. 4, Appendix 1A)

Objectives:  The Hydrothermal Transition site comprises a suite of four holes spanning a

transition from open to sediment-sealed hydrothermal circulation. Holes are sited from 200 m

to 20 km away from the nearest basement outcrop. Heat flow across the transect increases

from about 15% to more than 80% of expected lithospheric values; upper basement

temperatures increase from a few degrees to more than 40°C; hydrothermal fluid composition

changes from normal to altered seawater; upper crustal seismic velocities increase from

approximately 3.5 to more than 5.5 km/s. This hole is anticipated to find basement at roughly

15°C.

Drilling Program:  APC/XCB

Logging and Downhole:  APC temperature at up to every core; five temperature probe trips

Nature of Rock Anticipated:  Turbidite sediments, weakly altered basalt



Site:  HT-3A

Priority:  1

Position:  47°54.52'N; 128°45.00'W

Water Depth:  2637 m

Sediment Thickness:  140 m

Total Penetration:  180 mbsf

Seismic Coverage:  Line 95-15, SP 430 (Fig. 4, Appendix 1A)

Objectives:  The Hydrothermal Transition site comprises a suite of four holes spanning a

transition from open to sediment-sealed hydrothermal circulation. Holes are sited from 200 m

to 20 km away from the nearest basement outcrop. Heat flow across the transect increases

from about 15% to more than 80% of expected lithospheric values; upper basement

temperatures increase from a few degrees to more than 40°C; hydrothermal fluid composition

changes from normal to altered seawater; upper crustal seismic velocities increase from

approximately 3.5 to more than 5.5 km/s. This reentry hole will intersect basement at

approximately 20°C and will be completed with a CORK installation.

Drilling Program:  RCB only (two trips, both through reentry cone), with approximately 40

m of basement penetration. Casing will be set after initial RCB drilling reaches first

competent basement.

Logging and Downhole:  Approximately five temperature probe trips, packer/flowmeter

testing, and CORK installation

Nature of Rock Anticipated:  Turbidite sediments; weakly altered basalt



Site:  HT-4A

Priority:  1

Position:  47°53.25'N; 128°38.90'W

Water Depth:  2637 m

Sediment Thickness:  95 m

Total Penetration:  145 mbsf

Seismic Coverage:  Line 95-15, SP 750 (Fig. 4, Appendix 1A)

Objectives:  The Hydrothermal Transition site comprises a suite of four holes spanning a

transition from open to sediment-sealed hydrothermal circulation. Holes are sited from 200 m

to 20 km away from the nearest basement outcrop. Heat flow across the transect increases

from about 15% to more than 80% of expected lithospheric values; upper basement

temperatures increase from a few degrees to more than 40°C; hydrothermal fluid composition

changes from normal to altered seawater; upper crustal seismic velocities increase from

approximately 3.5 to more than 5.5 km/s. This site will intersect basement where seafloor

heat flow is about 80% of the total expected from conductive lithospheric cooling and seismic

velocity has increased to more than 5 km/s. Basement temperature is expected to be about

40°C. Together with Site HT-3A, this CORK site will permit determination of the lateral

pressure gradient away from the region of outcropping basement.

Drilling Program:  RCB only (two trips, both through reentry cone), with approximately 40

m of basement penetration. Casing will be set after initial RCB drilling reaches first

competent basement.

Logging and Downhole:  Approximately four temperature probe trips, packer/flowmeter

testing, CORK installation

Nature of Rock Anticipated:  Turbidite sediments; mostly altered basalt



Site:  PP-1A

Priority:  1

Position:  47°46.52'N; 127°43.52'W

Water Depth:  2683 m

Sediment Thickness:  415 m

Total Penetration:  415 mbsf (stop at first basement penetration)

Seismic Coverage:   Line 95-27, SP 420 (Fig. 6A, Appendix 1B)

Objectives:  At the Permeable Penetrators site relatively rugged relief of the igneous crust is

buried by sediment everywhere, except at three small volcanic edifices where fluids vent

through the seafloor. Holes spanning the primary basement relief will allow determination of

the lateral thermal and chemical gradients in the upper oceanic crust as well as the buoyancy

forces that drive fluid flow. Holes will also extend the overall drilling transect to 3.5 Ma.

This hole is situated in a fully buried basement valley and will allow detailed sampling of the

sediment section.

