4. SITE 642: NORWEGIAN SEA!

Shipboard Scientific Party?

HOLE 642A

Date occupied: 28 June 1985

Date departed: 28 June 1985

Time on hole: 11.0 hr

Position: 67°13.5'N, 2°55.7'E

Water depth (sea level; corrected m, echo-sounding): 1286
Water depth (rig floor; corrected m, echo-sounding): 1297
Bottom felt (rig floor; m, drill pipe measurement): 1292.7
Distance between rig floor and sea level (m): 11.1

Total depth (rig floor; m): 1303.5

Penetration (m): 10.8

Number of cores (including cores with no recovery): 1
Total length of cored section (m): 9.5

Total core recovered (m): 9.9

Core recovery (%): 100 %

Oldest sediment cored:
Depth sub-bottom (m): 10.8
Nature: glacial sandy mud
Age: late Pleistocene
Measured velocity (km/s): 1.49

HOLE 642B

Date occupied: 28 June 1985

Date departed: 29 June 1985

Time on hole: 30.0 hr

Position: 67°13.5'N, 2°55.7'E

Water depth (sea level; corrected m, echo-sounding): 1286
Water depth (rig floor; corrected m, echo-sounding): 1297
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Bottom felt (rig floor; m, drill pipe measurement): 1292.7
Distance between rig floor and sea level (m): 11.1

Total depth (rig floor; m): 1513.8

Penetration (m): 221.1

Number of ceres (including cores with no recovery): 25
Total length of cored section (m): 221.1

Total core recovered (m): 215.6

Core recovery (%): 97.5

Oldest sediment cored:
Depth sub-bottom (m): 221.1
Nature: olive-gray homogeneous diatomaceous ooze
Age: early Miocene
Measured velocity (km/s): 1.60

HOLE 642C

Date occupied: 29 June 1985

Date departed: 1 July 1985

Time on hole: 43.75 hr

Position: 67°13.2'N, 02°55.8'E

Water depth (sea level; corrected m, echo-sounding): 1277
Water depth (rig floor, corrected m, echo-sounding): 1288
Bottom felt (rig floor, m, drill pipe measurement): 1292.1
Distance between rig floor and sea level (m): 10.7

Total depth (rig floor, m): 1491.7

Penetration (m): 199.6

Number of cores (including cores with no recovery): 24
Total length of cored section (m): 199.6

Total core recovered (m): 192.8

Core recovery (%o): 96.6

Oldest sediment cored:
Depth sub-bottom (m): 199.6
Nature: dark olive-gray bioturbated siliceous ooze; intercalated ash
layers
Age: early Miocene
Measured velocity (km/s): 1.77

HOLE 642D

Date occupied: 1 July 1985

Date departed: 4 July 1985

Time on hole: 56.25 hr

Position: 67°13.2'N 02°55.8'E

Water depth (sea level; corrected m, echo-sounding): 1277
Water depth (rig floor; corrected m, echo-sounding): 1288
Bottom felt (rig floor; m, drill pipe measurement): 1292.1
Distance between rig floor and sea level (m): 10.7

Total depth (rig floor; m): 1622.0
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Penetration (m): 329.9

Number of cores (including cores with no recovery): 20
Total length of cored section (m): 140.0

Total core recovered (m): 117.0

Core recovery (): 84.2 %

Oldest sediment cored:
Depth sub-bottom (m): 328.5
Nature: weathered, highly altered volcaniclastics
Age: late Eocene
Measured velocity (km/s): 1.86
Basement:
Depth sub-bottom (m): 329.7
Nature: basalt
Measured velocity (km/s): 4.40

HOLE 642E

Date occupied: 4 July 1985

Date departed: 1 August 1985

Time on hole: 695.75 hr

Position: 67°13.2'N, 02°55.8'E

Water depth (sea level; corrected m, echo-sounding): 1277
Water depth (rig floor; corrected m, echo-sounding): 1288
Bottom felt (rig floor; m, drill pipe measurement): 1289
Distance between rig floor and sea level (m): 10.8 (July 4); 11.1 (Aug 1)
Total depth (rig floor; m): 2518.4

Penetration (m): 1229.4

Number of cores (including cores with no recovery): 107*
Total length of cored section (m): 906.8*

Total core recovered (m): 372.6

Core recovery (%): 41.1

Oldest sediment cored:
Depth sub-bottom (m): 1211.0
Nature: fine-grained volcaniclastic sediment, rich in quartz and mica
Age: early Eocene
Measured velocity (km/s): 3.70 (Core 104-642E-109R)

Basement:
Depth sub-bottom (m): 1229.4
Nature: fine-grained aphanitic dike of basaltic composition
Measured velocity (km/s): 4.70

*REMARKS: Although 110 cores were taken, Cores 104-642E-1W and
-642E-2W are wash cores and Core 104-642E-49B is bit samples.

They are treated only as samples and excluded in the core-recovery
calculation.

SITE 642 SUMMARY

Introduction

ODP Site 642 is located at the outer Véring Plateau, east of
magnetic anomaly 24B and over the inner part of the wedge of
the seaward-dipping reflector sequence. Coring at Site 642 re-
covered a volcanic sequence consisting of two main units below
a cover of predominantly pelagic-hemipelagic Neogene and Qua-
ternary sediments. A total of five holes were drilled at the site.
These are:

642A. 1 APC core, 1.3-10.8 mbsf,

642B. 25 APC cores, 0-221.1 mbsf,

642C. 24 APC cores, 0-199.6 mbsf,

642D. 18 XCB and 2 NCB cores, 189.9-329.9 mbsf, and
642E. 107 R cores, 322.5-1229.4 mbsf.
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The results of coring these holes, all of which are located
within 450 m of each other, are summarized in a single litho-
stratigraphic column (Fig. 1).

