
4. SITE 642: NORWEGIAN SEA1 

Shipboard Scientific Party2 

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 Wo 
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 

1 Eldholm, O., Thiede, J.( Taylor, E., et al., 1987. Proc, Init. Repts. (Pt. A), 
ODP, 104. 

2 Olav Eldholm, (Co-Chief Scientist), University of Oslo, Oslo, Norway; Jorn 
Thiede (Co-Chief Scientist), Christian-Albrechts-Universitat, Kiel, FRG; Elliott 
Taylor (Staff Scientist), ODP, Texas A&M University, College Station, TX; Col­
leen Barton, Stanford University, Stanford, CA; Kjell Bjrirklund, University of 
Oslo, Oslo, Norway; Ulrich Bleil, Universitat Bremen, Bremen, FRG; Paul Ciesi-
elski, University of Florida, Gainesville, FL; Alain Desprairies, Universite de Pa­
ris Sud, Orsay, France; Diane Donnally, Amoco Production Co., New Orleans, 
La.; Claude Froget, Faculte des Sciences de Luminy, Marseilles, France; Robert 
Goll, IKU/SINTEF, Trondhei'm, Norway; Rudiger Henrich, Christian-Albrechts-
Universitat, Kiel, FRG; Eystein Jansen, University of Bergen, Bergen, Norway; 
Larry Krissek, Ohio State University, Columbus, OH; Keith Kvenvolden, USGS, 
Menlo Park, CA; Anne LeHuray, Lamont-Doherty Geological Observatory, Pali­
sades, NY; David Love, University of Waterloo, Ontario, Canada; Peter Lysne, 
Sandia National Laboratory, Albuquerque, NM; Thomas McDonald, Texas A&M 
University, College Station, TX; Peta Mudie, Geological Survey of Canada, Nova 
Scotia, Canada; Lisa Osterman, Smithsonian Institution, Washington, DC; Lind­
say Parson, Institute of Oceanographic Sciences, Surrey, UK; Joseph Phillips, 
University of Texas, Austin, TX; Alan Pittenger, Texas A&M University, College 
Station, TX; GunnbjeSrg Qvale, Norsk Hydro, Oslo, Norway; Giinther Schon-
harting, University of Copenhagen, Copenhagen, Denmark; Lothar Viereck, Ruhr 
Universitat, Bochum, FRG. 

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 cores (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 (%): 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. 

S I T E 6 4 2 S U M M A R Y 

Introduct ion 

O D P Site 642 is located at the outer Vriring Plateau, east of 
magnetic anomaly 24B and over the inner par t 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 A P C core, 1.3-10.8 mbsf, 
642B. 25 A P C cores, 0-221.1 mbsf, 
642C. 24 A P C cores, 0-199.6 mbsf, 
642D. 18 XCB and 2 N C B cores, 189.9-329.9 mbsf, and 
642E. 107 R cores, 322.5-1229.4 mbsf. 

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 Wring 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°7o 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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Site 642 
Lat. 67°13.2'N 
Long. 2°55.8'E 
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Figure 1. Summary lithostratigraphic column of ODP Leg 104, Site 642. 

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 Wring 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 Wring Marginal High and its deposi-
tional environment. Because similar features exist at many pas­
sive margins, an understanding of the geology of the outer Vdr-
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 
Wring 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 Wring 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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63°N 

Marginal escarpment 

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. 

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 
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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 

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-lb 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-lb 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 lb 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 

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 
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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-lb/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. 
Drill pipe was then added to put the casing shoe at reentry 
depth. 

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 o f f 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-lb/ 
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 

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 clay like 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. 
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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, 130 m off 
total depth. Sonic waveforms were recorded into the cased hole 
interval in an attempt to evaluate the cement job in the absence 
of cement-bond log equipment. Good bonding appeared to ex­
tend about 100 m above the shoe, with the cement top about 40 
m above that. 

The next downhole investigation attempt was with the LDGO 
borehole televiewer. Several problems related to the tool's light 
weight and stiff centralizers were experienced, costing consider­
able time. The tool eventually was deployed into the open hole 
but problems with the depth measuring system then resulted in 
loss of depth control and the experiment was terminated due to 
expiration of allotted time. 

The vertical seismic profile (VSP) was the final in-hole mea­
surement to be conducted. The 2.5-in. diameter clamped-geo-
phone sonde was lowered into the borehole without difficulty 
and actually was worked past the obstruction that had stopped 
the larger logging tools. Owing to time limitations, however, the 
first and lowermost clamping station was made at 2400-m depth 
and no attempt was made to go deeper. The heave compensator 
was opened and the drill string was lowered to seat the large-di­
ameter latch sleeve of the DSDP 16-in. casing running tool (lo­
cated at the top of the BHA) in the base of the reentry cone. 
With 10,000 lb of BHA weight resting on the cone, the drill 

string was immobilized to reduce noise for the duration of the 
experiment. A 1200-in3 air gun was suspended in the water from 
no. 3 crane and was used as a sound source for the seismometer. 
Several shots were recorded at each of 44 stations between 2400 
m and 1740 m depth. Two failures of the geophone clamping 
arm safety shear pin occurred, one of which caused a 3-hr re­
placement delay and the second of which resulted in the termi­
nation of the experiment as time was running out. 

As soon as the VSP experiment had been rigged down, the 
drill string was recovered. The ship departed immediately for 
Site 643 at 0000 hr, 2 August. 

SEDIMENT LITHOLOGY 

Lithologic Summary 

Data and Methods 
The sedimentary sequence drilled at Site 642 has been di­

vided into four lithologic units: Unit I is a terrigenous-domi­
nated unit of glacial/interglacial depositional cycles, Unit II 
contains a mixture of terrigenous/siliceous biogenic/calcareous 
biogenic deposits and has been split into four subunits, Unit III 
is a terrigenous/siliceous biogenic unit, and Unit IV is domi­
nated by volcanic ash and altered volcanic ash. The lithologic 
divisions are summarized in Table 2 and Figure 3, while the 
smear-slide compositional data for these units are included in 
the barrel sheets and summarized in Figures 4 and 5. Shipboard 
carbonate-bomb analyses were conducted on samples used for 
physical properties tests; these results are shown in Figure 6 for 
Hole 642C. One-hundred-thirty-five samples were analyzed by 
X-ray diffraction (XRD) for bulk mineralogy, whereas oriented 
pastes of 35 samples were analyzed for clay mineralogy. The es­
timated mineral abundances are shown in Figure 7 for Holes 
642C and D. Although the estimates of mineral abundances ob­
tained from the XRD data are only relative and semiquantita-
tive, a comparison of the carbonate contents estimated by XRD 
and measured by carbonate bomb (on splits of the same sample) 
reveals similar patterns for both analytical techniques (Figure 
6). As a result, the XRD results provide useful semiquantitative 
estimates of bulk sediment composition. Volcanic ash is a minor 
to common component in most of the sedimentary sequence at 
Site 642, and the locations and characteristics of these discrete 
and disseminated volcanic ash layers are discussed in detail in 
the last portion of this lithologic summary. For this reason, the 
distribution of ashes is described only briefly in the discussion 
of individual lithologic units. 

Lithologic Units 

Unit I 
Core 104-642A-1H; Section 104-642B-1H-1 to Sample 104-

642B-8H-6, 132 cm (0-65.7 m sub-bottom); Section 104-642C-
1H-1 to Sample 104-642C-8H-2, 108 cm (0-59.7 m sub-bot­
tom). Age: late Pliocene to Recent. 

Unit I consists predominantly of muds and sandy muds that 
display a repeated alternation of dark and light layers on two 
scales: a large scale (approximately 3 to 5 m thick) and a smaller 
scale (approximately 30 cm to 1 m thick). Although the exact 
colors present in the dark and light layers change downcore, 
these color alternations appear to be the most notable and con­
sistent indicators of repeated complex cycles of sedimentation 
(Figs. 8 and 9). On the small scale, the most complete dark lay­
ers contain a basal dark-colored sandy mud, and grade upward 
into a very dark-colored sandy mud with a sharp base, a biotur-
bated top, and some Fe/Mn-enriched laminations near the top. 
These layers are then overlain by a light-colored, bioturbated 
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Table 1. Site 642 coring summary. 

Core 
no. 104-

Hole 642A 

1H 

Hole 642B 

1H 
2H 
3H 
4H 
5H 
6H 
7H 
8H 
9H 

10H 
11H 
12H 
13H 
14H 
15H 
16H 
17H 
18H 
19H 
20H 
21H 
22H 
23H 
24H 
25H 

Hole 642C 

1H 
2H 
3H 
4H 
5H 
6H 
7H 
8H 
9H 

10H 
11H 
12H 
13H 
14H 
15H 
16H 
17H 
18H 
19H 
20H 
21H 
22H 
23H 
24H 

Hole 642D 

1W 
2X 
3X 
4X 
5X 
6X 
7X 
8X 
9X 

10X 
11X 
12X 
13X 
14X 
15X 
16X 
17X 

Date 
(1985) 

28 June 

28 
28 
28 
28 
28 
28 
28 
28 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
01 July 
01 
01 
01 
01 
01 

01 
01 
01 
01 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

Time 
(UTC) 

1430 

1520 
1626 
1755 
1906 
2040 
2142 
2217 
2328 
0045 
0145 
0255 
0342 
0440 
0540 
0715 
0850 
0945 
1044 
1134 
1220 
1305 
1346 
1420 
1525 
1750 

0010 
0445 
0537 
0634 
0732 
0836 
1005 
1105 
1205 
1254 
1400 
1445 
1540 
1645 
1810 
1858 
1943 
2035 
0118 
0231 
0425 
0540 
0908 
1046 

2050 
2200 
2257 
2350 
0100 
0203 
0309 
0401 
0455 
0602 
0654 
0756 
0850 
0957 
1100 
1225 
1351 

Interval 

top 
(mbsf) 

1.3 

0 
4.8 

14.3 
20.7 
29.4 
38.9 
47.4 
56.9 
66.4 
75.9 
85.4 
94.9 

104.2 
114.0 
123.5 
128.1 
138.0 
147.8 
157.7 
167.4 
177.1 
186.7 
196.0 
205.6 
213.1 

0 
3.4 

13.2 
23.1 
32.9 
41.4 
50.9 
57.1 
60.7 
63.5 
73.0 
82.5 
92.0 

101.5 
111.0 
120.5 
130.0 
139.5 
149.0 
158.5 
168.0 
177.5 
184.3 
192.4 

0 
189.9 
199.6 
209.2 
218.9 
228.5 
238.2 
247.8 
257.5 
267.1 
276.8 
286.5 
296.2 
305.8 
315.4 
315.9 
317.4 

bottom 
(mbsf) 

10.8 

4.8 
14.3 
20.7 
29.4 
38.9 
47.4 
56.9 
66.4 
75.9 
85.4 
94.9 

104.2 
114.0 
123.5 
128.1 
138.0 
147.8 
157.7 
167.4 
177.1 
186.7 
196.0 
205.6 
213.1 
221.1 

3.4 
13.2 
23.1 
32.9 
41.4 
50.9 
57.1 
60.7 
63.5 
73.0 
82.5 
92.0 

101.5 
111.0 
120.5 
130.0 
139.5 
149.0 
158.5 
168.0 
177.5 
184.3 
192.4 
199.6 

189.9 
199.6 
209.2 
218.9 
228.5 
238.2 
247.8 
257.5 
267.1 
276.8 
286.5 
296.2 
305.8 
315.4 
315.9 
317.4 
321.6 

Meters 
cored 
(m) 

9.5 

4.8 
9.5 
6.4 
8.7 
9.5 
8.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.3 
9.8 
9.5 
4.6 
9.9 
9.8 
9.9 
9.7 
9.7 
9.6 
9.3 
9.6 
7.5 
8.0 

3.4 
9.8 
9.9 
9.8 
8.5 
9.5 
6.2 
3.6 
2.8 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
6.8 
8.1 
7.2 

189.9 
9.7 
9.6 
9.7 
9.6 
9.7 
9.6 
9.7 
9.6 
9.7 
9.7 
9.7 
9.6 
9.6 
0.5 
1.5 
4.2 

Meters 
recovered 

(m) 

9.9 

4.8 
8.7 
6.2 
9.1 

10.3 
8.4 
9.9 
9.8 
9.9 
9.9 
9.9 
9.3 
9.8 
1.8 
4.5 
9.9 
9.7 
9.6 
9.5 
9.8 
9.5 
9.4 
9.7 
7.4 
8.1 

3.4 
10.0 
9.9 
9.9 
8.6 
9.2 
6.3 
3.9 
2.8 
9.5 
9.8 
9.6 
3.7 
9.9 
9.5 
9.4 
8.7 
8.7 

10.1 
9.8 
9.6 
7.0 
8.1 
7.5 

5.4 
9.9 
7.9 
9.7 
9.7 
7.8 
9.8 
9.6 
9.8 
9.8 
3.3 
9.8 
6.9 
3.4 
0.7 
0.6 
2.2 

Percent 
recovery 

104.2 

98.9 
91.2 
96.9 

104.3 
107.9 
98.8 

104.3 
102.8 
103.9 
103.7 
104.4 
100.1 
99.7 
18.4 
98.0 
99.9 
98.8 
97.1 
98.0 

101.0 
99.4 

101.4 
100.7 
98.9 

100.8 

100.3 
101.9 
100.0 
101.0 
101.5 
96.9 

102.3 
109.4 
100.0 
100.0 
103.2 
101.2 
38.5 

103.7 
100.0 
99.2 
91.7 
91.6 

106.6 
102.8 
101.1 
103.4 
99.4 

103.8 

2.8 
101.8 
81.9 
99.5 

101.5 
80.1 

101.9 
99.2 

102.3 
100.7 
33.5 

101.0 
72.3 
35.2 

138.0 
38.0 
51.6 



Table 1 (continued). 

SITE 642 

Core Date Time top 
no. 104- (1985) (UTC) (mbsf) 

Hole 642D (Cont.) 

18X 
19N 
20N 

Hole 642E 

1W 
2W 
3R 
4R 
5R 
6R 
7R 
8R 
9R 

10R 
11R 
12R 
13R 
14R 
15R 
16R 
17R 
18R 
19R 
20R 
21R 
22R 
23R 
24R 
25R 
26R 
27 R 
28R 
29R 
30R 
31R 
32R 
33R 
34R 
35R 
36R 
37R 
38R 
39R 
40R 
41R 
42R 
43R 
44R 
45R 
46R 
47R 
48R 
49R 
50R 
51R 
52R 
53R 
54R 
55R 
56R 
57R 
58R 
59R 
60R 
61R 
62R 
63 R 
64R 
65R 
66R 
67R 
68R 
69R 
70R 

02 July 
02 
02 

06 
06 
07 
07 
07 
07 
07 
07 
07 
08 
11 
11 
12 
12 
12 
12 
12 
12 
12 
12 
13 
13 
13 
13 
13 
13 
14 
14 
14 
14 
14 
16 
16 
16 
16 
16 
16 
17 
17 
18 
18 
18 
18 
19 
19 
20 
20 
20 
20 
21 
21 
21 
21 
21 
21 
21 
22 
22 
22 
22 
22 
22 
23 
23 
23 
23 
23 
23 
23 
23 

1530 
1905 
2208 

1745 
2310 
0020 
0128 
0458 
0700 
0940 
1140 
1820 
0045 
0320 
0750 
0015 
0200 
0510 
0750 
1115 
1526 
1805 
2215 
0245 
0715 
0930 
1415 
1745 
2205 
0201 
0502 
0840 
1107 
1445 
0309 
0715 
1050 
1426 
1850 
2210 
0206 
0611 
0623 
1015 
1352 
1713 
0115 
2140 
0150 
0515 
0853 
1600 
0315 
0430 
0820 
1233 
1515 
1823 
2325 
0215 
0615 
1000 
1245 
1500 
2118 
0015 
0315 
0520 
0822 
1000 
1200 
1505 
1803 

321.6 
326.4 
328.9 

56.0 
210.0 
322.5 
326.5 
334.9 
344.6 
354.3 
363.9 
365.9 
373.5 
383.2 
387.2 
394.8 
399.8 
405.3 
414.8 
424.3 
432.7 
442.1 
451.6 
461.0 
470.5 
479.9 
489.4 
493.4 
501.8 
511.2 
520.6 
530.0 
539.5 
549.0 
558.4 
564.9 
574.4 
583.9 
593.4 
602.8 
612.2 
621.6 
631.1 
640.6 
650.1 
659.6 
669.1 
678.6 
688.1 
697.6 
707.1 
716.5 
716.6 
723.3 
723.8 
729.2 
738.7 
748.2 
757.6 
759.1 
766.1 
775.5 
784.9 
794.3 
803.8 
809.8 
815.8 
825.2 
834.7 
844.2 
853.7 
863.2 
872.7 

Meters Meters 
bottom cored recovered Percent 
(mbsf) (m) (m) recovery 

326.4 4.8 1.9 39.4 
328.9 2.5 1.5 60.4 
329.9 1.0 0.5 50.0 

210.0 
322.5 
326.5 
334.9 
344.6 
354.3 
363.9 
365.9 
373.5 
383.2 
387.2 
394.8 
399.8 
405.3 
414.8 
424.3 
432.7 
442.1 
451.6 
461.0 
470.5 
479.9 
489.4 
493.4 
501.8 
511.2 
520.6 
530.0 
539.5 
549.0 
558.4 
564.9 
574.4 
583.9 
593.4 
602.8 
612.2 
621.6 
631.1 
640.6 
650.1 
659.6 
669.1 
678.6 
688.1 
697.6 
707.1 
716.5 
716.6 
723.3 
723.8 
729.2 
738.7 
748.2 
757.6 
759.1 
766.1 
775.5 
784.9 
794.3 
803.8 
809.8 
815.8 
825.2 
834.7 
844.2 
853.7 
863.2 
872.7 
880.7 

154.0 
112.5 

4.0 
8.4 
9.7 
9.7 
9.6 
2.0 
7.6 
9.7 
4.0 
7.6 
5.0 
5.5 
9.5 
9.5 
8.4 
9.4 
9.5 
9.4 
9.5 
9.4 
9.5 
4.0 
8.4 
9.4 
9.4 
9.4 
9.5 
9.5 
9.4 
6.5 
9.5 
9.5 
9.5 
9.4 
9.4 
9.4 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.4 
0.1 
6.7 
0.5 
5.4 
9.5 
9.5 
9.4 
1.5 
7.0 
9.4 
9.4 
9.4 
9.5 
6.0 
6.0 
9.4 
9.5 
9.5 
9.5 
9.5 
9.5 
8.0 

9.7 
3.6 
1.5 
1.5 
4.2 
2.6 
3.2 
0.3 
3.0 
3.3 
1.9 
1.0 
1.7 
1.7 
7.7 
4.4 
4.9 
6.0 
5.9 
4.8 
6.5 
7.5 
3.5 
2.0 
5.0 
6.6 
5.8 
5.2 
2.7 
7.4 
5.8 
4.1 
6.8 
0.8 
5.7 
3.0 
2.1 
5.0 
0.1 
3.6 
4.5 
3.0 
0.0 
0.0 
5.5 
4.9 
1.3 
0.0 
0.0 
2.2 
0.3 
6.1 
3.7 
5.1 
4.2 
0.7 
5.2 
6.2 
4.0 
2.7 
2.8 
1.3 
4.3 
6.7 
1.5 
4.7 
2.8 
2.9 
4.2 
2.0 

6.3 
3.2 

37.5 
17.8 
43.1 
26.3 
33.4 
15.5 
39.5 
33.8 
47.5 
13.1 
34.2 
30.9 
81.0 
46.5 
58.2 
63.9 
62.2 
51.0 
68.3 
79.9 
36.8 
48.7 
59.3 
70.2 
61.8 
54.8 
28.8 
78.0 
61.8 
63.1 
71.6 

8.4 
59.6 
32.0 
22.3 
53.2 
0.6 

37.9 
47.5 
31.7 
0.0 
0.3 

58.0 
51.6 
13.7 
0.4 

40.0 
32.8 
60.0 

113.0 
38.9 
54.0 
44.7 
46.6 
74.3 
65.9 
42.6 
28.7 
29.5 
21.6 
71.8 
71.3 
15.8 
49.5 
29.5 
30.5 
44.3 
25.0 



SITE 642 

Table 1 (continued). 

Core 
no. 104-

Date 
(1985) 

Hole 642E (Cont.) 

71R 
72R 
73R 
74R 
75R 
76R 
77R 
78R 
79R 
80R 
81R 
82R 
83R 
84R 
85R 
86R 
87R 
88R 
89R 
90R 
91R 
92R 
93R 
94R 
95R 
96R 
97 R 
98R 
99R 

100R 
101R 
102R 
103R 
104R 
105R 
106R 
107R 
108R 
109R 
110R 

24 July 
24 
24 
25 
25 
25 
25 
25 
25 
25 
26 
26 
26 
26 
26 
26 
26 
26 
27 
27 
27 
27 
27 
27 
27 
28 
28 
28 
28 
28 
29 
29 
29 
29 
29 
29 
30 
30 
30 
30 

Time 
(UTC) 

0215 
1833 
2145 
0201 
0500 
0730 
1025 
1345 
1835 
2124 
0105 
0510 
0700 
0940 
1307 
1600 
1930 
2218 
0105 
0345 
0725 
0920 
1216 
1544 
2350 
1205 
1423 
1635 
1914 
2145 
0018 
0403 
0720 
1135 
1544 
2108 
0148 
0408 
0645 
0940 

Interval 

top 
(mbsf) 

880.7 
890.1 
896.3 
902.4 
911.9 
921.4 
930.9 
940.4 
949.9 
959.3 
968.3 
977.8 
987.3 
996.8 
1006.3 
1015.8 
1025.3 
1034.8 
1044.3 
1053.8 
1063.3 
1072.8 
1078.8 
1085.0 
1094.5 
1101.9 
1108.9 
1115.8 
1125.2 
1134.7 
1144.1 
1153.5 
1163.0 
1166.5 
1172.5 
1181.9 
1191.4 
1200.9 
1210.4 
1219.9 

bottom 
(mbsf) 

890.1 
896.3 
902.4 
911.9 
921.4 
930.9 
940.4 
949.9 
959.3 
968.3 
977.8 
987.3 
996.8 

1006.3 
1015.8 
1025.3 
1034.8 
1044.3 
1053.8 
1063.3 
1072.8 
1078.8 
1085.0 
1094.5 
1101.9 
1108.9 
1115.8 
1125.2 
1134.7 
1144.1 
1153.5 
1163.0 
1166.5 
1172.5 
1181.9 
1191.4 
1200.9 
1210.4 
1219.9 
1229.4 

Meters 
cored 
(m) 

9.4 
6.2 
6.1 
9.5 
9.5 
9.5 
9.5 
9.5 
9.4 
9.0 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
6.0 
6.2 
9.5 
7.4 
7.0 
6.9 
9.4 
9.5 
9.4 
9.4 
9.5 
3.5 
6.0 
9.4 
9.5 
9.5 
9.5 
9.5 
9.5 

Meters 
recovered 

(m) 

5.3 
2.4 
5.2 
7.5 
2.7 
2.5 
3.9 
2.9 
2.7 
3.1 
3.0 
1.0 
2.2 
1.5 
7.0 
4.4 
2.6 
2.3 
1.6 
3.8 
3.1 
2.6 
7.2 
6.8 
1.9 
0.5 
3.0 
3.1 
2.8 
1.9 
2.5 
3.7 
2.0 
3.9 
5.8 
1.4 
5.7 
3.0 
2.0 
0.5 

Percent 
recovery 

56.4 
38.7 
85.2 
79.0 
28.4 
26.3 
41.0 
30.5 
28.8 
34.4 
31.6 
10.5 
23.1 
15.8 
73.8 
46.4 
27.3 
24.2 
16.8 
40.0 
32.6 
43.3 

116.3 
71.7 
25.7 

7.1 
43.5 
33.0 
29.6 
20.2 
26.6 
38.9 
57.1 
65.0 
61.8 
14.7 
60.1 
31.6 
21.0 

5.3 

mud. The less-complete small-scale cycles show a simpler alter­
nation of dark sandy muds and light-colored muds. The larger-
scale cycles result from downcore changes in the relative abun­
dances of dark and light layers, with the large-scale "dark" 
zones characterized by abundant and closely-spaced small-scale 
dark layers, while the large-scale "light" zones contain widely 
spaced and poorly developed small-scale dark layers (Figs. 8 
and 9). The large-scale cycles are less easily identified downcore 
at Site 642, however, because the smaller-scale dark layers be­
come more uniformly spaced and less intense below approxi­
mately 35 m sub-bottom. The major colors present in the lighter 
layers include gray (5Y 5/1), olive gray (5Y 5/2, 5Y 4/2), dark 
gray (5Y 4/1), grayish brown (2.5Y 5.2), dark grayish brown 
(2.5Y 4/2), and greenish gray (5GY 5/1). Of these, gray, olive 
gray, and dark gray are the most common. The major colors 
present in the darker layers include olive gray (5Y 4/2), dark ol­
ive gray (5Y 3/2), dark gray (5Y 4/1), and very dark gray (5Y 3/ 
1), with dark gray and very dark gray most common. Bedding 
thicknesses range from less than 5 cm to greater than 50 cm for 
both light and dark layers; in a general sense, however, the 
lighter layers tend to be thicker than the adjacent darkest layers. 
Bioturbation is common throughout this unit. 

The light and dark layers of Unit I exhibit general differences 
in dropstone abundance and carbonate content, but these dif­
ferences are of limited magnitude and do not occur in all adja­
cent light/dark pairs. For example, dropstones of sand size and 

larger (up to 1.5 cm in diameter) were identified in both light 
and dark layers during visual core description (Fig. 10). These 
dropstones occur both individually and in concentrated zones, 
with lithologies ranging from mudstone to crystalline rock frag­
ments. Although dropstones were observed in both light and 
dark layers, the core description data indicate that the drop­
stones occur approximately three times more often in dark than 
in light layers (compare Figs. 8 and 9 with Fig. 10). Foramini-
fers, on the other hand, are more common in the light layers 
than in the dark ones. This trend is evident from the visual (not 
microscopic) identification of foraminifers at ten horizons in Unit 
I during visual core description; of those ten occurrences, nine 
are located in light-colored layers, suggesting a general pattern of 
enrichment in foraminifers within the light-colored layers. 

This subtle pattern of compositional differences between light 
and dark layers is also apparent in smear-slide, carbonate bomb, 
and XRD data (Figs. 4 through 7). Only seven smear-slide sam­
ples from Unit I were classified as calcareous oozes or marly 
calcareous oozes; one of these was taken from a dark layer, 
while the other six were taken from light layers. Carbonate-
bomb analyses indicate that samples from light layers contain 
up to 20% carbonate, with relative XRD abundances ranging 
up to 40% carbonate. As a result, all available data indicate 
that carbonates tend to be enriched in the lighter layers of Unit 
I. Additional preliminary shore-based carbonate analyses (ob­
tained by thermal infrared spectroscopy) are summarized in Ta-
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Table 2. Summary of lithologic units at Site 642. 

SITE 642 

Unit Lithology 
Interval 

(m sub-bottom) Age 

Average 
organic carbon 

content (%) 
Occurrence, 
Sample 104-

I Inter bedded dark, carbonate-poor 
glacial muds and light, carbonate-
rich interglacial sandy muds 

IIA 

IIC 

IID 

Nannofossil oozes with minor diatom-
nannofossil oozes and muds 

IIB Siliceous muds and siliceous oozes 

Interbedded nannofossil oozes, marly 
nannofossil oozes, siliceous nanno­
fossil oozes, siliceous muds, and 
siliceous oozes 

Mixed siliceous-calcareous oozes; 
minor siliceous muds and nanno­
fossil oozes 

III Siliceous muds and siliceous oozes 

IV Volcaniclastic and altered volcaniclastic 
muds, sandy muds, and sands; 
some repeated coarsening-upward 
sequences 

V Interbedded basalts and volcaniclastic 
sediments 

0-65.7 
(Hole 642B); 

0-59.7 
(Hole 642C) 

65.7-90.4 
(Hole 642B); 

59.7-82.5 
(Hole 642C) 

90.4-107.2 
(Hole 642B); 
82.5-107.5 

(Hole 642C) 
107.2-138.0 

(Hole 642B); 
107.5-145.5 
(Hole 642C) 

138.0-158.4 
(Hole 642B); 
145.5-156.6 
(Hole 642C) 

158.4-221.1 
(Hole 642B); 
156.5-199.6 
(Hole 642C); 
189.9-277.6 
(Hole 642D) 

277.6-315.2 
(Hole 642D) 

315.2-1229.4 
(Hole 642D and 
Hole 642E) 

late Pliocene-
Holocene 

late Miocene(?)-
late Pliocene 

late Miocene 

middle Miocene-
late Miocene 

middle Miocene 

early-middle 
Miocene 

Eocene 

Eocene 

0.39 

0.83 

Not available 

1.07 

Not available 

1.40 

1.34 

Not available 

642A-1H; 642B-1H 
to 642B-8H-6, 132 cm; 
642C-1H to 
642C-8H-2, 108 cm 

642B-8H-6, 132 cm, 
to642B-HH-4, 50 cm; 
642C-8H-2, 108 cm, to 
642C-11H-CC 

642B-11H-4, 50 cm, 
to 642B-13H-2; 
642C-12H-1 to 
642C-14H-4. 

642B-13H-3 to 
642B-16H-CC; 
642C-14H-5 to 
642C-18H-4. 

642B-17H-1 to 
642B-19H-1, 72 cm; 
642C-18H-5 to 
642C-19H-6, 15 cm. 

642B-19H-1, 72 cm, to 
642B-25H; 
642C-19H-6, 15 cm, to 
642C-24H; 642D-2X to 
642D-l lX-l ,78cm 

642D-UX-1, 78 cm, 
to 642D-14X-CC, 
33 cm 

642D-14X-CC, 33 cm, 
to 642D-15X; 
642E-2R to 
642E-110R. 

ble 3 and are plotted in Figure 8. These analyses provide a pre­
liminary carbonate curve for Unit I and indicate a pronounced 
change in carbonate accumulation across the Brunhes/Matuyama 
magnetic boundary. Below the Brunhes/Matuyama boundary, car­
bonate contents are very low, thereby complicating efforts to 
identify interglacials. The majority of smear-slide samples from 
Unit I, however, are classified as muds or sandy muds, with lit­
tle compositional difference between the light and the dark lay­
ers. The muds have a compositional range of 10%-35% quartz, 
0%-5% feldspar, 0%-5% detrital carbonate, 60%-85% clay 
minerals, and 0%-5% nannofossils and foraminifers, with an ap­
proximate average composition of 20% quartz, 1% feldspar, 1% 
detrital carbonate, and 77% clay. Trace and accessory phases in 
the muds include hornblende, pyrite, glauconite, and undiffer-
entiated heavy minerals. The textural composition of the muds 
is approximately l % - 5 % sand, 15%-40% silt, and 60%-80% 
clay (Fig. 5). The sandy muds have a compositional range of 
35%-65% quartz, 0%-5% feldspar, 0%-2% detrital carbon­
ate, and 30%-60% clay, and a textural composition of 10%-
50% sand, 20%-30% silt, and 30%-60% clay. 

Semiquantitative estimates of bulk mineralogy by XRD anal­
yses (Fig. 7) indicate that clay mineral abundances remain low 
and uniform in both light and dark layers, but downcore fluctu­
ations do occur in the quartz/calcite ratio and the clay mineral­
ogy. As mentioned above, the light-colored layers appear to con­
tain more calcite and a higher illite/chlorite ratio than the dark 
layers. A terrigenous origin for the clay mineral assemblage in 
this unit is indicated by its low smectite, high illite, and rela­
tively high feldspar abundances. 

Unit I contains very little volcanic ash, mostly as thin ash 
lenses and disseminated ash in Core 104-642C-7H. One well-de­
veloped ash layer was observed in Unit I, as described below in 
the discussion of distal tephra deposits. 

Unit II 

Sample 104-642B-8H-6, 132 cm, to Sample 104-642B-19H-1, 
72 cm (65.7-158.4 m sub-bottom); Sample 104-642C-8H-2, 108 
cm, to Sample 104-642C-19H-6, 15 cm (59.7-156.6 m sub-bot­
tom). Age: middle Miocene to late Pliocene. 

Unit II consists of four subunits, defined by varying impor­
tance of terrigenous, siliceous biogenic, and calcareous biogenic 
components. Semiquantitative XRD estimates of bulk mineral­
ogy (Fig. 7) indicate that clay mineralogy content increases 
slightly downcore through Unit II, accompanied by a decrease 
in feldspar content. Within the clay mineral fraction, illite and 
chlorite contents decrease downcore, while smectite becomes 
more abundant; the detailed associations of lithology and clay 
type, however, indicate a predominantly detrital origin for the 
clay mineral assemblages throughout Unit II. 

Subunit IIA. Sample 104-642B-8H-6, 132 cm, to Sample 
104-642B-11H-4, 50 cm (65.7-90.4 m sub-bottom); Sample 104-
642C-8H-2, 108 cm, to Section 104- 642C-11H CC (59.7-82.5 m 
sub-bottom). Age: late Miocene/early Pliocene to late Pliocene. 

This subunit predominantly consists of nannofossil ooze, but 
varying amounts of terrigenous and siliceous biogenic compo­
nents are also present. As a result, nannofossil oozes, diatom-
nannofossil oozes, and muds occur within this interval. The 
nannofossil oozes and muds generally contain 5%-20% sili­
ceous material, reflecting its importance throughout this sub-
unit (Fig. 4). Important colors in this subunit are olive gray (5Y 
4/2), green gray (10Y 4/2), dark greenish gray (5GY 4/1), gray­
ish green (5G 4/2), and dusky yellow-green (5GY 5/2). 

This interval is moderately to heavily bioturbated, so that 
original bedding structures generally have been destroyed. Biotur-
bation features include several well-developed Zoophycos trace 
fossils, multiple faint simple burrows, and pyritized burrows. 
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simple burrows and 
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Moderately to 
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minor fa in t color 
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heavily b ioturbated; 
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Zoophycus t races, 
mm-scale simple burrows, 
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Moderately to 
heavily b ioturbated; 
mm-scale and cm-scale 
burrows above 
approximately 220 m; 
mottled or completely 
homogenized below 
approximately 220 m. 

Horizontal s t r a t i f i c a t i o n , 
low-angle cross-bedding, 
and coarsening-upward 
sequences well developed 
in Cores 642D-1 1 and 
6 4 2 - 1 2 . Remainder of 
uni t is homogenous 
because of alteration 
and/or b i o tu rba t i on . 

L i tho logic 
descr ip t ion 

Interbedded dark, 
carbonate-poor glacial 
muds and l ight , 
carbonate- r ich 
interglacial sandy 
muds. 

Nannofossil oozes w i th 
minor diatom-nannofossi l 
oozes and muds. 

Sil iceous muds and 
si l iceous oozes. 

Interbedded nannofossi l 
oozes, marly nannofossil 
oozes, si l iceous nannofossil 
oozes, si l iceous muds, 
and si l iceous oozes. 

Mixed si l iceous-calcareous 
oozes w i th minor 
si l iceous muds and 
nannofossil oozes. 

Sil iceous muds and 
si l iceous oozes. 

Volcaniclastic and 
altered volcaiclast ic 
muds, sandy muds, and 
sands. 

Figure 3. Graphic summary of lithologic units at Site 642. Bedding thicknesses presented are schematic. 
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Figure 4. Summary of the composition of major lithologies at Holes 642B and 642D, from shipboard smear-slide data. Lith-
ologic units at Hole 642C show similar characteristics. 

The nannofossil oozes and diatom-nannofossil oozes contain 
60%-90% nannofossils, 0%-10<% diatoms, 0°7o-l5°7o sponge 
spicules, and less than 5% terrigenous components (Fig. 4). The 
muds contain 20%-50% quartz, 50°7o-15°7o clay, trace amounts 
of other terrigenous components, and 5%-10% biogenic sili­
ceous components, especially sponge spicules. Several of the 
quartz-rich muds contain appreciable sand-sized components 
(Fig. 5); the remainder of the samples from Subunit IIA form 
an association of muds and oozes with sand contents below 
10%. Both carbonate-bomb and semi quantitative XRD analy­

ses of samples from Subunit IIA record a major increase in car­
bonate content relative to Unit I (Figs. 6 and 7). Relative peak 
intensities for quartz and feldspar decrease from those observed 
in Unit I, but the relative abundance of clay minerals appears to 
remain approximately constant. Volcanic ash is a minor compo­
nent in Subunit IIA, consisting of one ash layer in Hole 642B 
and a disseminated ash in Hole 642C, as described in the discus­
sion of distal tephra deposits (see below). 

Subunit IIB. Sample 104-642B-11H-4, 50 cm, through Sec­
tion 104-642B-13H-2 (90.4-107.2 m sub-bottom); Section 104-
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Figure 5. Summary of the textural composition of the major lithologic units at 
Site 642, from shipboard smear-slide data. 

642C-12H-1 through Section 104-642C-14H-4 (82.5-107.5 m sub-
bottom). Age: late Miocene. 

This subunit consists almost entirely of siliceous muds and si­
liceous oozes, with one short interval of nannofossil ooze (Sam­
ple 104-642C-12H-6, 70 cm) and several minor volcanic ash and 
altered volcanic ash layers. Important colors in this subunit are 
dark gray (5Y 4/1), greenish gray (5GY 5/1), dark greenish gray 
(5GY 4/1), and grayish green (5G 4/2). This interval is moder­
ately to heavily bioturbated, but only a few Zoophycos are iden­
tifiable as distinct trace fossils. The majority of the bioturba-
tion is recorded as an indistinct mottling of the sediments. 

The siliceous muds/oozes of Subunit IIB generally contain 
3%-10% quartz, 30%-70% clay, 5%-30% volcanic glass, trace 
amounts of other terrigenous components, 2%-20% diatoms, 
15%-30% sponge spicules, and 0%-5% radiolarians, with an 
average composition of approximately 5% quartz, 55% clay, 
7% glass, 10% diatoms, and 22% sponge spicules (Fig. 4). Tex­
tural data for samples from Subunit IIB indicate the relatively 
intermediate grain sizes that are present; Subunit IIB materials 
are coarser than the pure carbonate oozes, but finer grained 
than some of the clastic deposits (Fig. 5). Carbonate-bomb and 
semiquantitative XRD analyses (Figs. 6 and 7) of samples from 
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Figure 6. Carbonate content of samples from Hole 642C, measured by shipboard carbonate bomb and also estimated by semi-
quantitative X-ray-diffraction (peak area ratio) techniques. Note similarity of patterns measured by the two techniques. 
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Figure 7. Semiquantitative estimates of the bulk mineralogy of the major lithologic units at Hole 642C (A) and Hole 642D (B), based on peak area 
ratios. 

Subunit IIB indicate the major reduction or absence of carbon­
ate and the continued importance of quartz, chlorite, illite, and 
kaolinite in these sediments. Smectites are also present. Volcanic 
ashes are a minor component in Subunit IIB, with one occur­
rence in Hole 642B and three occurrences in Hole 642C (see the 
discussion of distal tephra deposits, below). 

Subunit IIC. Section 104-642B-13H-3 through Section 104-
642B-16H-CC (107.2-138.0 m sub-bottom); Section 104-642C-
14H-5 through Section 104-42C-18H-4 (107.5-145.5 m sub-bot­
tom). Age: middle to late Miocene. 

This subunit consists of interbedded nannofossil oozes, marly 
nanno fossil oozes, siliceous nanno fossil oozes, siliceous muds, 
and siliceous oozes, with a minor, but important, ash compo­

nent. The interbedded oozes and muds have individual unit 
thicknesses that range from approximately 2 m to greater than 
10 m, but similar colors and extensive bioturbation reduce the 
visibility of boundaries between adjacent units. Subunit IIC 
consists of approximately 35% carbonate-rich and 65% opal-
rich sediments in Hole 642B, while Subunit IIC in Hole 642C 
contains approximately 25% carbonate-rich and 75% opal-rich 
sediments. This compositional difference probably results from 
two factors: local variability in sediment component deposition, 
preservation, and reworking, and analytical uncertainty in vis­
ual core description and smear slide classification. Important 
colors in this subunit are dark gray (5Y 4/1), very dark gray (5Y 
3/1), greenish gray (5GY 5/1), and dark green gray (5Y 4/1) for 
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Figure 8. Preliminary summary of calcium carbonate contents in the upper 70 m sub-bottom at Site 642B (data from prelimi­
nary shore-based analyses), and percentage of core surface (per meter of core length) covered by dark layers in Unit I, plotted 
as a function of sub-bottom depth. Note inverse correlation of the two signals above 42 m sub-bottom, and absence of car­
bonate below 42 m. 

the siliceous muds and oozes, and greenish gray (5GY 5/1) and 
olive gray (5Y 4/2) for the various nannofossil oozes. 

Bioturbation effects in this subunit range from mild to in­
tense, and include a variety of features. Discrete Zoophycos 
trace fossils are well developed throughout this interval, while 
other simple and complex burrows occur at scales ranging from 
approximately 1 mm to greater than 1 cm. Bioturbation is also 
recorded by mottling in a variety of colors. 

Compositions of the siliceous oozes and muds range from 
0%-5% quartz, 20%-75% clay, 1%-10% glass, l%-30% dia­
toms, 10%-50% sponge spicules, and 0%-5% radiolarians, with 
an average composition of approximately 1% quartz, 50% clay, 
4% glass, 15% diatoms, 23% sponge spicules, and 2% radiolar­

ians (Fig. 4). Compositions of the various nannofossil oozes 
and marly nannofossil oozes range from 5%-5 5% clay (average 
about 28%), 0%-5% glass (average about 1%), 30%-85% nan-
nofossils (average about 54%), 0%-5% foraminifers (average 
about 1%), 0%-15% diatoms (average about 5%), and 5%-
15% sponge spicules (average about 10%). Textural data reflect 
the variety of lithologies in Subunit IIC (Fig. 5), with grain sizes 
ranging from fine-grained calcareous oozes to coarse-grained si­
liceous muds. Carbonate-bomb and semiquantitative XRD data 
(Figs. 6 and 7) show the variable carbonate and quartz contents 
that also indicate this variety of lithologies. Volcanic ashes are a 
more important component in Subunit IIC than in the overlying 
sediments, as discussed more fully in the description of distal 
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Figure 9. Thickness (cm) of individual dark layers in Unit I plotted as a function of sub-bottom depth 
for Holes 642B and 642C. These dark layers record periods of maximum glaciation; note correlation 
between the two records, as well as decrease in intensity and increase in frequency prior to approxi­
mately 0.73 m.y. 

tephra deposits (see below). Nine discrete or disseminated ash lay­
ers have been identified in Subunit IIC in Hole 642B, while 20 
discrete or disseminated ashes occur in this interval in Hole 642C. 

Subunit IID. Section 104-642B-17H-1 to Section 104-642B-
19H-1, 72 cm (138.0-158.4 m sub-bottom); Section 104-642C-
18H-5 to Sample 104-642C-19H-6, 15 cm (145.5-156.6 m sub-
bottom). Age: middle Miocene. 

This subunit predominantly consists of mixed siliceous-cal­
careous oozes, with minor siliceous muds and nannofossil oozes 
in Hole 642B. The entire interval is uniform to slightly grada-
tional in color and composition, so that individual layer thick­
nesses cannot be determined. In addition, moderate to intense 
bioturbation of this interval has destroyed essentially all pri­
mary bedding features. Important colors in this subunit are gray 

(5Y 5/1), dark gray (5Y 4/1), olive gray (5Y 4/2), greenish gray 
(5GY 5/1), and dark greenish gray (5GY 4/1). The mixed sili­
ceous-calcareous oozes in this interval have a compositional range 
of 5%-30% clay, 15%-55% nannofossils, 10%-40% diatoms, 
0%-5% radiolarians, and 10%-25% sponge spicules, with aver­
age values of approximately 25% clay, 30% nannofossils, 25% 
diatoms, and 20% sponge spicules (Fig. 4). The minor litholo-
gies, e.g., siliceous muds and nannofossil oozes, have composi­
tions similar to those described for Subunit IIC. The relatively 
uniform lithology of Unit IID is also apparent in its grain-size 
data (Fig. 5), with the samples from this subunit occupying a 
relatively small field on the ternary diagram. Carbonate-bomb 
and semiquantitative XRD estimates (Figs. 6 and 7) also record 
the abundant carbonate present in most of this subunit. Vol-
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Figure 10. Macroscopic dropstone occurrences in Unit I, Holes 642B 
and 642C (P = present, C = common, A = abundant). Data from 
shipboard visual core descriptions. Solid lines are correlations based on 
magnetostratigraphic and biostratigraphic data; dashed lines are tenta­
tive correlations based on glacial/interglacial cycles. 

canic ashes are a minor component in Subunit IID, as described 
in the discussion of distal tephra deposits (see below). Five ashes 
occur in this interval in Hole 642B, while only two occur in this 
interval in Hole 642C. 

Unit III 
Sample 104-642B-19H-1, 72 cm, through Core 104-642B-25H 

(158.4-221.1 m sub-bottom); Sample 104-642C-19H-6, 15 cm, 
through Core 104-642C-24H (156.5-199.6 m sub-bottom); Core 
104-642D-2X through Sample 104-642D-11X-1, 78 cm (189.9-
277.6 m sub-bottom). Age: early Miocene to middle Miocene. 

This unit consists of siliceous muds and oozes throughout its 
length, with volcanic ashes providing the only minor lithology. 
In Hole 642B, the diatom content of Unit III increases down-
core, with siliceous muds above Section 104-642B-21H-7, diato-
maceous muds from Section 104-642B-21H-7 to Section 104-
642B-24H-1, and diatom oozes from Section 104-642B-24H-2 
through Core 104-642B-25H. This steady increase in diatom 
content with depth, however, is not apparent in Holes 642C and 

Table 3. CaC03 contents in the glacial-
interglacial cycles at Site 642B. 

Core 104-642B-

01H-01-74-78 
01H-02-74-78 
01H-03-74-78 
01H-CC-14-18 
02H-02-36-40 
02H-03-36-40 
02H-04-36-40 
02H-05-36-40 
02H-06-36-40 
02H-CC-01-05 
03H-01-36-40 
03H-02-36-40 
03H-03-36-40 
03H-04-36-40 
03H-CC-09-13 
04H-01-35-39 
04H-02-35-39 
04H-03-35-39 
04H-04-35-39 
04H-05-35-39 
04H-06-35-39 
04H-CC-10-14 
05H-01-74-78 
05H-02-74-78 
05H-03-74-78 
05H-04-74-78 
05H-05-74-78 
05H-06-74-78 
05H-07-74-78 
05H-CC-15-19 
06H-01-44-48 
06H-02-44-48 
06H-03-44-48 
06H-04-44-48 
06H-05-44-48 
06H-06-44-48 
06H-CC-18-22 
07H-01-64-68 
07H-02-64-68 
07H-03-64-68 
07H-04-64-68 
07H-05-64-68 
07H-06-64-68 
07H-07-64-68 
07H-CC-04-08 
08H-01-64-68 
08H-02-64-68 
08H-03-64-68 
08H-04-64-68 
08H-05-64-68 
08H-06-64-68 
08H-CC-10-14 
09H-01-52-56 
09H-02-52-56 
09H-03-52-56 

Sub-bottom 
depth (m) 

0.76 
2.26 
3.76 
4.66 
6.68 
4.96 
9.68 

11.18 
12.68 
14.18 
14.68 
16.18 
17.68 
18.18 
20.61 
21.07 
22.57 
24.07 
25.57 
27.07 
28.57 
29.32 
30.16 
31.66 
32.76 
34.26 
35.76 
37.26 
38.76 
38.87 
39.36 
40.86 
42.36 
43.86 
45.36 
46.86 
47.28 
48.06 
49.56 
51.06 
52.56 
54.06 
55.56 
57.06 
57.16 
57.56 
59.06 
60.56 
62.06 
63.56 
65.06 
66.32 
66.94 
68.44 
69.94 

CaC0 3 
Weight (%) 

2.60 
2.82 
2.34 

14.18 
2.80 
8.18 
1.54 
5.30 
0.50 
1.17 
2.81 
1.12 
3.69 
8.42 
9.89 
2.56 
2.70 
2.58 
0.28 
0.34 
1.37 
2.75 
2.91 
2.89 
0.28 
0.89 
0.28 
2.02 
3.60 
1.04 
1.18 
7.76 
0.14 
0.12 
0.04 
0.03 
0.01 
0.02 
0.05 
0.04 
0.04 
0.03 
0.02 
0.03 
0.03 
0.35 
0.03 
0.03 
0.02 
0.03 
0.05 
0.00 

26.82 
9.13 

48.21 

642D. Important colors in this subunit are gray (5Y 5/1), dark 
gray (5Y 4/1), very dark gray (5Y 3/1), black (5Y 2.5/1), olive 
gray (5Y 4/2), dark olive gray (5Y 3/2), and very dark grayish 
brown (2.5Y 4/2). 

Bioturbation is moderate to intense throughout Unit III, but 
gradationally changes character downcore. The upper part of 
Unit III, observable in Holes 642B and 642C, contains distinct 
burrows (on scales of both less than 2 mm and greater than 
1 cm), indistinct mottling, and rare identifiable Zoophycos traces. 
Below approximately 220 m sub-bottom, however (observable 
only in Hole 642D), essentially all bioturbation is recorded as 
either an indistinct mottling or a complete homogenization of 
the sediment. 

Compositions of the siliceous muds and oozes in Unit III 
show ranges of 0%-20% quartz, 0°7o-5% feldspar, 10%-80% 
clay, 0%-15% glass, 5%-50% diatoms, 0%-50% radiolarians, 
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5%-40% sponge spicules, and 0%-10% silicoflagellates. Aver­
age composition in this interval is approximately 3% quartz, 
43% clay, 24% diatoms, 11% radiolarians, and 14% sponge 
spicules, with trace amounts of feldspar, glass, and silicoflagel-
lates (Fig. 4). The range in abundance of silt-sized components 
(e.g., radiolarians, sponge spicules, and volcanic glass) also pro­
duces significant variability in the textural composition of this 
subunit (Fig. 5). Carbonate-bomb and semiquantitative XRD 
data (Figs. 6 and 7) indicate the absence of carbonate in Unit 
III. 

The relative abundance of clay minerals increases downcore, 
and the clay mineral assemblage is dominated by smectite (an 
iron-rich beidellite phase). This composition suggests a volcanic 
origin for the smectite, as detrital altered ash and/or as volcanic 
ash altered in situ. Zones enriched in relatively unaltered vol­
canic ashes are common in Unit III, with 19 occurring in Hole 
642B, 13 in Hole 642C, and 14 in Hole 642D. Differences in ash 
content between holes probably reflect differences in recovery, 
local variability in ash deposition, reworking by bottom cur­
rents, and dissemination by bioturbation. The locations and 
characteristics of these ashes are described in the discussion of 
distal tephra deposits (see below). A glauconite and phosphate-
rich layer is located at 104-642D-8X-1, 85-86 cm. 

Unit IV 
Core 104-642D-11X-1, 78 cm, to Core 104-642D-14X, CC, 

33 cm (277.6-315.2 m sub-bottom). Age: Eocene. 
This unit contains volcaniclastic and altered volcaniclastic 

muds, sandy muds, and sands (Figs. 4 and 5). Dominant colors 
are dusky yellow-green (5GY 5/2) and light olive gray (5Y 6/2) 
for the sands, and greenish-gray (5GY 5/1), very dark gray (5Y 
3/1), and black (5Y 2.5/1) for the muds. Individual beds range 
in thickness from 50 cm to approximately 5 m through most of 
this unit, but Sections 104-642D-12X-2, 642D-12X-5, and 642D-
12X-6 contain a more complicated lithologic sequence. These 
three sections are characterized by repeated coarsening-upward 
beds, approximately 5 to 10 cm thick, separated by 20 to 40 cm-
thick beds of a more vertically-uniform nature. The processes 
acting to develop this pattern are not completely obvious from 
visual examination, but this interval does appear to have experi­
enced significant alteration. 

Bioturbation is slight to intense in the more uniform litholo-
gies, and is indicated only by indistinct mottling. Bioturbation 
effects are less apparent in the coarsening-upward beds. 

A 10-cm-thick hardground forms the top of Unit IV, and 
contains some biogenic components, such as glauconitized echi-
noid spines, sponge spicules, and unidentifiable glauconitized 
debris (ash?). Some grains are surrounded by a thin fringe of bi-
refringent phosphate. The matrix of the hardground is com­
posed of collophane, including silty detrital quartz. The other 
components are concentrated in very thin layers, separated by 
dark irregular laminae of iron oxides, providing evidence of 
very slow sedimentation. 