Drilling Program:  APC/XCB 

Logging and Downhole:  APC temperature measurements at every or every other core,

approximately six temperature probe trips, Quad-combo logging run

Nature of Rock Anticipated:  Turbidite sediments, altered basalt



Site:  PP-2A

Priority:  2

Position:  47°46.71'N; 127°44.47'W

Water Depth:  2682 m

Sediment Thickness:  265 m

Total Penetration:  265 mbsf (stop at first basement penetration)

Seismic Coverage:  Line 95-27, SP 370 (Fig. 6A, Appendix 1B)

Objectives:  At the Permeable Penetrators site relatively rugged relief of the igneous crust is

buried by sediment everywhere, except at three small volcanic edifices where fluids vent

through the seafloor. Holes spanning the primary basement relief will allow determination of

the lateral thermal and chemical gradients in the upper igneous crust, and the buoyancy forces

that drive fluid flow. The holes will also extend the overall drilling transect to 3.5 Ma.

Drilling Program:  APC/XCB 

Logging and Downhole:  APC temperature measurements at every or every other core,

approximately six temperature probe trips

Nature of Rock Anticipated:  Turbidite sediments, altered basalt



Site:  PP-3A

Priority:  1

Position:  47°46.79'N; 127°44.85'W

Water Depth:  2681 m

Sediment Thickness:  185 m

Total Penetration:  185 mbsf (stop at first basement recovery).

Seismic Coverage:  Line 95-27, SP 350 (Fig. 6A, Appendix 1B)

Objectives:  At the Permeable Penetrators site relatively rugged relief of the igneous crust is

buried by sediment everywhere, except at three small volcanic edifices where fluids vent

through the seafloor. Holes spanning the primary basement relief will allow determination of

the lateral thermal and chemical gradients in the upper igneous crust, and the buoyancy forces

that drive fluid flow. The holes will also extend the overall drilling transect to 3.5 Ma. This

hole is located at the summit of the buried basement ridge and with Sites PP-1A and PP-2A

completes the coring transect from the valley to the ridge.

Drilling Program:  APC/XCB 

Logging and Downhole:  APC temperature measurements at every or every other core,

approximately five temperature probe trips

Nature of Rock Anticipated:  Turbidite sediments, altered basalt



Site:  PP-4A

Priority:  1

Position:  47°45.41'N; 127°43.85'W

Water Depth:  2683 m

Sediment Thickness:  565 m

Total Penetration:  575 mbsf

Seismic Coverage:  Line 95-26, SP 430 (Fig. 6B, Appendix 1B)

Objectives:  At the Permeable Penetrators site relatively rugged relief of the igneous crust is

buried by sediment everywhere, except at three small volcanic edifices where fluids vent

through the seafloor. Holes spanning the primary basement relief will allow determination of

the lateral thermal and chemical gradients in the upper igneous crust, and the buoyancy forces

that drive fluid flow. The holes will also extend the overall drilling transect to 3.5 Ma. This

CORK reentry hole is situated in a structurally similar location to Site PP-1A; along with

those made at Site PP-5A, observations will allow the degree of thermal and chemical

homogeneity of basement fluids and the pressure gradient driving fluid flow to be

determined.

Drilling Program:  RCB only, with approximately 40 m of basement penetration  

Logging and Downhole:  Approximately six temperature probe trips, packer/flowmeter

testing, Quad-combo logging run, CORK installation

Nature of Rock Anticipated:  Turbidite sediments, altered basalt



Site:  PP-5A

Priority:  1

Position:  47°45.76'N; 127°45.55'W

Water Depth:  2679 m

Sediment Thickness:  230 m

Total Penetration:  260 mbsf (with option for deepening)

Seismic Coverage:  Line 95-26, SP 340 (Fig. 6B, Appendix 1B)

Objectives:  At the Permeable Penetrators site relatively rugged relief of the igneous crust is

buried by sediment everywhere, except at three small volcanic edifices where fluids vent

through the seafloor. Holes spanning the primary basement relief will allow the buoyancy

forces that drive fluid flow to be determined; holes into one of the permeable basement

outcrops will allow the rate and history of discharge to be determined. The holes will extend

the overall drilling transect to 3.5 Ma.  This CORK reentry hole is situated in a structurally

similar location to Site PP-3A; together with those made at Site PP-4A, these observations

will allow determination of the degree of thermal and chemical homogeneity of basement

fluids and the pressure gradient driving fluid flow.