Principal drilling results: The sedimentary section comprises four main
lithologic units:

1. 0-60 m. Late Pliocene to Holocene. Interbedded dark, car-
bonate-poor glacial muds and light, carbonate-rich interglacial ma-
rine sandy muds.

2. 60-157 m. Middle Miocene to late Pliocene. The unit is di-
vided into four subunits: (a) 60-83 m. Late Miocene/early Pliocene
to late Pliocene. Nannofossil oozes with minor diatom-nannofossil
oozes and muds, (b) 83-108 m. Late Miocene. Siliceous muds and
siliceous oozes, (c) 108-146 m. Middle to late Miocene. Interbed-
ded nannofossil oozes, marly nannofossil oozes, siliceous nannofos-
sil oozes, siliceous muds, siliceous oozes, and (d) 146-157 m. Middle
Miocene. Mixed siliceous-calcareous oozes with minor siliceous muds
and nannofossil oozes.

3. 157-277 m. Early Miocene to middle Miocene. Siliceous muds
and siliceous oozes.

4. 277-315 m. Eocene. Volcaniclastic and altered volcaniclastic
muds, sandy muds and sands.

The high recovery and quality of the cores, the microfossil as-
semblages, and paleomagnetic record make the drilled sequence an
excellent late Cenozoic reference section at high latitudes. In addi-
tion, about 50 discrete ash layers document adjacent North Atlantic
(probably Icelandic) volcanism. The pelagic and hemipelagic Neo-
gene and Quaternary sediments allow us to describe the depositional
environment and the properties of surface and bottom-water masses
during times of late Cenozoic glacial/interglacial climatic fluctua-
tions (possibly lasting 4.5 m.y.), as well as during the “preglacial”
timespan when the Norwegian Sea was filled with temperate to sub-
polar water masses.

Seismic data, as well as physical properties measurements and
their correlations, reveal a low seismic velocity, about 1.6 km/s, for
the sedimentary section. The major intrasedimentary marker at the
plateau appears to be of early or basal Miocene age, indicating that
the seismic stratigraphy established by earlier studies may have to be
reevaluated.

The entire volcanic section contains 137 volcanic flows, 59 volca-
niclastic sediment layers, and seven units that may be dikes. The se-
quence can be divided into upper and lower series that are distinctive
in the textural, mineralogical, chemical, and structural characteris-
tics of the flows as well as in the compositions of interlayered volca-
niclastic sediments. The entire series was deposited under terrestrial
conditions. In the seismic record these series are separated by a band
of low-frequency reflectors, the first of which is denoted “K.” The
upper volcanic series composes the seaward-dipping reflector sequence
at the outer Véring Plateau.

315-1093 mbsf. Middle(?)/Early Eocene

The upper series consists of 120 tholeiitic basalt flows. Their
composition suggests an affinity with the basalts of the North At-
lantic Paleogene volcanic province. Two varieties of flows, fine- and
medium-grained, which differ in quantitative mineral content, gran-
ularity, internal flow fabric, and average thickness have been ob-
served. Interlayered volcaniclastic sediments, which make up about
4%, of the series, are mostly basaltic-vitric in composition. Altera-
tion in the upper sequence consists for the most part of smectite and
celadonite infilling of vesicles.

1093-1229 mbsf. Early Eocene

The lower series is characterized by glassy, variolitic, and micro-
crystalline basaltic andesite flows. Interbedded volcaniclastic sedi-
mentary rocks make up about 29% of the section, which also con-
tains two dikes. The flows exhibit two magma types. One is derived
by partial fusion of probable sediments or metasediments. The other
appears to be formed from strong contamination of upper series
tholeiites by the crustal melt. The volcaniclastic sediments include a
7-m-thick ignimbrite, the internal stratification of which indicates a
proximal emplacement facies. The ignimbrite and other volcaniclas-
tic units contain significant quantities of quartz and mica of conti-
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nental origin. Fragments of leucocratic gneiss and quartz-mica schist
occur in at least two volcaniclastic units.

The boundary between the two series is believed to give rise to the
onset of the band of low-frequency reflectors at the base of the dip-
ping reflector sequence. Penetration of reflector K is also confirmed
by the vertical seismic profile (VSP) experiment done on Leg 104, At
the level of this reflector there are also typical changes in physical
properties and magnetic character (predominantly reversed polarity
throughout the volcanic section).

The drilling results indicate that current models for the evolution
of the outer Véring Plateau, including the mode of emplacement of
the volcanic series, will have to be reconsidered.

Two standard Schlumberger logs were run in the intervals 0-208
and 320-1100 mbsf. The results were particularly useful in resolving
the detailed flow structure. In terms of recovery, we are pleased to
note that only a small number of flows were not detected during the
shipboard core analysis.

SCIENTIFIC OBJECTIVES

The primary objective at Site 642 (Fig. 2) was to obtain cores
and geophysical data that would provide constraints on the na-
ture and evolution of the Véring Marginal High and its deposi-
tional environment. Because similar features exist at many pas-
sive margins, an understanding of the geology of the outer Vér-
ing Plateau might be used to elucidate events occurring during
the late rifting/early seafloor spreading evolutionary stage of a
passive continental margin.