The composition of the remainder of Unit IV is dominated 
by volcanic ash (0%-90%), altered volcanic ash (0%-100%), 
and clays (0%-100%), with small amounts of quartz, limonite/ 
goethite, and zeolites present. Glaucony is also present as an al­
teration product of volcanic glass through much of this interval; 
its abundance is generally low, but reaches as much as 100% in 
a few intervals. The ash-rich nature of this unit is emphasized in 
Figure 2. Semiquantitative XRD analyses (Fig. 7) of the coarsen­
ing-upward sequences in Unit IV indicate that the sandy muds 
contain approximately twice as much quartz as the interbedded 
muds do, and the sandy muds are also rich in glaucony. This 
glaucony displays all gradation between glauconite (sensu 
stricto) and mixed-layer illite-smectite species, with the smectite 
layers approaching nontronite in composition. The interbedded 

muds also contain smectite, but of a beidellite composition. 
Both facies also contain the zeolites clinoptilolite, heulandite, 
and phillipsite. These occurrences suggest that the smectites, es­
pecially within the muds, developed by in situ alteration of vol­
canic ash. Below the interbedded muds and sandy muds, quartz 
content increases and illite reappears in the clay mineral frac­
tion, suggesting an increase in terrigenous input. Diagenesis of 
volcanic ash has still occurred, however, as evidenced by sam­
ples containing only smectite and abundant, well-crystallized 
phillipsite. 

Unit V 
Section 104-642D-14X, CC, 33 cm, to Core 104-642D-15X; 

Core 104-642E-2R to Core 104-642E-110R (315.2-1229.4 m sub-
bottom). Age: Eocene. 

Unit V consists of irregularly interbedded basalts and volca­
niclastic deposits, with variable lithologies, thicknesses, and de­
grees of alteration. A detailed discussion of the petrology and 
development of this unit is provided in the "Basement Lithol-
ogy" section, this chapter. 

Sedimentological Interpretation of the Depositional 
Environment 

The sedimentary sequence overlying the uppermost basalts 
at Site 642 records three major shifts in depositional regimes, as 
recognized by the lithologic units described above. The oldest 
regime is characterized by a predominant input of pyroclastic 
material, which appears to have been reworked from a shallow 
marine environment and deposited in an undetermined depth of 
water at a relatively proximal site. This pattern is abruptly ter­
minated by a major unconformity. The overlying regime is char­
acterized by lower to middle Miocene siliceous-dominated fa­
cies, with relatively high organic carbon contents and moderate 
sedimentation and mass accumulation rates; these moderate ac­
cumulation rates may reflect the presence of multiple, short-rang­
ing hiatuses, presently unidentified by shipboard stratigraphic 
control. As a result, this regime appears to have been estab­
lished under relatively high productivity conditions, perhaps as­
sociated with a major concurrent oceanographic front. This re­
gime gradually shifted from siliceous deposition in the early to 
middle Miocene to calcareous deposition in the late Miocene(?) 
to the late Pliocene, reflecting the development of less produc­
tive pelagic and hemipelagic environments. The possible rare 
occurrence of dropstones and the presence of low-diversity flo­
ras and faunas suggest the existence of cold water, subpolar en­
vironments during this time. The most recent regime is marked 
by the sudden onset of upper Pliocene and Pleistocene glacial 
and interglacial sedimentary cycles, with ice-rafting of coarse 
terrigenous grains as an important sedimentation process. 

Unit IV 
Unit IV consists of muds and sandy muds, with a major to 

predominant component of altered volcanic ash. Glaucony, which 
is abundant in most of this unit, is generally interpreted as a 
penecontemporaneous alteration product formed in shallow-wa­
ter environments; as a result, the composition of Unit IV suggests 
that it was derived by the reworking of a primary, shallow-water 
deposit. The processes of reworking are recorded by repeated 
coarsening-upward beds, indicating that mass-flow mechanisms 
were active during deposition. Because such processes operate 
independently of water depth, these depositional structures do 
not uniquely identify the water depth of deposition; the relative 
thickness of this unit, however, suggests that it was deposited 
proximally to the pyroclastic source, perhaps at a distance not 
exceeding several tens of kilometers. As a result, Unit IV is in­
terpreted to have been deposited in a shelf to proximal-slope en­
vironment. 
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The characteristics of Unit IV change from bottom to top, 
suggesting an evolution in the depositional conditions of this 
unit through time. The lower part of Unit IV consists almost en­
tirely of homogeneous, structureless, zeolite and glaucony-rich 
dark muds, suggesting that deposition was predominantly of 
fine-grained material in a relatively quiet bottom-water environ­
ment. Under these conditions, chemical alteration effectively 
destroyed much of the primary depositional structure. The up­
per part of Unit IV, however, contains minor amounts of sand-
sized quartz and feldspar, and exhibits well-developed horizon­
tal stratification and low-angle cross-bedding. These character­
istics suggest both a greater input of primary clastic material 
and an increase in the relative importance of depositional pro­
cesses over processes of alteration. As a result, the frequency of 
mass-flow events at Site 642 probably increased during the de­
position of Unit IV. In addition, the sources of material depos­
ited at Site 642 also changed slightly, from fine-grained terrige­
nous and volcaniclastic sources early in the deposition of Unit 
IV to a mixture of volcaniclastic and coarser terrigenous sources 
later in its development. The top of Unit IV is a sandy, glauconite 
and phosphate-rich hardground, which is interpreted to have 
formed over an extended period of time, at a relatively elevated 
position, subject to very slow sedimentation rates and weak, but 
effective, currents. We propose that Unit IV was deposited in a 
quiet-water, shelf to proximal-slope environment, with frequent 
pyroclastic inputs (initially low energy, changing to frequent 
mass-flow events through time) as the only major depositional 
incursions. 

A lithologically similar unit was drilled at Site 338 during 
DSDP Leg 38 (Talwani, Udintsev, et al., 1976) at a sub-bottom 
depth of 285 to 296 m. This interval (Unit 3A at Site 338) con­
sists of a greenish-black, glauconitic, sandy mud, which is semi-
indurated at its top. It has a sharp contact with the overlying, 
upper Eocene diatom ooze and muddy diatom ooze, and grades 
downcore into lower Eocene terrigenous gray muds, which are 
locally sandy, calcareous, or zeolitic. The glauconite replaces 
both micro fossils and fecal pellets (White, 1978), similar to the 
process of origin observed at Site 642. Caston (1976) interpreted 
the localized development of glauconite as evidence of a signifi­
cant variation in depositional environment at Site 338, and con­
cludes that the glauconitic sands represent lower Eocene sediment 
partially reworked during a mid-Eocene hiatus. She suggested 
that this hiatus records high-energy/shallow water conditions at 
Site 338 through the middle Eocene, and that the transition to 
the overlying pelagic deposits resulted from either an abrupt 
subsidence of the VeSring Plateau or a final separation of the 
Greenland and Norwegian margins along the Jan Mayen Frac­
ture Zone. Either event could change sediment dispersal or oce­
anic circulation patterns, thereby producing the observed change 
in sedimentation. The sequence of events recorded at Site 642 
appears to be similar, with glauconite formation in a relatively 
shallow, high-energy environment, development of a major hia­
tus, and rapid transition to open-water deposits. Future map­
ping of the occurrence and age of similar glauconites and asso­
ciated hiatuses may provide valuable insight into the paleogeo-
graphic evolution of the Veering Plateau region from a 
terrigenous-dominated to a biogenous-dominated sedimentary 
province. 

Unit III 
The siliceous muds and oozes of Unit III lie above the major 

unconformity that caps Unit IV, and are early to middle Mio­
cene in age. Although the sedimentation rate for Unit III is not 
particularly high, and also very tentative because of the lack of 
biostratigraphic control, its relatively high average organic car­
bon content, the marine nature of that organic carbon (see 
"Geochemistry" section, this chapter), and the abundance of si­

liceous components in this unit suggest that it records the occur­
rence of enhanced productivity at this time. In fact, other infor­
mation suggests that the sediment accumulation rates may have 
been influenced by significant post-depositional alteration. 
Physical properties data indicate that water contents and porosi­
ties in Unit III are anomalously high for this sub-bottom depth, 
suggesting the presence of relatively high amounts of smectites 
within this interval. This interpretation is supported by the XRD 
data, which show smectite as the dominant clay mineral within 
Unit III. The occurrence of smectites may result from the diage-
netic dissolution of biogenic silica, and the incorporation of 
that silica into associated clay minerals. This dissolution would 
tend to decrease the accumulation rates calculated for Unit III. 
The physical characteristics of the smectites would explain the 
increased water content in this interval, and might also cause a 
secondary expansion of the sediments during recovery. Such a 
secondary expansion would also decrease the accumulation rates 
calculated for Unit III. In addition, presently unidentified hia­
tuses may exist within the lower part of Unit III. Physical-prop­
erties data (see "Physical Properties" section, this chapter) sug­
gest that one such hiatus may occur near 255 m subbottom. A 
glauconite and phosphate-rich layer located at 248.5 m sub-bot­
tom may be interpreted as a thin hard ground that developed 
during such a hiatus. Such time gaps would also act to decrease 
the sedimentation rates. 

In association with the high-productivity regime interpreted 
for Unit III, the preservation of biogenic carbonates decreases 
significantly. Intense carbonate dissolution at the sediment/wa­
ter interface at this time may have resulted from the high or­
ganic carbon contents of the sediments. Although increased 
organic carbon and decreased carbonate contents are often in­
terpreted as indicating low oxygen conditions in the overlying 
bottom waters during deposition, intense bioturbation rates have 
almost completely homogenized these sediments. In addition, a 
diverse and active bottom fauna is evident. These latter two ob­
servations suggest that bottom waters were not oxygen-deficient 
during the early to middle Miocene, leaving high-productivity 
conditions as the most plausible explanation of the characteris­
tics of Unit III. Terrigenous clays and minor amounts of quartz 
and feldspar silt and sand are found throughout Unit III, al­
though their abundances are generally low and variable. These 
fluctuations may reflect important variations at the terrigenous 
sources. Minor amounts of clay may also be attributed to al­
tered volcanic components. 

Data gathered during DSDP Leg 38 provide further support 
for the interpretations presented here. Miocene sediments from 
the Vdring Plateau consist almost entirely of siliceous oozes, 
with varying abundances of clay and calcareous nannoplankton 
(Caston, 1976). Unit 2B at Site 338 (Talwani, Udintsev, et al., 
1976) is a middle Oligocene to middle Miocene diatom ooze 
with a minor component of calcareous diatom ooze, while Unit 
2A at Site 338 is a middle to upper Miocene muddy diatom 
ooze. On the basis of lithologic descriptions and available age 
data from Site 642, Unit III at Site 642 appears to correlate with 
the upper part of Subunit 2B at Site 338, and may also correlate 
with all or the lower part of Unit 2A at Site 338. Caston (1976) 
interpreted the Miocene record of siliceous sedimentation as re­
cording the progressive subsidence of the Vriring Plateau through­
out this time, subject to the relatively high productivity regime 
proposed above. Nilsen and Kerr (1978) described the trace fos­
sils in DSDP Leg 38 sediments, and noted the variety of discrete 
trace fossils and unidentifiable bioturbation features present 
throughout the sedimentary column in this region. Although 
they did not explicitly discuss trace fossil assemblages as indica­
tors of bottom-water oxygenation, the compilation by Nilsen 
and Kerr (1978) provides further evidence that bottom waters in 
the Norwegian-Greenland Sea were sufficiently oxygenated to 
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support a diverse and active benthic fauna throughout the Mio­
cene. 

Unit II 
During the middle Miocene to late Pliocene, the sediments 

of Unit II recorded a shift in deposition from predominantly si­
liceous to almost pure carbonate sediments. This shift begins 
with middle Miocene mixed nannofossil-siliceous oozes, con­
tinues with middle to upper Miocene interlayered nannofossil 
and siliceous oozes and muds, reverts to solely siliceous muds in 
the late Miocene, and concludes with the accumulation of essen­
tially pure, pelagic nannofossil oozes in the upper Miocene(?) to 
upper Pliocene. The complex associations of these lithologies, 
with transitional zones several tens of centimeters thick, reflect 
the variability of transitional carbonate and siliceous facies 
and suggest that this area experienced significant environmental 
changes throughout this time. Short-duration hiatuses within 
this interval may also contribute to these sudden changes in li­
thologies. Despite this potential complication, the sequence of 
sediments present in Unit II provides an excellent opportunity 
to examine in detail the complexities of siliceous high-produc­
tivity systems, their paleoceanographic implications, and their 
mechanisms of development and collapse. 

Terrigenous influence in Unit II is generally higher than in 
Unit III. A similar increase in terrigenous influence upsection 
was identified in Miocene sediments recovered from the Vetoing 
Plateau during DSDP Leg 38 (Caston, 1976). Carbonate oozes 
in Unit II, however, contain less terrigenous material than the si­
liceous deposits in Unit II. At the same time, the importance of 
siliceous components decreases upsection, suggesting a gradual 
decrease in marine productivity. This long-term decrease is bro­
ken only by the stort-term reestablishment of high-productivity 
conditions in the upper Miocene, as recorded in Unit IIB. The 
extremely high sedimentation rates, based on preliminary calcu­
lations and siliceous microfossil abundances in Unit IIB, sup­
port this interpretation. In addition, the degree of bioturbation 
shows a consistent change between siliceous and carbonate fa­
cies. The siliceous sediments of Unit II are extensively biotur-
bated, while the nannofossil oozes are often only moderately 
bioturbated. In many cases, in fact, the nannofossil oozes still 
contain faint laminations, which weakly preserve original bed­
ding planes. Although changes in bioturbation intensity are often 
interpreted as reflecting changes in bottom-water oxygenation, 
the presence of trace fossils and mottling in both the carbonate 
and the siliceous facies of Unit II suggests that bottom-water 
oxygen levels were sufficient to support benthic faunas during 
both types of deposition. In this case, the bioturbation intensity 
may have been more strongly controlled by the rate and magni­
tude of organic material supply from the surface waters, as re­
flected by the higher organic carbon contents of the siliceous 
deposits. These data also support the interpretation of decreas­
ing marine productivity from the base of Unit II to its top. 

Although such observations of concurrent changes in pro­
ductivity and terrigenous input might be explained by climatic 
variations of some type, such a proposal can only be presented 
as a working hypothesis at this time. A single dropstone may be 
present near the top of Unit II at Site 642B, and synchronous 
massive dropstone deposition has been inferred at Site 344 in 
the northern Norwegian-Greenland Sea (Warnke, 1982). These 
data suggest that at least some ice-rafting may have been occur­
ring at this time, and support the earlier proposal of cold, sub­
polar water masses at Site 642 during the deposition of Unit II. 
It must be stressed, however, that the occurrence of ice-rafted 
debris at Site 642 prior to the late Pliocene is presently uncon­
firmed, in marked contrast with the large volumes of ice-rafted 
material observed in the glacial/interglacial cycles of Unit I. As 
a result, the sediments of Unit II at Site 642 provide no conclu­

sive evidence of major, pre-upper Pliocene iceberg drift systems 
in the eastern sector of the Norwegian Sea. 

The middle to upper Miocene sediments recovered from the 
Vriring Plateau during DSDP Leg 38 are intermediate in compo­
sition between lower Miocene diatom oozes and Pliocene muds 
and sandy muds (Caston, 1976). Terrigenous content gradually 
increases upsection, as does the abundance of illite (a terrige­
nous component) within the clay-sized fraction. At Site 338, 
this time is represented by Unit 2A, the middle-to-upper Mio­
cene muddy diatom ooze described earlier, and the basal, car­
bonate-rich portion of Pliocene-Pleistocene Unit 1 (Talwani, 
Udintsev, et al., 1976). Attempts at lithologic correlations be­
tween the Site 642 and the Leg 38 results are complicated by 
three factors: the possible presence of a major middle to late 
Miocene hiatus at Site 642, the difficulty in separating Pliocene 
from Pliocene-Pleistocene deposits in the Leg 38 data (Caston, 
1976), and the possible occurrence of a middle-to-late Miocene 
through Pliocene-Pleistocene hiatus at Site 338 (White, 1978). 
No major upper Miocene carbonates, equivalent to Unit IIC at 
Site 642, are obvious at Site 338. The nannofossil oozes of Unit 
IIA at Site 642, however, do have a possible lithologic equivalent 
in Cores 338-3, 4, and 5, even though those cores were included 
with the glacial/interglacial sequence (Unit 1) by Talwani, Udint­
sev, et al. (1976). Such a correlation is preliminary at this time 
and will require detailed paleontologic data for further evalua­
tion. If the proposed correlation is valid, then the observation 
of a gneiss pebble at Section 338-5-5 (Talwani, Udintsev, et al., 
1976) has important implications for the onset of ice-rafting in 
the Norwegian-Greenland Sea. In particular, this pebble would 
correlate below Unit I at Site 642, indicating that minor ice-raft­
ing began as an effective transport agent before the development 
of easily recognized glacial/interglacial sedimentary cycles (Unit I 
at Site 642). This correlation might also imply that a major west-
to-east temperature gradient existed in the Norwegian-Greenland 
Sea during the late Miocene and the early Pliocene, and domi­
nated its paleoceanography during that time; a relatively similar 
situation exists in its recent environments. 

As discussed earlier, trace fossil and bioturbation data were 
compiled by Nilsen and Kerr (1978) from Miocene and Pliocene 
sections throughout the Norwegian-Greenland Sea. Those data 
indicate the presence of an abundant and diverse benthic fauna, 
and suggest that bottom waters were well-oxygenated through­
out this interval, in agreement with the evidence from Site 642. 

Unit I 
Unit I is interpreted to be the record of upper Pliocene (less 

than 2.7 m.y. old) and Quaternary glacial/interglacial deposi-
tional cycles at Site 642. Because of the northern position of 
Site 642, the sedimentary fluctuations here are different from 
those developed at lower latitude marine locations (e.g., Rob­
erts, Schnitker et al., 1984). They are, however, very similar to 
the "glacial" sediments recovered from the Wring Plateau dur­
ing DSDP Leg 38 (Talwani, Udintsev, et al., 1976), consisting of 
muds, sandy muds, and calcareous sandy muds, with ice-rafted 
components throughout the interval. Sedimentation rates for 
the Leg 38 cores average approximately 2 cm/1000 yr through the 
"glacial" sequence (Talwani, Udintsev, et al., 1976), in agreement 
with the overall sedimentation rate calculated for Unit I at Site 
642. In both cases, relatively carbonate-rich, dropstone-poor, 
and lighter colored layers are interpreted as interglacial deposits. 
The combination of low carbonate content, relatively high drop­
stone abundance, and relatively dark color are characteristic 
features of glacial deposits. 

Contrasts between glacial and interglacial deposits at Site 
642 are best developed in the youngest cycles, which by our in-
terpretion contain the Recent and the Eemian interglacials by 
inference from nearby piston cores (Ramm, unpublished data). 
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In these examples, interglacial sediments consist of brown to 
dark grayish brown foraminiferal muds, while the deglaciation 
event is represented by an Fe/Mn-rich, laminated sandy mud 
that is several centimeters thick. Glacial sediments in these cy­
cles consist of both dark gray muds with scattered dropstones 
and very dark gray muds with only minor dropstones. The latter 
facies is interpreted to record times of maximum glaciation, with 
marked temporal variations between intervals of almost com­
plete sea ice coverage of the Norwegian-Greenland Sea and in­
tervals of extensive ice rafting. 

The glacial/interglacial pattern changes significantly down-
core, as the interglacials become less easily recognizable and the 
dark gray to black glacial horizons increase in thickness (Figs. 8 
and 9). In addition, dropstone abundance in the dark glacial 
sediments increases downcore (Fig. 10). These changes are inter­
preted to record a significant change in the amplitudes of gla­
cials and interglacials through time. A major sedimentary shift 
is recorded at a time prior to 0.73 Ma (compare Figs. 8 through 
10), with longer periods of maximum glaciation (i.e., very dark 
layers) in the interval 0 to approximately 0.9 Ma, and a higher 
frequency of colder periods in the interval 0.9 to 2.8 Ma. A syn­
chronous decrease is observed in the sedimentation and mass 
accumulation rates, with the highest rates developed during the 
period of most intense glacial maxima. The prominence of ice-
rafted components in sediments deposited during maximum gla-
ciations appears to decline from the oldest cycles to the youn­
gest. This decrease may indicate that complete sea-ice coverage 
of the Norwegian-Greenland Sea has been more common dur­
ing Recent glacial maxima than early Pleistocene glacial max­
ima. In addition, interglacial intervals in these early cycles ap­
pear to have been cooler and less productive than more recent 
interglacials, as indicated by the pronounced decrease in car­
bonate content during early Pleistocene glacials and intergla­
cials (see Fig. 8). 

Quaternary and Neogene Distal Air-fall Tephra Layers 
Approximately 110 horizons of fresh tephra have been iden­

tified within lithologic Units I, II, and III at Site 642 (Table 4). 
Because Holes 642B and 642C cover approximately the same 
sedimentary section, these horizons represent about 50 different 
ash layers deposited on the Vriring Plateau during the Neogene 
and Quaternary. Massive, glauconite-rich, volcaniclastic layers 
of mass-flow origin (lithologic Unit IV) are located below a 
phosphate-rich hardground at about 280 m sub-bottom (104-
642D-11X-01, 95-105 cm). These layers are of probable Eocene 
age, are more consolidated than the distal air-fall deposits, and 
are thoroughly altered to zeolite, smectite, and/or illite. Their 
volume and depositional mode indicate a source different than 
that of the tephra layers recovered from above the hardground. 
For this reason, the mass-flow deposits will not be discussed 
here. 

The data presented are based on microscope studies of 70 
smear slides, using the standard procedure for shipboard smear-
slide description. Canada balsam (cb; refractive index n = 1.537) 
was used as the mounting medium. Shard sizes were measured 
on 45 slides. Shipboard XRF analyses were not available to con­
firm the petrographically determined range of chemical compo­
sitions of the fresh glass shards. 

Data 

Lithology 
The identified tephra horizons occur in three lithologically 

distinctive forms. These forms and the number of observations 
in each form at Holes 642B through 642D are listed below: 

642B 642C 642D 

Discrete ash layers 19 16 6 
Disseminated ash 

layers and ash-
enriched horizons 
in mud sequences 17 25 3 

Pocket fillings, lenses 9 12 6 
Total 45 53 15 

Discrete layers of tephra are composed of unconsolidated, 
well-sorted, very fine sands and, less often, coarse silts. The lay­
ers are light gray to gray, and white in color. In some layers, py-
rite coats up to 50% of individual shard surfaces. In a few cases 
(e.g., 104-642D-07H-06, 62-74 cm), up to 80% of the shard sur­
face is coated by pyrite. In these cases, the ash layer is recog­
nized as very dark gray to black pyrite sand that is occasionally 
cemented to form pyritized sandstone (104-642B-14H-05, 104-
105 cm, and 104-642C-16H-02, 18-23 cm). Discrete layers often 
exhibit a sharp base and a gradational top. Some are graded (104-
642C-15H-04, 85-95 cm, and 104- 642C-19H-03, 67-78 cm), and 
others are color zoned (104-642B-13H-CC, 09-13 cm, 642B-
16H-05, 104-109 cm, and 642B-16H-07, 99-101 cm). Layers 
range in thickness from less than 1 to 11 cm (Fig. 11), and aver­
age about 4 cm (4.2 ± 2.2 cm). The frequency distribution 
curve of layer thicknesses has a maximum at 3 cm and is skewed 
toward thicker layers. The tephra layers are exclusively vitric 
ashes and contain more than 95% fresh vitric shards. These lay­
ers are essentially free of lithics, but may contain a few percent 
of crystals (alkali feldspar, plagioclase, zircon, hornblende, apa­
tite, quartz). The shards range in color from colorless to faintly 
brown and olive green to brown. With increasing coloration, 
their dominant shape changes from platy or cuspate to tubular 
and to cuniform. The average maximum size of the three largest 
shards is approximately 350 fim (346 ± 148 fim) but may reach 
as large as 900 fim in the layer at 104-642B-13H-CC, 09-13 cm. 
The average median shard size is about 100 ^m (112 ± 63 /mi), 
with the colorless shards having a slightly larger average than 
the colored shards (see below). 

Disseminated ash layers vary in thickness from less than 1 
cm to 10 cm, with a frequency maximum at 2 cm. These layers 
lack sharp bases, and are disseminated in horizons containing 
15 to 50% (rarely up to 80%) ooze or fossiliferous mud. En­
riched horizons most often occur as zones that overlie discrete 
or disseminated layers by as much as 100 cm, and are character­
ized by an ash content of 5 to 10% in mud or ooze; this value is 
markedly above the trace amounts of ash generally present in the 
remainder of the Quaternary and Neogene sediments cored. 

Pocket fillings and ash lenses are most often distributed 
throughout horizons as much as 30 cm below or above discrete 
or disseminated tephra layers. They have a width of 1 cm or 
less, and are thought to be burrow fillings resulting from the 
strong bioturbation present throughout much of the core. 

Chemical Composition 
The composition of the tephra was estimated on the basis of 

color, shape and refractive index (RI) of shards. Increasing de­
grees of differentiation are correlated with: 

1. Increasing vesicularity, resulting in the change of shard 
morphology from cuniform to cuspate and platy, 

2. Decreasing coloration, and 
3. Decreasing refractive index of the glass shards. 

The criteria that were applied to distinguish between three 
compositionally different groups of tephra are listed below 
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Table 4. Tephra occurrences in Holes 642B, 642C and 642D. 

Depth of top 
(m) 

Hole 642B 

40.22 
53.80 
57.90 
63.16 
63.91 
64.19 
70.36 
70.38 
83.10 
87.63 

101.70 
113.79 
119.00 

121.39 
122.67 
122.85 

122.98 
123.03 
127.52 
129.83 
130.70 
133.13 
133.72 
134.24 
135.14 
137.49 
137.99 
142.75 
144.54 
153.24 
159.95 
167.86 
174.50 
174.75 
179.92 
187.44 
188.08 
192.37 
194.74 
195.17 
195.22 
195.60 
196.43 
196.61 
196.78 
210.55 

Hole 642C 

8.78 
36.82 
52.23 
53.20 
53.87 
61.29 
71.05 
77.20 
77.23 
77.50 
78.17 
84.30 
87.88 
92.50 

101.96 
113.32 
113.60 

Core-section 

06-01 
07-05 
08-01 
08-05 
08-05 
08-06 
09-03 
09-03 
10-05 
11-02 
12-05 
13-CC 
14-04 to 
14-06 

14-05 
14-06 
14-06 

14-06 
14-07 
15-03 
16-02 
16-02 
16-04 
16-04 
16-05 
16-05 
16-07 
16-07 
17-04 
17-05 
18-04 
19-02 
20-01 
20-05 
20-05 
21-02 
22-01 
22-01 
22-04 
22-06 
22-06 
22-06 
22-06 
23-01 
23-01 
23-01 
24-04 

02-04 
05-03 
07-01 
07-02 
07-02 
09-01 
10-06 
11-03 
11-03 
11-04 
11-04 
12-02 
12-04 
13-01 
14-01 
15-02 
15-02 

Interval 
(cm) 

132-133 
40 

100-101 
26-27 

101-102 
129-130 
96-98 
98-106 

118-119 
73-74 
80-88 
09-13 

89-90 
67-68 
85-86 

98-99 
03 

102-104 
23-29 

110-113 
53-56 

112-114 
14-17 

104-109 
39-40 
99-101 
25-26 
54-57 
94-98 
75-79 
46-51 

110-114 
135-138 
132-140 

74 
138-143 
117-123 
54-64 
97-98 

102-105 
140-145 
43-44 
61-62 
78-79 

45 

88-98 
92-94 

133-140 
58-150 

147-148 
59-60 
05-08 

120-122 
123-150 
00-67 
67-68 
30-32 
88-93 
50-55 
46-53 
82-87 

110-114 

Type of 
sedimenta 

L 
E 
L 
L 
P 
L 
L 
E 
P 
P 
L 
L 

L 
P 
L 

P 
P 
L 
L 
D 
D 
D 
L 
L 

L 
P 
L 
P 
L 
D 
L 
L 
E 
P 
D 
D 
D 
D 
D 
D 
D 
D 
D 
E 

D 

P 
E 
L 
D 
L 
D 
E 
E 
D 
D 
P 
P 
L 
L 
D 

Petrographic 
composition 

B 
A 

C 
C 
B 
A 
B 
A 

A and B 

A 

B 

B 
B 
C 
C 

B 
B 

A 

A 

B 
B 
A 
A 

B 

B/C 
B 
A 
B 

B 
B 

A 

A 

B 

A 
A 

Remarks0 

Biotite-enriched 

Pyrite 35% 
Pyrite 20% 

Pyrite 15% 
dm a x 800 iim, pyr 50% 
Abundant irregular lens 

of ash in highly 
disturbed core 

dm a x 500 nm, HO, 
ZR, AP, KFSP 

HO, ZR, AP, KFSP 
dmax 4 0 0 ^m> P v r 1 7 % 

Pyrite 30% 
Pyrite 15% 

dmax 4 0 ° ^ m 

dmax 4 0 0 P m 

dmax 5 0 ° Vm 

10% very dark brown 
Pyrite 20% 



Table 4 (continued). 

Depth of top 
(m) Core-section 

Hole 642C (Cont.) 

113.65 
116.27 
116.35 
118.91 
119.30 
121.01 
122.18 
122.33 
126.17 
127.67 
127.87 
127.91 
128.67 
129.13 
132.55 
134.06 
141.00 
142.52 
142.71 
143.42 
149.47 
152.67 
157.52 
165.84 
166.98 
172.22 
172.53 
175.52 
177.65 
178.14 
186.20 
195.46 
195.87 
197.27 
197.38 
197.48 
197.57 
197.70 

Hole 642D 

199.50 
199.55 
230.05 
231.64 
231.71 
231.92 
241.00 
246.32 
249.00 
252.50 
265.18 
267.16 
272.96 
277.58 
277.68 

15-02 
15-04 
15-04 
15-06 
15-06 
16-01 
16-02 
16-02 
16-04 
16-05 
16-05 
16-05 
16-06 
16-06 
17-02 
17-03 
18-02 
18-03 
18-03 
18-03 
19-01 
19-03 
19-06 
20-05 
20-06 
21-03 
21-04 
21-06 
22-01 
22-01 
23-02 
24-03 
24-03 
24-04 
24-04 
24-04 
24-04 
24-04 

02-CC 
02-CC 
06-02 
06-03 
06-03 
06-03 
07-02 
07-06 
08-01 
08-04 
09-06 
10-01 
10-04 
11-01 
11-01 

Interval 
(cm) 

115-117 
77-85 
86-93 
41-44 
80-83 
51-53 
18-23 
33-36 

117-123 
117-124 
137-141 
141-144 
67-70 

113-114 
105-108 
106-109 
00-04 
02-03 

021-022 
92-98 
47-50 
67-78 

102-106 
134-140 
98-100 

122-127 
03-05 
02-08 
15-18 
64-69 
40-41 
06-10 
47-48 
37-41 
48-55 
58-60 
67-69 
80-82 

16-19 
22-26 
05-06 
14-15 
21-22 
42-43 

130-136 
62-74 

120-121 
20-25 
18-22 
06-08 

136-138 
78-87 
88-94 

Type of 
sediment3 

P 
E 
L 
L 
L 
D 
L 
P 
P 
P 
P 
L 
D 
D 
D 
D 
L 
D 
L 
E 
P 
L 
L 
L 
E 
D 
D 
D 
E 
D 
L 
D 
E 
E 
L 
P 
P 
P 

L 
D 
P 

L 
P 
P 
L 
L 
D 
D 
L 
L 

Petrographic 
composition 

A 
B 
B 
B 
B 

B 
B 

B 

A 
A 
A 

A 
C 
C 
B 
B 
B 
B 
A 
A 
C 
B 
B 
B 
A 
A 

B 

B 

A 

C 
C 
c B 
A 
B 
A 
B 
B 

Remarks0 

HO, ZR, AP, KFSP 

Pyrite 45% 

Pyrite 45% 

Pyrite 55% 

dmax 4 5 0 Mm> Z R 

dm a x 500 ixm, CPX 
Pyrite 20% 
Pyrite 30% 

ZR 

Pyrite 40% 

Pyrite 40% 

Pyrite 35% 
Pyrite 65% 
Glauc 60% 

HO, KFSP, CPX 
HO, ZR, KFSP, PLAG 

a Type of sediment: L = discrete layer, D = disseminated layer, P = pocket filling, E = enriched 
mud. 
Petrographic grouping: 

A = shards are completely colorless with refractive indices smaller than Canada balsam (R.I. 
= 1.537); 

B = shards are predominantly colorless, some are faintly brown to olive green in color; re­
fractive indices range from predominantly smaller to higher than 1.54; 

C = same range in color and refractive index as in B, but colored shards with R.I. higher than 
1.54 dominant. 

c HO = hornblende, KFSP = alkali feldspar, CPX = pyroxenes, ZR = zircon, PLAG = plagio-
clase, AP = apatite, dm a x = maximum grainsize. 



SITE 642 

10-1 

[ / I Discrete ash 
] Disseminated ash 

Table 5. Tephrochronologic correlations, Site 642. 

Thickness (cm] 

Figure 11. Frequency distribution of 46 distal air-fall tephra layer thick­
nesses in Holes 642C and 642D. Data are derived from visual core de­
scriptions for both discrete and disseminated ash layers. 

(magma terminology after Flower et al., 1982; Si02 content af­
ter Fisher and Schmincke, 1984): 

Type A B C 

Refractive index 
Color 

Shape 

Si02 Content 
Magma type 

<cb* 
Colorless 

Platy, 
cuspate, 
tubular 

>60% 
Rhyolite 

±cb 
Colorless 

(<cb) > 
faintly 
brown 
and olive 
green 
(>cb) 

Platy, cus­
pate, 
tubular > 
very vesic­
ular, 
cuniform 

65%-55% 
Icelandite 

>cb 
Faintly 

brown, 
olive-
green and 
brown > 
colorless 
(n = cb) 

Cuniform 
and tubu­
lar > 
platy, 
cuspate 

60%-50% 
Tholeiitic 

andesite 

*cb = Canada balsam. 

The criteria listed show some compositional overlap between 
tephra layers of groups A and B, and of groups B and C, but the 
combined application of all criteria was sufficient for correlat­
ing identical units in Holes 642B and 642C (Table 5). Most of 
the shards were colorless, with their highest refractive index 
equal to that of Canada balsam. These characteristics indicate a 
Si02 content of about 60%, so that the tephra layers are domi-
nantly of icelanditic to rhyolitic composition (Fig. 12). 

Discussion 

Tephra Correlation on the Wring Plateau 
The vitric tephra layers are well sorted, and are, therefore, in­

terpreted to be of air-fall origin. These layers are common through­
out the section, with an average frequency of about three layers 
per 1 m.y. (Fig. 13). In the Pliocene/Pleistocene-to-Recent sec-

Core 

06-01, 
07-05, 
09-03, 
10-05 
13-CC 

14-06, 
or 14-07, 

16-02, 
16-07, 

17-04, 
17-05, 
20-05, 
20-05, 
21-02, 

Hole 642B 

Interval (cm) 

132-133 
40 
96-98 

120-122 
09-13 

85 
03 

110-113 
99-101 

25-26 
54-57 

110-114 
135-140 
132-140 

Hole 642C 

Core 

05-03, 
07-01, 
10-06, 
12-02, 
15-02, 

or 
15-04, 

16-02, 
17-02, 

or 17-03, 
18-02, 
18-03, 
21-03, 
21-04, 
22-01, 

or 

Interval (cm) 

92-94 
133-140 
05-08 
30-32 
82-87 

110-114 
85-94 

33-36 
105-108 
106-109 

0-04 
21-22 

122-127 
03-05 
15-18 
64-69 

tion (above 90 m), they have a consistently low frequency of 1 to 
3 layers/m.y. Cores 104-642B-16H and 104-642C-16H (128-138 
and 120-130 m sub-bottom, respectively), however, have a high 
abundance of ash layers (Fig. 12). When plotted against a time 
scale developed from shipboard paleomagnetic and biostrati-
graphic data (Fig. 13), frequency maxima of tephra layers occur 
just before and just after a hiatus at 7.4 to 12.4 Ma suggested 
from biostratigraphic evidence. This may indicate an increase of 
explosive eruptions of highly differentiated magma in the source 
region of the ashes (see below) just prior to (possibly during) 
and after the time range marked by the hiatus. If we instead as­
sume that a reduced sedimentation rate of 6 mm/1000 yr was 
maintained for the same interval, a more regular frequency pat­
tern is apparent, with maxima of some 5 to 6 eruptions per 1 
m.y. every 3 to 4 m.y. throughout all of the Miocene. 

Ash layer thickness exhibits no regular stratigraphic varia­
tion. Several minor variations do occur, such as the lack of units 
thinner than or equal to 2 cm in the interval 90 to 160 m. This 
pattern, however, may be more a result of the wide range of pa­
rameters influencing layer preservation (e.g., bioturbation, drill­
ing deformation, and bottom currents) than a primary feature. 
Vitric ashes of less differentiated composition, possibly tholei­
itic andesite, seem to be restricted to a sub-bottom depth of 
more than 120 m, equivalent to ages older than about 7 Ma. A 
single exception to this observation occurs at 104-642C-02H-04, 
88-98 cm. 

The petrographic criteria and the median and maximum grain 
size data were used to correlate the tephra layers in Holes 642B 
and 642C as listed in Table 5 (cf. Fig. 12). In several instances, 
unique correlations cannot be proposed between the two cores. In 
those cases, however, two ash layers of similar composition in one 
core can then be identified as options for tentative correlation to 
the single ash layer in the other core. The most distinctive marker 
horizons are layers 104-642B-13H-CC, 09-13 cm; -642C-15H-04, 
85-94 cm; -642D-11X-01, 78-87 cm; and 104-642D-11X-01, 88-
94 cm. The first is characterized by a well-developed color zona-
tion, as well as the largest median and maximum shard size (250 
and 900 /xm, respectively) of any of the Quaternary and Neo-
gene ashes drilled. The two layers in Core 104-642D-11X-01 
show some grading, but are especially characterized by the pres­
ence of euhedral amphibole, in addition to more common alkali 
feldspar, zircon, and apatite. 

The tephra correlations indicate either a higher sedimenta­
tion rate in Core 104-642B-14H compared to the same interval 
in 104-642C-15H, an unconformity in 104-642C-15H, or both. 

80 



SITE 642 

— 

-

-

— 

— 

-

-

— 

-

— 

— 

_ 

-

— 
_ 

Hole 
642B 

O o 
O C 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

1 4 

15 

16 

17 

18 

19 

20 

21 " 

22 

23 

24 

25 

Hole 
642C 

2 

3 

4 

5 

6 

7 
8 
9 

10 

1 1 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

Tephra composition: 

- J - Rhyolite 

(_) Icelandite 

^ Tholeiitic andesite 

50 

250 

100 

150 

Hole 
642D 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

Bed thickness (cm) 

Figure 12. Distribution, geochemical composition, and thickness of distal air-fall tephra units at Site 642, plotted as a function of sub-bottom depth. 
Composition was determined petrographically (see text for explanation of techniques). Dashed lines are tentative correlations based on petrographic 
data. 
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10 K ' J I f low sedimentation rate between 6 and 13 Ma 

Hiatus 
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^ 
10 15 

Age (Ma) 
20 

Figure 13. Frequency of distal air-fall tephra deposits recovered at Site 
642 (measured as number of deposits per 106-yr interval). Unfilled curve 
was calculated by removing time of hiatus (approximately 7.4 to 12.4 
Ma). Cross-hatched pattern calculated by assuming slow but continuous 
sedimentation in the interval from 7.4 to 12.4 Ma. 

A higher sedimentation rate is also indicated for the interval of 
Cores 104-642C-10H through -642C-5H in 642C (about 3 to 1 
m.y.) compared to the stratigraphically identical interval of Cores 
104-642B-9H to 104-642B-6H in Hole 642B. 

A comparison of the Site 642 data with the section drilled on 
the Vdring Plateau at Site 338 during DSDP Leg 38 shows that 
two ash layers containing hornblende occur only 45 cm apart at 
a depth of about 194 m sub-bottom (Core 38-338-20-03, 55 cm 
and 100 cm). At Hole 642D, two closely spaced layers contain­
ing hornblende (104-642D-11X-01, 78-87 cm, and 104-642D-
11X-01, 88-94 cm) occur at 278 m sub-bottom, directly overly­
ing an 18-m-thick, fossil-baren, glaucony-rich, sandy, volcaniclas-
tic sequence (278-296 m, Cores 104-642D-11X and 642D-12X). A 
petrographically identical, 19-m-thick sequence in Site 338 (Cores 
38-338-30 and 338-31, 285 to 304 m) is separated from the two 
ash layers by some 91 m of nannofossil and diatomaceous ooze. 
This difference may indicate that 91 m of sediment is missing at 
Site 642 relative to Site 338. The biostratigraphic and paleomag-
netic shipboard data give an early Miocene age of some 20 Ma 
for the two ash layers at Site 642, whereas the glaucony-rich vol-
caniclastic unit is most probably of Eocene age, as indicated by 
its stratigraphic position at Site 338. The 91 m missing at Site 
642 would thus most probably be of Oligocene and late Eocene 
age, indicating differential uplift or erosion for parts of the 
Vetoing Plateau during that time interval. 

Tephra Sources to the VSring Plateau 
On the basis of petrographic data, all of the tephra layers 

identified at Site 642 are of moderate to highly differentiated 
chemical composition, and may belong to a common magmatic 
differentiation sequence (tholeiite—tholeiitic andesite—icelan-
dite—rhyolite). The variation of glass shards present in each 
layer reflects some zonation of the magma chambers being 
tapped during each eruption. The presence of a common differ­
entiation sequence suggests a common source region for all ash 
layers. The well-sorted vitric ashes have uniform thicknesses in 
the range of a few centimeters and a uniform median grain size 
of about 100 fim. They are distal air-fall products of large Pli-
nian-type eruptions. By comparing their grain-size characteristics 
with published data on distal fallout fan deposits (Fisher and 
Schmincke, 1984), and assuming the existence of a stable jet 
stream at this latitude in the Neogene, the source of the tephra 
can be tentatively identified to lie some hundred kilometers west 
of the Wring Plateau. This approximate distance is also indi­
cated by the dominance of ashes of differentiated (86%) over 

more mafic (14%) compositions, the latter being generally less 
widely distributed. The large amounts of differentiated ash lay­
ers at Site 642 imply the existence of central volcanic complexes 
in the source region throughout the Neogene and Quaternary. 

Iceland is the most likely eruptive source of all the tephra 
present in the Neogene and Quaternary section at Site 642. The 
same source has been suggested for ash layers drilled elsewhere 
on the Vetoing Plateau (Talwani, Udintsev, et al., 1976), as well 
as elsewhere in the North Atlantic (Sylvester, 1978; Varet and 
Metrich, 1978; Kellogg, Duplessy, and Shackleton, 1978; Harri­
son, Knox, and Morton, 1979; Donn and Ninkovitch, 1980, 
Mangerud et al., 1984; Roberts, Schnitker et al., 1984). Central 
volcanic complexes that erupted differentiated magmas of a tho­
leiitic differentiation series are known from throughout the strati-
graphic record of Iceland (Noe-Nygaard, 1974; Thorarinsson, 
1981). Eruption magmas of the same composition are not known 
elsewhere in the North Atlantic region during Neogene time 
(Noe-Nygaard, 1974). In addition, rhyolitic ash from large, his­
torically active Icelandic volcanoes, such as Hekla, is known to 
be transported for hundreds of kilometers downwind (Thorarins­
son, 1967). 

Tephra Correlation and Sources in the North Atlantic Region 
The Neogene and Quaternary section recovered at Site 642 

contains more than five times the number of ash layers identi­
fied in any other section of Miocene to Quaternary age drilled 
in the North Atlantic (Donn and Ninkovitch, 1980). Ash of 
Holocene age, however, including a widespread, 10,600-yr-old, 
rhyolitic marker horizon (Mangerud et al., 1984), was not recov­
ered at Site 642. Ash layers of Pleistocene to Miocene age have 
previously been recovered in the North Atlantic on the Rockall 
Plateau (DSDP Leg 48, Sites 403-406 and Leg 81, Sites 552-
554), on the Reykjanes Ridge (Leg 49, Sites 407-409), and on 
the Iceland-Faeroe Ridge, the Iceland Plateau, the Jan Mayen 
Ridge, the Vetoing Plateau, and the Norway Basin (Leg 38, Sites 
336-352). The lack of shipboard chemical analyses during Leg 
104 prevents correlation of the ash layers identified at Site 642 
with those drilled on the legs listed above. However, similar bio­
stratigraphic positions and similar icelanditic to rhyolitic com­
positions of the tephra indicate some possible correlations. 

One example of a probable correlation will be given here, but 
this proposal must be tested by on-shore geochemical and iso-
topic studies. A single pyritized, rhyolitic ash bed (2 cm thick) 
that occurs in Core 15 at DSDP Site 555 (168.6 m sub-bottom) 
has the same biostratigraphic age (middle Miocene) as two rhyo­
litic layers in Hole 104-642C (17H-02, 105-108 cm and 17H-03, 
106-109 cm) correlated to the ash layer at 104-642B-16H-07, 
99-101 cm). 

On the basis of our shipboard studies, we conclude that the 
stratigraphic distribution of approximately 50 ash layers at Site 
642 records a decrease in the rate of explosive eruptions—most 
likely on Iceland—from the Miocene to the Pliocene and Pleis­
tocene (Fig. 13). This conclusion contrasts with the estimates of 
Donn and Ninkovitch (1980), who proposed an increase in ex­
plosive eruptions during this time. 

BASEMENT LITHOLOGY 

Introduction 
At Site 642, early Miocene sediments overlie an unconform­

ity of as yet undetermined duration. The glaucony-rich volcani-
clastic sediments immediately below the unconformity have been 
described as Unit IV of the sedimentary sequence ("Sediment 
Lithology" section, this chapter). Unit IV has a thickness of 
about 38 m and overlies a pebble horizon that marks the top of 
a 914-m-thick sequence of volcanic rocks and dikes drilled in 
Hole 642E. Our data analysis aboard ship identified 121 lava 

82 



SITE 642 

flows, 49 volcaniclastic sediment units, and 7 dikes at this site. 
Subsequent interpretation of geophysical logs revealed 16 fur­
ther lava flows and 10 more sediment units. The sequence can 
be divided into an upper and a lower series that are different 
structurally, texturally, mineralogically, and chemically. The dif­
ference is also marked by changes in the composition of inter-
layered sediments. Whereas the lower series predominantly con­
sists of peraluminous andesites with subordinate basalts, the 
upper series is tholeiitic in composition. Both series were appar­
ently deposited under terrestrial conditions. The upper series 
constitutes the seaward-dipping reflector sequence recognized in 
geophysical profiles of the Vriring Plateau. The series are sepa­
rated by a succession of pumiceous volcaniclastics and sandy 
quartz-siltstones. The physical contrast between these sediments 
and the overlying dense lava flows may produce the band of 
low-frequency reflectors seen on seismic profiles, one of which 
is the K reflector. 

The complete lithologic sequence of Site 642 is summarized 
in Figure 1. An expanded lithostratigraphic column detailing 
the volcanic sequence and individual units is shown in Figure 
14. Where recovery was incomplete, thicknesses of units (Table 
6 and Fig. 14) have been deduced from the geophysical logs. 
Flows (F), sediments (S), and dikes (D) have been numbered se­
quentially from the top of the section and will be referred to 
with the appropriate letter designation followed by a number 
(e.g., F32). Units identified only from logging profiles have 
been labeled by adding a capital letter to the number of the pre­
vious lithological unit (e.g., F32A, S19B). The upper series is 
further subdivided into groups I, II, and III based primarily on 
stratigraphic variation in flow characteristics, as discussed be­
low in the "Lithology and Petrography" of the upper series 
(Fig. 15). 

Fifty-nine sediment units have been encountered in the vol­
canic section. The units here designated as SI, S2, and S3 have 
been described as Unit IV in the "Sediment Lithology" section, 
this chapter, and will therefore not be included in the following 
description. Sedimentary units are volcaniclastic in origin. They 
comprise about 7% of the 850-m-thick extrusive part of the base­
ment section. The thickness of the sediments in the upper series 
increases up the section, from 0.5% in group III to greater than 
5% in group I. They form 29% of the lower series (Fig. 16). 

Correlation Between Holes 642D and 642E 
Stratigraphic correlation between Holes 624D and 642E is 

based on the occurrence in both of a distinctive horizon con­
taining pebbles of basaltic and metamorphic rocks. Underlying 
this level is a sequence of severely altered medium-grained basalt 
with interlayered sediments. The pebble horizon is dominated 
by fine-grained basalt with some calcite-cemented tuff and quart-
zofeldspathic biotite gneiss (104-642D-14X, CC, 33 cm, to 104-
642D-16X-1, 24 cm, and as rubble in 104-642D-19N-1, 90-132 
cm, and 104-642E-2W-03, 18 cm, to 104-642E-3R-01, 126 cm). 
The poor recovery prevented us from determining whether some 
of the fine-grained basaltic rubble is from a highly weathered 
in-situ basaltic flow. In Hole 642E, a basaltic lithic vitric tuff 
(S4) with locally abundant pumiceous shards is correlated with 
a lithologically identical section of red tuff in Hole 104-642D 
(104-642D-17X-01, 20-80 cm) in between drilling rubble (104-
642D-16X-01, 24 cm, to 104-642D-19N-02, 25 cm). Unit S5, a 
red, altered lithic-vitric basaltic tuff, can also be recognized in 
Holes 642D and 642E. There is an apparent vertical offset of 
about 18 m between the holes (Fig. 14). 

Hole 642D terminated in a moderately altered, medium-grained 
basalt that is not present in Hole 642E and is possibly a dike. 
We recovered 45 cm of sparsely plagioclase-phyric basalt in Sec­
tion 104-642D-20N-01 after the drill bit shattered and ended 
drilling. A brief discussion of the resultant deformation of the 
basalt is included in "Pseudotachylite," this section. 

Upper Series 

Lithology and Petrography 
The upper series is a 760-m-thick succession of 120 aphyric 

to moderately plagioclase-, olivine- and, rarely, clinopyroxene-
phyric tholeiite lava flows. In the upper 100 m there are three 
fine-grained units with a total thickness of 15 m (2% of the up­
per series), which may be dikes (Dl to D3). A first-order litho­
logic differentiation between two major flow types may be made 
in terms of the grain-size characteristics of their subophitic ma­
trix. These two types are termed "fine-grained" (Fig. 17) and 
"medium-grained" (Fig. 18), respectively. The section also con­
tains "mixed" flows, which consist of intimately mixed fine-
and medium-grained bands (Fig. 19). 

Fine-grained flows have plagioclase laths less than 200-jum 
long and clinopyroxene between 50 and 100 fim. They are slightly 
plagioclase-phyric and are almost completely crystalline (Fig. 
20). Euhedral tabular plagioclase phenocrysts ( < 5 mm) form 
0%-l% of the rock, and euhedral to subhedral pseudomorphs 
after olivine phenocrysts (<2.5 mm) form 0%-l%. In the ground-
mass, plagioclase forms about 60%, clinopyroxene about 35%, 
olivine psedomorphs about 3%-4%, Fe-oxide 2 % - 3 % , and al­
tered interstitial glass 2%. 

Medium-grained flows have plagioclase about 300 /-im long 
and clinopyroxene 100 to 150 /xm. Compared to fine-grained 
flows, medium-grained flows are generally more phyric and less 
crystalline and contain altered glass in interstices and vesicles 
(Fig. 21). Euhedral tabular plagioclase phenocrysts form about 
3% of the rock. The groundmass contains about 55% plagio­
clase, 30% clinopyroxene, 3% to 4% olivine, 3% Fe-oxide, and 
between 5% and 10% altered interstitial glass. 

Plagioclase phenocrysts range from Ang5 to An40 and from 
An70 to An40 in the matrix. In fine-grained flows clinopyroxene 
is zoned, with cores of Wo38 En45 Fs17 and rims of Wo29 En45 Fs26. 
In medium-grained flows clinopyroxene is zoned, with cores of 
Wo41 En49 Fs12 and rims of Wo38 En41 Fs2i- Subhedral to anhe-
dral phenocrysts of clinopyroxene intergrown with plagioclase 
occur in trace amounts in about 25 flows. Further constraints 
on division of flows, including geophysical profiles, average 
thicknesses, and internal flow fabrics, are described for group I 
below. These lithological differences between flow types are not 
reflected chemically (see discussion on the significance of flow 
structure). 

Alteration has been relatively minor, except in the uppermost 
35 m where subaerial weathering has caused extensive alteration 
of all mineral phases. Fresh olivine has not been found in the 
upper series, having been altered to either iddingsite or smectite, 
the latter frequently coated with goethite/hematite. Plagioclase 
has suffered minor alteration to smectite between 600 and 700 
mbsf and in some flow units below. Clinopyroxene is generally 
fresh. The alteration assemblages consist of smectite, calcite, 
celadonite, and, lower in the section, zeolite (analcite, heuland-
ite). The alteration is discussed in more detail under "Altera­
tion" in this section. 