Drilling Program:  RCB only with approximately 40 m of basement penetration, but it may

be selected for deeper penetration 

Logging and Downhole:  Approximately five temperature probe trips, packer/flowmeter

testing, Quad-combo logging run, possible FMS and GLT logging runs, CORK installation

Nature of Rock Anticipated:  Turbidite sediments; altered basement



Site:  PP-6A

Priority:  2

Position:  47°42.61'N; 127°47.18'W

Water Depth:  2618 m

Sediment Thickness:  0 m

Total Penetration:  100 mbsf

Seismic Coverage:  Line 95-23b, SP 70 (Fig. 7, Appendix 1B)

Objectives:  At the Permeable Penetrators site relatively rugged relief of the igneous crust is

buried by sediment everywhere, except at three small volcanic edifices where fluids vent

through the seafloor. Holes spanning the primary basement relief will allow the buoyancy

forces that drive fluid flow to be determined; holes into one of the permeable basement

outcrops will allow the rate and history of discharge to be determined. The holes will extend

the overall drilling transect to 3.5 Ma.  This hole would be drilled directly into the summit of

a nearly fully buried basement edifice where a long history of basement fluid venting maybe

recorded. Venting is known to be active.

Drilling Program:  RCB (bare-rock spud-in)

Logging and Downhole:  Possibly one temperature probe trip

Nature of Rock Anticipated:  Highly altered basalt, hydrothermal precipitates



Site:  PP-7A, PP-8A, PP-9A transect

Priority:  2

Position:  47°42.63'N; 127°47.37'W

Water Depth:  2687 m

Sediment Thickness:  40, 95, 135 m

Total Penetration:  40, 95, 135 mbsf (some basement penetration if possible)

Seismic Coverage:  Line 95-23b, SP 60, 55, and 50 (Fig. 7, Appendix 1B)

Objectives:  At the Permeable Penetrators site relatively rugged relief of the igneous crust is

buried by sediment everywhere, except at three small volcanic edifices where fluids vent

through the seafloor. Holes spanning the primary basement relief will allow the buoyancy

forces that drive fluid flow to be determined; holes into one of the permeable basement

outcrops will allow the rate and history of discharge to be determined. The holes will extend

the overall drilling transect to 3.5 Ma. Drilling at this site would address the same objectives

as at PP-6A, but the sediment cover will permit drilling if bare-rock spud-in at Site PP-6A is

not possible.

Drilling Program:  APC/XCB 

Logging and Downhole:  Frequent APC temperature measurements

Nature of Rock Anticipated:  Turbidite sediments, highly altered basalt



Site:  PP-10A 

Priority:  2

Position:  47°44.68'N; 127°45.97'W

Water Depth:  2683 m

Sediment Thickness:  275 m

Total Penetration:  275 mbsf (stop at first basement recovery)

Seismic Coverage:  Line 95-32, SP 285 (Appendix 1B)

Objectives:  At the Permeable Penetrators site relatively rugged relief of the igneous crust is

buried by sediment everywhere, except at three small volcanic edifices where fluids vent

through the seafloor. Holes spanning the primary basement relief will allow the buoyancy

forces that drive fluid flow to be determined; holes into one of the permeable basement

outcrops will allow the rate and history of discharge to be determined. The holes will extend

the overall drilling transect to 3.5 Ma. This hole is located above the buried basement ridge

along strike from Sites PP-3A and PP-5A. Sediment and pore-fluid sampling at these sites

will allow the relationship of sediment thickness to vertical fluid seepage rate to be

established.

Drilling Program:  APC/XCB 

Logging and Downhole:  APC temperature measurements at up to every core,

approximately six temperature probe trips

Nature of Rock Anticipated:  Turbidite sediments, altered basalt



Site:  LH-2A 

Priority:  2

Position:  47°46.23'N; 128°04.62'W

Water Depth:  2662 m

Sediment Thickness:  280 m

Total Penetration:  280 mbsf (stop at first basement recovery)

Seismic Coverage:  Line 95-23a, SP 615 (Fig. 9, Appendix 1C) 

Objectives:  The Lithospheric Heat Flow site extends the hydrothermal transition transect to

where the upper crust should be fully sealed by low-permeability sediment. The conductive

heat flow through the sediment section should reflect the total for lithosphere of this relatively

young age (~2.5 Ma).

Drilling Program:  APC/XCB

Logging and Downhole:  Frequent APC and Probe temperature measurements, particularly

near basement

Nature of Rock Anticipated:  Turbidite sediments, altered basalt
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