A key feature of the marginal highs is the occurrence of zones
of seaward-dipping reflector sequences. Probably the most thor-
oughly mapped unit of this kind lies below a moderately thick
sediment section and a lower Eocene basalt flow at the outer
Véring Plateau. Several geological models have been put for-
ward to explain the emplacement of these sequences. Within
this framework, we aimed to obtain data about the structure,
composition, and evolutionary history of the passive margin off
Norway.

Specifically, we wanted to address:

1. The thickness, age, and composition of the early Eocene
basalt, sampled during DSDP Leg 38, forming the lid of the
dipping sequence;

2. The nature, age, physical properties, and mode of em-
placement of the dipping reflector sequence proper;

3. The nature and age of the crust characterized by high-am-
plitude, low-frequency reflectors, underlying the dipping se-
quence (reflector K);

4. The volume and age of the sediments above the lower Eo-
cene basalt, to study the vertical motion of the plateau through
Cenozoic time.

The secondary objective at Site 642 was to have it serve as a
key element in a short paleoenvironmental traverse, which con-
sists of three sites (Fig. 2). The transect aimed at sampling the
horizontal and vertical sedimentation gradients in the Neogene
and Quaternary, and also partially during the Paleogene. The
transect location also allows us to determine the paleoceano-
graphic history of the Norwegian Current regime. From DSDP
Leg 38 drilling, it is known that the pelagic sediment sequence
at the Vdring Plateau is incomplete because of the existence of
several major hiatuses. However, a more complete sedimentary
record may be established by integrating the drilling informa-
tion with the existing dense coverage of seismic reflection lines.

The selection of the location for Site 642 was controlled by
the objectives requiring greater penetration depth. Although a
relatively long Neogene and Quaternary section was expected,
the Paleogene section was likely to be incomplete.

The major paleoenvironmental objectives were:

1. Nature and variability of the “glacial”-type Neogene and
Quaternary sediment section;
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Figure 2. Bathymetry of the Norwegian margin, 62°-70° N (contour interval, 100 fm), and locations of the DSDP Leg 38 sites and
of the three Leg 104 Sites 642, 643, and 644 (modified from Mutter et al., 1984).

2. Determination of the initiation of glacial paleoenviron-
ments under the Norwegian Current;

3. Investigation of the “pre-glacial”-type Neogene sediment
section;

4. Sampling of any Paleogene sediment section to determine
its stratigraphy and depositional environment (especially its depth
of deposition), including intrabasaltic sediment layers;

5. Investigations of the timing and nature of Norwegian—
Greenland Sea volcanism during the Cenozoic.
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OPERATIONS

Bremerhaven Port Call

Leg 104 had its official beginning when the first mooring
line was put ashore in the North Harbor of Bremerhaven, Fed-
eral Republic of Germany, at 1530 hr, 19 June 1985.

Major ship work items for the port call included: overhaul of
no. 3 main generator, installation of a new armature in propul-
sion motor 14A, installation by DRECO of new guide rollers on



the traveling block/heave compensator, and fueling with 503,000
gal. of diesel fuel. Sixty-four stands of used GLOMAR Chal-
lenger drill pipe were broken down into joints and inspected by
AMF-Tuboscope. In all, 22 joints were downgraded by the in-
spection. The old pipe was stowed in the hold; new, internally
zinc-coated, pipe was made up into stands to replace it. A repre-
sentative of Rochester Corporation visited the rig to find and
correct an electrical leak in logging cable no. 3 that was re-
ported on Leg 102. The cable was tested thoroughly and no
fault was found. ODP piston-coring equipment was off-loaded
and taken to a local shipyard for shop modification of the rod
connections. SEDCO and ODP freight, including the prototype
Navidrill coring system, was loaded.

Tours, luncheons, and receptions were held involving numer-
ous officials and dignitaries from educational institutions, in-
dustry, and government.

Bremerhaven to Site 642

The last line was cast off at Bremerhaven at 1852 hr, 24 June
1985. After clearing the harbor lock and the Weser Estuary,
JOIDES Resolution proceeded northward across the uncharac-
teristically placid North Sea. The vessel averaged nearly 13 kt
for the first 2 days of the northward journey. Winds gusting to
30 kt greeted the vessel on the third day as she approached the
operating area, located in the Norwegian Sea about 240 mi
west-southwest of the Lofoten Islands.

Hole 642A/B

The drill site was approached from the east along the track
of MCS profile BGR-1, which was used as a seismic-stratigraph-
ic reference. To improve seismic record quality, the vessel was
slowed to 5 kt for the last 10 nmi of the approach. The track
was maintained by the Decca navigation system, as satellite navi-
gation (SATNAV) fixes were infrequent during that period. A po-
sitioning beacon was dropped on geographic coordinates at 2057
hr, 27 June. The profile was extended 10 nmi beyond the drop
point. The towed seismic gear was then retrieved and the ship re-
turned to the beacon.

As preparations for drilling and the pipe trip progressed,
enough SATNAV fixes were received to verify that the initial po-
sition was about 1.3 nmi to the west-northwest of the desired
site coordinates. Using offsets of the automatic stationkeeping
(ASK) system, the vessel was carefully offset to the approximate
desired location without interruption of the pipe trip. A new
beacon was launched and position referencing was established
on it before the hole was spudded.