Interlayered volcaniclastic sediments make up about 2% of 
the recovered portion of the upper series. Interpretation of geo­
physical logs indicates a total thickness of 30 m, equivalent to 
about 4% of the upper series. The sediments are dominantly 
red-brown to dark brown lithic-vitric tuffs, with a median grain 
size of 0.1 to 0.3 mm. The arcuate morphology and yellowish to 
reddish brown color of the altered shards indicates a basaltic 
composition. The least altered shards consist of weakly aniso-
tropic gel-palagonite, but most shards have been replaced to 
variable extents by smectite and iron hydroxides, with minor ze­
olite. Single units range in recovered thickness from 2 mm to 
195 cm, and geophysical logs indicate a maximum thickness of 
310 cm. Average thickness increases toward the top of the sec­
tion. Sorting is excellent to moderate. Bedding is usually on a 
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Figure 14. Lithostratigraphy and correlation between Holes 642D and 642E. Sediment units are shown with hatched pattern. 
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Figure 14 (continued). 
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Figure 14 (continued). 
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Figure 14 (continued). 
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Table 6. Core and depth intervals of lithologic units in 
Hole 642E. Table 6 (continued). 

Unit 

Recovery 
Core-section, 
interval (cm) 

Top Bottom 

Sub-bottom 
depth 
(mbsf) 

conglomerate 

S 3 02W-3,018-03R-1,035 

Upper series 
Group I 

medium grained 

FO 03-1,035-03-1,125 
(Unrelated rubble at 04-1,000-04-1,031) 
S 4 04-1,031-05-2,046 
(Unrelated rubble at 05-1,000-05-1,008) 
F 1 05-2,046-05-3,129 
55 05-3,129-05-3,150 
Unidentified drilling rubble 06-1,000-06-2,105 
F 2 07-1,005-07-2,111 
5 6 07-2,111-07-2,123 
F 3 07-2,123-09-1,022 

fine grained 

D 1 
D 2 
F 3 A 
D 3 
F 4 
F 5 
S 8 
F 6 
F 7 
S 9 
F 8 

medium 

F 9 
F 11 
F 12 
F 13 
F 15 

fine grained 

S 9 A 
F 16 
F 17 
S 9 B 
F 18 

09-1,022-10-1,004 
10-1,004-10-1,137 
10-1,140-10-1,150 
10-2,000-10-2,137 
10-2,137-12-1,020 
12-1,020-12-1,068 
12-1,068-12-1,069 
12-1,069-12-1,130 
13-1,000-14-1,080 
14-1,080-14-1,107 
14-1,107-14-1,136 

14-1,136-15-1,093 
15-1,093-15-4,106 
15-4,106-15-5,045 
15-5,045-15-5,122 
15-5,122-16-2,123 

Not recovered 
16-2,123-16-3,100 
16-3,100-18-4,150 
Not recovered 
18-5,000-19-4,137 

(Unrelated rubble at 19-1,000-19-1,022) 
S 10 19-4,137-19-5,020 
F 19 19-5,020-20-4,104 
(Unrelated rubble at 20-1,000-20-1,010) 

medium grained 

-320.0-323.5 

323.5-326.5 

326.5-336.9 

336.9-339.2 
339.2-339.4 

354.3-359.5 
359.5-360.0 
360.0-366.0 

366.0-375.4 
375.4-379.2 
379.2-379.7 
379.7-381.0 
381.0-386.6 
386.6-392.2 
392.2-392.4 
392.4-395.8 
395.8-401.5 
401.5-402.0 
402.0-403.3 

403.3-406.3 
406.3-411.4 
411.4-413.2 
413.2-414.0 
414.0-418.0 

418.0-418.3 
418.3-420.7 
420.7-439.2 
439.2-439.2 
439.2-447.0 

447.0-450.1 
450.1-457.4 

S 10A 
F 2 0 

Not recovered 
20-4,104-20-4,120 

(Unrelated rubble at 21-1,000-21-1,038) 
F 2 0 A 
F 2 1 
F 2 2 
F 2 3 
S 11 
F 2 4 

fine grained 

S 12 
F 2 5 

medium grained 

S 13 
F 2 6 

fine grained 

S 14 
F 2 7 
S 15 
F 28 
S 16 
F 2 9 

21-1,038-21-3,048 
21-3,048-21-5,061 
21-5,061-22-3,086 
22-3,086-22-6,020 
22-6,020-22-6,021 
22-6,021-23-1,073 

23-1,073-23-2,125 
23-2,127-23-3,126 

23-3,126-23-3,127 
23-3,127-24-1,027 

24-1,027-24-1,030 
24-1,030-25-3,076 
25-3,076-25-3,079 
25-3,079-27-2,035 
27-2,035-2-2,064 
27-2,064-28-3,117 

457.4-458.2 
458.2-463.0 

463.0-466.2 
466.2-468.9 
468.0-473.2 
473.2-477.1 
477.1-477.1 
477.1-480.5 

480.5-482.7 
482.7-485.8 

485.8-486.3 
486.3-489.6 

489.6-489.6 
489.6-495.2 
495.2-495.8 
495.8-511.0 
511.0-511.5 
511.5-521.2 

Unit 

Upper series 
Group I (cont.) 

medium grained 

S 17 
F 3 0 
F 3 1 
F 32 
F 33 
F 3 4 
F 3 5 

fine grained 

F 3 6 
S 17A 
F 3 7 

Recovery 
Core-section, 
interval (cm) 

Top Bottom 

28-3,117-28-3,140 
28-3,140-28-4,016 
28-4,016-28-4,053 
28-4,053-28-4,110 
28-4,110-28-5,042 
29-1,000-29-1,103 
29-1,103-29-2,150 

30-1,000-30-6,135 
31-1,000-31-1,004 
31-l,0O4-31-CC,22 

(Unrelated rubble at 32-1,000-32-1,027) 
F 3 7 A 
S 18 
F 3 8 
S 18A 
F 3 9 

medium grained 

S 19 
F 4 0 
F 4 1 
F 4 2 
F 4 3 
F 4 4 
F 4 5 

Group II 

fine grained 

S 19A 
F 4 6 
F 4 7 
S 19B 
F 4 7 A 
S 19C 
F 4 8 
S 20 
F 4 9 
F 4 9 A 
F 5 0 
F 5 1 
S 21 
F 5 2 
S21A 
F 5 2 A 
S21B 
F 5 2 B 
S 2 2 
F 5 3 
S22A 
F 5 4 
F 5 5 
S 2 3 
F 5 6 
S 2 4 
F 5 7 
F 5 7 A 
S 2 5 
F 58 
S 2 5 A 
F 5 8 A 
S 2 6 
F 5 9 
F 5 9 A 
S 2 7 
F 6 0 
S 2 8 
F 6 1 
F 6 2 
F 6 3 
F 6 3 A 
S 2 8 A 
F 64 

32-1,027-33-1,136 
33-1,136-33-1,138 
33-1,138-33-5,134 
34-1,000-34-1,018 
34-1,018-35-2,106 

35-2,106-35-2,114 
35-2,114-35-3,137 
35-3,137-35-4,115 
35-4,115-36-1,004 
36-1,004-36-2,052 
36-2,052-37-1,112 
37-1,112-37-2,082 

Not recovered 
38-1,000-38-3,150 
38-4,000-38-4,100 
Not recovered 
39-1,000-39-1,005 
Not recovered 
40-1,000-40-2,040 
40-2,040-40-2,046 
40-2,046-40-3,134 
41-1,000-41-1,103 
41-1,103-41-3,085 
41-3,085-42-1,048 
42-1,049-42-1,121 
42-1,121-42-3,029 
Not recovered 
Not recovered 
Not recovered 
Not recovered 
45-1,000-45-1,078 
45-1,078-46-4,048 
47-1,000-47-1,002 
47-1,002-47-1,136 
47-1,137-47-1,149 
47-1,136-137 & 149-150 
48-1,000-50-2,032 
50-2,032-50-2,040 
50-2,040-51-1,035 
52-1,000-52-4,109 
52-4,109-52-4,109 
52-4,109-53-3,128 
Not recovered 
54-1,000-54-2,062 
54-2,062-54-2,110 
54-2,110-54-4,120 
55-1,000-55-2,085 
55-2,085-55-2,088 
55-2,088-57-1,128 
57-1,128-57-1,130 
57-1,130-58-5,090 
59-1,000-59-4,030 
60-1,000-60-2,133 
Not recovered 
Not recovered 
61-1,000-61-2,128 

Sub-bottom 
depth 
(mbsf) 

521.2-522.7 
522.7-523.3 
523.3-524.2 
524.2-525.0 
525.0-526.9 
526.9-530.2 
530.2-533.7 

533.7-546.3 
546.3-546.4 
546.4-556.0 

556.0-565.6 
565.6-565.7 
565.7-572.6 
572.6-573.2 
573.2-584.1 

584.1-584.3 
584.3-586.8 
586.8-589.7 
589.7-591.4 
591.4-594.0 
594.0-601.6 
601.6-607.4 

607.4-607.5 
607.5-614.6 
614.6-617.7 
617.7-618.5 
618.5-625.6 
625.6-625.9 
625.9-631.6 
631.6-631.7 
631.7-636.6 
636.6-640.8 
640.8-645.0 
645.0-649.5 
649.5-650.4 
650.4-662.5 
662.5-663.4 
663.4-672.0 
672.0-672.2 
672.2-676.1 
676.1-677.1 
677.1-691.6 
691.6-691.7 
691.7-697.6 
697.6-703.9 
703.9-704.0 
704.0-712.9 
712.9-713.4 
713.4-717.4 
717.4-726.3 
726.3-726.5 
726.5-732.3 
732.3-732.5 
732.5-739.0 
739.0-739.5 
739.5-748.2 
748.2-753.3 
753.3-753.4 
753.4-758.7 
758.7-758.8 
758.8-771.3 
771.3-782.1 
782.1-785.4 
785.4-789.9 
789.9-790.0 
790.0-798.5 



Table 6 (continued). Table 6 (continued). 

Unit 

Upper series 
Group III 

medium grained 

S28B 
F 6 5 
F 6 5 A 
F 6 5 B 

fine grained 

F 6 6 
F 6 7 
F 6 8 
F 6 9 
F 7 0 
S 29 
F 7 1 
F 72 

medium grained 

S 30 
F 7 3 
F 74 

fine grained 

F 7 5 

medium grained 

F 7 6 
F 7 7 
F 7 8 

fine grained 

S 31 
F 79 
F 80 
F 81 
S 3 2 
F 82 
F 83 
F 8 4 
F 8 5 
S 33 
F 86 

medium grained 

F 87 
F 88 

fine grained 

S 34 
F 89 
F 9 0 

mixed 

F 91 
F 9 2 

medium grained 

S 35 
F 9 3 

fine grained 

S 36 
F 9 4 
F 9 4 A 
F 9 4 B 

Recovery 
Core-section, 
interval (cm) 

Top Bottom 

Not recovered 
61-2,128-61-2,132 
Not recovered 
62-1,000-62-1,017 

62-1,017-62-1,135 
63-1,000-64-4,103 
64-4,103-64-5,010 
64-5,010-65-1,000 
65-1,000-65-1,064 
65-1,064-65-1,064 
65-1,064-65-1,112 
65-1,112-66-4,067 

67-1,000-67-1,005 
67-1,005-67-1,081 
67-1,081-68-1,006 

68-1,006-68-1,100 

68-1,100-68-2,060 
68-2,060-68-2,150 
69-1,000-69-2,120 

69-2,120-69-2,125 
69-2,125-70-1,088 
70-1,088-70-2,099 
71-1,000-71-2,056 
71-2,056-71-2,058 
71-2,058-72-1,071 
72-1,071-72-2,124 
73-1,000-74-6,072 
74-6,072-75-1,038 
75-1,038-75-1,045 
75-1,045-75-2,150 

76-1,000-76-2,075 
76-2,075-77-1,013 

77-1,013-77-1,047 
77-1,047-77-3,150 
78-1,003-78-3,018 

79-1,000-79-1,124 
79-1,124-79-2,049 

79-2,049-79-2,051 
79-2,051-80-1,076 

80-1,076-80-1,077 
80-1,077-80-3,024 
80-3,024-81-2,125 
81-2,125-83-1,016 

Sub-bottom 
depth 
(mbsf) 

798.5-798.6 
798.6-801.5 
801.5-803.5 
803.5-805.5 

805.5-807.5 
807.5-818.0 
818.0-820.8 
820.8-822.7 
822.7-826.6 
826.6-826.6 
826.6-829.2 
829.2-840.5 

840.5-840.6 
840.6-844.0 
844.0-847.9 

847.9-851.0 

851.0-856.6 
856.6-864.1 
864.1-870.6 

870.6-870.7 
870.7-874.3 
874.3-880.3 
880.3-886.2 
886.2-886.2 
886.2-891.2 
891.2-894.0 
894.0-908.2 
908.2-911.2 
911.2-911.2 
911.2-918.2 

918.2-923.5 
923.5-927.6 

927.6-928.1 
928.1-935.9 
935.9-944.0 

944.0-952.2 
952.2-957.2 

957.2-957.2 
957.2-964.8 

964.8-964.8 
964.8-970.4 
970.4-974.5 
974.5-978.9 

Unit 

Upper series 
Group HI (cont.) 

medium grained 

S 37 
F 9 5 

fine grained 

S 38 
F 9 6 
F 9 7 

medium grained 

S 39 
F 9 8 

mixed 

S 4 0 
F 9 9 
F 9 9 A 
F 100 

fine grained 

S41 
F 101 
F 102 
F 103 
F 103A 
S 4 1 A 
F 104 
F 104 A 

mixed grained 

S 4 2 
F 105 

Lower series 

S 4 3 
F 106 
F 107 
F 108 
F 109 
F 110 
F 111 
F 112 
F 113 
D 4 
F 114 
S 4 4 
F 115 
S 4 5 
F 116 
D 5 
S 4 6 
F 117 
S 4 7 
D 6 
S 4 8 
F 118 
F 119 
F 120 
S 49 
F 121 
D 7 

Recovery 
Core-section, 
interval (cm) 

Top Bottom 

83-1,016-83-1,018 
83-1,018-83-1,082 

83-1,082-83-1,082 
83-1,082-84-1,150 
85-1,000-85-5,113 

85-5,113-85-5,134 
85-6,000-86-2,085 

86-2,085-86-2,101 
86-2,101-86-3,092 
86-3,092-86-4,051 
87-1,000-87-1,100 

87-1,100-87-1,108 
87-1,108-88-1,099 
88-1,099-88-2,096 
89-1,000-89-2,042 
90-1,000-90-3,119 
90-3,119-90-3,119 
90-3,119-90-3,125 
91-1,000-91-3,027 

91-3,027-91-3,030 
92-1,000-94-3,117 

94-3,117-95-2,036 
95-2,036-97-1,115 
97-1,115-97-2,038 
97-2,038-98-1,096 
98-1,096-98-2,097 
98-2,097-99-1,010 
99-1,010-99-1,101 
99-1,101-100-1,010 

100-1,010-100-2,018 
100-2,018-101-2,141 
102-1,000-102-1,042 
102-1,042-102-1,123 
102-1,123-102-2,057 
102-2,057-102-2,062 
102-2,062-102-2,117 
102-2,117-105-4,063 
105-4,063-105-5,038 
106-1,000-107-1,102 
107-1,102-107-2,067 
107-2,067-107-2,140 
107-2,140-108-2,047 
108-2,047-108-2,150 
109-1,000-109-1,043 
109-1,043-109-1,060 
109-1,060-109-1,132 
109-1,132-109-2,112 
110-1,000-110-1,055 

Sub-bottom 
depth 
(mbsf) 

978.9-978.9 
978.9-986.2 

986.2-986.2 
986.2-997.6 
997.6-1011.3 

1011.3-1011.6 
1011.6-1016.4 

1016.4-1016.7 
1016.7-1021.4 
1021.4-1024.5 
1024.5-1028.7 

1028.7-1028.8 
1028.8-1035.0 
1035.0-1044.1 
1044.1-1049.1 
1049.1-1057.2 
1057.2-1057.2 
1057.2-1062.0 
1062.0-1068.1 

1068.1-1068.1 
1068.1-1086.8 

1086.8-1100.0 
1100.0-1111.0 
1111.0-1114.0 
1114.0-1117.5 
1117.5-1119.0 
1119.0-1122.0 
1122.0-1126.0 
1126.0-1129.5 
1129.5-1132.7 
1132.7-1153.5 
1153.5-1155.0 
1155.0-1156.8 
1156.8-1158.5 
1158.5-1158.9 
1158.9-1161.5 
1161.5-1179.5 
1179.5-1182.3 
1182.3-1194.0 
1194.0-1196.6 
1196.6-1198.0 
1198.0-1203.0 
1203.0-1209.5 
1209.5-1212.0 
1212.0-1214.2 
1214.2-1216.0 
1216.0-1219.0 
1219.0-1229.4 
(Total depth) 

Boundaries between 368 m and 1090 m redefined according to 
geophysical logging data (gamma ray, resistivity, density, and 
porosity — "Logging Results" section); Units F 10, F 14 and S 7 
do not exist; F = flow, D = dike, S = volcaniclastic sediment; 
medium, fine, mixed = grain-size of matrix in flows of following 
sequence. 
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Figure 15. Lithostratigraphy, chemical stratigraphy, petrography, and alteration synthesis of the volcanic sequence, Site 642. Flows: no ornament = 
fine-grained flows, right-slant hatching = medium-grained flows, left-slant hatching = mixed flows. Flow thickness: open circles = fine-grained 
flows, filled circles = medium-grained flows, crosses = mixed flows, triangles = lower series flows, D = dikes. Flow top: G = gray, R = red­
dened. Dinoflagellate/palynomorph index: N = neritic, P = paralic, E = estuarine, A = subaerial. Phenocryst content: S = sparsely phyric, M 
= moderately phyric, cross-hatching = phyric. Alteration zones: no ornament = low-temperature mineral replacement, right-slant hatching = 
weathered zone, left-slant hatching = zeolitic and mineralized zone. 

scale of centimeters, but some macroscopically massive beds oc­
cur. 

The relative proportions of the fine- and medium-grained 
flows (Figs. 14 and 15) and the petrography of the volcaniclastic 
units (Fig. 16) permit a subdivision of the upper series into three 
groups. Group I consists of alternating sequences, 10 to 50 m 
thick, each sequence containing 3 to 6 fine- or medium-grained 
flows. Group II consists solely of fine-grained flows, and group 
III is made up of randomly alternating fine-grained, medium-
grained, and mixed flows. Flow emplacement occurs in an oxi­
dizing environment throughout. Reddened tops are one indica­
tion of subaerial weathering. Reddening is most intense in group I 
and comparatively weak in group III. Thin, quenched, glassy 
flow boundaries, less than 1 cm thick, occur in all three groups. 

This type of boundary may indicate the presence of wet sedi­
ment or shallow water during emplacement, but is also known 
from terrestrial lavas on Hawaii and Iceland. There are no indi­
cations of marine emplacement of the lava flows. Variations in 
the extent of reddening probably reflect the duration of exposure 
between eruptions. The volcaniclastic units differ between the 
three groups in texture, thickness, content of vesicular shards, 
and content of terrigenous metasedimentary quartz and mica. 

Group I (F1-F45, S4-SJ9, D1-D3; 328.6-607.4 mbsf) 
Flows. Group I contains 11 alternating sequences of fine- and 

medium-grained flows. Sequences of fine-grained flows have an 
average thickness of 36 m (range: 22.3 to 50.4 m), and single 
flows average 8 m (range: 2.4 to 18.5 m). In contrast, sequences 
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Figure 16. Lithostratigraphy, chemical stratigraphy, and petrography of sediments of the volcanic sequence, Site 642. Flows: no ornament 
= fine-grained flows, right-slant hatching = medium-grained flows, left-slant hatching = mixed flows. Thickness of sediment units: x's 
= recovered thickness, dots = estimated thickness. Ti02 weight (%): hatching = flows, dots = sediments. 

of medium-grained flows are thinner (average 17 m; range: 11.0 
to 23.1 m) with an average flow thickness of 3.3 m (range: 0.6 to 
7.6 m). Flows F25 and F26 do not conform to this pattern, each 
constituting a separate sequence. Only two thin sediment units 
occur between medium-grained flow units (S6 and Sll) , but 
sediments are common in fine-grained flow sequences (2 flows 
per sediment unit). Reddening of flow tops is common in fine­
grained flows, but is virtually absent in medium-grained flows. 
Scarcity of interbedded sediment and absence of reddening in­
dicate that medium-grained flow sequences were emplaced rap­
idly, and may be compound flow units representing one eruptive 
event. Extensive reddening and abundant interbedded sediment in 
fine-grained flow sequences suggest longer periods of quiescence. 

Group I flows have an average phenocryst content of about 
4% (plagioclase > > olivine + rare clinopyroxene), with a 
range from 0% (F9) to more than 20% in F20 and F26. Bound­
aries between aphyric to sparsely phyric (F4 to F19, F30 to F38) 
and moderately phyric flow successions (F20 to F29) do not 
conform to sequence boundaries between fine- and medium-

grained flow sequences. Flows in group I have a higher average 
olivine content (5%-6<7o) than group II (2%) and group III 
(3%) (Fig. 15). 

Sequence 1, comprising Fl through F3 and S4 through S6, 
consists of medium-grained, vesicular, moderately phyric flows. 
Sequence 1 flows are thoroughly altered. All primary mineral 
phases are replaced by kaolinite, goethite/hematite, and beidel-
lite. The only comparable alteration in the remainder of the up­
per series is in F5 and F6. Flow F2 has a dark-gray flow top with 
a quenched variolitic matrix. 

Sequence 2, comprising F4 through F8 and S8 through S9, is 
separated from sequence 1 by three dark-gray, fine-grained units, 
1 to 2 m thick, which may be dikes (see "Dikes" below). Se­
quence 2 flows are dark gray to black, fine-grained, and gener­
ally aphyric, but are locally sparsely plagioclase- and/or oliv-
ine-phyric. F8 is fine-to medium grained and appears to be tran­
sitional to the underlying predominantly medium-grained flows 
of sequence 3. F4 and F7 contain flow laminations defined by 
smectite-rich bands less than 1 mm wide ("Alteration," this sec-
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Figure 17. Photograph of Sample 104-642E-30R-4, 0-35 cm, laminar 
flow fabric in fine-grained tholeiitic basalt, flow F36. The laminations 
are disturbed by the cognate xenolith at 18 cm. 
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Figure 18. Photograph of Sample 104-642E-16R-1, 16-65 cm, medium-
grained tholeiitic basalt flow F15. 

tion). Like sequence 1 flows, F5 and F6 have been altered to soft 
crumbly material, and plagioclase has been altered to saponite 
and beidellite. The tops of F5 and F6 are black to dark gray 
(brown in thin section) and have a rapidly quenched variolitic 
texture. The micro fossil/pollen assemblage of S8 indicates an 
estuarine to possibly terrestrial environment. 

Sequence 3 flows (F9 to F15) are aphyric and medium-grained. 
The complex intermixture of fine-grained basalt within F15 may 
have resulted from the incorporation of an additional fine-grained 
flow. F15 has a reddened tachylitic top, but those above have 
dark gray or gray tops, suggesting an increase in rate of em­
placement with time. The opposite trend is indicated in se­
quence 4, which includes the aphyric and sparsely phyric, fine­
grained flows F16 to F19. Whereas F19 exhibits a dark gray, 
weakly quenched flow top, the reddening increases in intensity 
upward to F17. Micro fossil data indicate a paralic environment 
for the deposition of unit S10 on top of F19 (see "Biostratigra-
phy" section, this chapter). 

F20 through F29 are moderately phyric, with the dominant 
phenocryst phase, plagioclase, up to 4 mm in size. F20 and F21 
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Figure 19. Photograph of Sample 104-642E-79R-1, 78-96 cm, mixed 
fine- and medium-grained tholeiitic basalt flow F91. Bands of fine­
grained basalt are at 81-83 cm, 85-87 cm, and 90 cm. 

are the most phyric of the upper series (>20% phenocrysts), 
and are also the most differentiated (see significance of flow 
structures, below). Within this interval, F20 through F24 com­
prise sequence 5, F25 and F26 are individually sequences 6 and 7, 
respectively, and F27 to F29 constitute sequence 8. F21 through 
F29 are devoid of quench textures, and tachylitic and reddened 
oxidized fragments occur in flow-top breccias, suggesting sub-
aerial emplacement. Microfossil contents of S15 and S16 indi­
cate estuarine conditions (see "Biostratigraphy" section). 

Sequence 9 is composed of relatively thin, very dark gray, 
medium-grained flows F30 through F35. Their average thick­
ness is less than 2 m, with thicker flows toward the base. The se­
quence is overlain by unit S17. All units appear to have been 
emplaced rapidly, as reddening of the flow tops is absent. The 
contact between the quenched top of F31 and the quenched 
base of F30 (104-642E-28R-04, 16 cm, 523.3 mbsf) was recov­
ered (Fig. 22). 

Flows F36 through F39 and volcaniclastic units S17A, SI8, 
and S18B make up sequence 10. These fine-grained flows have 
gray or weakly reddened tops. With the exception of F39, the 
flows are aphyric. Terrestrial to freshwater environments are in­
dicated for S18 and S18A by their microfossil assemblages. 

Sequence 11 is a suite of six medium-grained moderately 
phyric flows (F40-F45) overlain by sediment unit SI9. The two 
thickest flows occur at the base. Flow tops are reddish gray. F42 
and F44 have quenched very dark gray flow bases. Paleontologi-
cal evidence suggests a terrestrial setting for part of the se­
quence, but S19 contains three subaqueously deposited sedi­
ment cycles. 

Volcaniclastic Sediments. Twenty-one volcaniclastic units are 
interlayered with the lavas of group I. Three of these (S9A, S9B, 
and S10A) were not recovered, but were detected by the response 
of the natural-gamma spectrometry tool run during downhole 
logging (see "Logging Results" section, this chapter). The vol­
caniclastic units have a total thickness of 22.5 m, or about 9% 
of the extrusive portion of group I. Apart from S4, units range 
in thickness from 2 mm to 3.1 m with an average of 0.6 m. Unit 
S4 is exceptional, being about 7 m thick, but this may be an ar­
tifact from core/wireline-log correlation, or it may be compos­
ite. However, it is coarser-grained than the overlying sediments 
and contains thick individual fining-upward sequences, suggest­
ing it may be a genuinely thick unit. Units with thicknesses in 
excess of several tens of centimeters show sedimentary features 
such as upward-fining (S4, S16, and S19), internal erosional 
surfaces, and reworking of underlying sediment (S4, S5, S10, 
S12, S13, S16, and S19). 

Vitric shards dominate over lithic clasts within the volcani­
clastic units. Pumice, preferentially replaced by illite/kaolinite, 
is present in units S9 and S12 and forms a distinct bed 10 cm 
thick in S4 (104-642E-05R-01, 88-98 cm). Isolated unbroken ac-
cretionary lapilli are present in S10, indicating nearby subaerial 
explosive volcanism. Ti02 contents of group I sediments are 
markedly higher than those of the lavas (Fig. 16), suggesting a 
different provenance. 

Dikes. Dikes recovered in sequence 2 of group I are fine­
grained, sparsely vesicular, sparsely olivine- and plagioclase-
phyric tholeiite. No chilled margin was recovered at the top of 
Dl . The base of D2 is a smectite-rich zone that may be a chilled 
margin against the highly deformed sediment unit S7. Both 
chilled margins were recovered from D3, the lower one dipping 
at 80° against F4. D3 has a macroscopic subhorizontal laminar 
streaking similar to that interpreted as a flow fabric in many 
fine-grained flows in the upper series. This, and the similarity in 
chemical composition of D1-D3 to adjacent flows (see "Flow 
Structure" below), suggests that they may also be flows. If so, 
the "chilled margins" may represent zones of tectonic deforma­
tion. 
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Figure 20. Sample 104-642E-30R-4, 31-33 cm, photomicrograph of aphyric, fine-grained flow 
F36. Plagioclase feldspar, augite (pale gray), iddingsitized olivine (dark gray), ilmenite (black) 
are visible. Width of field of view is 4 mm. 

Figure 21. Sample 104-642E-36R-2, 114-116 cm, photomicrograph of medium-grained flow 
F44. Subophitic labradorite/augite, smectite is filling vesicles and replacing plagioclase. Width 
of field of view is 4 mm. 

Group II (F46 to F64, S19A to S28A; 607.4 to 798.5 mbsf) 

Flows. Group II consists solely of fine-grained flows. Unlike 
group I, group II flows are aphyric with a mean phenocryst con­
tent (plagioclase > > olivine) of less than 0.5% and a maxi­
mum of about 1%. Trace amounts of clinopyroxene pheno-
crysts occur only in F57. The olivine content ranges between 
l°7o and 5%, with the exception of F49 (13%) and F51 (8%). 

The mean olivine content (2%) is the lowest of the three groups 
in the upper series. The mean flow thickness in group II is 6.8 m, 
with a range of 3.1 to 14.5 m. Intense reddening of flow tops 
occurs in F49 to F51 and F57 to F64, while F46 to F48 and F52 
to F56 lack reddened tops. F47 has a quenched top and F48 has 
a quenched base. 

Volcaniclastic Sediments. Ten volcaniclastic units were recov­
ered in group II, but gamma-ray logs indicate the presence of 
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1 cm 

Figure 22. Sample 104-642E-28R-4, 16-18 cm. Photograph shows con­
tact between base of flow F30 and top of flow F31. Collapsed vesicles 
and brecciated flow base correspond to flow F30. 

another seven. The ratio of flow units to sediment units is there­
fore high (1.6). The recovered thicknesses range from less than 1 
to 78 cm, with a mean of 21 cm. Thicknesses deduced from the 
gamma log range from less than 0.1 to 1.0 m, with an average of 
0.36 m. The total thickness of sediments in group II is 6.2 m, 
equivalent to 3.4% of the interval. The volcaniclastic units are 
more uniform in lithology and color than the clastic units of 
group I, and are exclusively basaltic vitric tuffs with variable 
content of crystalline and quenched basaltic fragments. As with 
group I, TiOj contents are higher than those of the associated 
lavas, indicating a different provenance. Pumiceous shards are 
not present in any of the units recovered. Fining-upward se­
quences, between 7 and 17 cm thick, occur in units S21, S22, 
and S26. Unit S21 also contains reworked fragments of accre-
tionary lapilli, products of subaerial explosive volcanism. Sedi­
ment unit S26 is the first unit below 360 mbsf that contains 
fragments of detrital quartz. 

Group III (F65 to F105, S28B to S42; 798.5 to 1086.8 mbsf) 
Flows. In group III, fine-grained and medium-grained flows 

alternate in an irregular pattern. Some mixed flows occur, char­
acterized by millimeter- to tens-of-centimeters-wide contorted 
bands differing in grain size, crystallinity, and vesicularity. Me­
dium-grained zones have higher contents of interstitial, origi­
nally glassy mesostasis than in groups I and II, and vesicles are 

significantly more elongated. F86 exhibits a rare type of mixing 
where medium-grained droplets, 0.5 to 2.0 mm in diameter and 
rich in quenched glassy mesostasis, are set in a fine-grained ma­
trix (104-642E-75R-02, 84-86 cm). Tops of flows are not in­
tensely reddened, as they are in group I, but olivine microphe-
nocrysts are iddingsitized. Flow tops are predominantly brecciated 
and purplish in color, and have quenched, variolitic mesostasis. 
F77, F83, F84, F93, F95, F96, F100, F102, F103, and F104 have 
quenched, variolitic or palagonitic tops, and F73, F81, F98, 
F99, and F100 have similar bases. 

Volcaniclastic Sediments. Fourteen pyroclastic units have been 
recovered in group III. Gamma-ray logs indicate the possible ex­
istence of one more (S28B). These units range in recovered 
thickness from less than 1 to 20 cm (well logs indicate 0.5 m for 
S34), have an average thickness of about 10 cm, and an esti­
mated total thickness of 1.5 m, with 0.58 m actually recovered. 
They make up about 0.5% of the total thickness of group III. 
The sediments are uniformly red-brown and contain more vesic­
ular, tachylitic, or variolitic, lithic basaltic clasts compared with 
groups I and II. Most units seem to be hydroclastic sediments, 
genetically associated with the underlying flow. Ti0 2 contents 
are generally similar to those of adjacent flows. Pumice is re­
stricted to one 10-mm-wide layer in S34 (104-642E-77R-01, 13-
21 cm), the thickest unit present in group III. Group III sedi­
ments are characterized by the common occurrence of terrige­
nous detritus. S30, S31, S32, S37, S39, and S41 contain variable 
amounts of detrital quartz, accompanied by light mica in S30 
and S31, by augite in S30 and S41, and by aegirine-augite in 
S31. 

Flow Structure 
The study of the internal structures of the recovered flows 

making up the upper series reveals contrasts between the inter­
nal morphologies of the fine- and medium-grained flows. The 
thicker, fine-grained flows are characterized by a consistent and 
generally well-preserved zonal structure that contains planar fab­
rics developed during stratified laminar flow. In contrast, me­
dium-grained flows are internally homogeneous and physically 
isotropic. A brief description and discussion of the internal fab­
rics of the two types of flows follows. 

Fine-grained Flows 
A section through an idealized fine-grained flow has been de­

rived from the study of the best recovered examples (Fig. 23, left). 
Ten readily recognizable zones, developed to various degrees, oc­
cur throughout the fine-grained flows in a regular fashion. 

Zone A: Upper Flow Top. The brecciated, scoriaceous to 
highly vesicular upper flow top varies from 0 to 3.1 m thick, 
and averages 0.74 m. Vesicles are 1 to 2.5 mm in diameter and 
are generally empty. Breccia clasts have a wide size range and in­
clude fine-grained glassy basalt fragments spalled from blocky 
flow tops. These clasts are locally intermixed with volcaniclastic 
material derived from overlying sediment units. 

Zone B: Flow Top. This zone forms a highly vesicular, rap­
idly cooled, continuous upper margin to the flow. Vesicles are 
predominantly empty and less than 2.5 mm in diameter. Zone B 
ranges from 0 to 1.35 m in thickness and averages 1.1m. 

Zone C: Streamed Upper Vesicular Zone. The transition from 
zone B to zone C is marked by changes in the size, shape and 
filling of vesicles. Vesicles are locally greater than 5 mm in di­
ameter. Commonly, coalescence of vesicles occurs and results in 
irregularities in vesicle shape. Vesicle elongation, entrainment, 
and collapse or partial collapse together constitute a texture re­
ferred to here as "streaming." This texture has an overall sub-
vertical orientation, but local inclined or chaotic streaming, re­
flecting laminar and turbulent flow of lava, respectively, also 
occurs. Toward the base of the zone, individual vesicles are 
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more uniform in size, and are invariably filled with dark green 
smectite. Zones of completely collapsed vesicles impart a dis­
continuous, dark green, and well-marked foliation. 

Zone D: Upper Vesicular Zone. Zone D is moderately to 
sparsely vesicular, displaying only rounded or subrounded vesi­
cles, and is gradational with zone C. Vesicles are almost all 
filled with dark green smectite, but up to 5% of vesicles contain 
calcite. There is no streaming or elongation of the vesicles. The 
number of vesicles decreases gradually with depth, although 
their average size remains constant. 

Zone E: Upper Streaked Zone. The upper margin of zone E 
is identified by either a decrease in vesicularity to less than 5% 
or by the uppermost occurrence of a spaced, laminar, subhori-
zontal dark gray-green to black foliation. At the base of zone E, 
this fabric either disappears completely or gives way to a zone 
of highly disrupted and poorly developed streaking that may be 
randomly oriented. The thickness of zone E varies from 0.3 to 
6.15 m and averages 1.8 m. Generally, the streaks are diffuse 
and discontinuous in the upper part of the zone, but become 
more closely spaced and coherent downward, imparting a well-
developed, spaced fabric. Where best preserved, the fabric is de­
fined by 1- to 2-cm-wide zones of fresh gray basalt separated by 
continuous, discrete, dark planar stripes between 1 and 2 mm 
wide. Although the fabric is commonly subhorizontal, dips of 
up to 50° occur. The average spacing between streaks is fairly 
constant, but some streaks bifurcate and curve, in extreme cases 
becoming chaotic. Rounded cognate xenoliths of highly vesicu­
lar basalt, 1 to 3 cm in diameter, are common throughout the 
central part of the flows in zones E, F, and G (Fig. 17). Streaks 
wrap around xenoliths to form "augen" structures. The fabric is 
locally disrupted on either side of xenoliths forming a pattern of 
short, irregular, and randomly orientated streaks. This probably 
marks localized turbulence within the laminar flow. The zone is 
sparsely vesicular or non-vesicular, and vesicles are filled with 
dark green smectite or by calcite rimmed by smectite. 

Zone F: Central Streaked Zone. The central part of the 
streaked section is dominated by either weakly to randomly ori­
ented discontinuous streaking or areas of massive basalt. The 
average recovered thickness of zone F is 0.98 m, although this 
zone is absent or was not recovered in almost half of the flows. 
The precise positions of the top and bottom of zone F are 
largely arbitrary, but the zone is identified where (a) streaks are 
more than 10 cm apart, (b) streaks are discontinuous or diffuse, 
(c) the fabric is randomly oriented, or (d) a significant propor­
tion of sub vertical discontinuous streaks occurs. Xenoliths are 
present throughout zone F; vesicles are rare or absent. 

Zone G: Lower Streaked Zone. A zone of regularly oriented 
streaked fabric occurs toward the base of the flow, occupying 
much of the lower 25%. The zone has an average recovered 
thickness of 1.55 m. It differs from the upper streaked zone (E) 
by exhibiting a progressive decrease in spacing of streaks toward 
its base. The decreased spacing of the fabric is generally accom­
panied by a decrease in the definition of the streaks, which be­
come more diffuse and less continuous. In the basal part of 
zone G, there may be an interval of massive basalt. Vesicularity 
is generally sparse to moderate, and vesicles are invariably filled 
with dark green smectite. In the lower part of the upper series, 
local flattening of the closely spaced streaks often results in sub-
rectangular vesicles in zone G. Where the vesicles are not com­
pletely flattened, they display a sharp planar truncation against 
laminations. Even where vesicles are apparently undeformed, 
individual streaks commonly link, or propagate from vesicle 
margins. 

Zone H: Lower Vesicular Zone, Beneath the lower streaked 
zone, the vesicularity of the flow increases from the sparsely or 
non-vesicular laminar zone (G) to a moderately vesicular to ve­
sicular zone. This zone contains vesicles filled with dark green 
smectite. Vesicles vary in diameter from 0.2 to 1.0 cm, and some 

coalesce. Rarely, vesicles are attenuated and ellipsoidal in shape, 
indicating flow movement. Zone H has an average recovered 
thickness of 0.29 m, and varies from 0 to 0.95 m. 

Zone I: Basal Vesicular Zone. The lowest, highly vesicular 
section of the flow can be identified in over 90% of recovered 
flow bases. Zone I is relatively thin (averaging 0.13 m), and has 
empty, rounded vesicles, 0.5 to 2.0 mm in diameter. 

Zone J: Basal Breccia. Only a few thin basal breccias were re­
covered, with an average thickness of approximately 0.2 m. In 
general, drilling disturbance has caused dissociated fragments 
from this zone to be incorporated into the upper surface of un­
derlying volcaniclastic sediments, or to be intermixed with the 
brecciated top of the underlying flow. 

Medium-grained Flows 
In general, medium-grained flows are structurally homoge­

neous. Unlike fine-grained flows, there is little evidence of inter­
nal stratigraphy or flow fabric. Textural characteristics of me­
dium-grained flows (Fig. 23, right) include (a) intense localized 
vesicle streaming without the full suite of gradational vesicular­
ity observed in fine-grained flows, and (b) a narrow disturbed 
basal flow zone, locally cut by subvertical gas escape structures. 
These may be partly filled with smectite and/or sediment. Lim­
ited basal brecciation may occur within the most intensely vesic­
ular zones. Vesicle diameters range from approximately 1 mm in 
the uppermost 0.2 to 0.5 m of the flow to around 6 mm in the 
central part. Diameters may locally exceed 1 cm. Vesicles are 
commonly filled with calcite rimmed with green smectite. Local 
non-vesicular zones may be cut by highly vesicular, internally 
brecciated areas. 

Significance of Flow Structures 
The internal structure of the fine-grained basaltic units in­

cludes intensely laminated sections that are interpreted as indi­
cating differential flow. In the zonal structure described above, 
the composite streaked zone comprises two sections of approxi­
mately equal thickness that exhibit a fabric interpreted as result­
ing from laminar flow, separated by a central zone of disrupted 
or randomly oriented discontinuous streaks. These fabrics re­
flect zones of laminar flow surrounding a zone with little inter­
nal movement. 

In detail, the laminar flow fabric is locally accompanied by a 
well-developed, subparallel alignment of plagioclase microlites 
in the groundmass. This fabric is rarely completely consistent in 
its orientation, and commonly exhibits aligned microlites in 
poorly defined domains. The domains are locally randomly ori­
ented with respect to each other. This fabric also wraps micro-
phenocrysts. 

Geochemical data suggest that the distinction between the 
fine-grained and medium-grained flows is not the result of pri­
mary compositional differences. However, it is possible that the 
textural differences between the flows reflect differences in their 
volatile content, the medium-grained flows having higher pri­
mary volatile content. Such differences might also arise during 
eruption or flow of the lavas. It is possible that the coarser 
grained flows are proximal and volatile-rich, and form compound 
flows. Farther from the vent, the degassed magma formed thicker 
fine-grained flows. This model accounts for the lack of redden­
ing on the tops of most individual coarser grained flow units, 
except for the uppermost flow unit in each compound flow. 

Chemistry 
The shipboard XRF was not working on Leg 104. Results of 

shore-based analyses peformed at seven laboratories have been 
compiled for this preliminary discussion. 

Major and trace element analyses are available for most of 
the 123 lava flows and dike units in the upper series. Rare-earth 
elements, Th, Ta, and Hf concentrations have been determined 
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Fine-grained Medium-grained 
flows flows 

Figure 23. Schematic intraflow stratigraphy of (left) fine-grained and 
(right) medium-grained upper series flows. Zonation A to J shown in 
fine-grained flows is discussed in text. 

for 57 units. Geochemical data indicate that alteration effects 
are relatively minor. Tables 8 through 10 give range and mean 
major, trace, and rare-earth-element abundances compiled from 
the 56 freshest flows, selected on criteria discussed in "Altera­
tion," this section. 

The upper series shows a clear chemical stratigraphy, with six 
chemical subdivisions (C to I, Table 7). Each subdivision is 
characterized by relatively uniform high field strength (HFS) 
and rare-earth-element contents, which reflect subdivision dif­

ferences in primary magma composition. Subdivisions C, G, 
and I have low HFS element contents (e.g., Ti02 1.0% to 1.8%). 
Subdivisions D and F, which together constitute the majority of 
the upper series, have intermediate HFS contents, and subdivi­
sions E and H have high HFS contents (e.g., Ti02 2.6% to 
2.9%). Boundaries between subdivisions are marked by pro­
nounced changes in absolute contents of incompatible trace ele­
ments. 

All upper series flows and dikes are uniformly basaltic, for the 
most part lacking significant variations in degree of differentia­
tion. Mg, defined as %MgO/(MgO + 0.85FeO + 0.15Fe2O3), 
ranges from 54 to 67, with a mean of 58.5 ± 2.9, similar to 
ocean floor basalt. MgO (6.60 to 8.68%, average 7.56%), Cr 
(100 to 394 ppm, average 225 ppm), and Ni (56 to 146 ppm, av­
erage 89 ppm) values indicate fractionation of about 5% to 
10% olivine and 5% to 10% chromite, clinopyroxene, and pla-
gioclase prior to eruption. F20, F21, F29, and F65 are more dif­
ferentiated, with Cr as low as 38 ppm and Ni 53 ppm. Compati­
ble elements show that the least differentiated, most primitive 
magmas were erupted at the base of the upper series, in subdivi­
sion C (F103 to F105, MgO 8.6% to 10.2%), and in subdivision 
I, between 400 and 500 mbsf (F9 to F19, MgO 7.8% to 8.7%). 

Though their absolute contents of incompatible elements vary 
by a factor of almost 3, element abundances and 87Sr/86Sr and 
143Nd/144Nd ratios indicate that upper series basalts have a mid-
ocean ridge tholeiite character. Compared to North Atlantic 
mid-ocean ridge basalts (MORB), Leg 104 tholeiites are lower in 
Si02 by about 1.0% to 1.5%, A1203 by 1%, and CaO by 0.5% 
(Table 8). In contrast, the Leg 104 tholeiites are relatively Fe-
and Ti-rich (FeO range 9.25% to 12.28%, mean 10.80%; Ti02 
range 1.11% to 2.73%, mean 1.75%), indicating an affinity 
with ferrobasalt and are slightly large ion lithophile (LIL) ele­
ment enriched compared to N-type MORB (Fig. 24). La ranges 
from 2.69 to 11.4 ppm, with highest values in subdivision E 
(high-Ti flows) and lowest values in subdivision C (low-Ti flows). 
(La/Sm)N and Zr/Nb ratios characterize the tholeiites as N-type 
MORB. They have convex-upward light rare-earth element 
(LREE) patterns (Fig. 25), with values between 7 and 30 times 
chondritic. The tholeiitic upper series flows therefore appear to 
be products of different degrees of partial melting of a uniform 
mantle source, less depleted than that of the average N-type 
MORB. 

Initial 87Sr/86Sr ratios (Sr^ of leached basalt range from 0.7031 
to 0.7036, typically MORB-like in character. However, the high­
est values (0.7036) were found in flows with the highest Th con­
tents (F7, F98). This selective enrichment in Th and Srjmay in­
dicate local contamination by continental crustal material. 

Lower Series 

Lithology and Petrography 
The lower series extends from 1086.8 mbsf to the bottom of 

Hole 642E at 1229.4 mbsf. It consists of 43% flows (F106-F121), 
21% volcaniclastic sediments (S43-S49), and 36% dikes (D4-D7) 
(Table 6). Rocks of the lower series are lithologically, petrographi-
cally, chemically, and consequently petrogenetically, distinct from 
the tholeiites of the upper series. They range from basaltic to 
peraluminous andesitic composition (Fig. 26). Dikes D5 and D6 
are tholeiitic in composition and are more closely related to the 
upper series. 

Recovery was only 34% in the lower series, and many of the 
defined flow unit boundaries may be significantly in error. Esti­
mates of flow thicknesses are therefore highly suspect. For exam­
ple, F109 was recovered in a single core, has typical internal struc­
ture (see discussion), and is about 1.5 m thick. F106 has a re­
corded thickness of 13.7 m, but recovery was very poor (only 
7.1% in Core 104-642E-96R), and is probably a composite of sev-
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Table 7. Subdivisions of the volcanic series based on chemical affinities. 

Sub­
division 

I 
H 
G 
F 
E 
D 
C 
B 
A 

Interval 

F1-F25 
F26 

F27-F29 
F30-F61 
F62-F64 
F65-F102 

F103-F105 
F106-F117 
F118-F121 

Top 
104-642E-

5R-2, 46 cm 
23R-3, 127 cm 
24R-1, 30 cm 
28R-3, 140 cm 
59R-1, 6 cm 
61R-2, 128 cm 
89R-1, 0 cm 
97R-1, 115 cm 
108R-2, 47 cm 

Bottom 
104-642E-

23R-3, 125 cm 
24R-1, 27 cm 
28R-3, 117 cm 
58R-5, 90 cm 
61R-2, 128 cm 
88R-2, 96 cm 
94R-3, 117 cm 
107R-1, 102 cm 
109R-2, 112 cm 

Interval 
(mbsf) 

337.0-485.8 
486.3-489.6 
489.6-521.2 
522.7-771.3 
771.3-798.5 
798.6-1044.1 

1044.1-1086.8 
1111.0-1194.0 
1203.0-1219.0 

Thickness 
(m) 

148.8 
3.3 

31.6 
248.6 
27.2 

245.5 
42.7 
83.0 
16.0 

Table 8. Basalt geochemical data, Site 642.a 

No. of samples 

Type 

Compound 

Si0 2 
Ti0 2 
A1203 
FeOb 

MnO 
MgO 
CaO 
Na 2 0 
K 20 
p2o5 

Upper series 

56 

Fresh 

Range % 

47.90-50.10 
1.11-2.73 

13.12-17.04 
9.25-12.28 
0.14-0.29 
6.60-8.68 
9.15-12.60 
1.75-2.90 
0.06-0.24 
0.10-0.27 

Mean % 

48.17 
1.75 

14.74 
10.80 
0.21 
7.56 

11.28 
2.36 
0.13 
0.16 

Type B 

8 

Least altered 

Range % 

58.60-61.90 
1.17-1.28 

14.20-15.69 
8.32-9.39 
0.06-0.15 
1.54-1.98 
2.26-3.39 
2.02-3.13 
1.03-1.75 
0.09-0.28 

vlean % 

59.87 
1.25 

14.90 
8.82 
0.12 
1.66 
2.78 
2.29 
1.38 
0.17 

Lower 

Type 
i 
i 

1 8 
i 

eries 

A 

All data 
i 
i 

i Range °/o 

47.02-55.50 
1.00-1.51 

14.87-17.60 
9.10-12.23 
0.10-0.27 
2.33-6.11 
5.57-8.04 
2.68-3.27 
0.86-2.16 
0.11-0.19 

Mean °Io 

51.09 
1.24 

16.33 
10.02 
0.17 
4.28 
6.80 
2.96 
1.49 
0.17 

D 5 & D 6 
1 
! 3 
I 
I 
1 All data 
1 
i 
1 Range % Mean % 
i 

48.90-51.80 
1.07-1.50 

13.28-18.20 
8.53-12.64 
0.16-0.23 
5.19-8.43 
7.52-10.40 
2.09-3.61 
0.11-0.34 
0.09-0.13 

50.03 
1.26 

14.93 
11.17 
0.20 
6.66 
9.25 
2.74 
0.22 
0.11 

a Data not corrected for H 2 0 or C 0 2 . 
All Fe calculated as FeO. 
Data from: University of Newcastle upon Tyne, United Kingdom 

Midland Earth Science Association, United Kingdom 
Ruhr-University, Bochum, FRG 

eral flows. On the basis of the most completely recovered flow 
units, a reasonable average thickness for lower series flows is 2 to 
3 m. 

Flows 
Lower series flows can be divided into two distinct types based 

on petrographic criteria. F106 to F117 are characterized by domi-
nantly perlitic glassy and variolitic mesostasis, whereas F118 to 
F121 have a microcrystalline matrix with intersertal texture. This 
distinction is supported by geochemical data (see lower series 
"Chemistry" below). The lower series is therefore divided in two 
(Fig. 15), subdivision B (F106 to F117) and subdivision A (F118 
to F121). 

An idealized typical flow from subdivision B consists of a 
glassy top, a variolitic middle and a glassy base, each with a 
thickness of about 0.4 to 1.0 m. The brownish to grayish-pink 
glass has been pervasively hydrated to perlite (Fig. 27) with a pur­
ple vitreous luster in hand specimens. Progressive alteration to 
smectite has occurred along fractures, causing the brecciated ap­
pearance of most perlitic flows. Close to flow bases and along in­
ternal fracture zones, brecciated and glassy fragments are, in gen­
eral, extensively altered to smectite. Some vesicles and fractures in 
the glass are filled with smectite, chalcedony, agate, quartz, py-
rite, and rarely, calcite. In some flows (e.g., F108 and F115), vesi­
cles are elongated at an angle of 20°-40° from the horizontal. 
Geopetal vesicle fillings also occur, unfortunately in unoriented 
pieces. 

Crystallinity and phenocryst content increase with depth in 
subdivision B lavas. Glassy flows (F106 to F109) contain rare pla-

gioclase microphenocrysts with slight zoning (An14_M). F110 to 
F115 contain swallow-tailed plagioclase and swallow-tailed acicu-
lar pyroxenes, which are up to 0.5 mm long and have length/ 
width ratios of 30. Skeletal, trellis-like crystals of oxides are abun­
dant in the variolitic central zones ofF110toF115. These crystals 
reach lengths of 1 to 7 mm and length/width ratios are typically 
about 100. The phenocryst assemblage in these flows forms 1% 
to 2% of the rock and consists of hypersthene and calcic plagio­
clase (An70.82). F116 and F117 contain 5% phenocrysts, with cor-
dierite in addition to plagioclase and hypersthene. Plagioclase in 
F116 and F117 shows oscillatory zoning from An70 to An85. Skel­
etal oxides, swallow-tailed plagioclase (An^), and pyroxene simi­
lar to those in F110 to F115 are also present. Subdivision B flows 
are commonly glomerophyric and individual plagioclases reach 
3 mm in diameter. Crystals in most subdivision B flows have sub-
parallel orientation. 