The precision depth recorder (PDR) reading was interpreted
for a water depth of 1297 m from the rig’s dual elevator stool.
Hole 642A was spudded at 1355 hr, 28 June, when the advanced
piston corer (APC) system was actuated at a bit depth of 1294
m. The first core barrel arrived on deck completely filled with
sediment, indicating that the bit had been positioned below the
seafloor. Because the uppermost sediments were of considerable
scientific interest and because of measurements for the reentry
cone installation, it was imperative that a seafloor core be recov-
ered. It was therefore necessary to raise the core bit a few meters
higher to core the water/sediment interface. Because the core
intervals overlapped and it is theoretically impossible to core the
same section twice in the same hole, it was necessary to desig-
nate the new core as number one of Hole 642B. Thus, Hole
642A began and ended with a single core.

The second core attempt, “shot” from 1288 m, recovered
4.8 m of sediment from its 9.5-m stroke and established sea-
floor depth as 1292.7 m.

The absence of a full-stroke pressure bleedoff indication was
noted from the beginning. It was soon realized that a modifica-
tion of the bit sub for compatibility with the new Navidrill core
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barrel (NCB) system was preventing the venting of fluid pres-
sure. That shortcoming proved to be more an inconvenience
than a problem as site operation continued.

APC coring continued with only minor mechanical difficul-
ties and the “teething” problems of an inexperienced but highly
motivated crew. Mud, glacial material, and nannofossil and dia-
tom oozes were penetrated to 221.1 m below seafloor (mbsf). At
this depth, no problem had been experienced in “punching” a
full 9.5-m stroke into the stiff sediment, but the operational
limit of 100,000-1b overpull on pullout was being approached.
On the attempt to retract Core 104-642B-25H from the sedi-
ment, the pin connection of the liner seal sub at the top of the
inner core barrel parted at 80,000-1b overpull.

A single attempt was then made to retrieve the inner barrel
with a fishing spear. The core bit was “washed down” around
the embedded core barrel for 6 m, and the spear was lowered to
engage it. The initial attempt appeared to engage the “fish” but
then lost it. Additional attempts were made with no change, and
the spear was retrieved. On recovery, it was found that the plas-
tic core liner, containing 8.5 m of core, had been plucked from
the core barrel—leaving it behind.

Allowing further time for fishing the core barrel was judged
to be counterproductive, so the hole was plugged by filling it
with barite-weighted drilling mud. The bit was then pulled clear
of the seafloor for the planned second APC penetration.

Hole 642C

The bit was then pulled back and APC coring continued
from the depth reached by the first core. Objectives of opera-
tions at Hole 642C included the collection of core orientation
and downhole temperature data. Core orientation with the East-
man multishot system appeared to be fully successful. Because
of minor “bad luck” problems, only one successful temperature
measurement for heat flow calculations had been obtained by
the time penetration reached 199.4 mbsf. The self-contained
“heat flow shoe” was deployed on the inner barrel that was to
take the final APC core before the switch to the XCB system for
further coring. After activation of the corer and the 8-min wait
for temperature equilibration, the core barrel could not be with-
drawn using 100,000 Ib overpull. During attempts to free the
barrel after drilling down around it, the pin of the upper piston
rod was twisted off. The majority of the APC assembly and the
temperature instrument were therefore left in the hole.

Hole 642D

The deeper objectives of the reentry exploratory hole re-
mained, and it was again necessary to pull above the seafloor
and respud. The rig was offset 10 m to the south to avoid possi-
ble contact with the steel at 200-m depth.

Hole 642D was spudded at 1600 hr, 2 July, and was drilled to
drill string depth of 1482 m before the XCB *“wash” barrel was
pulled and continuous coring began. The XCB system performed
nearly to perfection through the lower sediment section, which
had not been cored in the earlier holes. Core recovery was over
92% for the first twelve cores.

Core 104-642D-14X recovered basalt in the core catcher from
1601 m (309 mbsf). That depth marked the beginning of “base-
ment.” The plan for the exploratory hole was to core with the
XCB and NCB systems to about 50 m into the harder rocks, or
further if necessary to find a firm footing for the second casing
string. Five additional short XCB cores covered 20 m with only
fair core recovery.

The lithology was weathered, rubbly basalt with clay and al-
tered volcaniclastic strata—not good coring for any system. That
was the setting given the NCB system for its debut. The first
NCB coring, a 2.5-m attempt, produced 1.5 m of core. It con-
tained predominantly softer lithologies and was badly jammed
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into the steel liner. The corehead was damaged, but not de-
stroyed. The second attempt penetrated 1 m at a slow rate.
When the bit was raised off bottom, a momentary overpull and
sudden release was noted. On recovery of the corer by wireline,
we noted that the entire assembly was truncated about 31 cm
above the former cutting head. About 50 cm of interesting core
was recovered, however (for additional details, see the report on
the NCB system by M. Storms, available from ODP Engineer-
ing and Drilling Operations).

At this stage in operations, we would gain little by spending
time on fishing or redrilling the exploratory hole. The hole was
flushed with drilling mud to prepare it for logging, and the bit
was pulled to 62 mbsf to expose maximum open hole for the
logs.

The standard suite of two Schlumberger combination logs
(sonic/induction/natural gamma and density/neutron/spectral
gamma) was recorded. Unfortunately, bridges or ledges stopped
the sondes and the lower 120 m of hole was not logged.