Subdivision A flows (F118-F121) are microcrystalline and in­
tersertal, with about 50% to 60% plagioclase and pyroxene in a 
quenched matrix. Large oxide needles and perlitic fractures are 
absent. Phenocryst aggregates of plagioclase and pyroxene are ex­
tensively replaced by smectite except in F120. F121 has well-devel­
oped segregation vesicles. 

Volcaniclastic Sediments 
Volcaniclastic sediments in the lower series are dissimilar to 

those in the upper series. Glass shards are tabular to cuspate and 
are replaced by clinoptilolite, possibly indicating dacitic composi­
tions. Terrigenous components, such as light and brown mica, 
quartz, and rare fragments of quartz-mica schist, occur 
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Figure 24. Representative mid-ocean ridge basalt (MORB)-normalized spidergrams of upper series flows. F 
fine-grained, M = medium grained flows. Note the enrichment in flow F98. 

throughout lower series sediments, forming about 10% of indi­
vidual beds. The clastic units vary in recovered thickness from 
0.05 to 5.55 m, with a mean thickness of 1.9 m. Thicknesses es­
timated from downhole logs range from 0.4 m (S45) to 13.2 m 
(S43), with a total thickness of 27.6 m and a mean of 3.9 m. 
The true thickness of S43 is in some doubt, as the depth of its 
base is not constrained by the geophysical logs. Volcaniclastic 
sediments form about 27% of the extrusive portion of the lower 
series. 

The sediments are gray to grayish brown volcaniclastic mud-
stones. They are moderately to well sorted, with median grain 
diameters of about 0.1 to 0.5 mm. They are laminated or thinly 
bedded, and display slump structures, cross-bedding, and ero-
sional features. Clinoptilolite, phillipsite, and carbonate are com­
mon cements. Idiomorphic replacement of shards (and, rarely, 
mica) by clinoptilolite is common. 

The uppermost clastic unit (S43) is about 7 m thick and sep­
arates the upper and lower series. Its lower half consists of a 
succession of finely laminated mudstones, with well-developed 
slump folds. These mudstones contain compacted pumice frag­
ments. The upper half consists of several fining-upward volcani­
clastic mass flow units with interbedded zones rich in quartz 
and mica. Pumice fragments are uncollapsed. An erosion sur­
face is present between the upper and lower parts of S43. 

S47 and S48 belong to a single pyroclastic flow deposit cut 
by D6. It has an internal stratification similar to that in the 
proximal facies of subaqueously deposited ignimbrites (Figs. 28 
and 29). A basal layer of fine-grained vitric tuff is overlain by a 
1-m-thick lithic breccia with accidental, aphanitic to perlitic la-
pilli and blocks forming about 80% of the rock. The 6-m-thick 
central massive part contains accidental lithic and perlitic frag­
ments which fine upward from 35 to 5 mm in diameter, whereas 
pumice lapilli increase upward both in diameter (from 1 to 20 mm) 
and abundance (from 1% to 10%). The upper 0.6 m of the mas­
sive poorly sorted part of the ignimbrite contains well sorted la­
pilli. The massive part of the ignimbrite is overlain by 2.6 m of 
light to medium gray, medium to well sorted, sand- to silt-sized, 
rhyodacitic tuff. Parallel laminations pass gradually upward into 
irregularly wavy and steeply inclined, discontinuous laminations. 
No undisputably cognate crystals have yet been identified. 

The large number of accidental clasts indicates extensive an-
desitic volcanism of lower series type prior to the ignimbrite-
forming Plinian eruption. The well-sorted, silty-sandy tuffs also 
contain less than 1% or 2% quartz, mica, and reworked volca­
niclastic sediments. Two rock fragments, less than 1 cm in diam­
eter, are of particular interest. One appears to be a partly disin­
tegrated (resorbed ?) granite gneiss clast and the other a finer 
grained metamorphic siliceous rock. 

99 



SITE 642 

1 Q-

1 0 ' 

TO1 

10v 

X F 1 8 CFJ 

A F37 (F) 

□ F38 (F) 

+ F77 (M) 

Ce Nd Sm Eu Gd Tb 
Element 

Yb Lu 

Figure 25. Representative chondrite-normalized light rare-earth element (LREE) plot of upper series flows. F = 
fine-grained, M = medium-grained flows. 

Dikes 

Four units were identified as dikes in the lower series. Of 
these, D4 and D7 have mineralogical and geochemical affinities 
to lower series flows. The evidence for the intrusive origin of D4 
and D7 is ambiguous, and they are probably better interpreted 
as thick crystalline flows. Chilled margins to D4 and D7 were 
not observed. The status of D5 and D6 as dikes is not in doubt, 
as chilled margins were observed, and their mineralogy and geo­
chemistry are distinctly different to the remainder of the lower 
series. 

D4 is the uppermost "dike" in the lower series and is about 
21 m thick. It "intrudes" flows of subdivision B, which it also 
resembles chemically (see "Chemistry" below). D4 is more crys­
talline than its bounding perlitic flows. It contains a microphe-
nocryst assemblage that forms about 20% of the rock, consist­

ing of calcic plagioclase up to 0.8 mm in length, together with 
partly swallow-tailed pyroxene less than 1.3 mm long with a 
length/width ratio of 25, and oxides. In addition, glomero-
phyric aggregates of plagioclase, hypersthene, and cordierite 
form about 2% of the rock. The plagioclase phenocrysts are by-
townitic and show marked oscillatory zoning. Many have an al-
bite-rich rim (An40). The phenocrysts and microphenocrysts are 
set in a variolitic matrix (exceeding 50%) and glassy mesostasis 
(20%). Saponite fills interstices, rare vesicles and replaces pla­
gioclase. Pyrite is present in the groundmass. 

D5 is aphyric, with a subophitic, intergranular to intersertal 
matrix of plagioclase (50%), clinopyroxene (40%), altered oliv-
ine (4%), oxides (2%), and altered glass (4%). In texture and 
grain size D5 closely resembles medium-grained upper series 
tholeiites. Saponite, pyrite, and rare zeolite are secondary min­
eral phases. 
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Figure 26. Photograph of Sample 104-642E-97R-1, 95-104 cm, pera-
luminous basaltic andesite, lower series flow F106. Smectite-filled per-
litic fractures and vesicles in glassy groundmass are visible. 

D6 is aphyric, hypocrystalline, and sparsely vesicular, with 
an intersertal texture. Plagioclase constitutes 40% of the rock, 
and pyroxene, much of which is altered to smectite, forms about 
30%. Olivine may have been present originally. Cryptocrystal-
line smectite replaces interstitial glass and fills vesicles. Pyrite is 
rare. 

D7 is similar to D4 in being chemically similar to adjacent 
flows (F118 to F121). It is aphyric and hypocrystalline, with a 
pilotaxitic, intersertal groundmass. Rare phenocrysts are present, 
consisting of resorbed anhedral pyroxene, less than 1 mm in di­
ameter, and subhedral plagioclase. Plagioclase (45%), orthopy-
roxene (20%), and oxides (1-2%) occur as lathlike micropheno-
crysts, on average less than 250 /mi in length. Late crystallizing 
poikilitic quartz (3%) commonly has graphic inclusions of glass 
and fills interstices. Saponite, pyrite, calcite, and rare, brown 
pleochroic mica are secondary phases. 

Chemistry 
Geochemical data indicate a two fold subdivision of the lower 

series into a basaltic group, subdivision A, and a group of pera-
luminous andesites, subdivision B (Table 7). D4 and D7 are 
chemically indistinguishable from their bounding flows and are 
included, for the following discussion, in subdivisions B and A, 
respectively. Subdivision A is Zr- and Nb-poor, whereas B is Zr-
and Nb-rich (Table 9). Si02 has a narrow range in subdivision B, 
from 58.60% to 61.90%, markedly different from the more ba­

saltic subdivision A (Si02 47.02% to 55.50%). Other trace and 
rare-earth-element data (Tables 9 and 10) further emphasize the 
geochemical differences between the two magma types. 

Lower series rocks (excluding D5 and D6) are strongly en­
riched in LIL elements and depleted in Sr, Eu, and high field 
strength (HFS) elements (Figs. 30 and 31). Subdivision A is less 
enriched in Nb, Th, and large ion lithophile (LIL) elements 
than is B by up to an order of magnitude, whereas HFS ele­
ments vary little between the two types. Sr; values are high (ex­
ceeding 0.711) in subdivision B and somewhat lower in A, be­
tween 0.709 and 0.710. 

We interpret these data as indicating that subdivision B mag­
mas were derived by partial melting of continental crust, proba­
bly of sedimentary or metasedimentary origin. Magmas of sub­
division A were probably derived by mixing of the crustal melt 
with N-type MORB magma, similar to that forming the upper 
series. 

D5 and D6 have MORB-like signatures, but have enriched 
LIL-element contents indicating crustal contamination. This is 
supported by the Sr4 value for D5 of 0.705, intermediate be­
tween upper and lower series values. 

Alteration 

Environment 
The common occurrence of reddened flow tops without pil­

low structures or thick glassy crusts indicates terrestrial and prob­
ably subaerial conditions throughout emplacement of the upper 
series. This interpretation is supported by the red color of inter-
bedded sediments. The common occurrence of red, iddingsitized 
olivine in upper series flows also supports this view, although 
this occurrence has also been reported from ocean floor lavas. 
Thin, quenched, glassy to variolitic tops and bases of a number 
of flows possibly indicate emplacement onto wet sediments or 
into shallow water. The intensity of reddening, together with 
thickness of sediment, reflects the time interval between flow 
emplacement. 

Sequences of medium-grained flows rarely contain interlay-
ered sediments and few have reddened flow tops. They were em-
placed rapidly and may be compound flow units proximal to the 
vent. Interlayering of fine-grained flows and sediments is com­
mon (flow/sediment ratio of less than 2). Sediment thickness in­
creases above 740 mbsf, suggesting that the upper part of the 
upper series (326 to 740 mbsf) represents a greater time span 
than the lower part (740 to 1087 mbsf). The intensely weathered 
nature of the upper 70 m of the volcanic pile indicates that ex­
trusion was followed by a long period of quiescence represented 
by the conglomerate horizon S3 (base of lithologic Unit IV). 

Evidence for the environment of emplacement of the lower 
series is ambiguous. No pillows or hyaloclastites were observed, 
but there are no indications of oxidative weathering. Sedimen­
tary structures (grading, slumping, cross-bedding, and fine lam­
ination) in the interlayered sediment units, which constitute a 
large portion of the lower series, suggest subaqueous conditions 
throughout. 

Mineralogy 
Two types of alteration have affected the volcanics at Site 

642. Throughout the pile there is a low-temperature suite of sec­
ondary minerals, which developed relatively early and is related 
to the environment of emplacement. Superimposed on this, 
there is a later, higher temperature overprint, which has affected 
the lower 50 m of the upper series and the entire lower series 
(Fig. 15). 

In the upper series, the low-temperature suite consists of 
smectite (saponite > nontronite/beidellite) and minor calcite 
and celadonite. Zeolites (analcite and heulandite) occur near the 
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1 cm 

Figure 27. Sample 104-642E-98R-1, 62-64 cm, photomicrograph of perlitic texture in lower series flow 
F108. 
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Figure 28. Core photographs of ignimbrite flow unit S48. Three sections represent (from right to left) the basal, middle, and upper portion of the 
central massive zone of the ignimbrite. 
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1 cm 
Figure 29. Ignimbrite flow unit S48. Thin-section photomicrograph of 
the central massive zone (104-642E-107R-4, 70-73 cm). Note ragged 
pumice (upper left) and angular perlitic xenoliths (upper right and lower 
middle). 

base of the upper series. These phases fill vesicles, fractures, 
and interstices and replace some primary mineral phases. Apart 
from those in heavily weathered and brecciated zones, most 
groundmass and phenocryst minerals are relatively unaltered. 
An exception is olivine, which has either altered to iddingsite or 
Mg-smectite, commonly with an Fe-hydroxide coating. Pyrox­
ene and plagioclase are generally fresh, except in vesicular zones 
at flow tops and in breccia fragments near flow-unit bounda­
ries, where marginal replacement by smectite occurs. More in­
tense replacement of plagioclase is present between 607 and 670 
mbsf at the top of lithologic Unit II. 

In most flow tops, particularly those of medium-grained flows, 
large vesicles are lined with dark brownish-green saponite. Else­
where in the upper series, vesicles are completely filled with sap­
onite, grading into green, pale green or light greenish-brown, 
less Mg-rich saponite and dioctahedral smectites (such as beidel-
lite or nontronite). Celadonite is confined to the upper series, 
and is largely restricted to vesicles in the tops of reddened fine­
grained flows and in quenched boundaries of medium-grained 
flows. A subtype of the fine-grained flows is distinguished by 
the common occurrence of intense blue-green celadonite (re­
placing smectite?) near flow tops. This is associated with blebs 
of native copper in vesicles and fracture fillings, and with a dis­
tinctive pinkish to pinkish gray alteration indicating that the 
mesostasis has a variolitic texture. 

Some vesicles with diameters exceeding 1 cm in flow centers 
contain a central filling of calcite, some with zeolite. Subvertical 
fracture sets in the upper series are filled with saponite, some 
with calcite centers. F67 is unusual in containing several 2- to 
4-mm-wide veins, one of which is lined with celadonite. This 
vein also contains native copper, an unidentified metallic min­
eral and calcite in the center. Vesicle and vein fillings suggest the 
paragenesis smectite -> celadonite -> calcite (with or without 
zeolite). 

Smectite forms under nonoxidative conditions at low tempera­
tures. Bass (1976), however, reported that celadonite is formed 
when basalts are exposed to oxygenated, cold seawater. The ap­
parent zonation from Mg-smectites to celadonite may therefore 
indicate a shift from nonoxygenated to oxygenated waters. This 
change from Mg-rich to Fe-rich clays may be due to increasing 
water/rock ratios with time. Stakes and Scheidegger (1981) re­
port a paragenesis similar to that observed in the upper series. 

Table 9. Trace element data, Site 642.a 

1 
i Upper series 
1 

No. of samples 

Type 

I 
I 

Element | 
i 

45 

Fresh 

Range Mean 
(ppm) (ppm) 

Lower series 

Type B 

6 

Least altered 

Range Mean 
(ppm) (ppm) 

■ 

Type A 

" 8 

All 

Range Mean 
(ppm) (ppm) 

D5 &D6 

3 

All 

Range Mean 
(ppm) (ppm) 

V 
Cr 
Co 
Ni 
Cu 
Zn 
Rb 
Sr 
Y 
Zr 
Nb 
Sc 

287-511 
100-394 
36-55 
56-146 
70-343 
72-138 

2-8 
146-300 
18-34 
62-169 
3-11 

28-48 

370 
225 
44 
89 

142 
98 
4 

198 
27 

100 
5 

36 

117-165 
58-136 
7-21 
5-14 
8-15 

100-165 
59-84 

102-183 
28-82 

251-297 
16-20 
26-31 

147 
84 
13 
11 
12 

125 
76 

138 
48 

276 
19 
29 

170-300 
89-261 
29-67 
4-16 

14-30 
101-156 
24-80 

136-198 
31-47 

126-223 
6-14 

44-58 

241 
159 
40 
10 
22 

120 
49 

161 
41 

153 
9 

50 

362-595 
127-268 
50-63 
58-168 
63-86 

111-158 
2-8 

65-121 
32-41 
67-97 

1-4 
48-65 

473 
200 

55 
95 
71 

127 
5 

98 
36 
77 

3 
57 

a Data not corrected for H 2 0 or C 0 2 . 
Data from: University of Newcastle upon Tyne, United Kingdom 

Midland Earth Science Association, United Kingdom 
Ruhr-University, Bochum, FRG 
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Table 10. Rare-earth element and Ta, Th, and Hf concentrations, Site 642. 

No. of 
samples 

Type 

Element 

Upper series 

46 

Fresh 

Range % Mean % 

Lower series 

Type B 

7 

Fresh-moderate 
alteration 

Range % Mean % 

Type A 

4 

All 

Range % Mean % 

D 5 & D 6 

3 

All 

Range % Mean % 

La 
Ce 
Nd 
Sm 
Eu 
Tb 
Ho 
Yb 
Lu 
Hf 
Ta 
Th 

2.69-11.4 
8.35-22.6 

7.01-17.8 
2.45-5.23 
0.70-1.73 
0.53-1.10 
0.69-1.75 
1.64-4.23 
0.22-0.56 
1.46-3.55 
0.17-0.58 
0.18-0.81 

5.90 
16.31 
12.46 
3.93 
1.42 
0.83 
1.10 
2.69 
0.39 
2.67 
0.40 
0.50 

23.0-53.6 
61.1-129.0 
26.7-56.4 
5.66-11.1 
0.92-1.72 
0.78-1.62 
1.43-5.18 
3.30-5.24 
0.46-0.83 
5.70-9.36 
1.16-1.66 
12.2-16.0 

38.6 
87.6 
39.1 
7.97 
1.24 
1.18 
2.62 
4.34 
0.64 
7.26 
1.34 
13.5 

16.1-30.7 
38.2-75.8 
17.7-36.1 
4.45-7.67 
1.26-1.62 
0.98-2.38 
1.40-2.38 
3.04-5.69 
0.50-0.74 
3.33-7.90 
0.53-1.04 
4.58-8.42 

21.0 
51.4 
25.0 
5.66 
1.44 
1.76 
1.86 
4.41 
0.63 
4.86 
0.78 
5.76 

4.10-11.5 
8.23-14.7 

6.70-9.82 
2.44-3.93 
0.89-1.35 
0.75-1.14 
1.40-1.74 
3.93-5.41 
0.57-0.80 
1.81-3.56 
0.17-0.25 
1.27-1.56 

6.84 
11.1 
8.42 
3.22 
1.05 
0.95 
1.05 
4.59 
0.65 
2.51 
0.22 
1.43 

Data from: University of Newcastle upon Tyne, United Kingdom 
Midland Earth Science Association, United Kingdom 
Ruhr-University, Bochum, FRG 
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Figure 30. Representative MORB-normalized spidergrams of lower series flows. 
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Sm Eu Gd 
Element 

Figure 31. Representative chondrite-normalized spidergram of lower series flows. 

Tm Yb 

They associate the presence of celadonite with circulating hy-
drothermal fluids, and late calcite infilling remaining voids mark­
ing a return to alkaline, nonoxidizing conditions. 

Zeolites in the upper series are largely restricted to group III. 
Heulandite/clinoptilolite occurs in lithic fragments as well as in 
pore space in S30. Analcite and heulandite increase in abun­
dance below 1000 mbsf. 

A distinctive, late alteration assemblage first appears about 
40 m above the base of the upper series, at the base of F102 
(1044 mbsf). Below this point, yellow to orange-red discolor­
ation increases downhole, impregnating the groundmass around 
vesicles, fractures, and glomerophyric clusters. Discoloration 
occurs in fronts surrounding flow pathways and is dependent 
upon the size of the conduit. Thus a filled vein in 104-642E-
90R-01 is less than 0.2 mm wide and has a surrounding discol­
ored zone 3 mm wide, whereas a vein over 1 mm wide in 104-
642E-90R-03 has a 3-cm-wide orange-red halo. The orange-red 

iron staining is locally accompanied by ankerite, by quartz in 
vesicles, and by the appearance of zeolites in volcaniclastic layers. 
One piece of basalt in 104-642E-90R-01 is distinctly bleached, 
possibly indicating higher alteration temperatures. 

Sediment unit S43 not only marks the lithologic boundary 
between the upper and lower series, but also separates two types 
of alteration. Early, low-temperature alteration of the lower se­
ries has been overprinted by later, higher temperature effects 
that are variable but pervasive in effect. Whereas hydrated glass 
is present throughout, highly vesicular zones ofF114,F115, and 
F116 are thoroughly leached. The leached zones are white, light 
gray, or light green (Fig. 32). Clots of plagioclase phenocrysts 
have been little affected by the bleaching event. Unbleached 
rock with no discoloration occurs within 20 cm of the most 
bleached areas. The bleached zones contain Si02 phases, cal­
cite, ankerite, illite, pyrite, and zeolite groups in which clinop-
tilolite/heulandite dominate over phillipsite. The presence of 
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Figure 32. Photograph of Sample 104-642E-102R-2, 27-71 cm, leached 
zone of lower series flows F115 and F116. Vesicles are partially filled 
and lined with silica phase. The dense gray zone between 53 and 60 cm 
is volcaniclastic sediment S45. 

clinoptilolite suggests fluid temperatures of 100° to 130°C. Vesi­
cles have smectite rims and quartz cores, many including zones 
of opal and chalcedony (pale blue in hand specimen in Cores 
104-642E-97R to 104-642E-107R). Most volcaniclastic sediments 
are silicified and commonly contain clinoptilolite. The hotter 
fluids therefore had high silica and alkali activities, and hence 
high pH. Clinoptilolite is most common in S45, which lies be­
tween the bleached flows F115 and Fl 16, suggesting that the sedi­
ment layers acted as pathways for the high-temperature fluids. 

Chemistry 
Many of the upper series tholeiites are remarkably fresh, 

with even the most mobile elements (K, Rb) essentially unaf­
fected by the low-temperature alteration phase. These "fresh" 
flows form about 50% of the analyzed samples, and are charac­
terized by K20 and Rb contents that increase from 0.06% to 
0.23% and from 2 to 6 ppm, respectively, concomitant with in­
creases in HFS element concentrations. Data from Bochum in­
dicate that fresh flows have Fe3+/Fe2+ ratios below 1, H 2 0 val­
ues below 1.5% and C0 2 below 0.25%. Fresh samples analyzed 
in the United Kingdom generally have loss-on-ignition (LOI) 
values below 0.9%. The chemical ranges and averages of upper 
series rocks given in Tables 8 through 10 are compiled from 
analyses having these characteristics. 

Alteration of Leg 104 tholeiites has caused strong enrich­
ment of K20, Rb, and Ba (often 5- to 10-fold), slight enrich­
ment in Na20 and MgO, and depletion in CaO. Na26 values lie 
between 2.0% and 2.5% in fresh samples (Table 8), but reach 
2.9% in altered samples. MgO values range from 7.0% to 7.9% 
in fresh samples, but reach 9.4% in alteration. CaO in unaltered 
samples ranges from 10.4% to 12.6%, whereas altered samples 
have CaO as low as 6.8%. With an increase in the degree of al­
teration, Fe3+/Fe2+ increases, indicating oxidizing conditions. 
The high-temperature overprint has not caused significant 
chemical changes except within zones of discoloration, which 
are depleted in Si, Fe, and Mg and enriched in Mn, Ca, K, and 
H 2 0 . 

Because of the unusual primary chemistry of lower series 
flows, alteration patterns are difficult to assess. However, two 
different alteration processes are apparent. One has caused K 
depletion, accompanied by Al, Ti, Ca, Na, and H 2 0 enrich­
ment and loss of Si, Fe, and Mg. The other has caused K enrich­
ment accompanied by a gain in Si and Al and depletion of Fe, 
Mn, Mg, and H 2 0 . 

Pseudotachylite 
The Navidrill bit failed at 329.9 mbsf while we were drilling 

Core 104-642D-20N. Basalt fragments recovered from the basal 
8.0 cm of Core 104-642D-19N and the entire recovered section 
of 104-642D-20N (47 cm), have a complex series of fracture pat­
terns and evidence of frictional melting (pseudotachylite). The 
only recovered material from the deeper core, 642D-20N, was 30 
cm of basalt overlying 17 cm of slag-like material, which incor­
porated a short metallic section. The metal was identified as 
part of the collapsed drill bit. The extreme deformation of the 
basalt and the material produced during bit failure are discussed 
here in the context of the problems encountered during the use 
of the Navidrill at the base of Hole 642D, as presented in the 
ODP/SEDCO drilling report for Leg 104. 

Core 104-642D-19N 
The central, relatively unaffected, section of the two basalt 

fragments of Sample 104-642D-19N, 146-150 cm, consists of 
medium-grained, sparsely phyric, intersertal tholeiitic basalt, 
containing approximately 5% labradorite (An^-An^) pheno-
crysts in a groundmass of 50% labradorite (An55), 23% clinopy-
roxene, 2% olivine, 3% oxide, and 22% tachylitic intersertal 
glass. 
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Sample Morphology and Structural Analysis 

The lower face of the uppermost fragment (A, Fig. 33) is bro­
ken and can be approximately fitted to the upper broken face of 
piece B. The lower face of B is broken and marks the lower limit 
of recovery in Core 104-642D-19N. The two restored fragments 
together have a hyperboloid form. The long axis of the form is 
approximately 7 cm, and the basal radius is less than 2.4 cm. 

Cataclastic features occur in zones in both hand specimen 
and thin section scale (Fig. 33). A thin rind of very dark-gray to 
black, aphanitic to glassy material, approximately 0.3 cm thick, 
forms the outermost upper margins of the fragments. This grades 
into an alternating series of gray and dark-gray aphanitic and 
fine-grained cataclastic material, which together total between 
1.0 and 1.6 cm. The remainder of the sample, making up the 
central core, appears in hand-specimen scale to be relatively 
fresh, medium-grained gray basalt. In profile, this central core 
displays a series of symmetrical, nested, approximately hyper­
bolic fractures open to the base of the core with a maximum 
amplitude ranging from 3 to 7 cm (Fig. 33). Both the outermost 
rind of glassy material and the inner deformed zone conform to 
this symmetry. 

The outermost deformed zone is poorly preserved and can­
not be traced with certainty around the upper surface of the re­
stored specimen. Internal fractures are in general asymptotic to 
the outer margins of the fragment. Fractures are filled with a 
uniform, dark aphanitic material and are thus readily traceable 
against the paler host basalt. In the two best preserved exam­
ples, the fracture tips are linked in the axial zone either by a 
small, single veinlike offset where the fracture-tip vertical offset 
(the amount by which they would miss) is <0.5 mm, or by a se­
ries of en-echelon tensional (?) fractures where the fracture-tip 
vertical offset is >0.5 mm. Figure 34 contains detailed line 

drawings of these fracture-tip linkages. The two pieces of basalt 
themselves are separated by a surface of hyperbolic shape that 
may be a single fracture set. 

Petrography 
The area of deformation has been subdivided into a series of 

zones, in which A, B, and C represent relatively undeformed ba­
salt, and PI to P5 locate deformed zones (Fig. 35). 

Zones A, B, and C are composed of medium-grained basalt, 
with grains averaging 0.3 mm in diameter. Grain shapes vary from 
granular anhedral clinopyroxenes, with radii around 0.2 mm, to 
prismatic laths of plagioclase approximately 0.5 mm in length. 

The three areas of undeformed basalt identified in Figure 35 
are separated or flanked by narrow zones, PI to P5, of highly 
deformed basalt. Zones PI , P2, and P4 are similar and are de­
scribed and discussed together. These three deformation zones 
contain porphyroclasts of plagioclase and clinopyroxene set in a 
black, tachylitic mesostasis (Fig. 36). The porphyroclasts range 
in size from 0.5 to 0.025 mm in diameter, locally constituting up 
to 60% of the vein fill, and averaging 40%. The clasts are ap­
proximately 55% plagioclase and 45% clinopyroxene. Pyroxene 
clasts are highly rounded, and few retain their original shape. 
The plagioclase laths and cleavage fragments are generally tabu­
lar or acicular, but may be well-rounded; even prismatic laths 
commonly have rounded corners. Zones P I , P2, and P4 are rec­
tilinear and arcuate traces, but have ragged irregular margins. 

These petrographic textures are identical to those identified 
in structurally high-level fault zones (Sibson, 1977), in which in­
tense and localized frictional heating of rock along fractures 
and dislocations generates a melt-rock referred to as pseudota-
chylite. In the case of the sample from the base of 104-642D-19N, 
pseudotachylite may have formed during drilling. 

Mixed basaltic 
rock flour and 

r/ overlying pyroclastics 

Calcite and smectite 
vug and cavity fills 

Late?-unfilled fractures 

Figure 33. Close-up photograph of basal 10 cm recovered from Section 104-642D-19N-2 (A), with simplified line drawing of structure (B), Basalt frag­
ments are at A and B. For discussion, see text. 
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1 mm 

B 

1 mm 

Figure 34. Styles of fracture-tip linkages. Type A, single strand; type B, 
multiple strand. 

P5 C P2 

1 cm 

Figure 35. Schematic interpretation of thin sections prepared from Sam­
ple 104-642D-19N-2, 146-150 cm. Zones A, B, and C represent unde-
formed basalt; PI through P5 are deformed zones discussed in text. 

Between the outer edge of the pseudotachylite zone P2 and 
the outer sliver of basalt zone C, there is a narrow enclave of 
pseudotachylitic material (P3, Fig. 35) texurally different from 
the zones desribed above. It has a sharp rectilinear boundary 
with P2 and an irregular outer margin. Zone P3 has a delicate 

alignment texture, in which acicular plagioclase porphyroclasts 
show a strong preferred orientation subparallel to the zone mar­
gin (Fig. 37). The plagioclase needles are accompanied by equant 
pyroxene grains set in a black isotropic matrix. This fabric is rare 
elsewhere in the sample. A preliminary electron microprobe study 
of the glassy matrix indicates a more siliceous, less calcic com­
position relative to that of average medium-grained flows. 

The outermost zone of deformed material, P5 (Fig. 35), is 
composed of a dense, dark brown vitreous material, supporting 
porphyroclasts of subhedral to euhedral olivine as well as a 
number of other unidentified mineral clasts (Fig. 38). Zone P5 
contains a distinctly vesicular zone in which unfilled vesicles are 
highly attenuated parallel to the sharp outer boundary of the 
pseudotachylite (Fig. 39). At the outermost preserved portion of 
zone P5, a clear quenched zone has fine frond-like or feathery 
textures. This material was melted, was rapidly chilled, and has 
resulted in a sideromelane-like material. 

Scanning Electron Microscope Studies 
The SEM investigation of these samples revealed the details 

of the pseudotachylite zones. Zone margins are highly irregular 
(Fig. 40B). Owing to different sample preparation techniques, 
the exact location of the specimen relative to the thin sections 
described above is uncertain, although it is likely that the field 
of view is comparable to one of the more irregular zone margins 
between A or B and PI or P2. Figure 40B is an enlargement of 
the central section of Figure 40A and shows the vesicular nature 
of the material. The fine, flaky texture of the surface of the 
pseudotachylite seen in Figure 40B may be a fracturing fabric. 
The central, subspherical void is an enigma. Vesicles were not 
recognized in any of the thin sections of the pseudotachylite. 

Discussion 
The origin of meltphase deformation (P5) of basalt is prob­

lematic. Despite the problems experienced during the latter stage 
of drilling in 104-642D-19N, the natural "stick-slip" mecha­
nism for the geological formation of pseudotachylite, i.e., brit­
tle failure in zones of high shear stress, is difficult to apply here. 
Frictional melting may have occurred during a short interval of 
motion following the initial jamming of the basalt core inside 
the bit. Jamming followed loss of drilling water pressure and oc-
cured immediately before detachment of the core from underly­
ing basalt. 

The observed pattern of fracturing is unknown in natural 
rock deformation studies. The three-dimensional stress trajecto­
ry distribution in the vicinity of a cylindrical drilling bit such as 
the Navidrill probably is highly complex, and the fracture pat­
terns may reflect the stress regime within the drill bit. Deforma­
tion probably occurred more than once over a very short inter­
val of time, because the cross-cutting boundary between zones 
P2 and P3 indicates multiphase generation of pseudotachylite. 
The junction between the outermost sideromelane-like material 
and the adjacent pseudotachylite suggests successive phases of 
deformation under different conditions, possibly determined by 
water availability. A narrow, but regular-sided, pseudotachylite 
vein branches outward from P4 and crosscuts the outermost 
quenched zone. The sporadic branching or generation of off­
shoots from zones of pseudotachylite generation is a well-docu­
mented phenomenon, but here it indicates a post-"quench" event 
forming additional pseudotachylite. 

Core 104-642D-20N 
Recovery from Core 104-642D-20N, between 326.4 and 329.9 

mbsf, totaled only 47.5 cm, but consisted of the following ma­
terials: 0-24 cm, solid metal; 28.5-31.0 cm, fractured, gray, 
sparsely phyric tholeiitic basalt; and 31.0-47.5 cm, black, apha-
nitic, scoriaceous slag-material (Fig. 41). A report of the failure 
and subsequent "self-coring" by the Navidrill bit is included in 
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Figure 36. Photomicrograph of deformation zone PI in Fig. 35. The pseudotachylite zone cuts the host plagioclase-
phyric basalt, illustrating irregular margins to fracture and random orientation of porphyroclasts. Field of view = 
5.0 x 3.0 mm in plane-polarized light. 

Figure 37. Photomicrograph of deformation zone P3, flow-textured pseudotachylite. Plagioclase porphyroclasts show 
strong preferred orientation. Field of view = 5.0 x 3.0 mm in plane-polarized light. Sample 104-642D-19N-2, 146-150 
cm. 
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wr^mw i 
Figure 38. Photomicrograph of sideromelane in deformation zone P5. Cryptocrystalline quench texture, carrying 
small iron oxide grains, is evident. Slide cut by late brittle fractures. Field of view = 5.0 x 3.0 mm in plane-polar­
ized light. Sample 104-642D-19N-2, 146-150 cm. 

the SEDCO/ODP drilling report for ODP Leg 104, and is not 
referred to further. The petrographic characteristics and struc­
tural morphology of both the lowermost basalt recovered and the 
underlying slag is described and discussed below. 

Petrographic Analysis 
The basalt recovered from Core 104-642D-20N is considered 

to be of the same basaltic unit as that described above for the 
base of Core 104-642D-19N. However, the basalt is lighter col­
ored and has a distinctly yellowish tinge in its lower part. 

The most striking feature of the slag is that the vesicularity 
ranges from moderately vesicular (2%-10% vesicles) to highly 
vesicular (>20%). The vesicles are all open and generally sub-
round. Irregular cavities, possibly resulting from the coales­
cence of two or more vesicles, are common. 

The groundmass of the slag is composed of a dark tachylitic 
matrix, which under highest magnification can be seen to sup­
port fine microbreccia (Fig. 42). Abundant porphyroblasts of 
clinopyroxene and plagioclase are present throughout, compos­
ing up to 15% of the rock. They are either clearly fragmentary, 
having either fractured jagged grain margins or subangular, 
equant grains. Vesicles range from < 5 % to >60%. In the cen­
tral part of the basal recovered material, the scoriaceous texture 
is so well developed that the sample has almost disintegrated. 

Zonation, based on vesicle concentration, is regular and re­
lates to a system of hyperboloids, probably reflecting a stress re­
gime within the drill bit. The slag is subdivided into four zones 
based on vesicle concentration and fracture morphology (Fig. 
41): 

Zone A is sparsely vesicular, with the greatest concentration 
of cavities at the margins. The upper and lower surfaces of zone 
A are convex upward. The upper contact with the basalt is non-
vesicular, black pseudotachylite, approximately 2 mm thick, and 
possibly the result of multiple periods of cataclastic deformation. 

Zone B forms the outer section of the slag, tapering toward 
the base of the recovered pieces. It contains 2% to 10% uniform­
ly small vesicles throughout, not exceeding 0.4 mm in diameter. 
Toward its base, between 40 and 45 cm, zone B becomes more 
fractured and has approximately subhorizontal, slightly concave-
upward partings. 

Zones C and D make up the core of the slag material. They 
are vesicular to highly vesicular and are subdivided into an up­
per zone C and lower zone D, separated by a zone of fractures, 
vesicle attenuation, and flattening. Zone C commonly contains 
subrounded vesicles up to 1 mm in diameter, and a few large 
cavities, up to 5 mm in diameter. Zone D is the most intensively 
vesicular, scoriaceous section of the slag and has some stretched 
vesicles at its margins with B and C. It is generally characterized 
by large open vesicles or vesicle clusters. 

Discussion 
The petrographic evidence for the origin of the pseudotachy-

litic material recovered from the base of Core 104-642D-20N is 
inconclusive. Gross morphological features of the rock such as 
vesicle development, entrainment, and coalescence—all features 
familiar in the generation of industrial slag during smelting 
ore—indicate melting during deformation. In contrast to the 
short-lived period of pseudotachylite formation envisaged for the 
cataclastic rock recovered in 104-642D-19N, however, the mate­
rial recovered from 104-642D-20N was probably generated dur­
ing prolonged frictional heating caused by the continuation of 
drilling following bit collapse. 

Summary and Conclusions 
In the volcanic section at Site 642 (327 to 1229 mbsf) we have 

identified 137 lava flows, 59 volcaniclastic sediment units, and 
seven units that may be dikes. The sequence is divided into an 
upper and a lower series that are texturally, structurally, mineral-
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Figure 39. Photomicrograph of flow-textured pseudotachylite in deformation zone P4. (A) shows host basalt and 
junction with deformation zone. (B) is enlargement of central zone of (A). Field of view = 1.25 x 0.75 mm, in 
plane-polarized light. Sample 104-642D-19N-2, 146-150 cm. 

ogically, and chemically distinct. The entire section was deposited 
in a terrestrial environment. The upper series is separated from 
the lower series by a 7-m-thick sequence of volcaniclastic and mi­
nor quartz- and mica-rich epiclastic sandy mudstones. 

The upper series corresponds to the seaward-dipping seismic 
reflector sequence observed in reflection profiles through the 

outer Wring Plateau. This series is approximately 760 m thick 
(326 to 1087 mbsf) and consists of 120 aphyric to moderately 
plagioclase-, olivine- and, rarely, clinopyroxene-phyric lava flows 
with N-type MORB composition; (La/Sm)N falls between 0.54 
and 0.97. The upper series volcanics have affinities to other Pa-
leogene plateau basalts in the northeast Atlantic area, particu-
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0.01 mm 

Figure 40. Scanning-electron micrographs of pseudotachylite-filled de­
formation zone PI. Photograph (̂ 4): Vein contacts with host crystalline 
basalt, magnification = x345. Photograph (B): Detail of (?)vesicular 
texture and "flaky" fracture surface, magnification = x 3080. Sample 
104-642D-19N-2, 146-150 cm. 

larly those of East Greenland and the Faeroe Islands, and are 
also comparable with Mid-Atlantic Ridge basalts from the Reyk-
janes Ridge. The magmas were derived from a uniform, slight­
ly depleted mantle source. Differences in absolute high field 
strength element contents resulted from different degrees of par­
tial melting. The magmas have undergone uniform degrees of 
differentiation by fractionation of olivine, chromite, clinopy-
roxene, and plagioclase prior to eruption. Selective enrichment 
of Th occurs in a number of flows. This is accompanied by 
higher initial 87Sr/86Sr ratios and may indicate minor amounts 
of continental crustal contamination. 

Both fine- and medium-grained flows occur in the upper se­
ries. These flows differ in granularity, crystallinity, internal flow 
fabric, physical properties, and average thickness but are indis­
tinguishable chemically. The textural differences between fine-
and medium-grained flows are believed to reflect variations in 

distance from the vent, the medium-grained flows being proxi­
mal and the fine-grained flows being distal. 

Fifty-three interlayered volcaniclastic sediments make up about 
4% of the upper series and are dominantly basaltic vitric tuffs. 
Pumiceous lapilli are rare and occur mostly in the upper half of 
the series, where volcaniclastic units also tend to be thicker. The 
pyroclasts are derived from at least two different sources. Many 
are explosive or hydroclastic equivalents of the lavas they are in-
terbedded with, but chemical analyses show that tuffs in groups 
I and II of the upper series represent products of explosive vol-
canism unrelated to the lavas at Site 642. These tuffs composi-
tionally resemble ferrobasaltic magmas, similar to those of Ice­
land and the southern Mohns Ridge, derived from a LIL-ele-
ment-enriched mantle source. Saponite is the most common 
alteration product in the upper series; minor celadonite, beidel-
lite, nontronite, and calcite also occur as vesicle and vein fills. 
Olivine is completely replaced throughout the series, but clino-
pyroxene and plagioclase are generally fresh, with only minor 
replacement by saponite and, rarely, zeolite. 

Approximately 140 m of the lower series was drilled below 
1087 mbsf. Flows are glassy, variolitic, or microcrystalline. Two 
magma types are present, one derived by partial fusion of conti­
nental crust of probable sedimentary or metasedimentary origin, 
and the other resulting from heavy contamination of MORB tho-
leiites of upper series type by crustal melt. The former generated 
the peraluminous andesites in the upper part of the lower series, 
whereas the latter formed the more basaltic lower part of the 
lower series. Four units, possibly dikes, constitute about 35% of 
the lower series. Two of these (D4 and D7) are chemically com­
parable with their bounding flows, and are probably thick flow 
units of higher crystallinity. The other two dikes (D5 and D6) 
are tholeiitic, but of more depleted character than upper series 
basalts. Trace-element and isotope data indicate crustal contam­
ination in these latter dikes. 

Volcaniclastic sediments constitute about 29% of the lower 
series and contain significant quantities of quartz and mica of 
continental origin. A few fragments of leucocratic gneiss and 
quartz-mica schist occur in the lowest sediment unit cored (S49) 
and in a well-sorted tuff in the upper zone of an ignimbrite unit 
(S48). The xenolith assemblage of the ignimbrite is dominated by 
perlitic to microcrystalline fragments, which resemble lower series 
lavas. This may indicate extensive volcanism of lower series type 
in the vicinity of Site 642 prior to this explosive eruption. 

The secondary mineral assemblage (Fe-saponite, opal, and 
chalcedony; quartz-filling vesicles, clinoptilolite replacing shards) 
indicates that the lower series has been hydrothermally altered 
by alkaline fluids with high Si activity at temperatures of about 
100° to 130°C. This higher temperature alteration event also af­
fected the lower 40 m of the upper series along smectite-ankerite 
filled veins. 

BIOSTRATIGRAPHY 

Introduction 
Site 642 is the first of three sites to be drilled during Leg 104 

of the JOIDES Resolution cruises. Five holes were drilled or 
cored (Holes 642A, 642B, 642C, 642D, and 642E) at this loca­
tion on the outer Vriring Plateau. Described here are the micro-
paleontologic studies of the recovered sequence, which consists 
of Neogene and Quaternary hemipelagic sediments and an in-
terbedded volcaniclastic sediment basalt. 

Paleomagnetic-biostratigraphic correlations at Leg 73 sites 
and other sites (e.g., Leg 82, Sites 558 and 563) provide an im­
portant means of correlation for Norwegian Sea sediments. Al­
though many of the Norwegian Sea calcareous and siliceous mi-
crofossil species are absent from these and other low- to middle-
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Figure 41. Close-up of the lowest recovery from Section 104-642D-20N-1. For description and discussion of core, see text. 

latitude reference sites, biostratigraphic age estimates may be 
made by second-order correlation to sites where standard zonal 
species and Norwegian Sea species co-occur. 

Difficulties with biostratigraphic age interpretations of the 
Norwegian Sea sediments have been the result of a combination 
of the following factors: (1) standard planktonic foraminiferal 
zones could not be directly applied, (2) few standard calcareous 
nannofossil markers are present, (3) standard low-latitude radi-
olarian zones are unrecognizable because of dominance of en­

demic species, (4) diatom zones could only be correlated to a 
small number of sections in the North Pacific or equatorial Pa­
cific and were largely uncorrelated to paleomagnetic stratigra­
phy, (5) an applicable standard dinocyst-zonation was absent, 
and (6) carbonate micro fossils were absent or poorly preserved. 

Previous studies of Leg 38 holes from the Norwegian-Green­
land Sea (Talwani, Udintsev, et al., 1976) found that "apart 
from the calcareous nannofossils and the silicoflagellates, stan­
dard zonal schemes could not be applied to this high-latitude re-
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Figure 42. Photomicrograph of vesicular slag recovered from the base of Section 104-642D-20N-1. Fragments of cli-
nopyroxene and plagioclase are set in a tachylitic matrix. Field of view = 5.0 x 3.0 mm, in plane-polarized light. 

gion, and empirical local zonations were established for the dif­
ferent groups of fossils" (Schrader et al., 1976). The biostrati-
graphic interpretation of ODP Leg 104 sedimentary sequences 
must face some of the same problems encountered in Leg 38 
studies. Unlike its predecessor leg in the Norwegian Sea, Leg 
104 has recovered undisturbed HPC cores, which provide a late 
Miocene-Quaternary paleomagnetic record ("Paleomagnetics" 
section, this chapter). Pre-upper Miocene sediments of Site 642 
cores have been demagnetized to reduce overprinting, but these 
records unfortunately do not appear to be adequate for bio-
stratigraphic interpretation of polarity chrons and some sub-
chrons. Utilizing the Site 642 paleomagnetic polarity record and 
new (post-Leg 38) diatom biostratigraphic data, we have em­
ployed the following strategy for developing an integrated bio-
stratigraphic-magnetostratigraphic framework for all microfos-
sil groups. Our procedure has been as follows: 

1. Independently establish the biostratigraphic ranges of mi­
cro fossil groups at Site 642. 

2. Independently correlate Site 642 sediments with the stan­
dard paleomagnetic time scale utilizing only microfossil datums 
which have been correlated directly to magnetostratigraphy, 
dated by radiometric means, or, in a few cases, correlated indi­
rectly with magnetostratigraphy. Most datums used to tie Site 
642 to the paleomagnetic time scale are silicoflagellate or dia­
tom events. 

3. Use the biostratigraphic datums with direct or indirect pa­
leomagnetic control to constrain interpretations of the paleo­
magnetic polarity reversal chronology established by shipboard 
paleomagneticists. Principal biostratigraphic datums used to in­
terpret the polarity reversal sequence are given in the "Biostrati­
graphic Synthesis" (this section) along with their age. Datums 
are identified as being either directly or indirectly correlated 
with magnetostratigraphy and the literature source of the cita­
tion is given. 

Diatom Stratigraphy 

Methods 
All core-catcher samples were examined for their diatom con­

tent from Holes 642B, 642C, and 642D. Because of time con­
straints, only selected tuff units were examined from Hole 642E. 
Two slides were prepared from each core-catcher sample, one 
from the untreated whole fraction and the other from the chem­
ically treated >45-/xm fraction. To provide stratigraphic continu­
ity in this discussion of the stratigraphy of Holes 642B through 
642D, these holes are treated as a composite section. Zonal 
boundaries and datum levels are identified by hole and core 
number. 

Results: Holes 642A, 642B, 642C, and 642D 

Biostratigraphic Zones 

Barren Interval Zone 
Definition: The glacial lithologic Unit I, which is barren of 

diatoms in core-catcher samples. 
Interval: - 4 . 8 - - 6 2 m; top in Sample 104-642C-1H, CC, 

base between Samples 104-642C-8H, CC and 104-642C-9H, CC. 
Age: Holocene to - t h e Matuyama-Gauss boundary. 

Comments: Core catchers from this interval are barren of 
diatoms. Post-cruise examination of this interval is expected to 
result in the observation of some diatoms from within intergla-
cial intervals which apparently were missed in the recovered core 
catchers. 

Correlations: Ages assigned to this interval by other micro-
fossil groups (see "Biostratigraphic Synthesis," this section) and 
the paleomagnetic record of Hole 642C suggest that this barren 
interval is correlative to the following diatoms zones: the Tha-
lassiosira oestrupii Zone, Rhizosolenia barboi Zone, and upper 
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Thalassiosira kryophila Zone of Schrader and Fenner (1976); the 
Pseudoeunotia doliolus and Nitzschia marina Zones recognized 
from the Rockall Plateau by Baldauf (1984); and NNPD Zones 
8-12. 

Nitzschia jouseae Zone 
Definition: Top. Last appearance datum (LAD) of Nitzschia 

jouseae, Baldauf (1984). 
Base. LAD of N. cylindrica, this report. 

Interval: -62-79 m; top from between Sample 104-642C-8H, 
CC and 104-642C-9H, CC, base from between Sample 642B-
9H, CC and 642C-11H, CC. 

Age: —4.3-2.6 Ma, early-middle Pliocene. 
Correlations: Although the LAD of Nitzschia jouseae occurs 

directly below the glacial sequence, its last occurrence is judged 
to represent the approximate end of its range. Baldauf (1984) 
and Burckle and Trainer (1979) directly correlated its LAD to 
approximately one third of the way between the Kaena Event 
and the Gauss/Matuyama Epoch boundary ( - 2 . 6 Ma), similar 
to its relative positon to the paleomagnetic record of Hole 642C. 

Baldauf (1984) defines the base of this zone by the first ap­
pearance datum (FAD) of Nitzschia jouseae. The LAD of TV. 
cylindrica is substituted here because of its more frequent oc­
currence. The later species has its LAD directly above the FAD 
of TV. jouseae in Rockall Plateau sites; therefore, the zone as de­
fined here is roughly equivalent with the N. jouseae Zone of 
Baldauf (1984). This zone is also correlative to within the Tha­
lassiosira kryophila Zone of Schrader and Fenner (1976) based 
upon its position above the FAD of Thalassiosira oestrupii and 
below the LAD of Thalassiosira convexa. Based upon Baldauf s 
(1984) correlation of the Nitzschia jouseae Zone at the Rockall 
Plateau to North Pacific zones, this zone is equivalent to the 
Denticulopsis seminae var. fossilis Zone (NNPD8) and the D. 
kamtschatica Zone, Subzone C (NNPD7), both, Barron (1985b). 
No direct correlation of this interval at Site 642 to North Pacific 
zones is possible. 

The age of the LAD of Nitzschia cylindrica, the base of the 
zone, was placed by Burckle (1978) above the Thevera Event of 
the Gilbert Epoch (~4.3 Ma). The paleomagnetic record of 
Hole 642C suggests a similar occurrence at this site. 

Thalassiosira convexa Zone 
Definition: Top. LAD of Nitzschia cylindrica, this report. 

Base. FAD of Thalassiosira convexa, Burckle 
(1972). 

Interval: -79-112.5 m, top from between Samples 104-642B-
9H, CC and 104-642C-11H, CC, base from between Samples 
104-642B-13H, CC and 104-642C-14H, CC. 

Age: —6.2-4.3 Ma, late Miocene-early Pliocene. 
Correlations: Burckle (1972) correlated the base of this zone 

directly to upper Chron C-3A-R2 and assigned an age - 6.2 Ma. 
These findings agree with Baldaufs (1984) conclusion that the 
FAD of Thalassiosira convexa is isochronous with its initial ap­
pearance in the equatorial Pacific (Burckle, 1972). 

Since the LAD of Nitzschia cylindrica is approximately equiv­
alent to the FAD of TV. jouseae (see discussion of previous 
zone), the Thalassiosira convexa Zone is correlative with the T. 
convexa Zone as defined by Baldauf (1984) from Rockall Pla­
teau sites. The FAD of T. oestrupii, between 85.4 and 82.5 m 
(5.1 Ma), is one of three datums used by Schrader and Fenner 
(1976) to define the base of their T. kryophila Zone; therefore, 
this level is tentatively correlated to the base of their Norwegian 
Sea zone. The boundary between the North Pacific Denticulop­
sis hustedtii Zone (NNPD6) and the D. kamtschatica Zone 
(NNPD7) cannot be recognized because of the absence of D. 
kamtschatica. Barron (1981) used the FAD of Nitzschia rein-

holdii as a substitute for this boundary in the middle latitude 
North Pacific. At Site 642 the FAD of TV. reinholdii occurs be­
tween 95 and 92 m, thus the NNPD7/NNPD6 boundary is cor­
related to within the Thalassiosira convexa Zone of this site. 
The Subzone A/B boundary of the Denticulopsis kamtschatica 
Zone (NNPD7) by the FAD of Thalassiosira oestrupii (second­
ary marker); therefore, this boundary is correlative to the base 
of Schrader and Fenner's (1976) T. kryophila Zone as stated 
above. 

Useful datums within this zone include the LAD of Meso-
cena diodon (82.5-75.9 m, 4.4 Ma), the FAD of Thalassiosira 
oestrupii (85.4-82.5 m, 5.1 Ma), the LAD of Nitzschia miocen-
ica (92.0-85.4m, 5.55 Ma), and the FAD of TV. reinholdii (95.0-
92.0 m, 5.6 Ma). 

Nitzschia porteri-N. miocenica Interval 
Definition: Top. FAD of Thalassiosira convexa and T. mio­

cenica, Burckle (1972). 
Base. LAD of Coscinodiscus yabei, Burckle 

(1972). 
Interval: - 1 1 2 . 5 - - 1 3 3 m, top from between Samples 104-

642B-13H, CC and 104-642C-14H, CC and base between Sam­
ple 104-642C-16H, CC and Section 104-642C-17H-2. 

Age: -6 .2-7.4 Ma, late Miocene. 
Correlations: The Nitzschia porteri and the TV. miocenica 

Zones of Burckle (1972, 1977) are combined here and designated 
as the TV. porteri-N. miocenica Interval, following the practice of 
Baldauf (1984). This interval correlates with the upper portion of 
Subzone B of the Denticulopsis hustedtii Zone (NNPD6) of Bar­
ron (1980) and encompasses the lower Coscinodiscus margina-
tus Zone and a portion of the Denticulopsis hustedtii Zone of 
Schrader and Fenner (1976). The LAD of D. hustedtii, the base 
of their Coscinodiscus marginatus Zone, occurs between Sam­
ples 104-642B-15H, CC and 104-642B-14H, CC (128.1-123.5 m). 

Denticulopsis hustedtii-D. lauta Zone 
Definition: Top. The LAD of D. dimorpha. 

Base. The evolutionary transition of D. hyalina 
to D. hustedtii. 

Author: Koizumi (1973); emended by Barron (1980) and Bar­
ron and Keller (1983). 

Interval: -133-173 m; top between Sample 104-642C-16H, 
CC and Section 104-642C-17H-2 and base between Samples 
104-642C-21H, CC and 104-642C-20H, CC. 

Age: -12.4-14.0 to 13.9 Ma. 
Correlation: According to Barron (1980), the FAD of the 

Coscinodiscus plicatus group occurs in uppermost Subzone A 
of this zone. At Site 642 this datum occurs between Samples 
104-642C-19H, CC and 104-642B-19H, CC (167.4-158.5 m). 
The FAD of Denticulopsis praedimorpha, which defines the Sub-
zone A/B boundary, occurs slightly higher in the section, be­
tween Samples 104-642C-18H, CC and 104-642B-18H, CC 
(157.7-149 m). 

An unconformity is suggested at approximately 133 m in 
Hole 642C and Hole 642B on the basis of the presence of five 
diatom datums within this interval, ranging in age from 11.2 to 
8.7 Ma (see "Biostratigraphic Synthesis," this section). 

The diatom assemblage below these levels is assigned to the 
lower Subzone C to Subzone B based upon the joint occurrence 
of Coscinodiscus yabei, the C. plicatus group, Actinocyclus in-
gens, Denticulopsis hyalina, D. lauta, and D. praedimorpha. 
None of these species is found above the inferred unconformity. 
Assemblages above and below the unconformity indicate that the 
missing section includes a portion of Subzone C and all of Sub-
zone D of the Denticulopsis hustedtii-D. lauta Zone, as well as 
a portion of Subzone A of the Denticulopsis hustedtii Zone. 
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Denticulopsis lauta Zone (NNPD4) 
Definition: Top. The evolutionary transition of D. hyalina to 

D. lauta s.s. (i.e., the first consistent domi­
nance of D. hustedtii over D. lauta). 

Base. The FAD of D. lauta. 
Author: Koizumi (1973) and Barron (1980); amended by Bar­

ren and Keller (19.83). 
Interval: ~ 189-173 m, top between Samples 104-642C-21H, 

CC and 104-642C-20H, CC, base between Samples 104-642C-
23H, CC and 104-642B-21H, CC. 

Age: ~ 16.1-14.0 to 13.9 Ma, middle Miocene. 
Correlations: This zone appears to be isochronous through­

out all middle- to high-latitude regions of the Northern and 
Southern hemispheres (Barron, 1985a; Ciesielski, 1985). Barron 
(1981) indirectly correlated this zone to extend from within pa-
leomagnetic Chron C-5A-N6 to lowermost Chron C-5B. The 
base of the D. lauta Zone closely approximates the early/middle 
Miocene boundary (Barron, 1980; Barron, 1981). The FAD of D. 
hyalina, between 184.3 and 177.5 m, defines the boundary be­
tween Subzones A and B ( -15 .0 Ma). Confident correlations 
with Schrader and Fenner's (1976) Norwegian Sea diatom zona-
tion are not possible for reasons stated in the introduction. It 
appears that the D. lauta Zone probably extends from the upper 
portion of their D. hyalina Zone to within their upper Rhizoso­
lenia bulbosa Zone. 

Actinocyclus ingens Zone 
Definition: Top. FAD of Denticulopsis lauta, Barron, 1980. 

Base. FAD of Actinocyclus ingens, Barron, 1980. 
Interval: ~ 189-207 m, top between Samples 104-642C-23H, 

CC and 104-642B-21H, CC, base between Samples 104-642D-
3X, CC and 104-642C-23H, CC. 

Age: ~ 16.8-16.1 Ma, late early Miocene. 
Correlations: Barron's (1981) indirect correlation of this zone 

to paleomagnetic stratigraphy has the boundaries correlated to 
lowermost Chron C-5B and lower Chron C-5C-R2. Baldauf 
(1984) tentatively correlated the Actinocyclus ingens Zone to 
within the Thalassiosira fraga Zone of Schrader and Fenner 
(1976). Some of the nine datums used by Schrader and Fenner 
(1976) to define the top of their T. fraga Zone occur within the 
Actinocyclus Zone while others occur within the the T. spinosa 
Zone of Site 642. Their use of multiple datums prevents direct 
correlation to Site 642; however, assemblage characteristics sug­
gest that most or all of the Actinocyclus ingens Zone is correla­
tive to their Rhizosolenia bulbosa Zone. 

Thalassiosira fraga Zone 
Definition: Top. FAD of Actinocyclus ingens. 

Base. FAD of Thalassiosira fraga. 
Author: Schrader and Fenner (1976); modified by Barron, 

1985a. 
Interval: -207-263 m, top from between Samples 104-642D-

3X, CC and 104-642C-23H, CC, base from between Samples 
104-642D-9X, CC and 104-642D-8X, CC. 

Age: - 19.9-16.8 Ma, early Miocene. 
Correlations: Barron (1985a) recently proposed this zone on 

the basis of Schrader and Fenner's (1976) study of Norwegian 
Sea diatoms and examination of U.S. Geological Survey dredge 
material. He correlated these zones with the geologic time scale 
on the basis of the range of T. fraga in tropical Pacific sedi­
ments and concluded that the range of T. fraga exhibits little 
diachroneity between high and low latitudes. The FAD of T. 
fraga is assigned an age of - 19.9 Ma by secondary correlation 
of this datum to standard calcareous microfossil zonations (Bar­
ron, 1985b). 

Utilizing the FAD of T. fraga as a basis of correlation with 
the Norwegian Sea zonation of Schrader and Fenner (1976), this 

zone is estimated to encompass the following zones of these au­
thors: the T. fraga Zone, Nitzschia maleinterpretaria Zone, Cos-
cinodiscus vigilans Zone, Rhizosolenia norvegica Zone, Synedra 
jouseae Zone, and upper Pseudodimerogramma elegans Zone. 

Thalassiosira spinosa Zone (NNPD2) 
Definition: Top. FAD Thalassiosira fraga. 

Base. FAD T spinosa. 
Author: Schrader and Fenner (1976), modified by Barron 

(1985a). 
Interval: -263-276.8 m, top between Samples 104-642D-

9X, CC and 104-642D-8X, CC, base at 104-642D-10X, CC. 
Age: -21 .5 (not the true base)-19.9 Ma. 
Correlations: This is a tentative zone established by Barron 

(1985 a), as no complete zonal sequence has been recovered from 
the North Pacific. The zone was established partially by com­
parison of Norwegian Sea sequences recorded by Schrader and 
Fenner (1976) with equatorial Pacific DSDP Site 71 and Bering 
Sea dredge samples. Barron (1985a, 1985b) correlated the base 
of the zone with approximately the Oligocene/Miocene bound­
ary ( — 23 Ma). At Site 642, the base of the zone occurs in Sam­
ple 104-642D-10X, CC, directly above the volcanic ash of litho-
logic Unit IV. Based upon other components of the diatom as­
semblage and the accompanying silicoflagellate assemblage (see 
Silicoflagellate Section), the interval between —263 and 276.8 m 
represents only the upper portion of the zone. 

The portion of the Thalassiosira spinosa Zone represented at 
Site 642 appears to correlate to within the Pseudodimerogram­
ma elegans Zone of Schrader and Fenner (1976). Barron (1985a) 
correlated the T. spinosa Zone with the N4 and lowermost N5 
foraminiferal zones. This correlation agrees with silicoflagellate 
correlations to calcareous nannofossil zones (this section) and 
the interpreted paleomagnetic stratigraphy of Site 642. 

Paleoenvironment 
Early Miocene (276.8- - 189 m, - 21.5-16.1 Ma). Sediments 

of the lower Miocene of Site 642 are characterized by a much 
higher biogenic opal content (mean = - 5 0 % ) than younger 
sediments and are indicative of high primary productivity in the 
Norwegian Sea at this time. The type of nutrient supply that 
permits this large primary production is possibly related to a 
higher degree of nutrient and organic run-off from the conti­
nent. Although this conclusion is highly conjectural, it would 
appear to be supported by the high organic content of the sedi­
ments, the occurrence of terrestrial organics, and common ter­
restrial palynomorphs. 

Lower Miocene diatom assemblages contain a large propor­
tion of species endemic to the Norwegian Sea (Schrader and 
Fenner, 1976); however, many cosmopolitan species {Thalassio­
sira fraga, T. spinosa, Craspedodiscus coscinodiscus, Actinocy­
clus ingens, and others) are also present. Many of these species 
have been noted in the Antarctic, Atlantic, Pacific, and Indian 
oceans. Some species have a definite affinity for the low to mid­
dle latitudes (e.g., Craspedodiscus coscinodiscus). These char­
acteristics suggest the influx of relatively warm North Atlantic 
surface waters to the Norwegian Sea by the Norwegian Current 
or a similar predecessor. Lower Miocene diatom assemblages 
must have had relatively open communication with Atlantic wa­
ters to the south, unimpeded by shallow sill depths. The scarcity 
of neritic diatoms is used to infer relatively deep water condi­
tions, whereas neritic diatoms are much more prevalent in Eo-
cene-Oligocene assemblages from Leg 38 sites in this same re­
gion (Schrader and Fenner, 1976). 

Middle Miocene (~ 189-133 m, -16.1-12.4 Ma). The mid­
dle Miocene is marked by a major reduction in the sediment ac­
cumulation rates of biogenic opal (see "Sediment Lithology" 
section, this chapter) (between 170 and 150 m), which is accom-
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panied by a related increase in carbonate deposition. The pres­
ence of common Thalassionema spp. within this interval of 
change indicates continued high fertility and supports the re­
duction in biogenic opal accumulation as being related to car­
bonate dilution rather than to decreased siliceous productivity. 
A possible model for this abrupt change in sedimentation might 
be a rapid deepening of the carbonate compensation depth 
(CCD) in the Norwegian Sea in response to an increased avail­
ability of carbonate related to a change in the global basin-to-
basin fractionation of carbonate. 

A major change also occurred in the biogenic sediment bud­
get of the Southern Ocean during the middle Miocene as the 
Antarctic Convergence rapidly migrated northward (Ciesielski et 
al., 1982). This migration led to the rapid replacement of mixed 
calcareous/siliceous sediments by siliceous sediments, changing 
the Southern Ocean from a major zone of carbonate accumula­
tion to a global silica sink. The increased availablity of carbon­
ate to the global ocean system may thus be manifested in the 
Norwegian Sea by an abrupt deepening of the CCD, which is no 
more abrupt than the temporally equivalent change in the South­
ern Ocean noted by Ciesieski et al. (1982) and Ciesielski and 
Weaver (1983). 

This change is preceded by a massive influx of Denticulopsis 
spp. begining at the base of the middle Miocene and continuing 
to the base of the proposed middle/late Miocene unconformity. 
The abundance of the genus Denticulopsis in this interval is 
similar in all mid- to high-latitude regions. Sea-surface tempera­
tures appear to have been cooler than during the early Miocene; 
however, the occurrence of some species with low-latitude affin­
ities suggests warmer conditions than during most of the late 
Miocene-Quaternary. 

Late Miocene. Some samples within this interval contain cal­
careous nannofossils and planktonic foraminifers but are barren 
of diatoms and radiolarians. Complete silica recycling is a pos­
sible explanation for these occurrences. Such recycling occurs 
above the sill depths of some Antarctic basins (e.g., Bransfield 
Strait), leaving the seafloor barren of siliceous microfossils but 
with surface waters having high diatom productivity (Ciesielski, 
unpubl. pers. obs.). 

Results: Hole 642E 

Introduction 
The basalt sequence of Hole 642E contains a number of tuff 

units which range in size from < 1 cm to more than 1 m. Sam­
ples have been collected from all tuff units to examine for their 
possible diatom content. The present report cites the results of 
an examination of 16 tuff units; the remainder will be studied 
after completion of the cruise. 

Summary 
Six of the examined tuff units were barren of diatoms. Bar­

ren intervals include Samples 104-642E-7R-2, 117-119 cm, 104-
642E-19R-4, 139-140 cm, 104-642E-23R-1, 128-130 cm, 104-
642E-25R-3, 80-85 cm, 104-642E-28R-3, 126-128 cm, and 104-
642E-39R, CC. 

Five additional tuff units contain only very rare (a few per 
slide) whole diatoms or fragmented diatoms. Sample 104-642E-
2R-3, 8-9 cm, contains only a few small diatom fragments of in­
determinate age. A few very rare specimens of Stephanopyxis 
spp. were found in Sample 104-642E-19R-5, 3-5 cm, which are 
not age diagnostic. 

Four additional samples contain sparse unidentifiable diatoms 
or diatoms with lengthy stratigraphic ranges. Sample 104-642E-
21R-1, 21-23 cm, contains tuff which is interpreted as rubble 
from Section 104-642E-19R-4. This sample yielded only small 
fragments of undetermined taxonomic affinity. Only very rare 

specimens of Stephanopyxis spp. were found in Sample 104-
642E-27R-2, 45-60 cm. A rubble sample was examined from 
Sample 104-642E-31R-1, 1-3 cm, which is thought to be from 
Section 104-642E-30R-1. This sample contains a few specimens 
of the resistant long-ranging species Coscinodiscus marginatus, 
some sponge spicules, one radiolarian (Larcoidea), and a silico-
flagellate (Mesocena circulus, middle to late Miocene), which 
because of its young age is probably a lab contaminant. Exami­
nation of Sample 104-642E-33R-1, 142-143 cm, yielded only 
one small diatom fragment. 

Sample 104-642E-35R-2, 6-7 cm, contains a diverse and mod­
erately to well preserved assemblage of diatoms and silicoflagel-
lates. From a brief examination of this sample, 16 species were 
noted. Silicoflagellates are indicative of an age of middle Eo­
cene or younger (see "Silicoflagelates," this section). A middle 
Eocene to early Oligocene age is suggested by the occurrence of 
Melosira architecturalis, Pterotheca aculeifera, Cestodiscus aff. 
muhinae, Pseudostictodiscus picus, Rhizosolenia praebarboi, 
and Coscinodiscus argus. 

A problem with interpreting the age of the assemblage in 
Sample 104-642E-35R-2, 6-7 cm, is the lack of a complete mid­
dle Eocene-Oligocene section for correlation purposes. The most 
complete diatom-bearing sequence that covers a portion of this 
interval is the upper Eocene-lower Miocene of DSDP Sites 511 
and 513 in the Subantarctic. Studies of these sites by Gombos 
and Ciesielski (1983) reveal that the LAD of Melosira architec­
turalis is only slightly higher than the Eocene/Oligocene bound­
ary, while Pterotheca aculeifera is absent. In a middle Eocene 
section from Site 512, the same authors found both of these 
species. In addition, all of the distinctive Oligocene species of 
these South Atlantic sites are absent from Core 104-642E-35R. 
Silicoflagellates from this sample are no older than middle Eo­
cene (see "Silicoflagellates," this section). Altogether these scanty 
data might be used to support a middle Eocene age; however, it 
may be more confidently stated that Core 104-642E-35R is mid­
dle to late Eocene. 

Sample 104-642E-42, 113-114 cm, has a sparse assemblage 
of siliceous microfossils including Coscinodiscus spp. (few), C. 
marginatus (rare), Asteromphalus sp. (rare), sponge spicules, 
and the silicoflagellate Mesocena oamaruensis (rare). M. oama-
ruensis is indicative of a middle Eocene-early Oligocene age. 
The genus Asteromphalus first occurred in the early Oligocene 
(Gombos, 1980), although it is mentioned as "possibly" within 
the late Eocene by Fenner in a personal communication to Gom­
bos (1980). Gombos and Ciesielski (1983) found the genus to be 
absent from middle and upper Eocene sediments recovered by 
Leg 71; instead, they found the first occurrence to have been in 
the earliest Oligocene as previously reported by Gombos (1980). 
If the first occurrence of the genus Asteromphalus was indeed 
in the early Oligocene, such an age for this sample would be in 
conflict with the preliminary age assignment previously stated 
for Core 104-642E-35R. Given the uncertainty for the first oc­
currence of this genus, the ages for the assemblages of Cores 
104-642E-42R and 104-642E-55R would appear more reliable. 

Diatoms and silicoflagellates in Core 104-642E-55R exhibit 
the best preservation and greatest diversity of all examined tuff 
units. Diatoms are common and include specimens with delicate 
ornamentation. A brief survey of this sample noted 15 species 
of diatoms, five species of silicoflagellates, one ebridian, and 
one radiolarian. Most species are known from the middle Eo­
cene to late Oligocene except Stictodiscus picus, which is re­
stricted to the middle Eocene in DSDP Hole 390A on the Blake 
Plateau (Gombos, 1982). A fragment of the silicoflagellate Dic-
tyocha quadria was also noted. This species ranges through 
most of the upper Eocene (NP17-NP20, Martini and Muller, 
1976). Based upon the ranges of these two species, a late middle 
to early late Eocene age would appear likely. 
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Paleoenvironment 

No inferences are made about the depositional environment 
of tuff units barren of siliceous micro fossils (Cores 104-642E-7R, 
642E-19R-4, 642E-23R, 642E-25R, 642E-28R, and 642E-39R). A 
proper evaluation of the depositional environments of these 
units must await an examination for other microfossil groups 
(i.e., palynomorphs) and a thorough examination of their min­
eralogy, petrology, and sedimentology. The depositional envi­
ronment of other tuff units, containing only fragments or rare 
diatoms (Cores 104-642E-2R, 642E-19R-5, 642E-21R, 642E-27R, 
and 642E-33R-1), is equally uncertain. These units may have 
been deposited in a marine environment or deposited in a sub-
aerial environment that received eolian or aqueously transported 
marine diatoms. 

A higher abundance of diatoms in Sample 104-642E-21R-1, 
21-23 cm, suggests autochthonous deposition in an outer neritic 
to pelagic environment. A similar environment is likely for Sam­
ple 104-642E-42R-1, 113-114 cm. The presence of a well pre­
served Asteromphalus species further suggests little or no post-
depositional reworking. Samples 104-642E-35R-2, 6-7 cm, and 
104-642E-55R-2, 80-81 cm, contain a diverse assemblage of dia­
toms devoid of any apparent benthic species. Assemblages in 
these two cores would be expected to be indicative of depths no 
shallower than of an outer shelf. 

Silicoflagellate Stratigraphy 

Methods 
All core-catcher samples within Leg 104 Holes 642A through 

642E were examined for their silicoflagellate content within whole-
fraction smear slides and sieved (>45 /mi) fractions. Because of 
time constraints, only the occurrences of major stratigraphic in­
dicator species were recorded. 

To provide stratigraphic continuity in this discussion of the 
stratigraphy of Holes 642A through 642D, these holes are 
treated as a single composite section. Zonal boundaries and da­
tum levels are identified by hole and core number. All samples 
referenced herein are core-catcher samples, hence samples are 
also identified by hole and core number only. 

Results, Holes 642A, 642B, 642C, and 642D 

Preservation Abundance and Diversity 
Beneath the upper glacial sequence (~ 0 to 62 m) silicoflagel-

lates are well preserved and vary in abundance from sparse to 
very abundant. Abundances are highest in the lower Miocene-
lower Pliocene, decrease to sparse in the middle Pliocene and 
are apparently absent in the glacial upper Pliocene-Quaternary. 
Diversity is limited to a few species in the Pliocene; however, 
most Miocene cores contain a moderate diversity of species rep­
resenting the genera Distephanus, Mesocena, Corbisema, and 
Naviculopsis. Below Core 104-642D-11X, silicoflagellates are 
once again absent to the base of the hole. 

Biostratigraphic Zones 

Distephanus boliviensis Zone 
Definition: Top. LAD D. boliviensis, Ciesielski (1975). 

Base. LAD Mesocena diodon, this report. 
Interval: ~62 .1 -~78 .2m; top from between Samples 104-

642C-9H, CC to 104-642C-8H, CC, base from between Samples 
104-642C-11H, CC to 104-642B-9H, CC. 

Age: early Pliocene; 4.4-3.1 Ma. 
Comments: This zone combines the D. boliviensis, Dictyo-

cha pygmaea-Dictyocha pumila, and Distephanus pseudofibula 
Zones of Ciesielski (1975). 

Age and correlations: The last consistent common occur­
rence of the name species in the Southern Ocean is 3.1 Ma at 
the base of the Mammoth Event (Ciesielski, 1975). Its last oc­
currence at Site 642 is at the base of the glacial barren zone. 
Therefore, the top of the zone may be unrepresented. This con­
clusion is supported by both shipboard paleomagnetics and dia­
tom biostratigraphy. 

The base of the zone was correlated directly with paleomag­
netics in numerous Southern Ocean piston cores. The LAD of 
Mesocena diodon occurs in the Sidufjall Event of the Gilbert 
Epoch at 4.4 Ma (Ciesielski, 1975, 1980, 1983, 1986; Osborn et 
al., 1983; Ledbetter and Ciesielski, 1986; and others). 

Zonal markers are cosmopolitan species and have similar da­
tum ages at all latitudes based on indirect correlations with 
magnetostratigraphy through other microfossil groups. 

Mesocena diodon Zone 
Definition: Top. LAD of Mesocena diodon. 

Base. Last consistent occurrence of M. circulus, 
Busen and Wise (1977). 

Interval: -117.25 m-~78.2 m; top between Samples 104-
642C-11H, CC and 104-642B-9H, CC, base between Samples 
104-642C-15H, CC and 104-642B-13H, CC. 

Age: late Miocene to early Pliocene; 6.4-4.4 Ma. 
Comments: Ciesielski (1975) based the top of the Mesocena 

diodon Zone on the first common occurrence of Distephanus 
pseudofibula, whereas in this report the top is redefined as the 
LAD of Mesocena diodon. 

Age and correlations: Direct correlation of the base of the 
zone with magnetostratigraphy places this boundary within 
Chron C-3A-N3 at - 6 . 4 Ma (Ciesielski, 1983; Shaw and Ciesi­
elski, 1983) and closely approximates the upper Miocene carbon 
shift. The base of the zone is correlative with the lower Coscino-
discus marginatus Zone of the Norwegian Sea (Schrader and 
Fenner, 1976), upper Nitzschia porteri-N. miocenica Zone of 
the Rockall Plateau region (Baldauf, 1984), upper NNPD6-Sub-
zone B of the North Pacific (Barron, 1985a), the upper Denticu-
lopsis hustedtii Zone of the Southern Ocean (Shaw and Ciesiel­
ski, 1983), and occurs within N17 and NN11. 

Mesocena circulus/M. diodon Zone 
Definition: Top. Last consistent occurrence of M. circulus, 

Busen and Wise (1977). 
Base. Lowest common occurrence of Mesocena 

diodon s.s., this report. 
Interval: - 117.5 m-128.5 m; top between Samples 104-642C-

15H, CC and 104-642B-13H, CC, base at Section 104-642C-
17H-5. 

Age: late Miocene; -8 .7-6 .4 Ma, lower portion of zone ab­
sent at Site 642. 

Correlations: The zone is correlative with the lower to mid­
dle Denticulopsis hustedtii Zone (NSD8) to upper D. hustedtii/ 
D. lauta Zone (NSD7) of the Southern Ocean (Ciesielski, 1983; 
Shaw and Ciesielski, 1983; Ciesielski, 1986). Correlations with 
other diatom zones of the North Pacific, Rockall Region, and 
Norwegian Sea are given in the diatom section, this volume. At 
Southwest Pacific Site 594 the base of the zone as defined here 
occurs between the last Denticulopsis praedimorpha, below the 
last D. lauta; it is also coincident with the last Cyrtocapsella ja-
ponica. Ages for these and a number of other datums (Ciesiel­
ski, 1986) place the base of the zone in upper Chron C-5 to low­
ermost Chron C-4A (-9.0-8.7 Ma) and within the North Pacif­
ic diatom Zone NNPD6-Subzone A. These correlations require 
the base of the zone in Core 104-642B-15H (128.5 m) to be 
younger than —9.0-8.7 Ma. Diatom zones at this level further 
constrain the age of the sediments in Core 642B-15H to younger 
than mid Chron C-4A, or < 8.5 Ma. This fact, and missing dia-
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torn zones between Samples 104-642B-15H, CC and 104-642B-
16H, CC (see diatom section), suggest that the boundary be­
tween this zone and the underlying Mesocena circulus Zone is a 
disconformity. 

Mesocena circulus Zone 
Definition: Top. First common (FC) occurrence of Meso­

cena diodon; Busen and Wise (1977). 
Base. Lowest consistent occurrence of M. circu­

lus; Ciesielski (1975). 
Interval: -113-130 m; top between Samples 104-642C-16H, 

CC and 104-642B-16H, CC, base between Samples 104-642B-
19H, CC and 104-642C-19H, CC. 

Age: ~8.7 to 13.9-13.8 Ma, middle Miocene-late Miocene. 
Correlations: The base of this zone occurs in the Southern 

Ocean Nitzschia denticuloides Zone (NSD6) of the middle Mio­
cene (Shaw and Ciesielski, 1983). In the Norwegian Sea, the 
FAD of M. circulus occurs between DSDP Samples 8-2, 58-59 
cm, and 8-3, 2-3 cm, of Site 338 (Martini and Muller, 1976) and 
within Schrader and Fenner's (1976) Nitzschia sp. 8 Zone. At 
Site 642 this datum also occurs within the same diatom zone 
which is equivalent to NNPD5-Subzone A (Barron et al., 1985). 
The base of the zone is at approximately the same depth as the 
first Coscinodiscus plicatus, which according to Barron (1985b) 
is ~ 13.9 to 13.8 Ma. Thus, the base of this zone confirms an 
age for the Core 8 to Core 9 boundary in Site 338 of ~ 13.9 Ma. 
Based on the presence of the same zone in Core 7 of Site 338, it 
would appear that an unconformity exists in Site 338 between 
the base of the glacial sequence ( — 2.4 Ma) in Core 6 and Core 
7 -Core8(~13 .9Ma) . 

As was mentioned in the discussion of the previous zone, 
this zone has an unconformable boundary with the M. circulus/ 
M. diodon Zone. On the basis of silicoflagellate evidence alone, 
an argument against the presence of this unconformity would 
require 5 million years (13.8 Ma—base of M. circulus Zone, 163 m 
to -8 .7 to 9.0 Ma—base of M. circulus/M. diodon Zone, 128.5 
m) to be represented in a 34.5-m interval of Site 642. 

No Zonal Designation Interval Zone 
Definition: Top. Lowest consistent occurrence of Mesocena 

circulus, Ciesielski (1975). 
Base. Last recognized occurrence of Corbisema 

triacantha. 
Interval: -163—194.5 m; top between Samples 104-642B-

19H, CC and 104-642C-19H, CC, base between Samples 104-
642B-22H, CC and 104-642C-23H, CC. 

Comments: Age diagnostic silicoflagellates are absent in this 
interval; therefore, no zonal designation is made. The base of 
the interval is defined by the last-noted Corbisema triacantha. 
Since C. triacantha is rare in the Norwegian Sea, its last ob­
served occurrence in core catchers (104-642B-22H) is not likely 
its last true occurrence. This conclusion is supported by correla­
tions with diatom zones at Site 642. Therefore, the last-noted C. 
triacantha should not be taken as correlative with the top of C. 
triacantha Zone (Martini and Muller 1976) at Site 338. 

Age: Based upon correlations with Site 642 diatom datums, 
the zonal age is < - 16.0 Ma to 13.9-13.8 Ma. 

Correlations: Correlations of diatoms between Sites 338 and 
642 suggest most of this interval correlates with Martini's C. tri­
acantha Zone and that shore-based studies should find C. tria­
cantha close to the base of the Mesocena circulus Zone (this re­
port). This interval correlates with the upper NNPD3 to lower 
NNPD5 diatom zones. 

Corbisema triacantha Zone 
Definition: Top. Last recognized occurrence of Corbisema 

triacantha. 

Base. LAD Naviculopsis quadratum (syn. N. rec-
tangularis), Martini (1971). 

Interval: - 194.5—233.5m; top between Samples 104-642B-
22H, CC and 642C-23H, CC, base between Samples 104-643D-
6X, CC and 104-642D-5X, CC. 

Age: -17 .5 to < - 16.0 Ma. Early Miocene. 
Correlations: Martini and Muller (1976) find the zone in Site 

338, Cores 8-11. The base of the zone at that site occurs within 
the Rhizosolenia bulbosa Zone of Schrader and Fenner (1976). 

Within Site 642, it is difficult to recognize the diatom zones 
of Schrader and Fenner (1976); however, the base of the zone 
appears to occur only slightly lower in the section. The base of 
the zone can be more accurately placed in the Thalassiosira 
fraga Zone (NNPD2), which is well defined at Site 642. Since 
the base of the zone is only ~ 1 0 m below the FAD of Craspedo-
discus coscinodiscus, its absolute age must be only slightly older 
than the 17.3-Ma age of this datum as defined by its direct 
correlation with magnetostratigraphy (Barron, 1985a). Martini 
(1971) directly correlated the base of this zone to approximately 
the NN3/NN4 boundary. In a later study, Martini (1979) corre­
lated the zonal base to approximately the NN3/NN2 boundary 
based on his examination of Site 407 from the western flank of 
the Reykjanes Ridge. 

The base of this zone exhibits little diachroneity with respect 
to latitude and is a highly reliable stratigraphic datum at all lati­
tudes in both hemispheres. For this reason, it is considered a 
primary datum at Site 642. 

Naviculopsis navicula Zone 
Definition: Top. LAD Naviculopsis quadratum, Martini, 1972. 

Base. FAD Naviculopsis navicula, Martini, 1972. 
Interval: - 2 3 3 . 5 - - 2 7 2 m; top between Samples 104-642D-

6X, CC and 104-642D-5X, CC, base between Samples 104-642D-
10X, CC and 104-642D-9X, CC. 

Age: —21.2-17.5 Ma. Early Miocene. 
Correlations: Martini and Muller (1976) place the base of the 

zone between Core 17-4, 85-86 cm, and 18-1, 50-551 cm, in Site 
338. This places the boundary in the lower Synedra jouseae 
Zone to the top of the Pseudodimerogramma elegans Zone of 
Schrader and Fenner (1976) at the same site. At Leg 104 Site 
642, the base occurs in the Pseudodimerogramma elegans Zone 
of Schrader and Fenner (1976) and within the Thalassiosira spi-
nosa Zone (NNPD1; range 23-19.5 Ma, Barron, 1985a). Mar­
tini (1972) correlated the base of the zone to within NN2. At 
Leg 49 Site 407, on the western flank of the Reykjanes Ridge, 
Martini (1979) directly correlated the zonal base with upper­
most NN1, near the NN1/NN2 boundary. Based upon Marti­
ni's (1979) correlation with calcareous nannofossil stratigraphy 
and the direct calibration of the NN1/NN2 boundary to the 
geomagnetic reverse time scale (GRTS, Hsu et al., 1984), the 
FAD of Naviculopsis navicula has an age of -21 .2 Ma and cor­
relates with Chron C-6A-N1. 

Naviculopsis lauta Zone 
Definition: Top. FAD Naviculopsis navicula, Martini (1972). 

Base. FAD Naviculopsis lauta, Martini (1972). 
Interval: - 2 7 2 - > 286.5 m; top between Samples 104-642D-

10X, CC and 104-642D-9X, CC, base unrecognized because of 
the barren zone below Sample 104-642D-11X, CC. 

Age: - 21.2-21.5 Ma. Early Miocene. 
Correlation: Martini and Muller (1976) place the base of the 

zone between Core 19-2, 10-11 cm, and Core 19-5, 123-124 cm, 
at Site 338. 

The absence of Naviculopis lauta above the Site 642 barren 
zone suggests that this interval at Site 642 is above the true base 
of the zone. This conclusion is supported by the presence of 
Corbisema triacantha in Core 104-642D-11X. According to Mar-
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tini and Muller (1976), this species only occurs above the base 
of the zone. Further resolution is provided by the LAD of Na-
viculopsis biapiculata in Core 104-642D-10X. This datum oc­
curs in the upper Naviculopsis lauta Zone of Site 407 on the 
western flank of the Reykjanes Ridge, and is within upper NN1 
(Martini, 1979). Based upon these correlations, basal Core 104-
642D-11X should not be significantly older than the 21.2 Ma 
age for the top of the zone. Correlation of this core to upper 
NN1 suggests that this level is probably not older than Chron 
C-6A-N2. 

Paleoenvironment 
Very few paleoenvironmental conclusions can be drawn from 

the recorded silicoflagellate assemblage because of the lack of 
quantitative counts of species/genera. 

The occurrence of small numbers of Dictyocha species in 
three samples (104-642C-9H, CC, 642B-10H, CC, and 642B-
14H, CC) is indicative of surface waters which are subpolar or 
warmer. In the Southern Ocean this genus is absent or rare in 
Antarctic surface water but rapidly increases in abundance be­
tween the Antarctic Convergence and the Subtropical Conver­
gence (Ciesielski, 1975). 

The significant last occurrence of pentagonal Distephanus 
spp. (e.g., Distephanus quinganguellus) occurred in the latest 
Miocene. Their last occurrence and high abundance in the late 
Miocene in the Norwegian Sea was of a similar age to the Ant­
arctic, whereas in lower latitudes it consistently disappeared in 
the upper Pliocene cores. This would suggest that late Miocene 
surface water temperatures had already developed a significant 
thermal contrast with Atlantic waters to the south. 

Results, Hole 642E 

Stratigraphy 
Only one long-ranging silicoflagellate species is consistently 

present in the tuff units inter bedded with basalt flows. This spe­
cies, Distephanus speculum, occurs rarely (1 to 2 specimens) in 
the following Hole 642E cores: 104-642E-5R, 642E-19R, 642E-
21R, 642E-23R, 642E-27R, and 642E-35R. Two other species, 
Distephanus crux and Mesocena apiculata, occur in Core 104-
642E-35R. The presence of the genus Distephanus indicates an 
age of middle Eocene or younger (Bukry, 1981). The species Me­
socena apiculata has its first occurence in the Dictyocha grandis 
Zone (Shaw and Ciesielski, 1983) which is Lutetian in age (mid­
dle Eocene). Direct paleomagnetic correlations of the first oc­
currence of this species by Shaw and Ciesielski (1983) place this 
datum between magnetic chrons 18 and 19. Thus, the age of 
material studied from Hole 642E must be younger than ~ 42 Ma. 

Paleoenvironment 
With the exception of Core 104-642E-35X, the paleoenviron­

mental significance of silicoflagellates in other cores is discussed 
within the context of the diatom section because of the scarcity of 
silicoflagellates in sediments of Hole 642E. The tuff unit in Core 
104-642E-35X contains a low abundance of silicoflagellates but 
which are numerous enough to probably preclude eolian trans­
port from subaerially exposed sediments. This tuff unit appears 
to have been deposited in a subaqueous environment. 

Radiolarian Stratigraphy 

Introduction 
Radiolarians in Site 642 sediments range in age from early 

Miocene to Holocene, and the lower Miocene section at this site 
contains the oldest radiolarian recovered on Leg 104. The biosi-
liceous section is 226 m thick, but the interval is far from com­
plete. The radiolarian biostratigraphy indicates the presence of 

five hiatuses of variable deviation, but the chronology of these 
erosive events is not yet clear. The lower four disconformity-
bound intervals can be correlated to other biosiliceous intervals 
recovered at Sites 338, 341, and 643, but there is no section from 
the Norwegian Sea containing continuous deposition across the 
highest hiatus. Consequently, there is no local reference section 
for comparison, and the existence of this upper disconformity is 
based mainly on diatom data. The radiolarian data are some­
what equivocal on this point. There is no radiolarian evidence 
for other hiatuses above and below the biosiliceous interval that 
has been proposed on the basis of other microfossils. 

Abundance and Preservation 
The oldest radiolarian-bearing sediments at Site 642 directly 

overlie the disconformity-bound Eocene section in 104-642D-
11X-2 (280 m). The top of Section 104-642A-1H-1 contains abun­
dant, well-preserved specimens of the Holocene radiolarian fauna 
that have been described and illustrated by Bjdrklund (1976). 
Radiolarians are not preserved in the underlying approximately 
65 m of glacial marine sediments, which is consistent with the 
occurrence of these microfossils throughout much of the Nor­
wegian Sea. 

Radiolarian preservation improves markedly below the tran­
sition zone between glacial-marine and hemipelagic sediments, 
which occurs at the base of Samples 104-642B-8H, CC (66 m) 
and 104-642C-8H, CC (61 m). In general, radiolarians are com­
mon and display moderate to good preservation throughout the 
biosiliceous interval. The only exception is in sediment from 
Cores 104-642B-16H through 104-642B-19H and 104-642C-17H 
through 104-642C-19H (about 135-165 m, biozone NSR 8), 
where radiolarian diversity and preservation decline markedly. 

The material recovered from Holes 642B through 642D has 
been assigned to radiolarian biozones NSR 1-12. The distribu­
tion of these biozones in each hole is shown in Figure 43. Zonal 
boundary correlation lines between these holes are not perfectly 
horizontal, despite their close proximity. The discordance is as 
much as 8.4 m (i.e., NSR 9/NSR 10). This phenomenon may 
have resulted from coring disturbance or it may be the natural 
result of sampling error. Similar disparity exists in the paleo­
magnetic records of these holes. 

Five of the biozonal boundaries at Site 642 are located at un­
conformities. The sediments in biozone NSR 1 are probably co­
eval with the Velicucullus oddgurneri Biozone (upper Oligocene) 
of Leg 38, Samples 338-19 to 338-19-3 (Bjorklund, 1976). More 
detailed investigations are needed to confirm this correlation. If 
true, however, then approximately 50 m of sediment is missing 
in the hiatus between NSR 1 and NSR 2. The unconformity be­
tween NSR 2 and NSR 3 in Hole 642D is represented by about 
30 m of sediment in Cores 104-643A-24X through 104-643A-
27X. Biozone NSR 4 falls totally within an unconformity in 
Holes 642B and 642D, which is represented by about 55 m of 
sediment in Cores 104-643A-17X to 104-643A-22X. The uncon­
formity at the boundary between NSR 7 and 8 is correlative 
with an unconformity in 104-643 A-12H, which is represented by 
30-50 m of sediment at Sites 338 and 341. The boundary be­
tween biozones NSR 8 and NSR 9 is associated with a shift in 
radiolarian faunas that is interpreted here as an unconformity in 
accordance with the diatom data. There are no coeval sediments 
from the Norwegian Sea. 

Paleoenvironment 
The isolation phase terminates in 104-642B-15H/642C-16H 

(base of the Biozone NSR 9, 130 m), which is marked by the ab­
sence of endemic species. They are gradually replaced by assem­
blages having components suggestive of transition and central 
provinces of modern plankton distributions. This sub fauna per­
sists to Core 104-642C-13H (101 m sub-bottom) but is absent in 
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(198 to 207 .6 mbsf) 

Section 2 4 H - 2 to 25H-cc 
(207 .6 to 221 .1 mbsf) 

C 

Section 8H-cc to 13H-1 
(60.7 to 92 .2 mbsf) 

Section 13H-1 to 14H-2 
(92.2 to 103 .5 mbsf) 

Sect ion 1 4H-2 to 15H-5 
(103.5 to 117.4 mbsf) 

Section 1 5H-5 to 1 6H-cc 
(1 17 .4 to 130 mbsf) 

Section 16H-cc to 2 0 H - 2 
(130 to 160.5 mbsf) 

Section 2 0 H - 2 to 2 3 H - 2 
(160.5 to 186.3 mbsf) 

Section 23H-2 to 2 4 H - 2 
(186.3 to 194.4 mbsf) 

Section 2 4 H - 2 to 24H-cc 
(194 .4 to 199.6 mbsf) 

D 

Section 2H-1 to 2H-2 
(1 90 to 190.5 mbsf) 

Section 2H-5 to 2H-cc 
(196 .8 to 199 .6 mbsf) 

Section 3H-1 to 4H-cc 
(199.6 to 21 8.9 mbsf) 

Section 4H-cc to lOH-cc 
(218.9 to 276 .8 mbsf) 

Section 1 1H-1 to 1 i H - c c 
(276 .8 to 286 .5 mbsf) 

Figure 43. Distribution and range of radiolarian biozones in Holes 642B, 642C, and 642D. NSR = Norwegian Sea radiolarian 
zone. 
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the overlying section. In Sample 104-642C-16H, CC, there is a 
limited occurrence of four species that are typical of tropical or 
subtropical oceans: Anthocyrtidium zanquebariciwn, Lampro-
cyclus maritalis, Didymocyrtis antepenultimus, and Didymo-
cyrtis mammiforus. Temperate species gradually disappear in 
the uppermost radiolarian interval (Cores 104-642B-11H through 
104-642C-8H, 60-95 m sub-bottom), indicating a sharp decline 
in surface water temperatures followed by the onset of glacial 
conditions. 

Thus, Site 642 radiolarians document an asymmetrical tem­
perature curve representing the injection of progressively more 
temperate waters into the Norwegian Sea (sediments from 277 
to 95 m sub-bottom) followed by a relatively rapid retreat of 
these waters (in the interval 60-95 m sub-bottom). This smooth 
cycle is broken, however, by a pronounced isolation phase, doc­
umented at Site 642 between 130 to 158 m, when the Norwegian 
Sea must have reverted to conditions more characteristic of its 
Oligocene history. 

The radiolarian faunas have many large fluctuations in com­
position. In some intervals, as for example, in the central part 
of biozone NSR 8, large spumellarians are the most dominating 
faunal elements. This can be a result of either dissolution or 
specific ecological conditions favoring the spumellarians. Dia­
toms are abundant in this zone, but are of a moderate preserva­
tion, indicating that dissolution can play a role in the general ra­
diolarian faunal composition. 

Calcareous Nannofossil Biostratigraphy 

Introduction 
Five holes were drilled at Site 642 in the Norwegian Sea. The 

sediments recovered yielded Quaternary through lower Mio­
cene-upper Oligocene calcareous nannofossils. The smear slides 
studied, as a general rule, contained the low abundances and 
small diversity of coccoliths typical of low water temperatures. 
Many of the low-abundance slides studied contained insuffi­
cient information to provide accurate biostratigraphic zone de­
terminations, especially when the zonal markers that do exist 
are rare. The species that are the standard low- to middle-lati­
tude zone markers for the Neogene (discoasters, ceratoliths, and 
sphenoliths) are for all practical purposes missing from the Nor­
wegian Sea because of dissolution, ecologic exclusion, and dilu­
tion owing to high glacial terrigenous input. The species that are 
found are mostly long-ranging species which are impractical to 
use for detailed biostratigraphic divisions. 

Calcareous Nannofossil Zone Definitions 
The standard nannofossil zonation of Martini (1971) was 

followed to some extent, but because of the absence of many 
marker species, various zones had to be combined into longer 
ranging zones. Thus, the biostratigraphic resolution of the nan­
nofossils in the Norwegian Sea is poor. The nannofossil assem­
blages presented here are similar to those compiled in Leg 38 
(Miiller, 1976) with the exception of the interval containing Cy-
clococcolithus floridanus, which is presented here. 

The nannofossils found at Site 642 can be grouped into five 
assemblages based on first appearance datum (FAD) and last ap­
pearance datum (LAD) of the various marker species. Table 11 
summarizes the calcareous nannofossil zonal boundary markers 
and the assemblages for each zone as well as the Martini stan­
dard zonation equivalent and corresponding age. 

Emiliania huxleyi Zone (NN21) 
Bottom: FAD E. huxleyi. 
Age: late Quaternary. 

Gephyrocapsa oceanica Zone (NN20) 
Top: FAD E. huxleyi. 
Bottom: LAD Pseudoemiliania lacunosa. 
Age: middle Quaternary. 

Interval with P. lacunosa (NN19-16) 
Top: LAD P. lacunosa. 
Bottom: LAD Reticulofenestra pseudoumbilica. 
Age: late Pliocene to early Quaternary. 

Interval with R. pseudoumbilica (NN15-7) 
Top: LAD R. pseudoumbilica. 
Bottom: LAD C. floridanus. 
Age: middle Miocene to early Pliocene. 

Interval with C. floridanus (NN6-1?) 
Top: LAD C. floridanus. 
Age: early Miocene to latest Oligocene or younger. 

Methods 
Samples from sediment bearing cores were prepared as smear 

slides and studied with the optical microscope. Selected upper 
Pleistocene samples were also prepared for scanning electron 
microscope (SEM) examination by treating them with ultrasonic 
and suspension settling techniques. 

Results 
Quaternary samples were recovered from ~ 34 m sub-bottom 

(104-642B-5H-4) followed by a barren to near-barren interval to 
- 5 7 m sub-bottom (104-642B-7H, CC). This interval fluctuated 
between glacial and interglacial deposition. Many interglacial 
sediments contained nannofossil ooze layers with abundant as­
semblages of Gephyrocapsa sp., C. pelagicus, and small Reticu­
lofenestra sp. Also occurring but less abundant are Coronocy-
clus nitescens, Cyclococcolithus leptoporus, Dictyococcites sp., 
Discolithina sp., and Helicosphaera sp. E. huxleyi, the marker 
for E. huxleyi Zone (NN21), was identified at a depth of ~ 4 m 
sub-bottom (104-642B-1H, CC) with the use of SEM. Neither 
E. huxleyi nor P. lacunosa was found at - 1 9 m sub-bottom 
(104-642B-2H, CC), indicating the G. oceanica Zone (NN20). 
Also occurring in this sample are reworked Cretaceous and some 
Paleocene nannofossils. The zonal marker for NN19-16, P. la­
cunosa, is first observed at a sub-bottom depth of - 2 0 m 
(104-642B-4H-1, 17 cm). The LAD of R. pseudoumbilica, the 
marker NN15-7, first occurs at a sub-bottom depth of 78 m 
(104-642B-10H-2, 96 cm). 

At high latitudes, the calcareous nannofossil diversity is rela­
tively low from the middle Miocene to early Pliocene (Back-
man, 1984). In the standard Martini zonation this interval is 
subdivided by the FAD and LAD of discoasters, ceratoliths, and 
sphenoliths, which are all essentially absent from Norwegian 
Sea sediments (Miiller, 1976). The only discoaster present is the 
high-latitude form D. intercalcaris, which is a long-ranging spe­
cies with approximately the same range as R. pseudoumbilica. 
This zone commonly contains nannofossils, abundant but of 
low diversity. The assemblage consists mostly of C. pelagicus, 
small Reticulofenestra, and R. pseudoumbilica. Also occurring 
are C. leptoporus, C. nitescens, Dictyococcites sp., D. intercal­
caris, D. aff. variabilis, Discolithina sp., Helicosphaera sp., and 
Sphenolithus moriformis. At a sub-bottom depth of — 157.5 m 
(104-642B-18H, CC) is the LAD of C. floridanus. According to 
Backman (1984) and Bukry (1973) this corresponds to the top 
of NN6. Roth and Thierstein (1972) mention that the species 
has been recorded in the overlying Discoaster kugleri Subzone 
in some areas, and Miller et al. (1985) also show C. floridanus 
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Table 11. Calcareous nannofossil biostratigraphy, Leg 104, 

Depth 
to Nannofossil Zonal 

base zonation marker 

4 m? Emiliania huxleyi FAD 
642B-1H.CC (NN21) E. huxleyi 

20 m Gephyrocapsa LAD 
642B-4H-1, oceanica P. lacunosa 
17 cm (NN20) 

78 m Pseudoemiliania LAD 
642B-10H-2, lacunosa R. pseudoumbilia 
960 cm (NN19-16) 

157.5 m Reticulofenestra LAD 
642C-11H.CC pseudoumbilica C. floridanus 

(NN15-7) 

> 157.5 Cyclococcolithus 
642B-18H.CC floridanus 

(NN6-1?) 

occurring in NN7. The LAD of C. floridanus found at Site 642 
most likely concurs with the data of Backman (1984) and Bukry 
(1973) in representing the NN6/7 boundary owing to the fact 
that this LAD is found with the LAD of Coccolithus abisectus, 
which also represents the NN6/7 boundary (Backman, 1984). 
This boundary corresponds to the top of the interval with C. 
floridanus (NN6-1?). Also present in this zone are C. pelagicus, 
C. nitescens, Dictyococcites sp., D. deflandrei, D. intercalcaris, 
Helicosphaera sp., R. pseudoumbilica, Reticulofenestra sp., and 
S. moriformis. 

Below ~ 158.5 m sub-bottom (104-642C-19H, CC), Site 642 
is mostly barren of calcareous nannofossils. At a sub-bottom 
depth of -167 m (104-642B-19H, CC), - 2 1 3 m (104-642B-
24H, CC), 293 m (104-642D-12X-5, 145-146 cm), and - 3 0 6 m 
(104-642D-14X-1, 5-6 cm) a few nannofossils were present but 
of too little diversity to be useful for zonal designators. At 
- 3 2 6 m sub-bottom (104-642E-4R-1, 1-2 cm) the same assem­
blage was found as at -167 m sub-bottom and is still desig­
nated as belonging to the interval with C. floridanus (NN6-1?). 
This could represent downhole contamination. H. ampliaperta, 
the zonal marker for NN4, was found in Leg 38 sediments (Miil-
ler, 1976) but was not encountered at Site 642. The Oligocene 
nannofossil zonal markers found from Leg 38 sites, such as Chi-
asmolithus altus, Zygrhabdolithus bijugatus, and the acme of C. 
abisectus, were also not encountered at Site 642, suggesting the 
oldest nannofossils found at Site 642 are all younger than latest 
Oligocene. 

Reworking and Preservation 
Reworked specimens of older nannofossils are commonly 

present down to a sub-bottom depth of 47 m (104-642B-6H, CC). 
The reworking consists primarily of Cretaceous nannofossils, 
but Paleocene reworking was also found to a lesser extent. Re­
working is present in the interglacial as well as the glacial sedi­
ments, but is much more pronounced in the glacial, commonly 
making up over 50% of the assemblage. Reworking is insignifi­
cant from about 47 m sub-bottom down to about 128 m sub-
bottom (104-642B-15H, CC). From about 128 m sub-bottom to 
about 157.5 m sub-bottom (104-642B-18H, CC), Paleocene and 

ite 642. 

Age Species present 

Quaternary E. huxleyi, Gephyrocapsa sp., Coccolithus 
pelagicus, small Reticulofenestra sp., 
Coronocyclus nitescens, Cyclococco­
lithus leptoporus, Dictyococcites sp., 
Discolithina sp., Helicosphaera sp. 

Quaternary Same as E. huxleyi Zone except no E. 
huxleyi 

early Quaternary Same as G. oceanica Zone except add P. 
to late lacunosa 
Pliocene 

early Pliocene to C. pelagicus, small Reticulofenestra, R. 
middle pseudoumbilica, C. leptoporus, C. 
Miocene nitescens, Dictyococcites sp., D. 

intercalcaris D. aff. variabilis, Disco­
lithina sp., Helicosphaera sp., Sphe-
nolithus moriformis 

early Miocene C. floridanus, C. pelagicus, C. nitescens, 
Dictyococcites sp., D. deflandrei, D. 
intercalcaris, Helicosphaera sp., R. 
pseudoumbilica, Reticulofenestra sp., 
S. moriformis, Coccolithus abisectus 

minor Cretaceous reworking is often encountered, but much less 
frequently than in the Quaternary intervals. 

Preservation varies greatly throughout Site 642. The glacial 
sediments are characterized by poor preservation, while the inter­
glacial intervals commonly contain well-preserved nannofossil 
oozes. The Pliocene section, as a general rule, contains moder­
ately to poorly preserved nannofossils, while the upper-middle 
Miocene nannofossils are commonly moderately to well-pre­
served. 

Diversity 
The sediments at Site 642 as a general rule contain relatively 

few calcareous nannofossils and those that are present are of 
low diversity. There are, however, a few intervals with a rela­
tively greater abundance of nannofossils. Low abundances sug­
gest relatively low water temperatures, with the nannofossil-rich 
oozes possibly reflecting relatively warmer water influxes. Some 
interglacial sediments contain coccolith oozes with abundant, 
yet low diversity, nannofossils. The interval from - 104 m sub-
bottom (104-642B-12H, CC) to -158 m sub-bottom (104-642C-
19H, CC) also contains some relatively nanno fossil-rich zones. 
These upper-middle Miocene intervals show a slight increase in 
diversity. Both the Quaternary as well as the upper Miocene nan-
nofossil-rich intervals contain many whole, intact coccospheres 
indicating low postdepositional disturbance from bioturbation. 
Such preservational conditions often are indicative of low bot­
tom oxygen content. 