When logging operations were complete, the bit was run
back to total depth and the hole was filled with 100 bbl of
weighted mud. The drill string was then tripped for the reentry
cone installation.

Hole 642E—Reentry Hole

Work commenced on deploying the reentry cone/conductor
casing assembly just after midnight on 4 July. Approximately
15.5 hr was required for the operation. Deployment included
dismantling (and reassembling) the guide horn assembly above
the moon-pool doors, moving the reentry cone into position on
the doors, making up four joints of 16-in. casing and landing it
in the cone, assembling the lower BHA, latching the entire as-
sembly together, and lowering it through the open moon-pool
doors.

The assembly was then run on drill pipe to the seafloor, the
top drive was deployed and Hole 462E was spudded at 2013 hr.

Jetting was found to be much more difficult with the large
tri-cone drill bit and casing than it had been with the 11-7/16-
in. core bit. That had been expected, to a degree, but the slow
progress beyond about 35 mbsf had not been anticipated. Circu-
lation rate and weight were both increased to the maximum to
force the casing string into the sediment, but penetration slowed
nearly to a standstill. As a last resort, nearly the entire BHA
weight was applied while using the heave compensator, and an
apparent “breakthrough” was made. After a few meters, the
string was picked up. The weight of the casing/cone assembly
was not regained until the “drilloff” point was reached indicat-
ing that a sag or bow was actually put into the drill string. Jet-
ting continued until progress stopped completely with the casing
shoe at 1340.1 m and the “mud skirt” of the reentry cone at
1288 m. That depth was about 4 m shallower than that mea-
sured by coring at Hole 642C (30 m north), but within a meter
of PDR depth.

A “rotary” shifting tool was made up to an inner core barrel
and run on the sandline to shift and release the DSDP paddle-
type casing release sub. The inner barrel assembly should have
passed the release sub without interference, and the plan was to
run several meters past the internal sleeve of the release sub and
then engage and shift it upward as the barrel was returned. In-
stead, the barrel stopped and became stuck with the shifting
tool very close to the release sub. After the inner barrel was
jarred loose and recovered, the shifting tool was attached di-
rectly to the smaller diameter sinker bars. It was then run past
the release sub, but tended to stick at varying depths below it.
The shifting tool was pulled through the release sub several
times without indication of engagement. During these efforts,
the pipe was “worked” to alternately apply and release weight
on the release sub and to apply a small amount of torque. When
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release was not achieved, the shifting tool was retrieved. An-
other attempt to “work” the pipe was made, with slightly more
weight and torque applied. The drill pipe suddenly turned free,
indicating release of the cone/casing at 0500 hr on 5 July.

A multishot survey was then run, confirming that there was a
2.5-in. bend in the pipe just above the seafloor and that the cas-
ing string was vertical. Because a bent bumper sub (located im-
mediately above the release sub) was suspected, the bit was ad-
vanced with caution and slow rotation. The bumper sub passed
through the latch sleeve of the running tool without difficulty,
but cyclic torque and vibration soon indicated a bent BHA
component. Drilling was terminated after about 5 m of new
hole, and the drill string was tripped.

As suspected, the bumper sub was visibly bent. It was re-
moved from service, along with the drill collar immediately
above it (due to a possibly overstressed pin connection). The re-
maining BHA connections that had been located above the
bumper sub were given a magnetic flux leakage inspection.

First Reentry—14-7/8-in. Core Bit

A 14-3/4-in. tri-cone drill bit had been deployed with the
cone for drilling the hole for the surface casing. The unscheduled
round-trip and reentry necessitated replacing it with an old-style
14-7/8-in. core bit, as the tri-cone bit had no central passage for
the reentry sonar. The drilling/casing BHA was assembled and
a routine pipe trip was made to reentry depth.

The logging line was then rigged for reentry and the Meso-
tech sonar tool was deployed. The cone/casing assembly had
been released with the top of the cone (sonar reflectors) at
about 1285.3 m. The bit, with sonar landed, was brought to
1282 m. The sonar range to seafloor at that point was 7.3 m,
making drill pipe water depth 1289.3 m. It soon became appar-
ent that the bit was positioned almost directly above the cone.
The target presentation was highly cluttered (a problem previ-
ously reported on Leg 103) and the four reflectors were not
readily discernible. An arbitrary ASK offset of 10 m to the
north was then made to open the range enough to orient the tar-
get image and make gain adjustments to the sonar. As this was
being done, a second target appeared about 10 m farther north.
Its location and appearance left no doubt that it was the crater
and cuttings left by the drilling of Hole 642D. The offset setting
was removed and the pipe began to move directly back toward
the reentry cone. It was just reaching the rim of the cone when
the sonar stopped rotating, and scanning function was lost—
possibly only seconds from a “stab” presentation.

The Mesotech tool could not be revived, so a wireline trip
was made to replace it with the DSDP-vintage EDO sonar. So-
nar scanning resumed after a 3.5-hr delay, with a normal reflec-
tor pattern presented. A 2-m offset and 17 min of scanning were
required to bring the pipe into position for a reentry stab from
1288.3 m.

The sonar was retrieved and one stand of pipe was run to
verify reentry. The top drive was then deployed and an inner
core barrel was pumped into place at the bit. Drilling proceeded
from 1345 m to 1499 m depth before the “wash” inner barrel
was recovered. The multishot tool, run with the overshot on the
sandline, indicated a hole deviation of only 1° off vertical.