Discoasters useful for biostratigraphic zonal determinations 
are absent at Site 642; however, a few long-ranging, colder water 
forms are found in the upper-middle Miocene section. The youn­
gest discoaster observed, D. intercalcaris, is present, but rare, at a 
sub-bottom depth of 104 m (104-642B-12H, CC) and is present 
consistently below that. D. deflandrei occurs at a sub-bottom 
depth of -145 m (104-642B-18H, CC). Both of these are cold 
water species. Discoasters in general are among the most resist­
ant to calcite solution, thus their scarcity at Site 642 must be 
mostly a function of paleoecologic exclusion rather than selec­
tive dissolution (Bukry, 1973). Thus, the unfavorably cold cli­
mate at Site 642 can account for the absence of all Pliocene dis-
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coasters and for the occurrence of only a few rare species of 
middle-upper Miocene discoasters with cooler water affinities. 

Planktonic Foraminifer Stratigraphy 

Introduction 
We analyzed the > 63-/*m sieve fraction of core-catcher (CC) 

samples from the shipboard study and additional samples every 
second section. Results for Holes 642A, B, and C are presented 
in Tables 12 and 13. All of Holes 642D and 642E were barren in 
planktonic foraminifers with the exception of a few samples con­
taining obvious downhole contamination. None of the marker 
species for the standard temperate and tropical zonation schemes 
(Blow, 1969; Kennett, 1973; Kennett and Srinivasan, 1981, 1983) 
are present. Thus the standard Neogene zonation is not applica­
ble to this area. However, some Neogloboquadrina species used 
as zonal indicators in a preliminary zonation scheme for the 
high-latitude North Atlantic (Weaver, in press) are present. A 
tentative correlation with the evolving North Atlantic biozona-
tion can be made. An informal local zonation mainly based on 
neogloboquadrinids is suggested in Figure 44. Some taxonomic 
problems are evident due to clear evolutionary trends within the 
Neogloboquadrina plexus. These will be addressed in future stud­
ies, which may alter the results presented here. 

Results 
The interval from the top of the section to 71.66 mbsf in 

Hole 642B (Sample 104-642B-9H-4, 74-78 cm) and 58.06 mbsf 
in Hole 642C (Sample 104-642C-7H-4, 77-81 cm) is strongly 
dominated by Neogloboquadrina pachyderma (sin.) in its en­
crusted form with very compact tests. Other species occur in 
variable amounts. Most common are N, pachyderma (dex.), Glo-
bigerina bulloides, G. falconensis, and G. quinqueloba. Spo­
radic occurrences of Globigerinita glutinata are also found. A 
similar zone was described from Leg 38 sites (Schrader et al., 
1976), and has been found in DSDP sites in the North Atlan­
tic, corresponding with N22 and upper parts of N21 (Berggren, 
1972; Poore and Berggren, 1975; Poore, 1979; Huddlestun, 1984; 
Weaver, in press). 

Weaver and Clement (in press) indicate an age of 1.7 Ma for 
the FAD of encrusted N. pachyderma, whereas the data from 
this and the other Leg 104 sites may indicate a slightly older age 
of about 2-2.5 Ma for this event in the Norwegian Sea. 

The LAD of N. atlantica (sin.) appears at 75.80 mbsf in 
Hole 642B (Sample 104-642B-9H, CC, 8-12 cm) and 60.55 mbsf 
in Hole 642C (Sample 104-642C-8H, CC, 14-18 cm). Berggren 
(1972) concluded that this event occurred at the Pliocene/Pleis­
tocene boundary. New paleomagnetic constraints on this datum 
from Leg 94 in the high-latitude North Atlantic (Hooper and 
Weaver, in press; Weaver and Clement, in press) give an age of 
2.3 Ma. 

Relatively diverse faunas intermingled with barren samples 
continue down to 162.95 mbsf in Hole 642B (Sample 104-642B-
19H-4, 74-78 cm) and to 158.50 mbsf in Hole 642C (Sample 
104-642C-19H, CC, 46-49 cm). The amounts of planktonic for­
aminifers are highly variable from very rare to relatively abun­
dant. N. pachyderma (sin. and dex.) forms a major element of 
the planktonic foraminiferal fauna together with Globigerina 
bulloides and N. continuosa. In some intervals N. atlantica is 
common. 

The LAD of N. continuosa appears at 93.3 mbsf in Hole 
642B (Sample 104-642B-11H, CC, 12-16 cm) and at 81.26 mbsf 
in Hole 642C (104-642C-11H-6, 74-78 cm). Kennett and Srini­
vasan (1983) indicate that this extinction occurred within the 
upper Miocene (N16/N17). Data from the North Atlantic indi­
cate a younger age of about 4.5 Ma in the lower parts of the Gil­
bert Epoch (Weaver and Clement, in press). 

Table 12. Planktonic foraminifers in Holes 642A and 642B. 

Leg 104 
Core/Sec/Int 

(in cm) 

642A 
1-5, 94-98 
1-CC 
642B 
1-2, 74-78 
1-CC, 14-18 
2-3, 36-40 
2-5, 36-40 
2-CC, 1-5 

3-2, 36-40 
3-4, 36-40 
4-1, 35-39 
4-3, 35-39 
4-5, 35-39 

4-CC, 10-14 
5-2, 74-78 
5.4, 74-78 
5-CC, 15-19 
6-2, 44-48 

6-6, 44-48 
7-1, 64-68 
7-3, 64-68 
7-5, 64-68 
7-7, 64-68 

8-1, 64-68 
8-3, 64-68 
8-5, 64-68 
8-CC, 10-14 
9-2, 52-56 

9-4, 52-56 
9-6, 52-56 
9-CC, 8-12 
10-2, 52-56 
10-4, 52-56 

10-6, 52-56 
10-CC, 15-19 
11-2,46-50 
11-4,46-50 
11-6, 46-50 

11-CC, 12-16 
12-2, 67-71 
12-4, 67-71 
12-6, 67-71 
13-1, 74-78 

13-3, 74-78 
13-5, 74-78 
13-CC, 14-16 
14-CC, 6-10 
15-2, 74-78 

15-CC, 7-11 
16-2, 69-73 
16-4, 69-73 
16-6, 69-73 
16-CC, 8-12 
17-2, 71-75 
17-4, 71-75 
17-6, 71-75 
18-1, 72-76 
18-3, 72-76 

18-5, 82-86 
18-CC, 0-4 
19-2, 89-93 
19-4, 72-76 
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Note: A = abundant; F = frequent; C = common; R = rare; X = 
one or two specimens. 
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Table 13. Planktonic foraminifers in Hole 642C. 

Leg 104 
Core/Sec/Int 

(in cm) 

1-2, 82-86 
1-CC, 7-11 
2-2, 28-32 
2-4, 28-32 
2-6, 28-32 

2-CC, 7-11 
3-2, 28-32 
3-4, 28-32 
3-6, 28-32 
3-CC, 13-17 

4-2, 53-57 
4-4, 53-57 
4-6, 53-57 
4-CC, 1-5 
5-2, 67-71 

5-4, 67-71 
5-6, 67-71 
6-1, 67-71 
6-3, 67-71 
6-5, 67-71 

6-CC, 25-29 
7-2, 74-78 
7-4, 74-78 
8-1, 74-78 
8-CC, 14-18 

9-2, 73-77 
10-1, 77-81 
10-3, 77-81 
10-5, 77-81 
10-CC, 9-13 

11-2, 74-76 
11-4,74-76 
11-6, 74-78 
12-1, 73-77 
12-3, 73-77 

12-5, 73-77 
12-CC, 16-20 
13-2, 74-78 
14-1, 73-77 
14-3, 73-77 

14-5, 73-77 
14-CC, 24-26 
15-2, 74-78 
15-4, 74-78 
15-6, 74-78 

16-2, 74-78 
16-4, 74-78 
16-6, 69-73 
17-1, 72-75 
17-3, 72-75 

17-6, 72-75 
18-1, 78-81 
18-3, 78-81 
18-5, 78-81 
18-CC, 10-13 

19-2, 68-71 
19-4, 68-71 
19-6, 68-71 
19-CC, 46-49 
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Figure 44. Informal local zonation based on neogloboquadrinids. For dis­
cussion, see the section on planktonic foraminifer stratification. NSPF = 
Norwegian Sea planktonic foraminifer zone. 

Two changes in dominant coiling direction of Neoglobo-
quadrina species have been recognized and may have regional 
significance as they also seem to appear in high-latitude records 
from the North Atlantic. Above 110.90 mbsf in Hole 642B (104-
642B-13H-5, 73-78 cm) and at 108.35 mbsf in Hole 642C (104-
642C-14H-5, 73-77 cm) sinistrally coiled N. pachyderma domi­
nate strongly, whereas dextrally coiled specimens dominate or 
are much more common beneath. A similar change in coiling 
direction for this species in the North Atlantic was described 
and dated by Weaver (in press), Hooper and Weaver (in press), 
and Weaver and Clement (in press). A change in coiling direc­
tion for N. atlantica, from mixed dextrally and sinistrally coiled 
specimens below to dominant sinistrally coiled specimens above, 
appears at 124.76 mbsf in Hole 642B (104-642B-15H-2, 74-78 
cm) and at 122.76 mbsf in Hole 642C (104-642C-16H-2, 74-78 
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cm). Berggren (1972) and Poore and Berggren (1975) have used 
this change to define the Miocene/Pliocene boundary in the 
North Atlantic. The data of Weaver and Clement (in press) tie 
this event to magnetostratigraphy which shows this to have oc­
curred within the late Miocene at about 7.0 Ma. 

Beneath 162.95 m in Hole 642B and 158.50 m in Hole 642C, 
the sediments are completely barren in planktonic foraminifers. 

Preliminary Planktonic Foraminiferal Zones 
Based on the assemblages of this study, a preliminary plank­

tonic foraminiferal zonation can be established. The zones are 
local, and are only used as informal zones for correlation pur­
poses within this volume. 

Zone NSPF3 
Base: FA of planktonic foraminifers. 
Top: LAD N. continuosa. 
Interval: 93.30-162.95 m in Hole 642B, 81.26-158.50 m in 

Hole 642C. 
Age estimate: middle Miocene(?) to early Pliocene (ca. 4.5 

Ma). 

Zone NSPF4 
Base: LAD N. continuosa. 
Top: LAD N. atlantica. 
Interval: 75.80-93.30 m in Hole 642B, 60.50-81.26 m in 

Hole 642C. 
Age estimate: early Pliocene (ca. 4.5 Ma) to late Pliocene 

(ca. 2.3 Ma). 

Zone NSPF5 
Base: LAD N. atlantica. 
Top: FAD N. pachyderma (sin.) encrusted. 
Interval: 71.66-75.80 m in Hole 642B, 56.16-60.50 m in 

Hole 642C. 
Age estimate: late Pliocene (ca. 2.3 Ma) to late Pliocene/ 

early Pleistocene (1.7-2.0 Ma). 

Zone NSPF6 
Base: FAD N. pachyderma (sin.) encrusted. 
Top: Top of sediment. 
Interval: 0-71.66 m in Hole 642B, 0-60.5 m in Hole 642C. 
Age: 0-1.7 Ma. Early to late Quaternary. 

Preservation and Diversity 
Planktonic foraminifers occur in variable amounts down to 

158.5 mbsf (104-642C-19H, CC). Beneath this level no plank­
tonic foraminifers were found except a very limited number of 
extremely etched specimens. This barren zone stretches from the 
middle Miocene to the lower parts of the lower Miocene. A 
number of barren samples were found also in the upper 158.5 
m. Almost all of these contain either large amounts of detrital 
mineral grains or abundant volcanic glass particles. The preser­
vation is very good to moderate down to 112.5 mbsf and good 
to moderate between 125.8 and 158.5 mbsf. No interval of par­
ticularly badly preserved planktonic foraminifers has been found 
in the upper parts of the section. 

Down to 56.9 mbsf (104-642B-7H, CC) planktonic foramini­
fers dominate over benthic. Between this level and down to 
114.0 mbsf (104-642B-13H, CC) the planktonic to benthic ratio 
is variable, with some samples having higher planktonic than 
benthic content, and others showing the opposite. Deeper than 
128.1 mbsf (104-642-15H, CC), benthic foraminifers in most 
samples strongly dominate over planktonic ones. 

The diversity of the planktonic assemblages is generally low 
with 1-6 species normally found within a sample. The highest 
diversity is found in samples within the upper parts of zone 
NSPF3 and in zone NSPF4. 

Paleoen vironment 

The assemblages of zone NSPF6 are polar to subpolar and 
reflect stadial to interstadial conditions associated with varia­
tions in inflow of North Atlantic Drift water in connection with 
glacial cycles. The environmental signals contained in the as­
semblages of the lower zones are more difficult to interpret ow­
ing to existence of assemblages that have no modern analogs. 

The assemblages of the Zones 5 and 4 indicate subpolar en­
vironments. Both G. bulloides, G. falconensis, and N. pachy­
derma are subpolar species. The extinct species N. atlantica has 
also been interpreted as a subpolar species (Berggren, 1972; 
Poore and Berggren, 1975). None of the typical temperate spe­
cies from the Pliocene have been recorded, thus further indicat­
ing a generally subpolar environment throughout the zone. N. 
pachyderma (sin.) dominate over N. pachyderma (dex.), which 
could indicate a rather cold environment. However, the climatic 
inferences that might be made from the coiling direction of N. 
pachyderma are not as straightforward in the Pliocene/Miocene 
as in the Pleistocene (Kennett and Srinivasan, 1981). In parts of 
the zones the diversity increases and G. bulloides strongly domi­
nate over N. pachyderma. These parts indicate more favorable, 
probably warmer conditions near the early to middle Pliocene 
and a trend of cooling toward the late Pliocene. 

The barren samples in the sediment section above 158.5 mbsf 
are most likely the result of episodes with increased non-biogenic 
sedimentation, mainly by pyroclastic ashfalls. Yet, the changing 
content of planktonic foraminifers and the variable planktonic-
to-benthic ratio (Fig. 45) also leave open the possibility that pe­
riods with low productivity or high dissolution might have oc­
curred. 

The restricted assemblages of the lower parts of Zone NSPF3, 
together with lack of influence of temperate species, also indi­
cate rather cold, subpolar conditions in this interval. The in­
creased diversity and planktonic foraminiferal content upward 
in the zone might reflect improvements in living conditions. 
Still, the low planktonic-to-benthic ratio (Fig. 45) points to ei­
ther low productivity or significant dissolution in the zone. 

Below 158.5 mbsf the whole section is barren in calcareous 
foraminifers. The barren interval beneath NSPF3 indicates a 
significant lowering of the CCD from an extremely high posi­
tion in the early to middle Miocene to a much deeper position in 
the late Miocene. This dramatic event is most likely linked with 
a major change in water circulation in the Norwegian Sea, pos­
sibly with a major inflow of Atlantic Surface Water. The prelim­
inary age estimate for this event is middle Miocene. It is inter­
esting to note that this age may correspond to the mid-Miocene 
18-0 enrichment and Antarctic ice-sheet buildup. 

Benthic Foraminifer and Calcisphere Stratigraphy 
Shipboard analysis of the benthic foraminifers in core-catcher 

samples from Holes 642A through 642D show that there is great 
variability in species between the individual holes (Table 14). In 
the samples from Hole 642E we found no foraminifers except 
for stray specimens that were clearly contamination from the 
overlying younger sediments. As Hole 642A consisted of only 
one sample, it will not be discussed further. In addition to the 
core-catcher samples some core samples were examined to im­
prove the zonation. 

Planktonic foraminifers dominate (83%-999/o of the total for­
aminifers) the assemblage in the uppermost part of the sediment 
sequence cored (Samples 104-642B-1R-7, CC and 104-642C-1H-4, 
CC). There is a general decrease in frequency of planktonic spe­
cies downcore (Fig. 45). Benthic foraminifers constitute more 
than 50% of the total assemblage in samples below approxi­
mately 60 m, except Samples 104-642B-6H, CC; 642B-8H, CC; 
642B-11H-4; 642C-11H, CC; and 642C-12H, CC. In the arena-
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Table 14. Distribution (in °7o total benthic foraminifers) of the most important species of benthic foraminifers in samples from Holes 642A 
through 642D. 
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Note: Abbreviations: R = rare, F 
pteropods, Bv = bivalves, Fi = 

few, C = common, A = abundant, P = poor, M = moderate, G = good, D = diatoms, R = radiolarians, Sp = sponge spicules, Ec = echinoderra spines, Sc = scolecodonts, Pt 
fish remains (teeth, scales, bone fragments), W = wood fragments, X = scattered occurrence. 

ceous zone C (Table 14), planktonic foraminifers are absent. 
The upper 158 m of Holes 642B and 642C contains a highly di­
verse calcareous assemblage, while only arenaceous foramini­
fers are found in the lower parts and in Hole 642D. Barren sam­
ples are numerous in all three holes. 

Hole 642B 
Samples from the upper 60 m contain relatively few benthic 

foraminifers. The uppermost 20 m of the sequence is dominated 
by Cassidulina laevigata, associated with Cibicides wueller-
storfi, Bulimina marginata, Melonis zaandamae, and Eponides 
umbonatus (Table 14). According to Belanger and Streeter 
(1980) and Streeter et al. (1982), C. wuellerslorfi does not in­
habit the Norwegian Sea during full glacial periods. Sample 
104-642B-3H, CC may therefore represent an interglacial. This 
is also confirmed by the sediment studies, which showed that 
this sample contained negligible amounts of ice-rafted debris. 
The samples from 20 to 40 m depth have considerable amounts 
of Elphidium excavatum and other elphidiids which most likely 
represent material transported from the shelf. Samples in which 
Elphidium spp. are abundant are barren of C. wuellerstorfi. 
Erosion and transportation of shelf material to deeper waters 
are likely to have taken place during glacial episodes, and Sam­
ples 104-642B-4H, CC and 104-642B-5H, CC probably repre­
sent glacial periods. As further support of this, the sediment 
studies have shown that these samples also contain a considera­
ble amount of ice-rafted material. 

Below 70 mbsf in Hole 642B the foraminiferal assemblages 
still contain C. laevigata, but the abundance of Epislominella 

exigua gradually increases downcore. E. exigua is associated 
with Cassidulina reniforme and M. zaandamae. Samples 104-
642B-17H, CC and 104-642B-18H, CC contain variable amounts 
of Uvigerina spp., mainly Uvigerina pygmaea langeri, but also 
including transitional forms to U. pygmaea langenfeldensis (Dan­
iels and Spiegler, 1977), plus Pullenia bulloides and Cibicides 
spp. 

In Sample 104-642B-19H, CC there is a change from a di­
verse calcareous to a poor arenaceous assemblage dominated by 
Martinottiella communis in the upper part of the zone and by 
SpirosigmoiUnella in the lower part. 

Hole 642C 
The uppermost three samples in this hole have faunas similar 

to the same interval in Hole 642B, but are generally richer in 
specimens. Between 25 and 60 mbsf the samples contain few 
benthic foraminifers. Below 60 mbsf the assemblages gradually 
become dominated by E. exigua, with a strong dominance of 
uvigerinids (especially U. pygmaea langeri), P. bulloides and Ci­
bicides spp. in Samples 104-642C-17H, CC through 104-642C-
19H, CC. At 160 m depth the calcareous fauna is replaced by a 
meager arenaceous assemblage. 

Hole 642D 
Samples from this hole are poor, or barren, and contain only 

arenaceous foraminifers (mainly M. communis, Silicosigmoi­
lina sp., and SpirosigmoiUnella spp.). The lowermost portion of 
this hole is barren, except for one specimen of Cribrostomoides 
sp. in Sample 104-642D-17X, CC. 
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interval 
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Discussion 

Core Zonation 
Based on only the core catcher and a few core samples it is 

difficult at this time to make an overall detailed zonation for the 
three holes, especially in the interval characterized by calcareous 
benthic foraminifers (0 to 150 m). Nevertheless, we have defined 
five zones/subzones for the cored sequence (Fig. 45 and Table 
14). 

Zone A, found in the uppermost 110 m, is characterized by 
the presence of C. laevigata. It has been subdivided into sub-
zones Al and A2, based on the presence of ice-rafted debris in 
the upper zone as well as the abundance of M. zaandamae in 
the lower zone (Table 14). The lower boundary of Zone A marks 
the first occurrence of C. laevigata. In addition to C. laevigata, 
Zone A2 is characterized by CassiduUna (also called Globocas-
sidulina in some literature) subglobosa (especially in Hole 642B), 
M. zaandamae, and considerable amounts of E. exigua in some 
samples. 

Zone B is characterized by E. exigua, which constitutes more 
than 50% of the total assemblage in some samples (Table 14). In 
the lower part of Zone B, U. pygmaea langeri and the transi­
tional forms to U. langenfeldensis (Daniels and Spiegler, 1977) 
become important. Study of more core samples may enable us 
to further subdivide this zone. 

Zone C, which comprises the lower portion of Holes 642B 
and 642C as well as all of Hole 642D, is characterized by the ab­
sence of calcareous foraminifers and the presence of a poor are­

naceous assemblage. This zone has been subdivided into Sub-
zones Cl , with Martinottiella communis, and C2, where M. 
communis has not been registered. Subzone C2 is characterized 
instead by SpirosigmoiUnella (Miliammina) spp. and Silicosig­
moilina sp. One sample in Zone B (Sample 104-642C-16H, CC) 
contained only arenaceous foraminifers, including M. commu­
nis; the significance of this sample is not understood at this 
time. 

Reworking of benthic foraminifers seems to be of little im­
portance. We have found only one or two specimens of clearly 
older (Eocene) material in a few samples. 

Age of Deposits 
Most of the benthic foraminifers identified have long time 

ranges. According to Berggren (1972), the major faunal shift 
takes place in the middle Miocene. It is therefore impossible to 
date the sequence based on foraminifers alone. The age inter­
pretation (Fig. 45) has been based on the other fossil groups 
studied as well as magnetic measurements. Two species that do 
have somewhat restricted time ranges are U. pygmaea langeri, 
which is confined to the early and middle upper Miocene in the 
North Sea area and Germany (King, 1983), and M. communis, 
which is a middle to upper Miocene species. From our results it 
seems as though the time range of U. pygmaea langeri may be 
extended into the middle Miocene. 

Species of Bolboforma (Problematica; Daniels and Spiegler, 
1974), often called calcispheres, occur in large numbers in cer­
tain samples in Zones A2 and B. They have not been counted, 
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but the presence of different species has been noted in Table 14. 
The most abundant species occurring are B. aculeata, B. laevis, 
B. clodiusi, B. metzmacheri, and B. 1 spiralis. Our specimens of 
B. aculeata possess long bifurcating spines and therefore differ 
from those described by Daniels and Spiegler (1974) from north­
west Germany. However, Murray (1984) described similar speci­
mens of calcispheres with bifurcating spines which he called B. 
aculeata (Murray, 1984, Plate 1, Figs. 1 and 2), after examining 
material from Daniels and Spiegler (1974). Bolboforma have 
been reported from northwest Germany (Daniels and Spiegler, 
1974), the North Atlantic (Murray, 1984), and the Antarctic 
(Rogl and Hochuli, 1976), and appear to be useful stratigraphic 
markers. They range from the upper Oligocene to the upper Mi­
ocene (Daniels and Spiegler, 1974), and Murray (1984) has ex­
tended their range into the lowermost Pliocene. The species iden­
tified in our material have their main distribution in the middle 
and upper Miocene. However, one species, B. spiralis, described 
as upper Oligocene to lower Miocene (Daniels and Spiegler, 
1974), was found in upper Miocene deposits on the Rockall Pla­
teau (Murray, 1984). At present we doubt that the specimens 
found at this site belong to B. spiralis. This taxonomic problem 
has to be solved by later studies of more material and will be 
presented in Part B of Vol. 104. 

Comparison to DSDP Leg 38 
Six DSDP Sites, 338-342, were drilled on the Wring Plateau 

during Leg 38 (Talwani, Udintsev, et al., 1976). Comparison of 
Site 642 to Leg 38 sites is difficult, first, because of the very in­
complete sediment record recovered at the Leg 38 sites, and sec­
ond, because of the general manner in which the foraminiferal 
results were presented. Nevertheless, there is good agreement in 
areas where there is stratigraphic overlap. The uppermost part 
of Site 642 is very similar to Sites 338, 341, and 342, which con­
tain C. laevigata (= /. teretis) with E. excavatum (= E. incer-
tum f. clavatum) from glacial periods and C. wuellerstorfi from 
interglacials. The major difference in the sites occurs in the mid­
dle and upper Miocene sequence because Leg 38 sites do not re­
cord the abundant calcareous assemblages observed in Site 642 
Zone B, but this may be owing to lack of recovery at Leg 38 
sites. Middle and lower Miocene benthic foraminifer assemblages 
at both Site 642 and Leg 38 sites are in agreement and show an 
arenaceous assemblage of M. communis, Spirosigmoilinella and 
Spirolocammina. Sediments containing benthic foraminifers 
older than early Miocene were not recovered at Site 642. 

Paleoenvironment 
The calcareous foraminifers and the Bolboforma species found 

in Zones A and B indicate fully marine conditions. The one ex­
ception is the presence of the euryhaline species E. excavatum 
in the upper part of Hole 642B, which, as noted above, proba­
bly represents transported material. Most of the dominant ben­
thic foraminifers are cosmopolitan species that are typical of 
deep water, including the Norwegian Sea (Belanger and Streeter, 
1980; Sejrup et al., 1981). According to Thiede (1980), the Nor­
wegian-Greenland Sea attained its present size, shape, and depth 
during the late Miocene. At present, we cannot explain the 
change from the C. laevigata assemblage of Zone A to the E. 
exigua/M. zaandamae assemblage of Zone B. Study of more 
closely spaced samples may solve this problem. The increasing 
frequency of M. zaandamae and P. bulloides and decrease of E. 
exigua downcore may reflect increasing bottom water tempera­
tures, and probably decreasing water depths. P. bulloides and 
M. zaandamae are abundant in surface samples from the Nor­
wegian continental shelf and upper slope (Qvale, 1985; Sejrup 
et al., 1981). In addition, the occurrence of U. pygmaea langeri 
also indicates shallower water depths. In the North Sea this spe­
cies is common in deposits interpreted as outer littoral to epi-

bathyal (King, 1983). The change in the assemblage may also be 
caused by an environmental change not necessarily related to 
water depth. However, the decrease in frequency of planktonic 
foraminifers also indicates decreased oceanic influence. The ab­
sence of planktonic foraminifers might be due to an increased 
dissolution rate or a decrease in surface water productivity. The 
benthic foraminifers, however, despite some degree of fragmen­
tation, seem not to be affected by dissolution. Most specimens 
are still transparent and glassy. The abundance of diatoms and 
Bolboforma does not reveal a decrease in surface productivity. 

Some samples (104-642B-9H, CC; 642B-11H-4; 642B-15H-
1; 642B-15H-3; 642C-8H, CC; and 642C-11H, CC) are charac­
terized by containing very small specimens (dwarfs). In addition 
to E. exigua, which is normally smaller than 150 /xm in diame­
ter, small specimens of larger foraminifers are abundant. The 
occurrence of dwarfs may be the response to unfavorable envi­
ronmental conditions. 

The major change in the cored sequence, the switch from a 
diverse calcareous fauna to a poor arenaceous one, may have 
been caused by a major environmental change or may indicate a 
hiatus. Little is known about the ecology of M. communis (Zone 
Cl). Species of the genus Martinottiella have been recorded from 
outer shelf to abyssal depths (Boltovskoy and Wright, 1976). 
Most of the arenaceous foraminifers observed at this site seem 
to be very tolerant of environmental changes. The lack of cal­
careous fossils may be the result of dissolution rather than ab­
sence owing to ecologic conditions at the time of deposition. 
Evidence for this dissolution is found from Sample 104-642D-
12H, CC, where molds of dissolved foraminifer tests are possi­
bly preserved as globular glauconite sand-sized grains. 

At present, we are not able to fully explain the numerous 
barren intervals at this site. They may represent periods of low 
foraminifer production or extensive dissolution. Below 95-m 
depth at Site 642, the minerogenic sand fraction is mainly vol­
canic material. Heavy ashfall may kill benthic organisms either 
by burial, or by sealing off the substrate. Increased silica input 
from the ashfall may also lead to increased production of sili­
ceous organisms which would lead to the increased decay of or­
ganic material, decreased pH, and the increased dissolution of 
calcareous material. 

Palynology of Site 642 
Dinocysts (dinoflagellate cysts), pollen, and spores were exam­

ined in core-catcher samples and volcaniclastic sediment units 
(Table 15) from Holes 642A through 642E, located on the Vdring 
Plateau, 67°13.2'N, 02°55.8'E, at about 1288-m water depth. 
Palynodebris (kerogen) types in the samples were also noted, 
but quantitative studies were not made. The methods used to 
process the palynological samples and to obtain numerical data 
are described in the "Explanatory Notes" chapter (this volume). 
The ratio of dinocysts to total pollen and spores (including re­
worked specimens) was plotted using the same method as Manum 
(1976) so that the results for ODP Leg 104 and DSDP Leg 38 
would be directly comparable. This dinocyst ratio provides an 
index of the relative proportion of marine vs. terrigenous or­
ganic matter in the sediments, and it may provide approximate 
paleodepth estimates. 

Figure 46 shows the ranges of the main dinocyst chrono-
stratigraphic markers in Holes 642B, 642D, and 642E and the 
dinocyst ratio (D/P) for these samples. Table 16 lists the pollen 
and spore distributions and relative amounts of palynodebris. 
Only four samples from Hole 642C (Cores 104-642C-1H and 
104-642C-22H through 104-642C-24H) were examined, which 
overlap with Hole 642B and have been included with data for 
Cores 104-642B-1H and 104-642B-21H through 104-642B-23H. 
Nine informal palynozones (PM) are tentatively delimited, based 
primarily on the stratigraphic ranges of well-known Neogene 
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Table 15. Samples examined for palynomorphs in Hole 642E. 

Core, section 
and interval (cm) 

104-642E-
Sub-bottom 
depth (m) 

Volcaniclastic 
unit no. 

Lithological characteristics 
(from shipboard petrology & microscopy) 

2W-02, 70-72 
2W-02, 120-124 
2W-03, 8-9 
4R-01, 0-4 
5R-01, 20-22 
7R-02, 112-117 
12R-01, 64-65 
12R-CC 
19R-05, 3-5 

21R-01, 21-23 
23R-01, 114-115 
25R-03, 80-85 

27R-02, 45-60 

31R-01, 0-2 

31R-01, 150 
33R-01, 140-144 
34R-01, 13-16 
35R-02, 6-7 

35R-02, 100-110 
35R-02, 111-113 
42R-01, 56-57 

42R-01, 75-76 
42R-01, 94-95 
42R-01, 110-111 
45R-01, 6-7 
54R-02, 65-66 

54R-02, 69-71 
54R-02, 78-80 
54R-02, 87-88 
54R-02, 108-109 
55R-02, 88-90 

67R-01, 1-3 

77R-01, 14-16 
85R-05, 125 
86R-02, 82 

87R-01, 122 

94R-01, 20-24 

94R-04, 20-24 
95R-01, top 
95R-03, base 
96R-01, 24 
98R-01, top 
109R-01, 85 
110R-01, base 

320.22 
320.74 
321.09 
326.50 
335.10 
356.97 
387.85 
395.80 
450.10 

461.20 

498.95 

514.80 

549.50 

550.00 
566.34 
574.56 
586.97 

588.00 
588.30 
650.67 

650.86 
651.05 
651.21 
678.60 
740.86 

740.91 
741.00 
741.08 
741.29 
750.60 

844.20 

931.06 
1015.05 
1019.62 

1026.52 

1085.24 

1091.24 
1094.50 
1099.00 
1102.74 
1115.80 
1211.25 
1229.40 

S3 
S3 
S3 
S3 
S4 
S6 
S8 
? 
S10 
?S10 
S12 
S15 
S16, base 

? 

(Unit not logged) 
S18 
?S18 
S19 
S19 
S19 
S21 
S21 
S21 
S21 
S22 
S26 

S27 
S30 
S34 
S39 
S40 
S41 
S44 

?S46 
?S47 
Basalt 

Gray sandy mud 
Gray sandy mud 
Gray mud above pebble horizon 
Muddy pebble horizon 
Dark red-brown, basaltic vitric tuff, Mn, Cu-rich 
Dark red-brown tuff, basaltic vitric feldspar and quartz grains well rounded 
Dark brown basaltic vitric tuff 
Poorly sorted feldspar and quartz 
Dark red-brown tuff; subrounded feldspar and quartz grains; basaltic vitric, 

well sorted; few fresh shards 
Probably rubble displaced from S10 
Well-sorted basaltic vitric tuff 
Red-brown, basaltic vitric bedded tuff; angular feldspar and quartz; fresh 

shards 
Gray-to-brown basaltic vitric tuff, partly well-sorted & graded; fresh shards; 

angular feldspar 
Basaltic vitric tuff, probably displaced from top of flow Unit 36 at 539.5 m; 

poorly sorted feldspar-quartz 
Poorly sorted angular feldspar-quartz 
Red-brown basaltic vitric tuff 
Red-brown basaltic vitric tuff, probably displaced from S18 
Top of red-brown basaltic vitric tuff with 3 graded beds; thin silt parting 

with common biosiliceous material 
Top of lowest graded bed in Unit S19 
Base of graded bed in Unit S19 
?Middle of upper bed in graded, well-sorted red-brown basaltic vitric tuff 

with some shards 
?Top of middle bed, Unit S21 
?Middle of middle bed, Unit 21 
?Base of middle bed, Unit S21 
Top of reworked dark red-brown basaltic vitric tuff 
Dark red-brown to dark-gray basaltic vitric tuff with graded beds; dark gray 

and well sorted from 65-66 cm 
Red-brown tuff, fining up from 74-64 cm 
Dark red-brown bed, sandy top 81-74 cm 
Dark-brown silt below rounded clasts at 82-83 
Brown silt below lapillistone and clasts from 104-108 cm 
Dark red-brown basaltic vitric tuff with uniform texture; abundant fresh 

shards 
Dark red-brown vitric-lithic tuff or sandy siltstone with vesicular clasts; 

nonvitric; no shards 
Dark brown vitric tuff with coarse silt matrix around vesicular clasts 
Dark red-brown vitric lithic tuff, well sorted with graded beds 
Dark red-gray brown vitric lapillistone tuff, well-sorted, grading upward from 

93-85 cm; fresh shards 
Dark brown-dark red-brown basaltic lithic vitric tuff, moderately well sorted, 

with deformation structures in coarse beds 
Dark red-brown massive lithic vitric tuff with intervals of sorted graded beds, 

interspersed with homogeneous/bioturbated beds 
Bioturbated interval 

?Basaltic vitric clast, probably displaced from higher unit 
Gray? vitric lithic tuff, fine grained with bioturbated intervals 
END OF HOLE 

North Atlantic dinocysts (Williams, 1977; Harland, 1979; Ed­
wards, 1984; Mudie, 1985) and on the ranges of diagnostic Pa-
leogene species (Manum, 1976; Drugg and Stover, 1977; Wil­
liams, 1977; Costa and Downie, 1979; Elde, 1985; Brown and 
Downie, 1984). These dinocyst ages are supported by pollen and 
spore ages documented by Koreneva et al. (1976) for Leg 38 and 
by correlation with data from Neogene stratotypes (Sue and 
Zagwijn, 1983). 

Problems regarding precise dating of the oldest sediments at 
Site 642 require that palynozones be described in descending or­
der, starting at the top of the section where age designation is 
certain. Informal names are proposed for the palynomorph zones, 
based on either the most important range zone (RZ) or concur­
rent range zone (CRZ) taxa, or on species that have well-defined 
acme zones (AZ). It is important to note, however, that this zo-

nation is both tentative and informal because it is impossible to 
define precise palynostratigraphic zones from core-catcher sam­
ples alone. Onshore studies of samples from each section of 
cores from Holes 642B, 642C, and 642D are being made that 
will undoubtedly result in a more precise palynostratigraphy for 
ODP Site 642. 

Zone PM1: (104-642B-1H-1, 0-2 cm, to 104-642B-6H, CC, 
0-47.4 m) 

Informal names: Spiniferites elongatus Range Zone (PMla) 
and Filisphaera filifera Acme Zone (PMlb). 

Samples 104-642A-1H, CC; 642B-1H, CC to 642B-5H, CC; 
and 642C-1H, CC contained a small diversity of well-preserved 
Quaternary dinocyst, pollen, and spore taxa. Dinocyst assem­
blages at the top of the section are dominated by Operculodi-
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Figure 46. Dinocyst range chart and palynozones, Site 642. 
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Table 16. Pollen and spore distribution and relative amounts of palynodebris, Holes 642B and 642C. 

Hole 

642B 

642C 

Core 
Section 
Sample 

I CC 
2-1, 0-5 
2 C C 
3 CC 
4 C C 
5 CC 
6 C C 
7 CC 
8 C C 
9 C C 
10 CC 
II CC 
12 CC 
13 CC 
14 CC 
15 CC 
16 CC 
17 CC 
18 CC 
19 CC 
20 CC 
21 
22 CC 
23 CC 
24 CC 
25 CC 

1 CC 
22 CC 
23 CC 
24 CC 
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Note: Preservation: p = poor, g = good, m = moderate. Occurence: r = rare, f = few, c = common, a = abundant, + = fragments. 

nium centrocarpum (interglacial sediments) or Multispinula mi-
nuta, Brigantedinium simplex, Bitectatodinium tepikiense, and 
Spiniferites spp.; Filisphaera filifera becomes dominant in Sam­
ples 104-642B-5H, CC and 104-642B-6H, CC (29.4-38.9 mbsf). 
Quaternary sporomorph assemblages are dominated by Pinus, 
Picea, and Sphagnum species. Large numbers of reworked Cre-
taceous-Paleogene sporomorphs, dark-brown (thermally altered) 
wood fragments, and coaly (black, highly carbonized) particles 
are present in all samples except the surface carbonate ooze. 

Comparison and Age 
Zone PM1 is delimited primarily by the range of B. simplex 

(104-642B-1H-1, 0-2 cm, to 104-642B-5H, CC) and Spiniferites 
scabratus (104-642B-2H-1, 0-2 cm, to 104-642B-5H, CC). The 
base of the zone is marked by the LAD of Achomosphaera ra-
mulifera, Hystrichosphaeropsis obscurum, Operculodinium sp. 
of Jan du Chene (1977) and Lingulodinium machaerophorum, 
all of which occur in Sample 104-642B-6H, CC (47.4 mbsf). 
The LAD of A. ramulifera is a well-known marker of the Plio­
cene-Pleistocene boundary in the North Atlantic (Williams, 1977; 
Mudie, 1986), and in DSDP Hole 611A on the southeastern 
Rekjanes Ridge, H. obscurum and Operculodinium sp. of Jan 
du Chene both disappear at the top of the Olduvai magnetoch-
ron. Zone PM1 is therefore undoubtedly of Pleistocene age. 

Zone PM1 is subdivided into Subzones PMla (0-29.4 mbsf) 
and PMlb (29.4-47.4 mbsf) based primarily on the LAD of E 
filifera in Sample 104-642B-4H, CC. At DSDP Sites 611 and 
607 (Mudie, 1987), this datum corresponds to the Jaramillo 
magnetochron (0.94 Ma). Subzone PMla is marked by the FAD 
of Spiniferites elongatus, Votadinium calvum, and Protoperidi-
nium faeroense in Samples 104-642B-2H-1, 0-2 cm, and 104-
642C-1H, CC. Subzone PMla corresponds closely to the late 
Pleistocene dinocyst Zone Illb at DSDP Site 611, and, in part, 
to dinocyst Zone IV at DSDP Site 400, Bay of Biscay (Harland, 
1979). 

Subzone PMlb is of early Pleistocene age and corresponds 
closely to Subzone Ilia at Site 611. At Site 642 and other sites 
on the Vefring Plateau, however, there is a sparsity of typical 
subarctic oceanic species, e.g., Nematosphaeropsis labyrinthea 
and Impagidinium spp., which presently occur in the eastern 
Norwegian Sea (Harland, 1983). Closely spaced samples, how­
ever, show that these species are present at sporadic (?intergla-
cial) intervals in the Pleistocene sediments (Mudie, in prep.). 
The sporomorph genera Tsuga and Osmunda have their LAD in 
the early Pleistocene Subzone PMlb. These datums are in ac­
cord with the zonation of Williams and Bujak (1977) for eastern 
Canada, for Site 611 (Mudie, 1987) and for northwest European 
stratotypes (Sue and Zagwijn, 1983). Koreneva et al. (1976) give 
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older ages (Miocene-Pliocene) for the LAD of these genera at 
DSDP Sites 338 and 348, however, presumably owing to limited 
recovery and sampling of Pleistocene sediments. 

Paleoenvironment 
Palynomorphs in Zone PM1 are all characteristic of Pleisto­

cene glacial-inter glacial sediment cycles in the North Atlantic, 
and large fluctuations in D/P probably reflect variations in ter­
rigenous sediment influx that accompany changes in sea level 
and the deposition of ice-rafted debris (Manum, 1976; Mudie 
and Asku, 1984; Asku and Mudie, 1985a; Mudie and Short, 
1985; Harland 1984a, b). Dinocyst assemblage composition is 
similar to that found below modern subarctic-arctic surface wa­
ters in the North Atlantic and Baffin Bay (Harland, 1983; Mu­
die and Short, 1985). Sporomorph assemblages are also charac­
teristic of marine sediments in modern subarctic to arctic re­
gions (Mudie, 1982; Mudie and Short, 1985). The low numbers 
of Neogene pollen and spores indicate long-distance eolian trans­
port from forest-tundra vegetation (Zone PMla) and from bo­
real forest vegetation (Zone PMlb). 

Zone PM2: (104-642B-6H, CC to 104-642B-9H, CC; 
47.4-75.9 m) 

Informal name: Achomosphaera ramulifera-Impleto-
sphaeridium Range Zone. 

Dinocyst assemblages in Zone PM2 of Hole 642B are domi­
nated by E filifera, O. centrocarpum, Brigantedinium spp., and 

Impletosphaeridium spp. Dinocyst species diversity is more than 
twice as high as in Zone PM1. Typical oceanic species, e.g., N. 
labyrinthea and Impagidinium pallidum, are sporadically present 
in addition to the oceanic-neritic species listed above. Neogene 
pollen and spores are still dominated by bisaccate pollen, Pinus 
and Picea, but species diversity is much higher than in Zone 
PM1. Scattered specimens of Tsuga, Podocarpus, and Taxodium 
are present, along with Betula, Carpinus, and rare Juglans. Neo­
gene spores include Pteridium, Lycopodium, and Selaginella, in 
addition to Sphagnum. Abundant reworked (Mesozoic-Paleogene) 
bisaccate pollen and spores occur at the top of Zone PM2 (Sam­
ples 104-642B-6H, CC and 104-642B-7H, CC), followed by a 
rapid decrease downhole, and disappearance at the base of the 
zone (Sample 104-642B-9H, CC). Likewise, highly altered wood 
and black coaly fragments are abundant at the top of the zone, 
but only unaltered wood fibers/tracheids are present at the base. 

Comparison and Age 
The top of Zone PM2 is delimited by the LAD of A ramuli-

fera, H. obscura, L. machaerophorum, and Operculodinium 
sp. of Jan du Chene (1977) in Sample 104-642B-6H, CC. Most of 
these species disappear at or near the Pliocene/Pleistocene bound­
ary at the top of dinocyst Zone II at DSDP Site 400 (Harland, 
1979). / . pallidum also has its LAD at the Zone PM2/1 bound­
ary, which corresponds exactly to its LAD at Bering Sea DSDP 
Leg 19 sites (Bujak, 1984) and agrees well with its disappearance 
at the Reunion magnetic event (2.0 Ma) in CESAR Core 14 
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from the Central Arctic Ocean (Asku and Mudie, 1985b). Tecta-
todinium simplex, N. labyrinthea, Labyrinthodinium trunca­
tum, and Impletosphaeridium spp. also disappear just below 
the Zone PM2/1 boundary in Sample 104-642B-7H, CC (56.9 
mbsf)- This LAD of Impletosphaeridium spp. agrees with the 
dinocyst zonation for DSDP Site 611, but at this lower latitude 
site, T. simplex and L. truncatum disappear earlier, at the dino­
cyst Zone I/II boundary, which corresponds to the middle of 
the Nunivak magnetic event (4.1 Ma). At Site 642, the LAD of 
Palaeostomocystis spp. and the FAD of M. minuta occur near 
the middle of Zone PM2, in Sample 104-642B-8H, CC (66.4 
mbsf). At Site 611, the LAD of Palaeostomocystis spp. corre­
sponds to the top of the Gauss magnetic event (2.48 Ma). 

The base of Zone PM2 is marked by the LAD of Achomo-
sphaera andalousiense and Operculodinium crassum in Sample 
104-642B-9H, CC (75.9 mbsf)- At Site 611, the LAD of A. an­
dalousiense lies just below the base of dinocyst Zone II and it 
corresponds to the top of the Sidufjall magnetic event (4.41 
Ma), whereas the LAD of O. crassum occurs at the base of the 
Gauss chron (3.4 Ma), marking the early/late Pliocene bound­
ary. Thus Zone PM2 is of early-late Pliocene age, and by corre­
lation with Site 611, the base of the zone has a maximum age of 
4.41 Ma. General support for this age assignment is provided by 
the LAD of the pollen genera Podocarpus, Taxodium, and Se­
quoia in Zone PM2 (Sample 104-642B-7H, CC). In northwest­
ern Europe (Leopold, 1969) and in eastern Canada (Williams 
and Bujak, 1977), these genera disappeared between the late Pli­
ocene (Brunssumanian Stage, ca. 3 Ma) and the base of the 
Cromerian Stage (ca. 1.5 Ma). 

Paleoenvironment 
The increase in species diversity of the dinocyst assemblages 

in Zone PM2 is mainly owing to the presence of subtropical-
temperate oceanic species, e.g., N. labyrinthea, H. obscurum. 
The presence of L. machaerophorum and Palaeostomocystis 
spp. may indicate lower than normal surface salinity (Williams, 
1977; Harland, 1983; Mudie, 1986). The occurrence of the high 
latitude (Bering Sea-Arctic Ocean) taxa /. pallidum and F. fili-
fera suggests a strong mixing of cold Arctic and warm Norwe­
gian Current water. Pollen assemblages indicate a mixture of 
boreal and warm temperate forest vegetation onshore. The pres­
ence of Taxodium and Sequoia pollen suggests that climate was 
warm and moist in some regions, with summer and winter max­
ima of 24°C and 6°C, respectively (i.e., the present-day limits 
of Taxodium). The reduction of reworked sporomorphs in Zone 
PM2 coincides with the cessation of ice-rafted debris influx. 

Zone PM3: (104-642B-9H, CC to 104-642B-14H, CC; 
75.9-123.5 m) 

Informal name: Amiculosphaera umbracula Range Zone. 
Dinocysts and pollen are numerous and well preserved in this 

zone. Assemblages contain mostly the same species as Zone PM2, 
but dinocyst diversity is greater owing to the addition of several 
Miocene taxa. Dinocyst assemblages are dominated by A. ramuli-
fera, L. truncatum, and Palaeostomocystis spp., which reached 
an acme in the lower part of the zone (Sample 104-642B-12H, 
CC, 104.2 mbsf). L. machaerophorum and H. obscurum are 
also common. In the upper part of the zone, there are sporadic 
occurrences of Spiniferites splendidus and a short-lived peak of 
Impagidinium patulum (Core 104-642B-10H, CC). In the lower 
part of the zone, Amiculosphaera umbracula, Hystrichokolpoma 
cf. H. poculum Harland (1979) and Lejeunia sp. 1 are present. 
Pollen and spore assemblages are dominated by Picea, Pinus, 
and Pteridium spp., with minor amounts of Tsuga or Tax­
odium, Cedrus, and Podocarpus. Small numbers of Alnus, Bet-
ula, and Ericales pollen are also present. Palynodebris in most 
samples includes about 30% amorphogen. Abundant reworked 

Cretaceous-Paleogene bisaccates, spores, and coaly fragments 
are found in Samples 104-642B-10H, CC and 104-642B-12H, 
CC, but the other samples contain only small amounts of well-
preserved wood fibers. 

Comparison and Age 
The top of Zone PM3 is marked by the LAD of O. crassum 

and A andalousiense in Sample 104-642B-9H, CC. The ranges 
of O. crassum, A. umbracula, and Lejeunia sp. 1 are restricted 
to this zone in Hole 642B, and the base of PM3 is marked by 
the FAD of these species in Sample 104-642B-14H, CC. This 
boundary also marks the top of the L. machaerophorum acme 
in the underlying Zone PM4 and the LAD of Melitosphaeri-
dium choanophorum, Systematophora ancyrea, and P. golzo-
wense. These three species disappeared in the early-late Miocene 
at DSDP Sites 553 and 551, Rockall Bank (Edwards, 1984), at 
Site 400, Bay of Biscay (Harland, 1979), and at the middle/up­
per Miocene stratotype near Gram, western Denmark (Piasecki, 
1980). Dinocyst Zone PM3 can be correlated, in part, with di­
nocyst Zone lb at DSDP Site 611, which is of late Miocene-
early Pliocene age (10.1-4.41 Ma). The LAD of O. crassum at 
Site 611 corresponds to the top of Chron 7, which marks the 
base of the Messinian Stage (6.8 Ma), thereby providing some 
evidence that there is a hiatus between 7.4 and 12.4 Ma in the 
upper Miocene sediments of Hole 642B. If the interval contain­
ing the acme of Palaeostomocystis spp. (104-642B-11H, CC to 
104-642B-13, CC, 94.9-114 mbsf) corresponds to the Pontian 
Stage, however, this correspondence provides evidence for a semi-
isolated regional marine flora in the Norwegian Sea from ca. 
8.8-6.8 Ma, which is the age of the Pontian Stage according to 
the most recent chronostratigraphic revision by Rogl and Steininger 
(1984). 

Paleoenvironment 
At present there is insufficent knowledge of Miocene-lower 

Pliocene dinocyst assemblages to make definite statements about 
the marine paleoenvironment in Zone PM3. By comparison 
with assemblages at DSDP Sites 611, 555, and 400, however, 
there is a low representation of typical temperate North Atlantic 
oceanic species. Conversely, in Zone PM3 there are large num­
bers of Palaeostomocystis species which dominate the brackish 
water, marginal marine sediments in the Pontian stratotype (Baltes, 
1971). Pollen and spore assemblages in Zone PM3 mainly indi­
cate a boreal-temperate climate similar to Zone PM2 but inter­
spersed with some cooler (boreal) climatic intervals. 

Zone PM4: (104-642B-14H, CC to 104-642B-17H, CC; 
123.5-147.8 m) 

Informal name: Nematosphaeropsis aquaeducta Range 
Zone. 

Dinocysts and sporomorphs are abundant and well preserved 
throughout this palynozone. Dinocyst assemblages are domi­
nated by L. machaerophorum and L. truncatum', A. ramulifera, 
M. choanophorum, and Tectatodinium simplex are common 
throughout, and Nematosphaeropsis aquaeducta is common in 
the middle of the zone. Bisaccate pollen {Pinus, Picea, Abies, 
and Cedrus) are dominant, Taxodium is common, and warm 
temperate hardwood species are frequent, e.g., Quercus, VI-
mus, and Pterocarya. Fern spores are relatively rare. Palynode­
bris is mainly amorphogen (ca. 50%), with wood fragments 
common only in Sample 104-642B-17H, CC. Reworked palyno-
morphs are rare, with a few Paleogene dinocysts occurring in all 
samples. 

Correlation and Age 
The top of Zone PM4 is marked by the LAD of M. cho­

anophorum, S. ancyrea, P. golzowense, and Foliactiniscus spp. 
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in Sample 104-642B-14H, CC (123.5 mbsf). Pentadinium laticinc­
tum, Batiacasphaera sphaerica, and TV. aquaeducta also have 
their LAD just below the top of the zone, in Sample 104-642B-
15H, CC (128.1 mbsf). The base of Zone PM4 is marked by the 
LAD of Lophocysta sulcolimbata in Sample 104-642B-17H, CC 
(147.8 mbsf), which also corresponds to the base of the L. ma-
chaerophorum acme and the top of the B. baculata acme. The 
assemblages in Zone PM4 correspond closely to those of the 
middle Miocene Zone B at DSDP Site 555 (Edwards, 1984), 
and, in part, to the upper-middle Miocene assemblages of Zone 
1 at DSDP Site 400 (Harland, 1979) and at the Gram stratotype. 
In the type section, the LAD of N. aquaeducta corresponds to 
the base of the foraminiferal Zone N15. At DSDP Site 555, the 
boundaries of Zone B extend from the base of magnetochron 15 
(ca. 15.5 Ma) to the top of Chron 12 (12.8 Ma). Hence, Zone 
PM4 appears to have a middle Miocene to very early late Mio­
cene age. 