Drilling then continued toward the intended coring point of
1614 m. The first hard-rock stratum was encountered at 1601 m,
and progress slowed drastically at 1611 m. The wash barrel was
recovered, and continuous coring began at that point.

Coring was intended to continue only until a suitable casing
point could be found—preferably below any soft or unstable
transitional sediments or highly altered igneous rock. A se-
quence of scoriaceous and soft altered basalts, volcanic ash,
and altered pyroclastic sediments persisted until a “solid” basalt
unit was encountered at 1655 m. The unit continued through the



interval of Core 104-642E-10R to 1672 m, where the 14-7/8-in.
hole was terminated.

A wiper trip was then made, wherein the bit was pulled up
past the 16-in. casing shoe and returned to the bottom of the
hole. Only then was it realized that the hole was in fairly poor
condition. Although some hole fill had been encountered on con-
nections, that had been attributed to the poor cleaning action to
be expected when drilling large-annulus holes with water as the
drilling fluid. The wiper trip, however, found tight spots in the
1630-1640-m interval in both directions and about 19 m of hole
fill. A “flush” of 60 barrels of high-viscosity drilling mud was
then pumped and displaced to clean the hole and leave it full of
seawater.

As a precaution, the casing string was redesigned while the
drill string was being retrieved to shorten it by 10 m.

Second Reentry—Surface Casing

The 11-3/4-in. casing string was 369 m long and consisted of
thirty joints of 54-1b/ft casing plus a special slip joint and a cas-
ing hanger joint. Total time for rigging and making up the cas-
ing string was 15 hr, including assembly of the “stinger” BHA.
El)rill pipe was then added to put the casing shoe at reentry

epth.

After the sonar was rigged down, the casing was run to set-
ting depth. Resistance was encountered at 1608-1616 m and
1621-1631 m. At about 1652 m, apparent hole fill was “felt”
and pump circulation was used to advance the casing shoe be-
yond that point. The casing hanger landed and latched in at
about the right depth, but the weight did not “come off” to per-
mit rotation and release until the pipe had been lowered about
2.1 m farther. The weight of the second casing string apparently
caused the conductor casing and reentry cone to settle by that
amount. The surface casing was released at 1803 hr, 9 July, with
the 11-3/4-in. casing shoe at 1660.5 m and the “mud skirt” of
the reentry cone at 1290 m (1 m below seafloor as indicated by
sonar).

The casing was then cemented into place as 115 bbl of 15-1b/
gal seawater/cement slurry was mixed and displaced into the
casing/hole annulus. When the latch-down top plug landed at
the shoe, the “stinger” was unseated and the drill pipe was re-
covered for the installation of a coring BHA.

Third Reentry—C-4 Bit

A 9-7/8-in. RBI-Type C-4 core bit was selected, because the
medium-length chisel inserts could be used to drill out the cas-
ing shoe and plug, as well as to core the hard basalt. The coring
BHA was assembled and the pipe was run to reentry depth.

Even though the cement had been mixed with seawater to ac-
celerate setting time, calculations indicated that about 24 hr
would be required to ensure a good cement job at the low tem-
perature of the shallow sediments. As the short round-trip time
would necessitate some waiting, the opportunity was taken to
perform a calibration check on the vertical reference unit of the
ASK system. The EDO sonar was again deployed, and the reen-
try cone was used as a reference target as the vessel was taken
through 180° of heading change. The 2.5-hr test confirmed that
maximum heading-related positioning error was only about 7 m
in 1300 m of water.

Reentry scanning then commenced and, as the cone was ap-
proached, it was necessary to lower the pipe to 1287 m to get the
reflector pattern into proper range. A pipe-measurement error was
suspected, as the new depth put the reflectors at about
1289 m (seafloor depth), whereas the 2 m of observed subsi-
dence should have left them at about 1287 m. A successful reen-
try stab was made after about 25 min of scanning,

The trip then continued to 1623 m, the top drive was de-
ployed, and an inner core barrel with a center bit was pumped
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into place. An additional 1.5 hr of “wait-on-cement” time was
then spent before drilling-out began. Only about 3 to 4 m of
firm cement was found above the casing shoe. The float shoe
and aluminum/rubber plug, which normally drill without un-
due difficulty, required 3 hr to dispose of. Considerable torque
persisted for some time after the bit broke through the shoe.
When the hole had been cleaned to total depth, about 12 m be-
low the shoe, the center bit was retrieved. The center bit bore
deep gouges that appeared to have been afflicted by the core
trimming rows of bit inserts.

Coring of new hole commenced at 0045 hr, 11 July, with a
4-m core. Core recovery was a fair 1.9 m, but the diameter of
the core was only 48 mm—a full 10 mm under normal gage. Be-
cause cores that far under gage had only been observed at the
end of very long bit runs where three or four cones were quite
loose from advanced bearing failure, another reason for small
cores from this new bit was suspected. The prime candidate was
a bent-in finger on the bit-throat core guide. A second (7.4-m)
core was attempted to see if the basalt would wear away the steel
finger. Only 1 m of core fragments and soft material was recov-
ered, and bit failure was conceded.

Upon recovery of the drill string, the bit was indeed found to
have undergone advanced bearing failure, with three cutter cones
quite loose. The only plausible explanation appeared to be a
manufacturing defect. The bit was returned to ODP headquar-
ters in Texas for examination.

Fourth Reentry—F94CK Bit

A bit with similar cutting structure manufactured by Smith
Tool Co. was selected to core the apparently interbedded basalt/
sediment sequence. The down trip began after minimal turn-
around time, and a silk-smooth reentry was made with just 8
min of scanning time. Total round-trip/reentry time was only
12.5 hr.

Coring proceeded with good results through alternating ve-
sicular and massive basalts with a few thin sediment strata. Av-
erage penetration rate through 164 m was a quite respectable 3.6
m/hr. After an equally respectable rotating life of 45 hr, the bit
was retired when decreasing core diameter signalled progressive
bearing failure.

Fifth Reentry—C-57 Bit

Owing to the predominance of basaltic material, the next bit
chosen was an RBI C-57 model, which featured conical cutting
inserts. An additional stand of drill collars was put into the
BHA to provide more weight for the hard-rock cutting struc-
ture.

The recently-repaired Mesotech sonar was deployed, and re-
entry operations began. A fairly good reentry cone target could
be discerned from a distance of 10 m or more, but at close range
the reflectors, cone and seafloor seemed to merge into an unrec-
ognizable mass. The effect was attributed to excessive signal
strength or gain settings in the sonar, as similar problems had
been experienced. A “best guess” stab was made at the center of
a very poor target after 36 min of scanning. Initial weight indi-
cations were favorable and the sonar was recovered to the rig
floor before the Martin-Decker began to show suspicious signs
that soon confirmed a misstab.

The Mesotech unit was replaced by the old EDO sonar for
the new attempt. Scanning again failed to produce a good tar-
get, however. The reflector pattern was even worse, and repeated
approach maneuvers failed to produce a range of less than 7 to 8
m to the reflectors. The bit was finally lowered to 1286 m and,
after nearly 5 hr of scanning, a stab was made at the center of a
rather amorphous target. Again the weight indication at the
driller’s console looked good, and the sonar was pulled. When
we ran a stand of pipe for verification of the reentry, however,
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the string “took weight” and confirmed a second consecutive
misstab.

By this time it was evident that the reflectors of the cone
were at or below the seafloor and were covered with drill cut-
tings and/or seafloor sediment. At the suggestion of the Drill-
ing Superintendent, the circulating head and kelly hose were
rigged and both mud pumps were run at maximum rate to sluice
off the rim of the cone and the reflectors. During this process,
the bit was positioned at 1286 m and ASK offsets of 3 m were
sequentially entered in all directions to sweep the pipe across the
cone. As the Mesotech sonar had actually produced the better
target presentation of the two runs, it was deployed for the third
attempt. It failed to calibrate on the first in-pipe check at 250 m
below the rig floor, however, and was pulled in favor of a second
EDO tool (the first-string EDO had been badly damaged during
the verification attempt). The washing tactic was a complete suc-
cess, as a normal, distinct four-reflector pattern was acquired im-
mediately. The ASK system was somewhat unresponsive owing
to a lack of sufficient environmental forces, but a successful
stab was made after 35 min.

The new bit also performed well and averaged about 3.2 m/
hr through 73 m of basalt that was possibly somewhat harder
than that higher in the hole. Then, after recovery of Core 104-
642E-39R with only lumps in the core catcher, circulating pres-
sure was too high on pumping down the next core barrel. That is
usually an indication that the bit is partially plugged (throat or
nozzles).

The inner core core barrel was retrieved and a special bit de-
plugger was pumped down at high velocity in an attempt to dis-
lodge any material that might be obstructing the bit throat. The
deplugger was “spudded” with the wireline, but the abnormal
pressure persisted. The heavy wall drilling joints (HWDJ) were
laid out and the pipe trip continued after an inner barrel had
been pumped down without the desired pressure decrease. A
stop was made to wash off the reentry cone as on the previous
reentry. (The practice became standard procedure for the re-
mainder of operations at Hole 642E.)

On recovery, the throat of the bit was found to be completely
plugged with pulverized basalt and claylike material. The bit
showed no signs of wear or failure, but it had accumulated 23
rotating hours and was removed from service. It was replaced by
an identical RBI C-57 bit.

Sixth Reentry—C-57 Bit

An easy (12-min) reentry was made with the EDO sonar. Six
m of hole fill was found after the trip (fill was persistent for the
remainder of operations, almost certainly because of cuttings
falling back from the seafloor.)

After only 38 m had been cored, a zero-recovery inner barrel
was retrieved and the subsequent barrel again showed excessive
pressure on pump-down. The inner barrel was pulled and two
wireline runs were made to use both the deplugger and shorter,
chisel-shaped core breaker. Circulating pressure decreased, chalk
indications on the core barrel were favorable, and another core
was attempted. There was no recovery, however, and the plugged-
bit indications were back. The pipe was tripped and the bit was
found to be in the same condition as the previous one. Because
of its like-new condition (despite 18-hr use) and because the bit
supply was not unlimited, the same bit was cleaned out and
reinstalled for continued coring.

Seventh Reentry—C-57 Bit

The minor problem with the Mesotech sonar had been recti-
fied, and it received the reentry call. The reflector target pattern
remained more difficult to resolve with this tool, despite minor
modification to reduce incoming signal strength. The reentry
stab was made after 40 min of scanning.