Paleoenvironment 
Dinocysts in Zone PM4 indicate a marine environment simi­

lar to Zone PM3 but with the acme of L. machaerophorum pos­
sibly indicating subtropical conditions. Pollen assemblages indi­
cate a mixture of boreal and warm temperate or subtropical for­
est similar to Zone PM2, but the increase in thermophilous 
hardwood species and reduction in ferns suggest that the climate 
was periodically cooler and drier. 

Zone PM5: (104-642B-17H, CC to 104-642C-23H, CC; 
147.8-192.4 m) 

Informal name: Batiacasphaera baculata Acme Zone. 
Palynomorphs in this zone are common to abundant and 

both dinocysts and sporomorphs are well preserved. Dinocyst 
assemblages are dominated by B. baculata, M. choanophorum, 
and P. golzowense. Species diversity is relatively high, with TV. 
labyrinthea, H. poculum, Spiniferites ramosus, Tectatodinium 
pellitum, and S. ancyrea commonly being present. Sporomorph 
assemblages are dominated by Pinus, Picea, and Taxodium; Se­
quoia, Carya, and Juglans are also common, and the Miocene 
Tricolpites sp. 1 of Koreneva et al. (1976) is present in all sam­
ples. Palynodebris is dominated by amorphogen (ca. 30%) at the 
top of the zone, but below Sample 104-642B-18H, CC (157.7 
mbsf), only a few wood fibers are present. Reworked Paleogene 
dinocysts are common in Sample 104-642B-18H, CC and rare in 
other samples. 

Correlation and Age 
The top of Zone PM5 is marked by the LAD of L. sulcolim­

bata in Sample 104-642B-17H, CC, and the FAD of the upper 
middle Miocene guide species L. truncatum occurs just below 
this boundary, in Sample 104-642B-18H, CC (157.7 mbsf). The 
base of PM5 is marked by the LAD of Lejeunia fallax, Samlan-
dia chlamydophora, and Cyclopsiella elliptica at the base of 
Sample 104-642C-23H, CC (184.3 mbsf), which corresponds to 
the middle of Core 104-642B-22H (196 mbsf). The dinocyst as­
semblages in Zone PM5 can be correlated broadly with those in 
dinocyst Zones Ila-Ia of DSDP Leg 38, which range from up­
per Oligocene to middle Miocene age. Within this range, how­
ever, B. baculata is most common in the lower Miocene interval, 
and L. sulcolimbata has a restricted lower Miocene range. The 
siliceous endoskeletal dinoflagellates Foliactiniscus atlanticus and 
F. folia are also most common in sediments of early Miocene 
age at Site 338 (Perch-Nielsen, 1976). Therefore, an early Mio­
cene age is tentatively assigned to Zone PM5. 

Paleoenvironment 
Little is known about the marine environment represented by 

the dinocysts in Zone PM5, although the presence of N. labyrin­
thea suggests temperate oceanic conditions. Pollen and spores in­

dicate a mixture of boreal and thermophilous hardwood forests 
on shore. 

Zone PM6: (104-642C-23H, CC to 104-642D-10H, CC; 
192.4-276.8 m) 

Informal name: Systematophora ancyrea-Pentadinium lati-
cinctum Acme Zone. 

Palynomorphs in most parts of this zone are common and 
well preserved, but Samples 104-642D-2X, CC to 104-642D-4X, 
CC and 104-642D-10X, CC contain few palynomorphs that are 
only moderately well preserved. The interval from Samples 104-
642D-11X, CC to 104-642D-14X, CC (285.5-315.4 mbsf) is bar­
ren except for one sample from Core 104-642D-13X (Manum, 
pers. comm., 1986). Dinocyst assemblages are dominated by S. 
ancyrea, S. placacantha, P. laticinctum, L. machaerophorum, 
and L. fallax. Pollen and spores in the upper part of this zone 
(104-642C-23H, CC to 104-642D-6X, CC) are dominated by Pi­
cea and other bisaccates (mostly Pinus). Taxodium is common 
from the top of the zone down to Sample 104-642D-4X, CC 
(218.9 mbsf); from this level to Core 104-642D-6X (238.2 mbsf), 
however, Sequoia becomes more common, along with a variable 
mixture of Triporopollenites and Tricolpites spp., Betula, and 
trilete fern spores, including rare Gleicheniidites. Taxodium and 
Sequoia are absent from the base of the zone (Samples 104-
642D-6X, CC to 104-642D-10X, CC) where sporomorph assem­
blages are dominated by Picea and thermophilous hardwood spe­
cies, e.g., Quercus, Tilia, and Pterocarya. Palynodebris is domi­
nated by amorphogen; other samples in this zone contain only 
rare to common wood fibers/tracheids. Oligocene and Eocene di­
nocysts are common and are probably reworked. 

Correlation and Age 
The top of the zone is marked by the LAD of C. elliptica, P. 

golzowense, L. fallax, and S. chlamydophora in Sample 104-
642C-22H, CC. The base of the zone is marked by the FAD of S. 
ancyrea in Sample 104-642D-10X, CC. Evittosphaerula parata-
bulata, Thalassiphora delicata, A. ramulifera, L. machaeropho­
rum, and T simplex have their FAD in Sample 104-642D-9X, 
CC. Dinocyst assemblages in Zone PM6 cannot be correlated 
precisely with other dinocyst zones established for the North 
Atlantic, and more onshore work is needed to clarify the taxon­
omy of some species that resemble Oligocene taxa described for 
DSDP Leg 71 in the southwest Atlantic Ocean (Goodman and 
Ford, 1980). In general, however, the co-occurrence of S. ancy­
rea, P. laticinctum (= Leptodinium sp. II of Manum, 1976), B. 
baculata, P. golzowense, Thalassiphora delicata, and Evittos­
phaerula paratabulata (- Problematicum I of Manum 1976) 
corresponds to assemblages in dinocyst Zones I l l - l ib at DSDP 
Site 338, which are of middle-late Oligocene to early Miocene 
age. At DSDP Sites 403-406, B. baculata, (= B. cf. B. com-
pta), P. golzowense, T delicata, M. choanophorum, TV. labyrin­
thea, H. obscurum (= Hystrichosphaeropsis sp. A) and S. an­
cyrea co-occur in mid Oligocene (Zone VI) to lower Miocene 
(Zone Vllb) sediments (Costa and Downie, 1979). The presence 
in Zone PM6 of taxa that characterize Eocene sediments at Site 
338 (e.g., Cyclopsiella and Phthanoperidinium) is confusing be­
cause many of these taxa also occur in younger sediments in 
other North Atlantic regions (Manum, 1976). The FAD of E. 
paratabulata (Sample 104-642D-9X, CC), H. obscurum (Sam­
ple 104-642D-6X, CC) and TV. labyrinthea (Sample 104-642D-
5X, CC), however, appear to be good markers of the Oligocene/ 
Miocene boundary in the North Atlantic (Williams, 1977; Manum, 
1979). Zone PM6 is therefore provisionally assigned an early 
Miocene age. 

Paleoen vironment 
No interpretation of the dinocyst assemblages in Zone PM6 

is possible at present, although the decline in amorphogen to-
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ward the base of the zone suggests a trend toward shallower or 
less productive marine waters. Pollen and spores indicate a mix­
ture of boreal and warm temperate forests onshore. 

Zone PM7: (104-642D-15X, CC to 104-642E-4R-1, 0-4 cm; 
315.9-326.5 m) 

Informal name: Chiropteridium dispersum Partial Range Zone. 
Palynomorphs in this zone are sparse (few to rare) except in 

Samples 104-642D-15X, CC; 104-642D-17X, CC; and 104-642E-
4R-1, 0-4 cm; Sample 104-642D-16X, CC is barren. Preserva­
tion is moderate/good in the productive samples. Dinocyst as­
semblages are dominated by S. placacantha, P. laticinctum, and 
Batiacasphaera species. Pollen and spores are dominated by Pi-
cea and thermophilous hardwood species, including Quercus, 
Tilia, and Pterocarya, but thermophilous and subtropical coni­
fers {Sequoia, Taxodium) are absent. The dinocyst index ranges 
from 0.75 to >1.0. Palynodebris is generally sparse: <20% 
amorphogen and a few wood fibers are present in most samples. 
A few reworked Paleocene-lower Eocene dinocysts are present. 

Correlation and Age 
The top of this zone is marked by the FAD of Batiacasphaera 

baculata and the LAD of Batiacasphaera compta in Sample 
104-642D-15X, CC, and the base is marked by the FAD of 
Chiropteridium dispersum, S. placacantha, P. laticinctum, M. 
choanophorum, and C. elliptica in Samples 104-642D-19N, CC 
and 104-642E-4R-1, 0-4 cm. The range zone of Wetzeliella ova-
lis (Samples 104-642E-4R-1, 20-22 cm, to 104-642D-17X, CC), 
also distinguishes this palynozone. As for Zone PM6, it is diffi­
cult to make a direct correlation with the dinocyst assemblages 
in the North Atlantic zones delimited by Manum (1976) and by 
Costa and Downie (1979) owing to taxonomic uncertainties and 
possible reworking of Paleocene-middle Eocene cysts. Further­
more, Elde (1985) has reexamined the middle-upper Eocene 
Zones V and IV of Manum (1976) and finds that they are both 
of late Eocene age, based on correlation with northwest Euro­
pean stratotypes and borehole data from the Norwegian Sea 
and eastern Canada. Using the zonations of Elde (1985) and the 
range chart of Williams (1977), Zone PM7 is tentatively as­
signed a late Eocene age based on the FAD of C. dispersum, S. 
placacantha, and P. golzowense (late Eocene) and the LAD of 
W. ovalis (Eocene-Oligocene). The siliceous endoskeletal dino­
cysts Carduifolia gracilis and Actiniscus pentasterias also have 
FAD in Eocene to Oligocene sediments at Site 338 (Perch-Niel­
sen, 1976). One sample (104-642D-13X-4, 81-84 cm), from the 
barren interval between Zones PM6 and PM7, also appears to 
be of Eocene age according to the onshore studies of Manum 
(pers. comm., 1986). 

Paleoenvironment 
There is a drastic reduction in dinocyst species diversity be­

tween Zone PM6 (15-21 spp.) and Zone PM7 (11 spp.). The re­
duction in diversity may be owing to the occurrence of volcanic 
activity as indicated by the lithofacies change below Core 104-
642D-11X. It is also possible, however, that the decrease in di­
nocyst diversity and absence of subtropical conifers reflect the 
high-latitude Northern Hemisphere late Eocene-Oligocene cool­
ing event reported by Norris (1982). 

Zone PM8: (104-642E-4R-1, 0-4 cm, to 642E-55R-2, 88-90 
cm; 326.5-750.6 m) 

Informal name: Batiacasphaera compta-Phthanoperidinium 
echinatum Range Zone. 

Dinocysts, pollen, and spores in this zone are rare to moder­
ately common in Sample 104-642E-55R-2, 88-90 cm, and above 

Sample 104-642E-31R-1, 150 cm, except in Samples 104-642E-
12R, CC and 104-642E-31R, CC, which are barren of dinocysts. 
Preservation varies from good (pollen and spores) to moderate 
(dinocysts) except in Samples 104-642E-25R-3, 80-105 cm; 642E-
33R-1, 140-144 cm; and 642E-42R-1, 94-95 cm, where speci­
mens appear to be highly oxidized. Species diversity is small in 
both the dinocyst and sporomorph assemblages. Palynodebris 
consists mainly of small amounts of tracheids and phytoliths in 
the fine sediment fraction (<63 jun); scattered larger (> 150 
fim) wood particles, sclereids, and waxy structures (?anthers) 
were also found. 

Correlation and Age 
The top of Zone PM8 is marked by the LAD of Phthano-

peridinium echinatum and Baltisphaeridium nanum in Sample 
104-642E-4R-1, 20-22 cm, which occurs just below the LAD of 
Deflandrea phosphoritica and Wetzeliella ovalis in Samples 104-
642E-2R-3, 8-9 cm, and 104-642D-17X, CC. The base of the 
zone is presently defined by the FAD of Areosphaeridium dic-
tyoplokus in Sample 104-642E-55R-2, 88-90 cm. The small-di­
versity dinocyst assemblages cannot be correlated precisely with 
the zones of more diverse oceanic-neritic assemblages described 
for DSDP Leg 38 (Manum, 1976), Leg 48 (Costa and Downie, 
1979) or Leg 81 (Brown and Downie, 1984). Most of the dino­
cyst species in Zone PM8, however, are well-known Eocene 
taxa, including Diphyes colligerum, W. ovalis, and B. nanum, 
which have their LAD in the middle Eocene (Manum, 1976; 
Drugg and Stover, 1977), and D. phosphoritica, Areosphaeri­
dium dictyoplokus, and P. echinatum, which have their LAD in 
upper Eocene-lower Oligocene sediments of the North Atlantic 
region (Elde, 1985). The age range of Palambages sp. 1 is pres­
ently uncertain, but this colonial alga resembles the Palambages 
species found in Maestrichtian-middle Eocene sediments of 
CESAR Core 6 from the central Arctic Ocean (Mudie, 1985). 

Pollen and spores in Zone PM8 are dominated by temperate-
subtropical angiosperm pollen taxa (Aquilapollenites subtilis and 
Trudopollis spp.) and trilete fern spores, including Retitrisporites 
pseudoclavatus, all of which characterize Eocene assemblages 
at DSDP Site 338 (Koreneva et al., 1976). Bisaccate pollen are 
relatively rare; the main species are Pinus sect. Banksiana, Ce-
drus, and Dacrydium, which are also the main conifers in the 
Eocene assemblages at Site 338. 

Paleoenvironment 
The small numbers and diversity of dinocysts and pollen in 

Zone PM8 are consistent with palynomorph assemblages in tuff-
aceous volcaniclastic deposits found in northern Greenland (Bat­
ten, 1982) and in CESAR Core 6, central Arctic Ocean (Mudie, 
1985). It is also notable that there is no sign of thermal altera­
tion in the palynoflora from the volcaniclastic beds in Hole 
642E and CESAR Core 6, whereas the sporomorphs are highly 
altered in the thrust-fold beds of northern Greenland. Petrologi-
cal and palynological data indicate that the volcaniclastic sedi­
ments in CESAR Core 6 were deposited in shallow marine water 
whereas the Greenland volcanics are subaerial. This observation 
may be pertinent to the interpretation of the paleoenvironments, 
thermal conditions, and weathering characteristics represented 
by the volcaniclastic units at Site 642. The environmental signif­
icance of between-sample variations in Zone PM8 is described 
in detail in the biostratigraphic synthesis for Site 642 (this sec­
tion). In summary, fluctuations between neritic marine, fluvio-
deltaic, and subaerial assemblages appear to be represented in 
the samples examined. Detailed studies are needed, however, to 
evaluate the extent to which these changes are a function of sed­
iment sorting processes versus responses to fluctuations in rela­
tive sea level. 
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Zone PM9: (104-642-55R-2, 88-90 cm, to 104-642E-109R-1, 
85 cm; 750.6-1218.8 m) 

Informal name: Cerebrocysta bartonensis Range Zone. 
Dinocysts and sporomorphs in this zone are common and 

well preserved in the volcaniclastic units of Cores 104-642E-
55R, 642E-67R, 642E-96R, and 642E-109R, but they are rare 
and oxidized or fragmented in the units between Cores 104-
642E-77R and 104-642E-95R. Dinocyst assemblages are domi­
nated by Cerebrocysta bartonensis and cf. Millioudodinium 
giuseppei of Brown and Downie (1984). Also present are Draco-
dinium draco, Polysphaeridium congregatum, and Th. pelag-
ica. Sporomorph assemblages are dominated by Pistillipolleni-
tes, Normapolles-type pollen, and trilete spores. Taxodium and 
bisaccate pollen are very rare. Palynodebris consists of a few 
wood fibers in the fine sediment fraction. 

Correlation and Age 
Dinocyst assemblages similar to those in Zone PM9 occur at 

the boundary of dinocyst Zones lb and II of DSDP Leg 81, 
Hole 553A (Brown and Downie, 1984). The Zone II assem­
blages at that site were correlated tentatively with the lower se­
quence of Kap Dalton sediments in East Greenland and with di­
nocyst assemblages in the upper London clay, which has a late-
early Eocene age. The LAD of C. bartonensis, however, suggests 
that Zone PM9 is correlative with the Barton Bed palynoflora, 
which is of late-middle Eocene age according to the time scale 
of Berggren, Kent, and Flynn (1985b). Pollen and spore assem­
blages in Zone PM9 are similar to the undifferentiated Eocene 
assemblages described for DSDP Site 338; however, the increase 
in relative abundance of Normapolles-type pollen suggests that 
Zone PM9 is slightly older than Zone 8. More detailed onshore 
studies of sporomorphs in the Eocene sediments of Site 338 
must be carried out to improve the dating control for the dip­
ping reflector sequence. 

Paleoenvironmen t 
Dinocyst assemblages in most samples from Zone PM9 ap­

pear to record a similar range of neritic to fluvio-deltaic condi­
tions as in Zone PM8. The assemblages in Sample 104-642E-
55R-02, 88-90 cm, however, are more diverse in species and the 
D/P ratio is 1.5, which suggests that this sample represents a 
more offshore, oceanic environment. Similar fluctuating inshore, 
estuarine, and outer-shelf environments are reported for dino­
cyst Zones II and lb, which overlie the main basalt sequence at 
DSDP Site 553 and at Kap Dalton (Brown and Downie, 1984). 
Sporomorph assemblages do not indicate any major climatic 
change, although the decrease in arboreal pollen may denote 
more arid conditions. 

Biostratigraphic Synthesis 

Neogene Biostratigraphy 

Introduction 
In this section, we have integrated all the stratigraphic and 

paleoenvironmental conclusions. There is general agreement in 
the conclusions based on the different microfossil groups; how­
ever, there are some unsolved questions that will be discussed 
here. The microfossil group affinity of species mentioned in the 
text is indicated by symbols in parentheses (D = diatoms, S = sili-
coflagellates, R = radiolarians, N = calcareous nannofossils, 
F = foraminifers, and P = palynomorphs), if not otherwise iden­
tified in the text. Microfossil datums and zonal boundaries of 
all microfossil groups are defined by the stratigraphy of Holes 
642B, 642C, and 642D (Fig. 47). Examination of correlative 
biostratigraphic datums as well as the sub-bottom depth of vol­

canic ash layers and lithologic unit boundaries in both Holes 
642B and 642C suggests a variable mismatch of sub-bottom 
depths in these holes. 

Biostratigraphy 
Correlation of Biostratigraphic Zones. The biostratigraphic 

zones and/or assemblages of all microfossil groups studied in 
Holes 642B through 642D are presented in Figure 47. The bio­
stratigraphic framework provided by the integrated microfossil 
biostratigraphy is as follows: (1) an absence of siliceous micro-
fossils in lithologic Unit I (Matuyama and Brunhes Epochs), (2) 
generally large siliceous microfossil diversity and good strati-
graphic resolution within the middle Miocene to middle Plio­
cene, (3) decreased siliceous microfossil biostratigraphic resolu­
tion in the lower Miocene, with an increase in endemic species, 
(4) a prevalence of radiolarian zones based on species endemic 
to the Norwegian Sea, although some species in the fauna per­
mit correlation with Leg 81 on the Rockall Plateau, (5) long-
ranging planktonic and benthic foraminifer zones and calcare­
ous nannofossil zones from the middle of the middle Miocene 
through the Quaternary, (6) a lack of planktonic foraminifers 
and calcareous nannofossils within the lower Miocene to lower 
middle Miocene of lithologic Unit III, and (7) a nearly continu­
ous record of palynomorph assemblages that yields ages consis­
tent with other microfossil groups. 

Quaternary Biostratigraphy (0--1.6 Ma, 0--50 m). Con­
firmation of the Gauss paleomagnetic Epoch immediately below 
the glacial lithologic Unit I confirms the paleomagnetic interpre­
tations of the the Brunhes Epoch, Matuyama Epoch, the Jara-
millo Event, and the Olduvai Event. The LAD of Achomos-
phaera ramulifera (P) in Sample 104-642B-6H, CC is a marker 
for the top of the Olduvai Event, closely agreeing with the nor­
mal polarity interval interpreted as the Olduvai Event. Assum­
ing a constant sedimentation rate for the Olduvai Event, the 
base of the Quaternary should be at a depth of about 50 m. The 
FAD of N. pachyderma sin. encrusted type (F) is at 56.16 mbsf 
in Hole 642C, close to the proposed base of the Quaternary. 
The LAD of Filisphaera filifera (P), a marker for the Jaramillo 
Event, appears close to the normal polarity interval at ~41 
mbsf, confirming its proper identification. A relatively com­
plete Quaternary section is suggested by the presence of the 
NN21/NN20 boundary (0.27 Ma) between ~ 5 and 15 m. Fur­
ther biostratigraphic resolution within the Quaternary is sparse 
because of the absence of siliceous microfossils in studied core-
catcher samples. 

Pliocene Biostratigraphy (~ 1.6- ~5.2 Ma, ~50-82 m). Dia­
toms, palynomorphs, and silicoflagellates provide the best bio­
stratigraphic resolution within the Pliocene. Radiolarians, fora­
minifers, and calcareous nannofossils are consistently present, 
somewhat diverse but mainly characterized by long-ranging or 
endemic species. All microfossil assemblages are apparently com­
patible with the biostratigraphic and paleomagnetic placement 
of boundaries of the Pliocene. 

Biostratigraphic age control is lacking from the Pliocene/ 
Quaternary boundary (~50 m) to the base of the glacial se­
quence of lithologic Unit I (~ 60 m in Hole 642B and ~ 65 m in 
Hole 642C). The apparent LAD of the diatom Nitzschia jous-
eae (2.6 Ma) closely approximates the upper boundary of the 
Gauss Epoch at 61 m. The LAD of N. atlantica (F) appears at 
60.55 mbsf in Hole 642C, indicating an age of about 2.3 Ma. 
Further evidence for our identification of the Gauss Epoch is 
the LAD of Palaeostomocystis spp. (P, -2 .48 Ma) in Sample 
104-642B-8H, CC. Several additional calcareous nannofossil, 
diatom, and silicoflagellate datums (datums 8-11) occur be­
tween 75.9 and 85.4 mbsf, with ages ranging from 3.56 to 5.1 
Ma. In close agreement with these ages are the last occurrences 
of two palynomorphs in Sample 104-642B-9H, CC, Operculo-
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Figure 47. Site 642 biostratigraphy summary chart. NSR = Norwegian Sea radiolarian zone. NSPF = Norwegian Sea planktonic foraminifer zone. 
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Figure 47 (continued). 

dinium crassum (3.4 Ma) and Achomosphaera andalousiense 
(4.4 Ma). The FAD of Thalassiosira oestruppi (D, 5.1 Ma) and 
the LAD of Nitzschia miocenica (D, 5.55 Ma) bracket the Mio­
cene/Pliocene boundary between 82.5 and 92 m; therefore, the 
change in paleomagnetic polarity at 79.8 m is interpreted as the 
Gilbert/Chron C-3A boundary. 

Upper Miocene Biostratigraphy (-82-131 m in Hole 642C 
and ~ 82-136 m in Hole 642B). Upper Miocene sediments occur 
between ~ 82 and 131-136 mbsf. All microfossil groups are rep­
resented within this interval, with diatoms providing the best 
biostratigraphic resolution. Diatom and silicoflagellate datums 
(datums 12-15) are indicative of an age of 5.55 to 6.4 Ma be-
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Hole 642D 

/ / / / / Barren 

Figure 47 (continued). 

tween 85.4 and 120.5 m. Based upon these ages and the accom­
panying assemblages, we interpret this interval as encompassing 
paleomagnetic Chron C-3A, which is correlative to the Messi-
nian Stage. Diatom and silicoflagellate zones of this interval 
(Fig. 47) are firmly established to be late Miocene in age. 

Between -114 and 131 m, additional datums are lacking; 
however, this interval is correlative with the Mesocena circulus/ 
M. diodon Zone (S), the Nitzschia porteri-N. miocenica Zone 
(D) of Baldauf (1984) and the North Pacific diatom Denticulop-
sis hustedtii Zone (NNPD6), Subzone B (Barron, 1980). The 
base of the aforementioned diatom zones correlates with the 
lower Chron C-4A (~8.7 Ma). Coinciding with the base of 
these diatom zones at —128.5 m is the base of the Mesocena 
circulus/M. diodon Zone (S). The age for the base of this zone 
is approximately 8.7-9.0 Ma, based upon its relationship to 
other datums at Site 594, which have been correlated directly to 
paleomagnetic stratigraphy. Based upon diatoms and silicoflag-
ellates, the 131-m (Core 104-642C-17H) level at Site 642 should 
therefore be no older than — 9.0 Ma. 

Planktonic foraminifer assemblages are in agreement with a 
late Miocene age for sediment from 83-124.5 mbsf as this inter­
val is no older than N17 (basal Chron C-4, 8.9 Ma). Calcareous 

nannofossils offer little biostratigraphic resolution within this 
interval and they only provide an age of younger than late mid­
dle Miocene (NN7). Palynomorphs suggest a slightly older age 
of very early late Miocene, but dating control is poor for high 
latitude oceanic dinocyst assemblages in this time interval. 

Based upon the results of all microfossil studies the interval 
between the Miocene/Pliocene boundary (— 82 to — 131 m) ap­
pears to represent an uninterrupted record of between 5.2 Ma to 
< 9.0 Ma. 

Miocene Hiatuses. A large number of diatom and radiolar-
ian first and last occurrences and a major change in palyno-
morph assemblages occur between 128 and 160 m in Holes 642B 
and 642C. Assemblage changes are most abrupt at approxi­
mately — 131m sub-bottom in Hole 642C and — 136 m sub-bot­
tom in Hole 642B, where there is also an adjacent zone of poor 
preservation of siliceous microfossils. Based upon the diatom 
assemblages above and below —128 and 160 m sub-bottom, this 
30-m interval must range in age from middle middle Miocene to 
late Miocene and represents 3 to 5 m.y. 

At this time, the completeness of this interval cannot be re­
solved. Variations in sedimentation rate and preservation between 
Holes 642C and 642B will require further detailed biostrati-

144 



SITE 642 

graphic examination to determine if this interval is complete and 
had a much lower sedimentation rate than the adjacent sections 
or may have an unconformity of yet unknown duration. 

Biostratigraphic resolution within the interval from the lower/ 
middle Miocene boundary to the middle-middle Miocene is lim­
ited almost entirely to diatoms, radiolarians, and palynomorphs. 
Planktonic foraminifers are absent below the base of lithologic 
Unit II (~ 158 m). Calcareous nannofossils are present to only a 
slightly greater depth (~ 168 m), and they define the age at this 
depth as early to middle Miocene (NN1-NN6). Below - 1 6 8 
mbsf, both planktonic foraminifers and calcareous nannofossils 
are absent. Silicoflagellates are present throughout the interval 
but are characterized by a low diversity of long-ranging species, 
which is typical of the middle Miocene at all latitudes. 

Bracketing ages for this interval can be based upon two dia­
tom zonal or subzonal boundaries that are well documented in 
numerous sections throughout the entire Pacific at virtually all 
latitudes, ranging from the mid- to high-latitude North Pacific 
to the sub-Antarctic. These are the base of the Denticulopsis 
lauta Zone (NNPD4), which has an age of approximately 16.1 
Ma, and the Subzone A/B boundary of the Denticulopsis hu-
stedtii/D. lauta Zone (NNPD6) with an age of 13.3 Ma. The 
first Denticulopsis hyalina ( -15 .0 Ma) occurs within the inter­
val between 184.3 and 177.5 m. Other diatom datums (Datums 
23 and 24) with an age of 14.0 to 13.8 Ma occur between 177.5 
and 158.5 m. 

Radiolarian biostratigraphy indicates the existence of four 
additional unconformities in Site 642 recovery, which were not 
apparent in other microfossil groups. Approximately 180-200 m 
of sediment coeval with these unconformities is present in the 
recovery at Sites 338, 341, and 643. These hiatuses indicate that 
sedimentation at Site 642 was periodically disrupted by intervals 
of erosion or nondeposition throughout the Neogene. The hia­
tuses in Hole 642D are located between Cores 104-642D-2X and 
104-642D-3X, 104-642D-4X and 104-642D-5X, and 104-642D-
10X and 104-642D-11X. The youngest of these unconformities 
is correlative with an unconformity in Core 104-642B-24H. The 
fourth unconformity is in Cores 104-642B-19H and 104-642C-20H, 
and this unconformity is also present in Core 104-643A-12H. 

On the other hand, there is about 75 m of biosiliceous sedi­
ment above the unconformity in Cores 104-642B-16H and 104-
642C-17H that was not recovered on Leg 38. These sediments 
have been assigned to three new provisional biozones, and only 
further study will permit additional biostratigraphic resolution 
of this important interval of the middle Miocene. 

Palynomorph assemblages of this interval are at variance with 
the diatom age assignments. Correlations of these assemblages 
with type localities in the North Atlantic and Denmark give an 
age of early Miocene rather than early middle Miocene. Consis­
tently older palynomorph ages below —150 m cannot be ex­
plained at this time but add caution to rigid stratigraphic inter­
pretations until more detailed shore-based work can be com­
pleted. 

Lower Miocene Biostratigraphy (~ 16.1--21.5 Ma, —189.5-
276.5 m). An early Miocene age is assigned to this interval based 
upon diatom, silicoflagellate, and palynomorph assemblages. 
This interval extends to the base of lithologic Unit III, directly 
overlying the volcanic units below 277.9 mbsf. Silico flagellate 
biostratigraphy firmly places this interval in the lower Miocene. 
Recognized are the lower Corbisema triacantha Zone, Navicu-
lopsis navicula Zone, and the upper Naviculopsis lauta Zone. 
These zones are defined on the basis of cosmopolitan species 
which have been recorded from all major ocean basins, ranging 
from the Ross Sea and margins of Antarctica into the Norwe­
gian Sea. Previously, correlations of these zones with the stan­
dard calcareous nannofossil zonation at numerous localities 

suggested that this interval is correlative to upper NN1 through 
NN4. The base of the Naviculopsis navicula Zone between Core 
104-642D-10X, CC and Core 104-642D-9X (276.0-267.1 m) pro­
vides an important biostratigraphic age near the base of the 
Unit HI sedimentary section. This boundary approximates the 
NN1/NN2 calcareous nannofossil boundary at Site 407 on the 
western flank of the Reykjanes Ridge south of Iceland. The rel­
atively close proximity of Site 407 to Site 642 means that the N. 
navicula boundary probably exhibits little diachroneity at Site 
642. If this conclusion is correct, approximate correlation of the 
base of this silicoflagellate zone with the NN1/NN2 boundary 
yields an age of -21 .2 Ma. Sample 104-642B-10H, CC (286 m) 
is only slightly older, correlative with NN1. 

In this lower Miocene interval, three diatom zones are recog­
nized: the Actinocyclus ingens Zone (NNPD3), the Thalassio-
sira fraga Zone (NNPD2), and the upper Thalassiosira spinosa 
Zone (NNPD1). Diatom datums defining the boundaries of 
these zones and additional datums within the zones range in age 
from 16.1 to 19.9 Ma. The last of the datums, the FAD of Tha­
lassiosira fraga (19.9 Ma), occurs above (267.1-257.5 m) the 
21.2-Ma FAD of Naviculopsis navicula (S). 

Palynomorphs within this lower Miocene interval include lower 
Miocene assemblages (-148-238 m) and assemblages that contain 
several species with Oligocene to early Miocene age ranges (238-
276.8 m). Reworked Eocene dinocysts occur in the interval be­
tween 238 and 276.5 mbsf (Samples 104-642D-6X, CC to 104-
642D-10X, CC), which suggests that the lower part of the interval 
cannot be dated reliably by palynological data. Ages provided by 
diatoms and silicoflagellates appear to be reliable because they 
are based on cosmopolitan species whose ranges have been doc­
umented in numerous pelagic DSDP sites throughout the world. 
These siliceous microfossil assemblages are correlated with stan­
dard calcareous microfossil schemes and have been directly or 
indirectly correlated with the paleomagnetic time scale. At the 
present time, an early Miocene age is adopted for this interval. 

Paleogene Biostratigraphy 

Introduction 
At Site 642, gray muds and strongly weathered volcanic sedi­

ments were cored in the lower part of Hole 642D (277.9-322.0 
mbsf) and at the top of Hole 642E (321.0-326.8 mbsf)- These 
sediments form the rhyolitic ash zone overlying the upper (tho-
leiitic) volcanic series at Site 642. Brownish volcaniclastic sedi­
ments were recovered at the base of Hole 642D (322.4-329.2 
mbsf) and between the volcanic flow units in Hole 642E, at in­
tervals from 321 to 1219 mbsf. Note that the sub-bottom depths 
in Table 17A and cited in this part of the section are the ship­
board log depths and not the revised depths obtained from the 
geophysical logs. Most of the Paleogene biostratigraphic data 
are from the interbedded volcaniclastics in Hole 642E. All the 
core-catcher intervals of the rhyolitic ash zone and most of the 
volcanic intrabeds were sampled (Table 17A) and examined for 
all microfossil groups, including foraminifers, calcareous nan­
nofossils, diatoms, silicoflagellates, radiolarians, and palyno­
morphs. No samples from Cores 104-642E-1W and 104-642E-
2W are included here because they are contaminated by wash-
down sediments. Initial biostratigraphic results are summarized 
in Table 17A and Figure 48. 

Zonation of a composite biostratigraphy for Holes 642D and 
642E has been attempted, although detailed sampling of litho-
facies within the individual volcaniclastic units is required to re­
solve a possible difference of ca. 10 m.y. in minimum age assign­
ments obtained for Core 104-642E-55R from siliceous microfos-
sils (late middle Eocene-early Oligocene; NP17-20 of Martini 
and Miiller, 1976) and from palynomorphs (Eocene to late-mid-
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Table 17A. Summary of microfossil data from volcaniclastic units in Holes 642D and 642E and paleoenvironmental interpretations. 

Core, sect, and 
interval (cm) 

104-

642D-11 CC 
-12 CC 

642D-13 CC 
-14 CC 

642D-15 CC 
642E-2-03, 8-9 

-4-01, 0-4 

642D-16 CC 
-17 CC 
-18 CC 

642E-5-01, 20-22 

642D-19 CC 

642E-7-02, 112-117 
117-119 

642E-12-01, 64-65 
-12 CC 

642E-19-04, 139-140 
-19-05, 3-5 

642E-21-01, 21-23 

642E-23-01, 128-130 
-23-01, 144-145 

642E-25-03, 80-85 

642E-27-02, 45-60 

642E-28-03, 126-128 

642E-31-01, 0-3 
-31 CC 

642E-33-01, 140-144 
-34-01, 6-7 

642E-35-02, 6-7 
-35-02, 100-110 
-35-02, 111-113 

642E-39 CC 

642E-42-01, 56-57 
-42-01, 75-76 
-42-01, 94-95 
-42-01, 110-111 
-42-01, 113-114 

642E-45-01, 6-7 

642E-54-02, 65-66 
-54-02, 69-71 
-54-02, 78-80 
-54-02, 87-88 
-54-02, 100-110 
-54-02, 108-109 

642E-55-02, 88-90 

642E -67-01, 1-3 

642E-77-01, 14-16 

642E-85-05, 125 

-86-02, - 8 2 

-87-01, 122 

-94-01, 20-24 
-94-04, 20-24 
-95-01, 75 
-95-03, - 1 5 0 
-96-01, 24 

-98-01, 0-2 

-109-01, 85 

Approximate 
sub-bottom 
depth (m) 

286.50 
296.20 

305.80 
315.40 

315.90 
321.09 
326.50 

317.40 
321.60 
326.40 
335.10 

328.90 

356.97 
356.99 

387.85 
395.80 

449.50 
450.10 

461.20 

481.20 
481.35 

498.75 

514.80 

526.38 

549.50 
550 

566.34 
574.56 

586.97 
588.00 
588.30 

631.10 

650.67 
650.86 
651.05 
651.21 
651.24 

678.60 

740.86 
740.91 
741.00 
741.08 

741.29 

750.60 

844.20 

931.06 

1015.05 

1019.62 

1026.52 

- 1 0 8 5 . 0 
1091.24 
1094.50 

- 1099.00 
1102.74 

1115.80 

1218.15 

Clastic 
unit 
no . 

S01 

S02 

S03 
S03 

S04 

S04 

S05 

S06 

S08 
7 

S10 

?S10 

S12 

S15 

S16 

S17 

?top 30E 
?top 30E 

S18 
?S18 

S19 

-
S21 

S22 

S26 

S27 

S30 

S34 

S39 

S40 

S41 

S44 

S45? 

S46? 

Microfossils 

Organic 

o 

1 
R 
R 

R 
R 

R 

R 

F 
C 
R 
C 

R 

C 

F 
B 

R 

F 

o 
a 

c 

1 
B 
B 

R 
R 

R 

C 

B 
C 
B 
R 

F 

B 
B 

B 
B 

B 

B 

B 
B 
B 
B 

B 

R B 
N D 

F 
B 

B 
B 

N D 
F B 

F R 

0 
c 
a 
B 
B 

B 
F 

F 

C 

B 
C 
B 
F 

F 

R 

F 
B 

F 

F 

F 

C 

R 

F 

R 

R 

R 

R 

ND 

C 

F 
C 

F 

R 

F 
R 

F 

C 

F 
R 

F 

F 

B 
B 

R 

N D 

R 
R 
R 

R 

F 
R 
B 
R 
B 
F 

R 

R 

R 

F 
F 
R 

R 

R 
R 
B 
R 
R 
R 

F 

R 

R 

B 
B 
R 

C 

R 
B 
B 
B 
B 
R 

B 

B 

B 

R 
R 
B 

B 

B 
R P 
R 
R 

C 

F 

R 

F 
R 
C 

R 

C 

R 
R 
F 

Rp 
F 

B 
C 
B 

B 

B 

R 
R 
F 

R P 

C 

Siliceous 

S 
o « 
s 
\f 
R P 

R P 

^ P 

B 

R P 

Rf 
R f 

B 

B 
R 

F P 

B 

B 

R 

B 

F 
B 

Rf 

c 

B 

B 
Rf 
Rf 

F 

B 

B 
B 
B 
B 

c 
F 

R P 

60 
as 

C 
O 
CJ 

55 

B 
B 

Fi 
B 
B 

C P 

B 
B 
B 
B 

B 

B 
B 

B 
B 

B 
R 

B 

B 

B 

R 

B 

R? 
B 

B 
sponge 

F 

B 

B 
Rf 

B 

R B 

B 
B 
B 
B 
B 

R m 

F 

B 

B 

c 
.2 
j3 
"o 

(2 

RBP 

RB> 

F P 

B 
B 
B 
B 

B 

B 
B 

B 
B 

B 
B 

B 

B 

B 

B 

B 

R 
B 

B 

B 

B 

B 
Rf 
B 

B 

B 
B 
B 
B 
B 
B 

R 

B 

B 

B 
B 

Rp 
B 

B 

B 
B 
B 

B 

B 

B 
B 
B 

B 

B 

Calcareous 

1 
B 
B 

B 
B 

Ri 
R + 

B 
R 
B 
B 

B 

B 
B 

B 
B 

B 
B 

B 

B 
B 

B 

B 

B 

B 
B 

B 
B 

B 

B 

B 
B 
B 

B 

B 

B 
B 
B 
B 

B 

B 

B 

B 

<2 o 
a c 
Z 

B 
F 

B 
F 

B 
B 
F 

B 
R 
B 
B 

B 

B 
B 

B 
B 

B 
B 

B 

B 
B 

B 

B 

B 

B 
B 

B 
B 

B 

B 

B 
B 
B 

B 

B 

B 
B 
B 
B 

B 

B 

B 

B 

B 
B 
? 

? 

? 

B 
B 
B 

? 

? 

Paleoenvironment 
based on 

microfossils 

?Paralic/littoral 
? Shallow neritic 

?Neritic 
Inner neritic 

? Inner neritic 

Oceanic (S)/neritic (F /P) 

Paralic 
Neritic 
?Paralic/littoral 
Paralic/estuarine 

Inner neritic/paralic 

Estuarine—marine delta 

Estuarine—marine delta 
?Subaerial 

Paralic 

Estuarine -+ paralic 

Estuarine—marine delta 

Estuarine—marine delta 

Inner neritic-*estuarine 

Subaerial-* tidal plate 
Freshwater/subaerial 

Neritic 

Insufficient data 

Paralic 
Inner neritic 
Estuarine—intertidal 

Lagoonal 

Lagoonal/intertidal 
Subaerial 
Erosion channel? 
Paralic -»intertidal 
?Paralic 
Neritic 

Outer neritic 

Neritic 

?Paralic 

Paralic/estuarine 
Fluvio-deltaic 
Fluvio-deltaic 

? Paralic/intertidal 

Paralic/lagoonal 

Cl 

Micro­
fossils 

?wm 

?wm 

? w 
• " m 

w m 

w m 
w m 
wm 
wm 

wm 
wd 

w d 
?A 
7 

wm 
' w m 

w 
w 
? 

w 
? 

A 
Af 

wm 

w m 
w m 

W / A 

wf 
W f / A 

A 
?W f 

W m / A 

W 
" m wm 
wm 
?wm 

W m / A 
w 
w m 
wm 
wm 

ass 

Petrol­
ogy 

W 

W 

W 
W 
W 

W 

? 

W 

W 

? 

W 
W 

7 

W . 
W 

w 
A 

W 

? 
7 

A 
A? 

W 
W 
w 
7 

W 
w 
w 
w 
w 
w 

W ( A ) 
W ( A ) 
W ( A ) 
W ( A ) 
W ( A ) 
W ( A ) 

A 

A 

W 

w 
w 

Note: Classes: W = subaqueous; A = subaeriel; R + = arenaceous benthics only; m = marine; f= freshwater; d = deltaic; B = barren; R = rare; F = few; C 
= common; ND = no data. Note that the depths shown here are those logged on shipboard for cores from Hole 642E; these depths are not the same as 
those calculated later from the geophysical logs. 
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Figure 48. Summary of micro fossil data from Holes 642D and 642E. 
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SITE 642 

die Eocene; NP12 to NP16-17). Inevitably, however, zonation 
of the Paleogene sediments presently must be based primarily 
on palynomorphs, for the following reasons: 

1. The organic walled palynomorphs are the only fossils that 
are present throughout the stratigraphic section below 322 mbsf. 

2. In-situ assemblages of palynomorphs are known to occur 
in all the clastic sedimentary environments that are possibly rep­
resented at Site 642, i.e., marine, deltaic, fluvial, and lacustrine 
aquatic environments and subaerial soils or tuffs, whereas the 
other micro fossil groups have more limited ranges in marine de­
posits. 

3. Dated palynological reference sections from analogous vol-
caniclastic sediments are available for several age ranges in the 
high-latitude northeast Atlantic region. These reference sections 
include middle-upper Miocene deposits in eastern Iceland (Mu-
die and Helgason, 1982); Eocene-lower Miocene marine and ter­
rigenous sediments in Spitsbergen (Manum, 1962; Manum, un-
publ. data), DSDP Sites 338-343 on the Wring Plateau (Manum, 
1976; Koreneva et al., 1976; Elde, 1985), DSDP Sites 403-406 
(Costa and Downie, 1979) and Site 553A (Brown and Downie, 
1984) on the Rockall Plateau, upper Paleocene (Sparnacian) to 
lower Eocene (Lutetian) deposits at Kap Dalton near Scoresby 
Sund, East Greenland (Soper and Costa, 1976; Soper et al., 
1976), and upper Paleocene-lower Eocene deposits in the North 
Sea (Knox and Morton, 1983). 

Although most of the volcaniclastics at these reference sec­
tions contain thin marine sequences, calcareous marine micro-
fossils are rarely present and no biosiliceous stratigraphic mark­
ers have been reported. Correlation of Paleogene siliceous mi-
crofossil assemblages in the volcaniclastic sediments at Site 642 
therefore can be made only with more distant sites, such as the 
Blake Plateau and Antarctic. Paleomagnetic data for the vol­
canic sequence and rhyolitic ash layer at Site 642 (see "Paleo-
magnetics" section) only record a long-reversed polarity interval 
that is tentatively placed in the Paleogene section of the global 
magnetochronology, but they do not provide definite dating 
control. 

Biostratigraphic Zones and Correlation 
Figure 48 shows the biostratigraphic zones and/or assem­

blages of all micro fossil groups in the lower part of Hole 642D 
(Samples 104-642D-8X, CC to 104-642D-19N, CC; 250-328.9 
mbsf) and in Hole 642E (321.09-1219 mbsf). General features 
of the biostratigraphy are summarized as follows: 

1. Benthic foraminifers start to disappear from the sediment 
column in lithological Unit III near the top of the rhyolitic ash 
unit, in the interval from ca. 280 to 327 mbsf. Planktonic and 
benthic foraminifers and nannofossils disappear higher in the 
section, at the base of lithological Unit IIB, ca. 159 mbsf. 
Sparse benthic foraminifers are found at intervals in the ash 
zone. These assemblages apparently belong to arenaceous ben­
thic foraminifer Zone C2 of Holes 642B, 642C, and 642D. The 
benthic assemblage is dominated by Spirosigmoilinella sp. (Mi-
liammina sp.) and Silicosigmoilina sp., which have an early-late 
Miocene age in DSDP Leg 38 sediments, but more work is 
needed to refine the taxonomy and correlation of these micro-
fossils. In Sample 104-642D-17X, CC one specimen of a Crib-
rostomoides sp. was found that may have an Oligocene-Miocene 
range, and a few reworked Eocene foraminifers were found. A 
few calcareous nannofossils were also found in Section 104-
642E-4R-1, at the top of the pyroclastic sediment units in Hole 
642E. This nannofossil assemblage includes the long-ranging 
(NN6-1) species Cyclococcolithus floridanus and C. abisectus 
that characterize the assemblages at the base of Unit III in Hole 
642C, and they indicate an age of latest Oligocene to early Mio­

cene for sediments on top of the upper basalt flow series. No 
characteristic Oligocene nannofossil markers were found in the 
sample, however; hence it is not certain whether the nannofos­
sils in Core 104-642E-4R are in place or have been washed down 
from a lower Miocene section. 

2. Radiolarians are essentially absent from the sediment be­
low Unit III, which is dated as late early Miocene. Radiolarians 
show a transition from abundant, well-preserved specimens in 
Core 104-642D-7X (ca. 250 mbsf) to few, poorly preserved spec­
imens with smectite or glauconite infilling at the top of the rhy­
olitic ash unit (104-642D-11X, ca. 285 mbsf). This gradient sug­
gests that the contact between the volcaniclastic and Miocene 
marine sediments is conformable. Several species of well-pre­
served radiolarians are present in a sample (104-642E-2X-1, 32-
34 cm) of gray mud at the top of the basalt sequence. More 
study is needed to clarify the nature and age of this assemblage, 
which appears to be a melange of species from the middle-early 
Miocene biozones NSR1-8. 

3. Diatoms and silicoflagellates were found in 11 of 16 sam­
ples from the pyroclastic beds in the upper tholeiitic basalt. 
Seven of these samples contained only small diatom fragments 
of indeterminate taxonomic affinity and/or age. A sample from 
550 mbsf contained a few specimens of the resistant, long-rang­
ing species Coscinodiscus marginatus and a silicoflagellate, Me-
socena circulus, which normally occurs in the middle-upper 
Miocene. A sample from Core 104-642E-35R-2, 6-7 cm, 586.97 
mbsf, contained a diverse assemblage of well-preserved diatoms 
and silicoflagellates. A middle Eocene age is suggested by the 
presence of Melosira architecturalis, Pterotheca aculeifera, Ces-
todiscus aff. muhinae, Pseudostictodiscus picus, Rhizosolenia 
praebarboi, Coscinodiscus argus, and silicoflagellates, which 
co-occur in this age interval at DSDP Sites 511 and 513 in the 
sub-Antarctic (see "Diatom Stratigraphy" and "Silicoflagellate 
Stratigraphy," this section). However, this correlation is not ex­
act and a wider age range of middle Eocene to early Oligocene 
is possible. Sample 104-642E-42R-07, 113-114 cm (651.24 mbsf), 
contains a sparse assemblage of diatoms and silicoflagellates, 
including Mesocena oamaruensis, which has a middle Eocene-
early Oligocene age and Asteromphalus sp., which has a FAD in 
the early Oligocene in the sub-Antarctic (Gombos and Ciesiel-
ski, 1983). Diverse, well-preserved diatoms, silicoflagellates, and 
ebridians in Sample 104-642E-55R-02, 88-90 cm (750.66 mbsf), 
have middle Eocene-late Oligocene ages, except Pseudosticto­
discus picus, which is restricted to the middle Eocene in DSDP 
Site 309A on the Blake Plateau, and the silicoflagellate sp., Dic-
tyocha quadria, which has a late Eocene age (NP17-20, Martini 
and Miiller, 1976). Therefore, the siliceous micro flora indicates 
a probable middle to early-late Eocene age for the base of the 
upper tholeiitic volcanic sequence at Site 642. 

4. Palynomorphs are rare to common in almost all samples 
examined (Table 17A). Preservation is generally moderately good, 
although specimens in some samples have a thin-walled, oxi­
dized appearance which seems to be related to their deposition 
in subaerial or estuarine tidal flat environments (see "Paleogene 
Paleoenvironments," this section, and Fig. 49). Palynodebris 
content of most samples is low, and consists mainly of unaltered 
wood fibers and phytoliths. Spore color is light yellow, also in­
dicating thermal immaturity. One exception to this general fea­
ture is found in the sample from the base of the volcanic se­
quence (104-642E-109-1, 85 cm; ca. 1219 mbsf). Pollen and 
spores in this sample are orange brown, indicating a TAI (ther­
mal alteration index) value of 3 + on the Bayliss scale. This op­
tical assessment of thermal maturity is further supported by 
Rock-Eval data (see Table 17B). 

Three Paleogene palynozones are recognized and are described 
in detail in "Palynology of Site 642," this section. Zone PM7 
(Chiropteridium dispersum partial Range Zone) extends from 
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Figure 49. Relationship between lithology (semi-schematic) and microfossil frequency within a graded volcaniclastic unit. Rectangles mark samples. 
Microfossil frequency: R = rare, A = abundant; X = poor preservation; Py = pyrite; FW = freshwater; bn = brown, r = red, d = dark. 

315.9 to 326 mbsf. Dinocyst assemblages are dominated by S. 
placacantha, Pentadinium laticinctum, and Batiacasphaera spe­
cies. Pollen and spores are dominated by Picea and thermophi-
lous hardwoods, including Quercus, Tilia, and Pterocarya. The 
dinocyst assemblages can be correlated, in part, with dinocyst 

Zones V and IV of DSDP Site 338 (Manum, 1976); with dino­
cyst Zones IVa-IVb of DSDP Sites 403-406 (Costa and Dow-
nie, 1979); and with cyst Zone B of Site 338 (Elde, 1985). Cyst 
Zone B has been correlated with other sites in the Norwegian 
Sea and Europe (Elde, 1985) and with the standard nannofossil 
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Table 17B. Results of carbon and Rock-Eval analysis of samples from 
pyroclastlc interbeds in Cores 104-642E-54R and 104-642E-109R, at 
depths of about 741 and 1211 mbsf, respectively. 

Carbon Contents (%) 

Core 104-642E-109 Core 104-642E-54 

Total carbon (CHN) 1.13 0.01 
Carbonate carbon 0.02 0.02 

(Coulometer) 
Organic carbon 1.11 0 

(difference) 

Rock-Eval 

Core 104-642E 

109 
109 
54 

T 
'max 
429 
426 
429 

Si 

0.08 
0.08 
0.00 

S2 

0.40 
0.36 
0.01 

S3 

0.20 
0.18 
0.11 

PI 

0.17 
0.18 

— 

S2 /S3 

2.0 
2.0 
0.09 

PC 

0.04 
0.03 
0.10 

TOC 

1.18 
1.17 
0.00 

HI 

33 
30 
0 

OI 

16 
15 
0 

Abbreviations: Si (mg (HC/g rock) = volatile hydrocarbons; S2 (mg HC/g rock) = kerogen-
derived hydrocarbons; S3 (mg C0 2 /g rock) = organic C 0 2 from kerogen; PI = (Sj + S^ = 
production index; S2/S3 = kerogen-type index; PC = petroleum potential. TOC = total 
organic carbon; HI (100 S2/Corg) = Hydrogen Index, OI (100 S3/Corg) = Oxygen Index; 
T m a x = temperature (°C) of maximum hydrocarbon generation from kerogen. 