The cause of the plugged bits was, by this time, a topic of
lively discussion. Formation conditions or contact with hole fill
were suspected, as the RBI bits were manufactured to the same
specifications as bits from previous vendors—except that it was
noted that the jet nozzle size was larger than on the older gener-
ation bits. Inadequate hydraulics at the bit face were suspected
by rig personnel for that reason. The C-57 bits also differed in
that the detail of cutting insert shape was new to DSDP/ODP
operations. As speculation continued, it was learned that the bit
had again plugged after 38 m of coring.

As before, attempts to unplug the bit were unsuccessful and
a round-trip was necessary. The same type of plug was again
found in the throat. The bit was retired after 28 rotating hours,
still in excellent condition. The rate of penetration had averaged
over 3 m/hr with much of the coring done with a plugged
throat—a situation of mixed reviews. The cause-of-plugging is-
sue was not resolved, but there was sufficient cause to discon-
tinue use of the RBI bits, at least temporarily.

Eighth Reentry—F99CK Bit

The amount of sediment and claylike alteration products in
the material being cored had decreased to a very small amount,
and an extra hard formation “button” F99CK bit (a survivor
from the DSDP) was selected for the next run. Another stand of
three drill collars was added to the BHA to provide the weight
necessary for good performance of bits of that type.

The Mesotech tool had been modified further and was used
again for the reentry. The pipe swung across the cone on the
very first move of the search and a stab was made after 6 min on
the basis of a marginal target presentation. Although the pat-
tern had appeared to be centered, the rig floor reported an unfa-
vorable weight indication. Considering the time involved for a
wireline trip and conclusive verification, the bit was pulled back
to scanning depth and scanning was reinitiated. A successful
stab was made after an additional 7 min.

On two occasions there were pressure indications of bit plug-
ging, but both followed cores with considerable recovery and
both times the bit was cleared successfully with the core breaker.
It is believed that pieces of core fell from the core catchers dur-
ing retrieval of the core barrel and became lodged at the bit
throat.

Performance of the hard-rock bit exceeded expectations, and
an extraordinary run of 173.5 m in 41.8 hr ensued before reduced
core diameter indicated bearing failure. Good heave compensa-
tion, porous vesicular basalt and the long, heavy BHA were all
factors. Because of the bit’s great success, its “littermate” was
chosen for the succeeding run.

Ninth Reentry—F99CK Bit

The round-trip and reentry were difficult owing to bad
weather and were slowed by swells in excess of 3 m. The EDO
sonar was used, as an uncluttered presentation was desired to
minimize the effects of vessel motion. The target presentation
was normal and the heave compensator was effective in keeping
drill string motion to a minimum during the reentry operation.
The environment made precise maneuvering with the ASK sys-
tem difficult, however, and the scan took 53 min before the re-
entry was made.

The new bit accepted the challenge of its predecessor and ac-
tually drilled faster with increasing depth. One “dropped-core”
obstruction was cleared with the core breaker. The end of an
outstanding bit run was approaching when a sediment unit was
encountered. There were no particular indications of bit failure,
but 45.5 hr of rotating time had accrued. The new lithology con-
tained altered volcaniclastic material, and the ROP had dropped
sharply. The bit was therefore pulled “green™ after a prodigious
211.8 m of basalt drilling with an average ROP of 4.7 m/hr.



Tenth Reentry—F94CK Bit

With time running out and the unknowns of reflector “K”
lying ahead, a “drill anything” bit with intermediate-length
chisel inserts (Smith F94CK cutters) was chosen.

The reentry was made with the Mesotech sonar. It was a dif-
ficult reentry, with the reflectors blending into the seafloor and
forming a bright ring, It appeared that they were again partially
covered with cuttings despite the “washing” operation on each
out-trip. The stab was finally made into the center of a “pile”
without discernible reflectors at the moment. The reentry was
good, but 24 m of fill in the hole contributed to doubts that
continued reentry operations would be feasible.

Coring continued through tuffs and basalts, some intensely
altered. Most was fairly easy drilling, but an exceptionally hard
basalt dike of about 15 m was penetrated. One bit obstruction
was again cleared with the deplugger. Coring operations were fi-
nally terminated by time limitations and achievement of objec-
tives at a total depth of 2518.4 m (1229.4 mbsf).

The hole was given an extra-thorough combination bentonite
and polymer mud flush before the pipe was tripped for the log-
ging BHA. The reentry cone was also given an extra thorough
washing with the bit at 1287 m. A summary of coring opera-
tions at Site 642 is provided in Table 1.

Eleventh Reentry—Logging BHA

A short, open-ended logging BHA was assembled and run to
reentry depth. Because of the poor presentation on the previous
reentry, the EDO tool was run in the hope that anything would
be an improvement. On commencement of scanning, it appeared
that the washing tactic had once more been effective. A normal
four-reflector pattern was detected but became indistinct as the
drill string approached the cone. The reflectors fused with the
seafloor on the 45° presentation and the 8° transducer seemed
to “look over” the reflectors. In addition, the drill string was
unresponsive to small ASK offsets—probably because of its
light weight. The proper pattern was finally acquired after the
pipe had been lowered almost to the seafloor, and the stab was
made after 86 min of scanning.

On retrieval, the sonar tool was exchanged for logging equip-
ment and the downhole measurements phase of operations be-
gan. The standard suite of two Schlumberger combination logs
was recorded first. The logs were of good quality, but the tools
would not pass an obstruction in the hole at 2388 m, 13