Zones NP17 and 18 of Martini and Miiller (1976), thereby pro­
viding a late-middle Eocene to early-late Eocene age (ca. 42-38 
Ma) for the base of the rhyolitic ash zone. One sample from 
Core 104-642D-13X in the middle of this ash zone also contains 
dinocysts of Eocene age, according to the onshore studies of S. 
Manum (pers. comm., 1986). 

Palynomorph Zone PM8 (Batiacasphaera compta-Phthano-
peridinium echinatum Range Zone) extends from the top of the 
tholeiitic volcanic sequence (326.5 m) to 760.6 mbsf. Species di­
versity is low in both the dinocyst and sporomorph assemblages, 
but palynomorphs are moderately to well preserved in most 
samples. The dinocyst assemblages are dominated by B. com-
pta, P. echinatum, Baltisphaeridium nanum, and Thalassiphora 
pelagica. Wetzeliella ovalis, Deflandrea phosphoritica, and Areo-
sphaeridium dictyoplokus have their LAD at the top of the 
zone. These assemblages can be correlated with cyst Zone A of 
Elde (1985), which corresponds to NP17 of Martini and Miiller 
(1976) and has a late-middle Eocene age (ca. 42-44 Ma). Pollen 
and spores in Zone PM8 are dominated by temperate-subtropi­
cal angiosperm pollen, including Aquilipollenites subtilis and 
Trudopollis spp., trilete fern spores, e.g., Retitrisporites pseudo-
clavatus, and rare gymnosperms, including Pinus, Cedrus, and 
Dacrydium. These assemblages characterize the Eocene basalts 
at DSDP Site 338 (Koreneva et al., 1976). 

Palynozone PM9 (Cerebrocysta bartonensis Range Zone) con­
tains dinocyst assemblages dominated by C. bartonensis and cf. 
Millioudodinium guiseppi, with scattered occurrences of Draco-
dium draco, Apteodinium sp. of Brown and Downie (1984) 
and, toward the base, Senegalinium cf. obscurum, ? Wetzeliella 
astra, and Paleoperidinium sp. Similar assemblages occur in di­
nocyst Zones la to II in the intrabasaltic beds at DSDP Sites 
403-407, 552, and 553A, and they have been correlated with as­
semblages in the upper intrabasaltic sediments of the Blosseville 
Basalts at Kap Dalton. At the DSDP Leg 81 sites, these zones 
were dated by nannofossils as ranging from NP10 (ca. 55-58 
Ma) to NP13 (ca. 52-53 Ma). The age of the lower volcanic se­
ries at Site 642 may therefore be as old as 58 Ma if the presence of 
C. bartonensis is owing to downhole contamination, or as young 
as 42 Ma if the lower Eocene palynomorphs are reworked. In gen­
eral, however, the combined maximum ages obtained from dia­
toms (D), silicoflagellates (S), and palynomorphs (P) in the vol­
canic ash layer and basalt intrabeds show an agreement consis­
tent enough to support a late-middle Eocene age assignment. 

Neogene and Quaternary Paleoenvironments 

Paleoenvironments of Surface Waters 
Miocene. The planktonic microfossils indicate important pa-

leoenvironmental changes during the Miocene. Thick-walled ra-
diolarians indicating cold-water conditions or isolation are gradu­
ally replaced by more thin-walled temperate species. This signals 
an increasing water exchange with the North Atlantic, starting 
in the early Miocene. Pollen and spore assemblages indicate 
temperate to subtropical conditions during the early Miocene 
and fluctuations between boreal and warm temperate conditions 
in the middle Miocene. 

A major environmental change that seems to have affected 
all micro fossil groups is identified at about 160 m sub-bottom 
depth (Samples 104-642B-18H, CC and 104-642C-19H, CC) in 
the middle Miocene. The age may correlate to the global l^-en­
richment and Antarctic ice-volume increase (Shackleton and 
Kennett, 1975; Woodruff et al., 1981). This change marks the 
first appearances of planktonic foraminifers, which coincide 
with the boundary between sedimentary Units III and IID. Cal­
careous nannofossils appear slightly beneath this level, but oc­
cur abundantly only above. Zonal boundaries in dinoflagel-
lates, silicoflagellates, diatoms, and radiolarians are located at 
about this level. The onset of carbonate deposition indicates a 
major decrease in CaC03 dissolution. In the radiolarian assem­
blages, however, there is a return to more thick-walled assem­
blages between 158 and 130m(~13.5-~12.3 Ma), which could 
be interpreted as a decrease in temperatures and/or increased 
isolation of the Norwegian Sea. The carbonate deposition and 
presence of cosmopolitan species of planktonic foraminifers 
and calcareous nannofossils do not indicate isolation at this 
time. The planktonic foraminifer faunas display relatively low 
diversities in the middle Miocene. This may indicate a cool in­
terval in parts of the middle Miocene, possibly correlating with 
the cold radiolarian assemblage. The diatom assemblages con­
tain abundant productivity and upwelling indicators as well as 
cold-water species during the same period. 

Relatively high-diversity calcareous nannofossil assemblages, 
indicative of relatively warm water, persisted through the middle 
and late Miocene. Planktonic foraminifers, radiolarians, and 
diatoms suggest that the Neogene was warmest during the late 
Miocene, probably continuing into the early Pliocene. Dinocyst 
and pollen data show the warmest period in the late-middle Mi­
ocene with increased influx of thermophilous pollen, and possi­
bly a more temperate climate in the late Miocene. However, by 
comparison with North Atlantic records, the lower diversity and 
lack of temperate calcareous zonal markers in the late Miocene 
record from Site 642 strongly suggest a marked temperature gra­
dient between the North Atlantic and the Norwegian Sea even 
during the relatively warm interval. 

Pliocene. The low sedimentation rates in the Pliocene section 
and the relatively few samples representing this period available 
for shipboard studies limited the stratigraphic resolution of this 
interval. Despite these shortcomings, some important paleoen-
vironmental trends are present. 

Some microfossil groups indicate a cooling trend from the 
early to the late Pliocene. Radiolarian assemblages indicate tem­
perate water masses in the earliest Pliocene and a gradual de­
crease of temperate species up to the first major input of ice-
rafted detritus (beneath the Matuyama/Gauss boundary). Plank­
tonic foraminifers show relatively high diversity and a temperate 
subpolar assemblage with decreasing diversity and increased 
dominance of cold-water indicators toward the onset of major 
ice rafting. Preservation of silicoflagellates and diatoms is best 
in lower Pliocene sediments. Sample 104-642C-11H, CC con­
tains exceptionally high abundances of silicoflagellates. The sig-

150 



SITE 642 

nificance of such blooms is not clearly understood at present. 
Large-amplitude fluctuations in carbonate content and varia­
tions in calcareous nannofossil content may indicate paleocean-
ographic and climatic changes of higher frequencies superim­
posed on this cooling trend. This may also be documented by 
mixed temperate- and high-latitude dinoflagellates and temper­
ate and boreal pollen assemblages. Although the early Pliocene 
may have been relatively warm, the small diversities in calcare­
ous nannofossils, planktonic foraminifers, and radiolarians still 
indicate a generally cool climate. 

The onset of ice rafting and major glaciations had a great 
impact on all fossil groups. The faunas and floras of the late 
Pliocene from this boundary and up to the Pliocene/Quater­
nary boundary are markedly different from those below. The 
radiolarian assemblages show a marked decline in diversity. Dia­
toms and silicoflagellates disappear from the sediments. The 
diversity of planktonic foraminifers is reduced to a nearly mono-
specific polar assemblage with only minor abundances of sub­
polar species. Small diversity and low numbers of calcareous nan­
nofossils also signal this cooling. Dinocyst assemblages show 
reduced diversity and the dinocyst-to-pollen ratio is greatly re­
duced. The abundance of reworked sporomorphs increased with 
the onset of large-scale ice rafting. These changes reflect a 
large-scale change in both the climate and surface-circulation 
regime of the Norwegian Sea. An onset of extended periods 
with extensive ice cover and southward deflections of the subpo­
lar Atlantic inflow, probably into the North Atlantic, occurred. 
The correlation of this with the Gauss/Matuyama boundary is 
in accordance with the dating of similar events in the North At­
lantic (Backman, 1979; Shackleton et al., 1984). 

Quaternary. The Quaternary sediments encountered at Site 
642 contain alternating assemblages of planktonic microfossils 
indicative of variations from polar to subpolar environments. 
This pattern is associated with variations in inflow of North At­
lantic drift water in connection with glacial/interglacial cycles. 
The dinocyst assemblages characterize polar to subpolar surface 
waters. This cyclicity is also shown by large fluctuations in ter­
rigenous, ice-rafted input. It is also reflected in the dinocyst/ 
pollen ratio (D/P) (which reflects variations in terrigenous sedi­
ment influx) and in the calcareous nannofossils, whose abun­
dance and composition alternate between nannofossil-rich inter-
glacial sediments and nannofossil-poor, often highly reworked, 
glacial deposits. However, an important fossil-barren zone is identi­
fied around the base of the Quaternary, pointing to extended, cold 
glacial intervals below the Brunhes-Matuyama boundary. 

Alternating polar-subpolar conditions are reflected in the 
pollen assemblages, which mainly contain long-distance trans­
ported forest-tundra and boreal elements. The siliceous micro-
fossils are apparently missing from the Quaternary interval. 
These include the radiolarians (except for the sediment/surface 
layer, which has a high diversity of Holocene radiolarians), sili­
co flagellates, and diatoms. The low productivity of siliceous 
microfossils is most likely a result of prolonged periods of ice 
cover. 

Paleoenvironments of Bottom Waters 
Only two groups of benthic organisms are abundant through­

out the Miocene to Quaternary sequence at Site 642, foramini­
fers and sponges. Ostracodes are found only rarely (one to five 
valves) in a few samples (Table 14), along with scattered scoleco-
donts, echinoderm spicules, and bivalves. Sponges are of little 
value to the paleoenvironmental interpretation because their 
taxonomy, ecology, and stratigraphic ranges are poorly known. 
Therefore, the paleoenvironmental interpretation of the bottom 
water is based on the benthic foraminiferal data. 

Miocene (Benthic Foraminiferal Zones C, B, and Lower A2). 
The lower and lower-middle Miocene (BF Zones Cl and C2) are 

represented by a small-diversity, sparse arenaceous fauna, and 
numerous barren samples. This assemblage may indicate severe 
carbonate dissolution or it may represent a shallow-water envi­
ronment. There are also many terrestrially derived sediment 
components, including wood fragments, found in this section 
of the core. The evidence points to a relatively shallow, but defi­
nitely marine, depositional environment. 

A major change in the bottom water occurred in the middle 
Miocene when there was a shift to a rich calcareous fauna (BF 
Zone B). This shift may have been caused by global oceano-
graphic changes such as the establishment of the modern global 
deep-water circulation, a deepening of the CCD, and an intensi­
fied water exchange of the Norwegian-Greenland Sea with the 
North Atlantic. The upper-middle Miocene is characterized by 
Uvigerina pygmaea langeri, a species associated with the outer 
littoral-to-epibathyal environment in the North Sea area, along 
with M. zaandamae and P. bulloides, both of which are found 
associated with the upper slope water of the present Norwegian 
Sea, whereas the fauna of upper Miocene gradually changes to 
an E. exigua/E. umbonatus assemblage species typical of a 
deeper bathyal environment. In addition, there is a coeval in­
crease in the number of planktonic foraminifers from the up­
per-middle to the upper Miocene. However, the good preserva­
tion of the benthics in the upper-middle Miocene does not sug­
gest that dissolution is responsible for the lack of planktonic 
foraminifers in these sediments, but rather suggests a more re­
stricted oceanic environment during the upper-middle Miocene. 
We interpret these data as reflecting a deepening of the sedimen­
tary basin during the upper-middle Miocene. Nevertheless, the 
evidence may also reflect other environmental changes that are 
not necessarily directly tied to water depth, such as changes in 
the oxygen content or position of a water mass. These changes 
will be investigated with closer sampling in the postcruise studies. 

The core interval from 130 to 110 m sub-bottom is character­
ized by the presence of several barren samples and one sample in 
Hole 642C containing only arenaceous species. The relationship 
between these sediments and the interval of very slow sedimen­
tation (or hiatus) will also be investigated further. 

Pliocene (Upper BF Zone A2). The benthic foraminifer as­
semblage of the Pliocene sediments at Site 642 is very similar to 
that of the present. Zone A is based on the presence of C. laevi-
gata. Increased percentages of M. zaandamae and C. subglo-
bosa in the lower Pliocene (a trend continuing from the upper 
Miocene) may indicate slightly higher bottom-water tempera­
tures. The Pliocene sediments are also characterized by numer­
ous barren intervals that may represent periods of extensive car­
bonate dissolution or dilution by terrigenous or siliceous sediment. 

The uppermost Pliocene contains evidence for the initiation 
of Northern Hemisphere glaciation in the form of increased ice 
rafting. The benthic foraminifers become rare in this interval be­
cause of the increase of glacially derived sediments. 

Quaternary (BF Zone Al). The samples from this interval 
are characterized by roughly the same species that occur in the 
Norwegian Sea today. Although only core-catcher samples have 
been studied in this interval, there is evidence for alternating 
glacial and interglacial sedimentation during the Quaternary. 
The presence of C. wuellerstorfi in Sample 104-642B-3H, CC 
indicates inter glacials, whereas Samples 104-642B-4H, CC and 
104-642B-5H, CC contain reworked shelf foraminifers (E. ex-
cavatum), indicating a glacial period. 

Paleogene Paleoenvironments 
Interpretation of the paleoenvironmental conditions repre­

sented by the microfossils in the volcanic intrabeds and overly­
ing rhyolitic ash unit at Site 642 is presently constrained by (1) 
apparent absence of siliceous and calcareous microfossils and are­
naceous benthic foraminifers from most of the samples exam-
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ined; (2) probable isolation of the Norwegian Sea by the emergent 
Greenland-Scotland ridge during the interval from ca. 60-30 
Ma (Schrader et al., 1976), which implies that the Paleogene 
marine microfossil assemblages would have a strong regional as­
pect; (3) evidence for fine-scale biofacies changes within indi­
vidual volcaniclastic units (Fig. 49). The data shown in Figure 
49 strongly suggest that several sample intervals, each ca. 1 cm 
thick, should be examined to reveal the range of biofacies present 
and to locate possible marine microfacies throughout the full 
time span of the volcanic sequence. 

Within the constraints listed above, the following conclu­
sions have been drawn regarding the Paleogene environment at 
Site 642. 

1. Preliminary paleodepth data obtained from the lower Mi­
ocene benthic foraminifers suggest a trend toward a nearshore 
environment prior to the deposition of the rhyolitic ash unit at 
the base of Hole 642D. Similar paleodepth changes are reported 
by Manum (1976) for the early Miocene-Oligocene interval at 
DSDP Sites 336, 338, and 348. The dinocyst index also suggests 
a shallow marine to paralic or subaerial environment for the Eo­
cene interval at DSDP Site 336. The D/P values for the volcanic 
intrabeds at Site 642 suggest generally shallow marine condi­
tions for most of the section, but with several major marine in­
cursions around 325, 450, 650, and 800 mbsf. Recognition of 
these incursions at Site 642 may reflect the fine scale of sam­
pling permitted by the continuous coring for Leg 104, or it may 
reflect the slightly shallower location of Site 642 (1288 m) com­
pared to Site 338 (1600 m). It is interesting, however, that the di­
nocyst index indicates relatively deeper marine conditions for 
the Eocene interval at Site 336. The interval is at a present water 
depth of < 1000 m on the Iceland-Faeroe Ridge. This suggests 
that there may be significant regional differences between the 
paleodepth histories of the volcanic deposits in different regions 
of the Norwegian Sea. 

2. Within the volcaniclastic units of Hole 642E, fluctuations 
are observed in the dinocyst index (Fig. 49), which correspond 
to changes in frequencies of (a) marine microfossils (biosili-
ceous diatoms, silicoflagellates and organic walled dinocysts), 
(b) pollen and terrigenous plant spores, and (c) freshwater algae 
{Palambages and/or Pedia strum). 

An attempt has been made to delimit environmental facies 
using some known relationships between the ratios of recent di­
nocysts and pollen assemblages for marginal marine to oceanic 
deposits (Mudie, 1980, 1982; Miller et al., 1982; Hill et al., 
1985), and with the following assumptions: (a) the presence of 
both siliceous- and organic-walled marine microfossils indicates 
a marine environment, and (b) subaerial environments are char­
acterized by the absence of dinocysts and freshwater algae and 
by the presence of rare, oxidized pollen grains; wind-trans­
ported diatom fragments may be present or absent. 

Four classes of marine environments can be recognized, as 
defined below: 

1. Oceanic = upper continental slope (ca. 400 m) to pelagic 
(> 1500 m), indicated by the presence of radiolarians (R) and/ 
or calcareous nannofossils (N) in addition to diatoms and dino­
cysts. D/P is >1.0. 

2. Neritic = upper slope (ca. 400 m) to inner shelf (ca. 50 
m), indicated by the presence of both diatoms and dinocysts to­
gether with pollen. R and N are absent; D/P ranges from ca. 
1.0 (outer shelf) to 0.7 (inner shelf). 

3. Paralic = inner shelf (<50 m) to coastal bays, indicated 
by the presence of diatoms, dinocysts, relatively large amounts 
of pollen, and rare small wood fragments; D/P = ca. 0.5. 

4. Estuarine = (i) fluvial marine delta—large amounts of 
coarse wood fragments, large spores and other plant remains, 
e.g., seeds and small amounts of freshwater algae are present; 
dinocysts are rare; D/P = ca. 0.7-0.5; (ii) intertidal mudflats— 
very low numbers of dinocysts, pollen, and wood fragments; 
palynomorphs are oxidized; D/P is <0.5; this environment is 
alternately subaqueous and subaerial, according to tidal range; 
(iii) lacustrine freshwater environments, recognized by the pres­
ence of large amounts of freshwater algae, pollen, and spores; 
dinocysts are absent; D/P < 0.1; and (iv) subaerial environ­
ments, including littoral beach deposits, characterized by rare 
oxidized pollen grains, absence of dinocysts, and freshwater al­
gae; diatom fragments may be present or absent; D /P < 0 . 1 . 

Application of this classification to the microfossil assem­
blages in the series of graded beds in volcaniclastic unit S26 
(740.86-741.08 mbsf) shows that different paleoenvironments 
are represented by the silt facies at the top of the graded beds 
(Fig. 49). These results suggest that the bedding represents mi­
nor transgressive-regressive facies within a shallow marine envi­
ronment. A similar series of palynofacies records Pleistocene 
changes in relative sea level in the Beaufort Sea-Mackenzie 
Delta region (Hill et al., 1985). 

Using the paleoenvironmental criteria listed above, the volca­
niclastic units in Hole 642E were classified into subaqueous or sub­
aerial environments (Table 17A). Comparison of this semiquantita-
tive classification with independent assessments made from litho-
logical and petrological criteria (see "Basement Lithology" section) 
shows that there is a large degree of agreement between the clas­
sifications. In general, then, it appears that the volcaniclastic 
beds at Site 642 were deposited in a relatively shallow (neritic) 
marine and in terrestrial environments that underwent minor 
changes in relative sea level of the order of less than 400 m. Sim­
ilar paleoenvironmental reconstructions have been obtained for 
the Eocene volcanic sediments at DSDP Site 338 (Manum, 1976), 
DSDP sites on the Rockall Plateau (Costa and Downie, 1979; 
Brown and Downie, 1984), and at Kap Dalton (Soper et al., 
1976). 

PALEOMAGNETICS 

Sediments 
Available paleomagnetic results for the sediment series re­

covered from Holes 642A through 642D at Site 642 in the Nor­
wegian Sea comprise: 

1. Shipboard measurements, with the new pass-through cry­
ogenic magnetometer, of the natural remanent magnetization 
(NRM) properties of virtually all core sections (Tables 18 and 
19). 

2. Shore-based NRM measurements and, for a major por­
tion, complete AF analyses on a series of discrete samples taken 
at about 30-cm intervals in Holes 642A and 642B and at less 
closely spaced intervals in the other two holes. 

Hole 642A 
Only a single, 9.5-m core was retrieved from this hole. Re­

sults obtained all show normal NRM directions, indicating that 
these sediments were accumulated during the present geomag­
netic Brunhes Epoch. 

Hole 642B 
In Hole 642B some 221 m of sediments was penetrated and, 

to a high percentage, recovered, in 25 cores. Paleomagnetic re­
sults were somewhat disappointing: for the lower half of the 
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Table 18. Paleomagnetic properties of Hole 642B sediments. 

1-1 
1-1 
1-1 

*1-1 
*1-1 
*l-2 

1-2 
1-2 
1-2 
1-3 
1-3 
1-3 
1-3 

*l-3 
2-1 
2-1 
2-1 
2-2 

*2-2 
*2-2 
*2-2 
*2-2 
*2-3 
*2-3 
2-3 
2-3 
2-3 

*2-4 
2-4 
2-4 
2-4 

*2-4 
2-5 
2-5 
2-5 

*2-5 
*2-6 
*2-6 
2-6 
2-6 
2-6 
3-1 
3-1 
3-1 
3-1 
3-1 
3-2 
3-2 
3-2 
3-2 
3-2 
3-3 
3-3 
3-3 
3-3 
3-4 
3-4 
3-4 
3-4 
4-2 
4-2 
4-2 
4-3 
4-3 

*4-3 
*4-3 
*4-3 
4-4 
4-4 
4-4 
4-4 
4-5 
4-5 
4-5 

*4-5 
*4-5 

Sample 
nterval 
(cm) 

19-21 
49-51 
79-81 
109-111 
139-141 
19-21 
49-51 
79-81 
109-111 
19-21 
49-51 
79-81 
109-111 
141-143 
80-82 
109-111 
139-141 
20-22 
50-52 
80-82 
110-112 
140-142 
10-12 
44-46 
79-81 
110-112 
140-142 
19-21 
50-52 
80-82 
110-112 
140-142 
20-22 
50-52 
79-81 
110-112 
4-6 
8-10 
31-33 
60-62 
92-94 
20-22 
50-52 
80-82 
110-112 
140-142 
20-22 
50-52 
79-81 
110-112 
140-142 
20-22 
50-52 
79-81 
109-111 
19-21 
49-51 
80-82 
109-111 
80-82 
110-112 
140-142 
20-22 
49-51 
79-81 
110-112 
140-142 
19-21 
49-51 
79-81 
110-112 
19-21 
47-49 
79-81 
110-112 
140-142 

Sub-bottom 
depth 

(m) 

0.20 
0.50 
0.80 
1.10 
1.40 
1.70 
2.00 
2.30 
2.60 
3.20 
3.50 
3.80 
4.10 
4.42 
5.61 
5.90 
6.20 
6.51 
6.81 
7.11 
7.41 
7.71 
7.91 
8.25 
8.60 
8.91 
9.21 
9.50 
9.81 

10.11 
10.41 
10.71 
11.01 
11.31 
11.60 
11.91 
12.35 
12.39 
12.62 
12.91 
13.23 
14.51 
14.81 
15.11 
15.41 
15.71 
16.01 
16.31 
16.60 
16.91 
17.21 
17.51 
17.81 
18.10 
18.40 
19.00 
19.30 
19.61 
19.90 
23.01 
23.31 
23.61 
23.91 
24.20 
24.50 
24.81 
25.11 
25.40 
25.70 
26.00 
26.31 
26.90 
27.18 
27.50 
27.81 
28.11 

J (NRM) 
(Gauss) 

6.42 E-5 
1.05 E-5 
1.68 E-5 
2.14 E-5 
2.38 E-6 
1.71 E-5 
8.25 E-6 
2.12 E-5 
6.18 E-6 
3.03 E-5 
4.05 E-5 
1.10 E-5 
4.63 E-5 
2.13 E-5 
5.42 E-5 
3.09 E-5 
1.13 E-5 
9.34 E-6 
7.15 E-6 
1.69 E-5 
1.56 E-5 
2.81 E-6 
1.51 E-5 
2.00 E-5 
2.55 E-5 
2.29 E-5 
2.23 E-5 
1.24 E-5 
1.59 E-5 
2.56 E-5 
1.22 E-5 
1.51 E-5 
3.60 E-5 
2.66 E-5 
3.04 E-5 
7.68 E-6 
4.35 E-6 
8.57 E-6 
6.10 E-6 
2.12 E-5 
2.41 E-6 
4.43 E-5 
3.26 E-5 
1.47 E-6 
2.18 E-5 
1.71 E-5 
7.28 E-5 
9.73 E-6 
2.05 E-5 
1.98 E-5 
3.06 E-5 
8.00 E-6 
4.34 E-5 
2.45 E-5 
2.88 E-6 
2.74 E-5 
6.89 E-5 
2.83 E-5 
5.07 E-5 
6.52 E-5 
2.28 E-5 
6.53 E-5 
6.43 E-5 
7.29 E-5 
9.52 E-6 
3.55 E-5 
6.08 E-5 
8.11 E-5 
9.30 E-5 
8.14 E-5 
5.54 E-5 
5.80 E-6 
2.88 E-6 
3.13 E-6 
3.33 E-5 
1.60 E-5 

NRM 

I 

+ 74.5 
+ 70.9 
+ 78.7 
+ 77.7 
-24 .6 
+ 50.7 
+ 62.5 
+ 47.4 
+ 2.1 

+ 74.3 
+ 74.2 
+ 70.1 
+ 81.2 
+ 70.9 
+ 83.3 
+ 74.1 
+ 82.5 
+ 87.8 
+ 87.3 
+ 63.1 
+ 51.1 
+ 34.2 
+ 18.1 
+ 47.1 
+ 59.6 
+ 63.0 
+ 69.2 
+ 70.2 
+ 48.8 
+ 44.8 
+ 48.8 
+ 24.8 
+ 50.3 
+ 64.9 
+ 65.4 
+ 76.3 

- 7 . 1 
-22.5 
+ 65.4 
+ 63.4 
+ 85.3 
+ 58.4 
+ 82.0 
+ 65.3 
+ 81.6 
+ 78.6 
+ 86.1 
+ 63.4 
+ 88.5 
+ 83.7 
+ 77.6 
+ 79.9 
+ 78.0 
+ 85.8 
+ 31.9 
+ 72.5 
+ 67.4 
+ 58.2 
+ 67.1 
+ 80.4 
+ 72.7 
+ 84.0 
+ 68.0 
+ 52.3 
+ 65.9 
+ 29.2 
+ 38.9 
+ 53.1 
+ 48.8 
+ 57.8 
+ 56.0 
+ 72.7 
+ 65.0 
+ 54.8 
+ 38.6 
+ 51.7 

D 

145.5 
68.4 

148.0 
104.1 
327.6 
125.1 
115.5 
122.4 
120.0 
146.7 
157.4 
275.5 
219.0 
131.2 
135.3 
76.1 

192.9 
225.5 
232.0 
117.4 
107.1 
155.3 
302.5 
290.7 
339.5 

14.9 
52.8 
45.8 

118.5 
101.6 
71.4 

103.7 
110.7 
227.8 
199.3 
212.8 
233.1 

86.5 
72.5 
86.0 
70.2 

105.8 
163.1 
114.8 
275.1 
245.4 
308.9 
178.7 
54.9 

262.0 
326.9 
328.2 
266.9 
349.7 
288.0 
48.5 
66.3 

101.4 
83.6 
18.7 

350.9 
62.7 

346.9 
0.7 

319.2 
358.0 
344.6 
32.3 

3.3 
3.7 

351.4 
38.8 
18.6 

358.7 
3.9 

27.1 

AF stable 

I 

+ 73.7 
+ 77.9 
+ 72.5 
+ 71.3 
-62 .1 
+ 64.5 
+ 69.6 
+ 46.6 
-40 .1 
+ 75.3 
+ 69.1 
+ 65.8 
+ 81.6 
+ 71.4 
+ 81.3 
+ 73.6 
+ 74.2 
+ 76.6 
+ 78.7 
+ 68.8 
+ 43.9 
+ 43.3 
+ 5.0 

+ 41.1 
+ 60.2 
+ 59.5 
+ 68.1 
+ 72.3 
+ 48.3 
+ 43.9 
+ 70.7 
+ 21.6 
+ 48.3 
+ 57.4 
+ 60.9 
+ 60.6 
+ 71.8 
-29 .3 
+ 60.5 
+ 63.1 
+ 78.9 
+ 73.1 
+ 78.1 
+ 68.9 
+ 79.4 
+ 74.7 
+ 85.1 
+ 62.5 
+ 87.4 
+ 79.9 
+ 75.9 
+ 82.5 
+ 76.5 
+ 83.9 
-60 .3 
+ 75.5 
+ 69.0 
+ 67.3 
+ 67.5 
+ 78.5 
+ 71.3 
+ 86.3 
+ 68.0 
+ 50.6 
+ 66.4 
+ 24.6 
+ 36.2 
+ 51.7 
+ 46.2 
+ 55.8 
+ 55.1 
+ 71.9 
+ 55.4 
+ 78.6 
+ 37.6 
+ 48.1 

D 

151.2 
135.4 
148.7 
132.2 
322.9 
115.3 
114.9 
128.4 
135.1 
163.3 
153.0 
218.0 
208.3 
144.6 
133.9 
95.0 

182.2 
229.2 

32.6 
114.8 
113.5 
187.4 
263.9 
276.1 
44.3 

8.3 
48.1 
14.3 

122.1 
107.5 
95.0 
97.7 

113.1 
225.3 
202.8 
233.3 
169.3 
325.5 
68.3 
81.8 

310.5 
179.4 
162.7 
117.5 
262.7 
232.3 
278.2 
185.5 
38.5 

256.4 
311.0 
339.2 
264.2 
316.7 
290.3 

35.0 
62.0 
98.2 
84.0 
13.2 

351.5 
59.4 

347.0 
1.0 

318.6 
355.4 
345.2 
31.9 
0.1 
1.9 

352.6 
38.3 
14.5 

353.2 
1.9 

19.9 

Pol. 

N 
N 
N 

N 
N 

N 
N 
N 
N 

N 
N 
N 
N 

N 
N 
N 

N 
N 
N 

N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 

N 
N 
N 
N 
N 
N 
N 

MDF 
(Oe) 

323 
170 
233 
171 
595 
181 
116 
195 
277 
266 
225 
106 
255 
155 
281 
180 
42 
97 
48 

220 
132 
161 
97 

177 
220 
121 
165 
192 
221 
181 
77 

206 
185 
227 
219 
104 
417 

44 
128 
188 
333 
214 
214 
213 
262 
194 
450 
130 
224 
227 
262 
235 
281 
271 
425 
150 
234 
199 
226 
316 
288 
280 
305 
269 
275 
260 
296 
313 
292 
319 
310 
237 
115 
153 
269 
264 



Table 18 (continued). 

Sample 
interval 

(cm) 

*4-6, 19-21 
*4-6, 50-52 
*4-6, 78-80 
*4-6, 110-112 
*5-l, 20-22 
*5-l, 50-52 
*5-l, 80-82 

5-1, 110-112 
5-1, 140-142 
5-2, 20-22 
5-2, 50-52 
5-2, 80-82 
5-3, 19-21 
5-3, 50-52 
5-3, 82-84 
5-3, 110-112 

*5-3, 139-141 
♦5-4, 20-22 
*5-4, 50-52 
*5-4, 80-82 
*5-4, 110-112 
5-5, 20-22 
5-5, 50-52 
5-5, 80-82 
5-5, 110-112 
5-5, 140-142 

*5-6, 20-22 
5-6, 49-51 
5-6, 80-82 
5-6, 110-112 
5-6, 140-142 
5-7, 19-21 
5-7, 49-51 
5-7, 80-82 

*6-l, 20-22 
6-1, 50-52 
6-1, 80-82 
6-1, 110-112 
6-1, 140-142 
6-2, 20-22 
6-2, 50-52 
6-2, 80-82 
6-2, 110-112 
6-2, 140-142 
6-3, 20-22 
6-3, 50-52 
6-3, 80-82 
6-3, 110-112 
6-3, 140-142 
6-4, 20-22 
6-4, 50-52 
6-4, 80-82 
6-4, 110-112 
6-5, 20-22 
6-5, 50-52 
6-5, 80-82 
6-5, 110-112 
6-5, 140-142 
6-6, 20-22 

*6-6, 50-52 
*7-l, 109-111 
7-1, 139-141 
7-2, 8-10 
7-2, 38-40 
7-2, 68-70 
7-2, 99-101 
7-2, 139-141 
7-3, 8-10 
7-3, 38-40 
7-3, 68-70 
7-3, 99-101 
7-3, 139-141 
7-4, 8-10 
7-4, 38-40 
7-4, 68-70 
7-4, 99-101 
7-5, 8-10 

Sub-bottom 
depth 
(m) 

28.40 
28.71 
28.99 
29.31 
29.61 
29.91 
30.21 
30.51 
30.81 
31.11 
31.41 
31.71 
32.60 
32.91 
33.23 
33.51 
33.80 
34.11 
34.41 
34.71 
35.01 
35.61 
35.91 
36.21 
36.51 
36.81 
37.11 
37.40 
37.71 
38.01 
38.31 
38.60 
38.90 
39.21 
39.11 
39.41 
39.71 
40.01 
40.31 
40.61 
40.91 
41.21 
41.51 
41.81 
42.11 
42.41 
42.71 
43.01 
43.31 
43.61 
43.91 
44.21 
44.51 
45.11 
45.41 
45.71 
46.01 
46.31 
46.61 
46.91 
48.50 
48.80 
48.99 
49.29 
49.59 
49.90 
50.30 
50.49 
50.79 
51.09 
51.40 
51.80 
51.99 
52.29 
52.59 
52.90 
53.49 

J (NRM) 
(Gauss) 

2.00 E-5 
3.38 E-5 
4.36 E-5 
1.78 E-4 
6.24 E-5 
2.93 E-5 
2.86 E-5 
3.20 E-5 
2.89 E-5 
3.66 E-5 
3.77 E-5 
2.72 E-5 
4.53 E-6 
4.90 E-6 
2.54 E-6 
1.24 E-5 
2.31 E-5 
3.90 E-5 
8.61 E-6 
1.07 E-5 
4.22 E-5 
2.88 E-5 
6.68 E-5 
1.85 E-5 
1.82 E-6 
1.12 E-5 
7.73 E-6 
2.58 E-5 
3.02 E-5 
3.36 E-5 
3.70 E-6 
1.31 E-5 
6.50 E-6 
1.62 E-5 
7.42 E-6 
4.36 E-5 
3.23 E-5 
1.52 E-5 
5.16 E-5 
7.97 E-7 
7.07 E-6 
2.37 E-6 
9.95 E-6 
2.95 E-5 
2.21 E-5 
3.54 E-5 
17.3 E-5 
1.11 E-5 
7.85 E-7 
8.59 E-6 
6.01 E-6 
1.38 E-5 
2.22 E-5 
1.21 E-5 
3.14 E-6 
9.44 E-6 
6.49 E-6 
1.60 E-5 
8.22 E-7 
1.09 E-5 
6.34 E-6 
1.84 E-6 
3.21 E-5 
2.23 E-5 
4.00 E-6 
3.46 E-5 
2.70 E-5 
1.67 E-5 
3.38 E-5 
2.72 E-5 
1.67 E-5 
4.39 E-6 
1.05 E-5 
6.43 E-7 
3.62 E-5 
2.81 E-6 
6.81 E-7 

NRM 

I 

+ 68.9 
+ 16.4 
+ 46.5 
+ 22.2 
+ 74.0 
+ 70.6 
+ 81.0 
+ 67.8 
+ 75.5 
+ 72.3 
+ 78.3 
+ 74.5 
+ 80.7 
+ 76.8 
+ 68.9 
+ 61.5 
+ 73.3 
+ 78.2 
+ 75.3 
+ 67.9 
+ 81.6 
+ 80.4 
+ 81.3 
+ 50.3 

+ 8.3 
+ 74.0 
+ 81.0 
-79 .2 
-67 .4 
-57 .7 

+ 8.6 
+ 59.6 
-16 .7 
+ 41.5 
+ 3.1 

+ 84.3 
+ 81.1 
+ 75.9 
-82 .1 
-73 .7 
-82 .7 
-33 .2 
+ 39.6 
-60 .5 
+ 66.6 
+ 83.7 
-73 .8 
+ 35.8 
-10 .7 
+ 58.6 
+ 75.3 
- 1 . 7 

-81 .8 
+ 69.0 
+ 57.0 
-25 .8 
+ 31.5 
-51 .8 

- 4 . 5 
+ 57.6 
+ 27.0 
+ 38.7 
-63 .3 
-70 .1 

- 0 . 6 
-74 .9 
-78 .8 
-71 .0 
-68 .9 
-63 .3 
-45 .8 
-10 .8 
-52 .3 
+ 45.7 
-79 .6 
-30 .6 
+ 39.6 

D 

322.3 
325.5 
355.4 
313.8 
145.7 
96.2 

162.4 
124.6 
158.5 
141.0 
113.0 
113.7 
186.5 
230.1 
287.2 
110.1 
242.8 
129.2 
172.7 
144.0 
204.2 
160.1 
132.0 
115.6 
107.3 
296.7 
336.9 
358.0 
322.0 
289.3 

11.5 
96.8 
75.9 

115.0 
87.2 

162.2 
171.3 
76.7 
61.4 

168.3 
347.9 
258.8 
112.0 
138.1 
97.3 

110.3 
223.0 
260.9 
250.6 
279.0 
324.8 

86.3 
58.8 
48.6 
96.2 

251.2 
102.3 
297.1 
76.6 
70.4 

303.9 
289.3 
254.8 
280.3 
165.8 
230.8 
298.6 
273.7 
269.9 
268.0 
301.5 
266.2 
278.1 
200.3 
219.9 
128.0 
109.6 

AF stable 

I 

+ 64.6 
+ 6.8 

+ 45.0 
- 1 . 8 

+ 74.4 
+ 71.5 
+ 80.5 
+ 68.0 
+ 74.9 
+ 72.4 
+ 80.4 
+ 75.1 
+ 73.3 
+ 79.5 
+ 65.5 
+ 51.0 
+ 71.3 
+ 75.6 
+ 66.9 
-38 .2 
+ 79.3 
+ 82.9 
+ 76.9 
+ 59.7 
+ 58.1 
+ 84.1 
+ 90.0 
-76 .3 
-69 .1 
-60 .8 
-42 .9 
-40 .5 
-56 .3 
+ 59.8 
-26 .2 
+ 80.5 
+ 78.7 
+ 80.5 
-82 .1 
-74 .2 
-84 .3 
-66 .5 
-66 .1 
-61 .1 
+ 65.9 
+ 84.3 
-78 .1 
-23 .8 
-64 .3 
+ 43.1 
+ 63.7 
-58.4 
-84 .5 
+ 59.2 
+ 17.2 
-61 .1 
-71 .1 
-63 .3 
-76 .3 
+ 34.7 
+ 18.8 
-18 .7 
-67 .3 
-74 .6 
-51 .8 
-73 .0 
-75 .6 
-75 .8 
-76 .3 
-68 .8 
-56 .3 
-70 .5 
-62 .6 
-57 .7 
-77 .5 
+ 58.1 
+ 81.5 

D 

324.2 
328.4 
359.3 
322.4 
148.3 
96.5 

160.2 
131.3 
158.8 
152.0 
121.4 
117.6 
150.6 
207.2 
280.5 
133.5 
234.5 
136.2 
189.8 
170.2 
159.4 
190.6 
141.7 
127.9 
134.1 
175.9 
270.0 
330.8 
315.9 
290.8 
359.4 
155.1 
93.9 

132.0 
79.8 

154.0 
168.9 
68.3 

233.6 
210.9 
283.0 
249.5 
165.6 
161.0 
96.3 

141.1 
237.6 
258.5 
253.9 
274.5 
309.1 
93.0 

302.9 
53.7 

109.0 
249.6 
151.9 
284.3 
111.8 

7.9 
295.7 
320.6 
254.7 
276.5 
213.2 
237.7 
273.9 
269.9 
264.5 
249.7 
291.3 
246.7 
258.6 
222.6 
236.4 

52.0 
233.4 

Pol. 

N 
N 
N 
N 
N 
N 
N 
N 
N 

N 
N 
N 
N 
N 

R 
R 
R 
R 
R 
R 
N 

N 
N 
N 
R 
R 
R 
R 
R 
R 
N 
N 
R 
R 
R 
N 
N 
R 
R 
N 
N 
R 
R 
R 
R 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
N 
N 

MDF 
(Oe) 

276 
228 
321 
350 
289 
271 
289 
255 
293 
261 
311 
294 
220 
310 
222 
108 
238 
216 
115 
90 

241 
116 
212 
151 
50 

348 
252 
208 
390 
321 
342 
46 

197 
99 
61 

204 
263 
164 
315 

>500 
406 

>500 
67 

356 
243 
205 
474 
233 

>500 
178 
80 

247 
391 
265 

44 
>500 

242 
354 
363 

35 
298 
157 
320 
294 
289 
320 
335 
334 
326 
94 

370 
>500 

471 
383 
320 
198 
49 



Table 18 (continued). 

Sample 
interval 

(cm) 

7-5, 39-41 
7-5 
7-5 
7-5 
7-6 
7-6 
7-6 
7-6 
7-6 
7-7 
7-7 
7-7 

*8-l 
8-1 
8-1 
8-1 
8-2 
8-2 
8-2 
8-2 
8-2 
8-3 
8-3 
8-3 
8-3 
8-3 
8-4 
8-4 
8-4 
8-4 
8-4 
8-5 
8-5 
8-5 
8-5 
8-5 
8-6 
8-6 
8-6 
8-6 
8-6 
8-7 
8-7 
9-1 
9-1 
9-1 
9-1 
9-1 
9-2 
9-2 
9-2 

*9-2 
*9-2 
9-3 
9-3 
9-3 
9-3 
9-4 
9-4 
9-4 
9-4 
9-4 
9-5 
9-5 
9-5 
9-5 
9-5 
9-6 
9-6 
9-6 
9-6 
9-6 
9-7 
9-7 

68-70 
99-101 
139-141 
8-10 
39-41 
68-70 
99-101 
139-141 
8-10 
39-41 
68-70 
39-41 
69-71 
99-101 
129-131 
9-11 
39-41 
69-71 
99-101 
129-131 
9-11 
43-45 
73-75 
99-101 
129-131 
9-11 
39-41 
69-71 
99-101 
129-131 
9-11 
39-41 
69-71 
99-101 
131-133 
9-11 
39-41 
69-71 
99-101 
129-131 
9-11 
39-41 
10-12 
40-42 
70-72 
100-102 
130-132 
10-12 
40-42 
70-72 
100-102 
130-132 
10-12 
46-48 
70-72 
100-102 
11-13 
40-42 
70-72 
102-104 
131-133 
11-13 
41-43 
71-73 
100-102 
131-133 
10-12 
39-41 
70-72 
99-101 
130-132 
9-11 
31-33 

10-1, 8-10 
9-7, 59-61 
10- I, 69-71 

Sub-bottom 
depth 
(m) 

53.80 
54.09 
54.40 
54.80 
54.99 
55.30 
55.59 
55.90 
56.30 
56.49 
56.80 
57.09 
57.30 
57.60 
57.90 
58.20 
58.50 
58.80 
59.10 
59.40 
59.70 
60.00 
60.34 
60.64 
60.90 
61.20 
61.50 
61.80 
62.10 
62.40 
62.70 
63.00 
63.30 
63.60 
63.90 
64.22 
64.50 
64.80 
65.10 
65.40 
65.70 
66.00 
66.30 
66.51 
66.81 
67.11 
67.41 
67.71 
68.01 
68.31 
68.61 
68.91 
69.21 
69.51 
69.87 
70.11 
70.41 
71.02 
71.31 
71.61 
71.93 
72.22 
72.52 
72.82 
73.12 
73.41 
73.72 
74.01 
74.30 
74.61 
74.90 
75.21 
75.50 
75.72 
75.99 
76.00 
76.60 

J (NRM) 
(Gauss) 

2.44 E-5 
3.85 E-5 
3.56 E-5 
1.06 E-5 
4.67 E-5 
7.16 E-6 
1.06 E-5 
1.01 E-6 
2.87 E-6 
9.20 E-6 
2.46 E-5 
7.24 E-7 
1.87 E-5 
1.11 E-6 
5.46 E-6 
7.53 E-7 
6.72 E-6 
1.05 E-5 
1.73 E-5 
8.49 E-6 
2.08 E-5 
1.36 E-6 
1.56 E-5 
1.70 E-5 
1.57 E-6 
9.24 E-6 
7.19 E-6 
6.56 E-6 
1.43 E-5 
1.04 E-5 
8.64 E-6 
1.17 E-5 
2.75 E-5 
1.73 E-5 
4.92 E-6 
1.65 E-6 
1.44 E-6 
6.60 E-6 
2.84 E-5 
9.41 E-6 
4.09 E-6 
5.03 E-5 
1.80 E-5 
1.21 E-5 
3.14 E-5 
4.76 E-6 
1.08 E-5 
9.07 E-6 
1.02 E-5 
7.58 E-6 
2.09 E-5 
4.48 E-6 
1.08 E-5 
8.14 E-6 
5.53 E-6 
2.18 E-6 
1.14 E-5 
1.05 E-5 
1.06 E-5 
1.40 E-5 
1.54 E-5 
1.54 E-5 
1.30 E-5 
1.68 E-5 
1.77 E-5 
1.64 E-5 
3.55 E-5 
2.67 E-5 
2.46 E-5 
2.04 E-5 
1.29 E-5 
2.31 E-5 
1.86 E-5 
1.71 E-5 
8.68 E-6 
2.52 E-5 
1.04 E-5 

NRM 

I 

+ 82.1 
+ 82.3 
+ 73.6 
+ 83.0 
+ 73.0 
- 8 . 2 

-45 .0 
- 5 . 8 

-29 .8 
-70 .3 
+ 31.9 
-35 .3 
+ 69.5 
+ 75.1 

+ 4.7 
-59 .2 
-36 .4 
-22 .9 
-29 .7 
-37 .2 
- 7 4 . 0 
+ 63.5 
-79 .1 
-62 .2 
-32 .7 
-54 .3 
+ 71.1 
-25 .1 
-22 .7 
+ 64.2 
-78.5 
-36 .4 
-78 .6 
-50 .0 
-31 .7 
+ 53.2 
-77 .3 
+ 52.8 
+ 33.9 
+ 49.5 
+ 82.5 
+ 32.4 
+ 73.5 
+ 22.4 
+ 82.7 
-76 .6 
-65 .8 
-30.7 
-72 .4 
+ 3.2 

+ 43.2 
+ 16.4 
+ 12.5 
+ 73.2 
+ 51.0 

- 3 . 6 
-59.8 
-58 .3 
-54 .9 
-74 .8 
-65 .3 
-55 .1 
-47 .9 
-61 .0 
-56 .8 
-62 .2 
-68 .1 
-69 .2 
-72 .3 
-65 .9 
-57 .1 
-77 .1 
-79.5 
-62 .2 
+ 36.3 
-68 .3 
+ 74.3 

D 

91.2 
44.5 
55.6 
73.3 
43.5 

252.9 
263.9 
233.2 
296.6 
190.6 
100.9 
66.6 
50.1 

145.1 
219.9 
355.7 
282.1 
291.4 
282.3 
283.0 
290.4 
344.4 
313.9 
88.4 

274.6 
287.0 
25.5 

351.1 
120.7 
126.7 
281.7 

0.0 
10.9 
73.6 
42.1 

271.8 
324.5 
110.2 
102.5 
96.3 
34.2 

152.3 
89.9 
91.5 
43.3 

145.6 
202.3 
236.5 
135.0 
172.5 
159.5 
142.9 
169.9 
99.8 
50.8 

260.2 
160.3 
145.4 
162.3 
123.8 
202.0 
161.1 
175.9 
177.0 
160.6 
154.1 
176.5 
194.8 
205.3 
172.8 
160.3 
141.0 
141.2 
206.4 
312.9 
179.7 
72.5 

AF stable 

I 

+ 80.6 
+ 83.0 
+ 73.1 
+ 83.1 
+ 72.2 
-41 .4 
-62 .5 
-62 .0 
-64 .1 
-70 .6 
+ 28.1 
-62 .0 
+ 67.4 
+ 77.1 
-58 .2 
-74.7 
-60 .1 
-48 .3 
-52 .2 
-63.7 
-73.7 
+ 52.5 
-79 .6 
-71.5 
-65 .5 
-61 .5 
-38 .5 
-61.1 
-64 .8 
-67 .8 
-64 .9 
-58 .8 
-75 .4 
-60 .4 
-60 .5 
-28 .7 
-77.5 
+ 58.7 
+ 48.3 
+ 61.1 
+ 80.0 
+ 47.7 
+ 69.2 
+ 64.0 
+ 83.0 
-74 .7 
-74 .7 
-73 .6 
-65 .4 
+ 9.7 

+ 29.8 
+ 8.9 
+ 7.5 

+ 78.0 
+ 49.6 
-79 .9 
-81.5 
-71 .9 
-71 .3 
-76.9 
-73 .4 
-69 .6 
-67 .4 
-71 .1 
-69 .0 
-69 .1 
-72 .3 
-72 .8 
-76 .0 
-71 .6 
-69 .3 
-77 .8 
-81 .0 
-68 .6 
+ 54.9 
-71 .4 
+ 74.7 

D 

92.6 
85.0 
60.9 
70.8 
30.9 

250.7 
257.2 
232.4 
255.9 
204.0 
102.2 
62.9 
45.9 

143.9 
215.1 
337.0 
278.6 
293.4 
286.4 
280.8 
291.9 
342.9 
310.8 
84.9 

272.9 
294.9 

3.9 
322.7 
335.2 
31.3 

286.3 
329.1 
332.4 
282.1 
293.3 
289.5 
318.7 
109.8 
96.4 
87.6 

9.0 
98.4 
87.8 

112.5 
61.2 

202.3 
203.6 
196.9 
191.1 
162.8 
157.4 
168.5 
164.6 
74.9 
50.7 

264.1 
194.4 
176.5 
184.2 
182.4 
199.6 
173.1 
187.0 
183.5 
167.3 
175.7 
177.5 
193.1 
199.8 
187.0 
159.5 
155.0 
158.7 
197.4 
304.0 
187.1 
90.0 

Pol. 

N 
N 
N 
N 
N 
R 
R 
R 
R 
R 
N 
R 

N 
R 
R 
R 
R 
R 
R 
R 
N 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
N 
N 
N 
N 
N 
N 
N 
N 
R 
R 
R 
R 
N 
N 

N 
N 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

R 
N 

MDF 
(Oe) 

242 
309 
302 
149 
215 
305 
341 

>500 
>500 

472 
182 
318 
170 
38 

>500 
>500 

486 
391 
435 
486 
381 
71 

395 
359 

>500 
384 
403 

>500 
75 
35 

333 
333 
291 
300 
477 
384 
709 
78 

107 
177 
134 
77 

142 
256 
275 

>500 
>500 

430 
457 
157 
329 
298 
342 
272 
75 

>500 
>500 
>500 
>500 

447 
483 
484 
483 
462 
422 
440 
314 
344 
405 
396 
438 
384 
428 
409 
277 
378 
105 



Table 18 (continued). 

Sample 
interval 

(cm) 

10-1, 100-102 
10-1 
10-2 
10-2 
10-2 
10-2 
10-2 
10-3 
10-3 
10-3 
10-3 
10-3 
10-4 
10-4 
10-4 
10-4 
10-4 
10-5 
10-5 
10-5 
10-5 
10-5 
10-6 
10-6 
10-6 
10-6 
10-6 
10-7 
10-7 
11-1 
11-1 
11-1 
11-1 
11-1 
11-2 
11-2 
11-2 
11-2 
11-2 
11-3 
11-3 
11-3 
11-3 
11-3 
11-4 
11-4 
11-4 
11-4 
11-4 
11-5 
11-5 
11-5 
11-5 
11-5 
11-6 
11-6 
11-6 
11-6 
11-6 
11-7 
11-7 
11-7 
12-1 
12-1 
12-1 
12-1 
12-2 
12-2 
12-2 
12-2 
12-2 
12-3 
12-3 
12-3 
12-3 
12-3 
12-4 

129-131 
10-12 
40-42 
68-70 
100-102 
130-132 
10-12 
40-42 
70-72 
99-101 
130-132 
10-12 
40-42 
70-72 
99-101 
125-127 
10-12 
40-42 
69-71 
98-100 
129-131 
9-11 
40-42 
70-72 
99-101 
129-131 
10-12 
40-42 
10-12 
40-42 
74-76 
100-102 
130-132 
10-12 
4 0 - 4 2 
70-72 
100-102 
130-132 
10-12 
40-42 
70-72 
100-102 
130-132 
10-12 
40-42 
70-72 
100-102 
130-132 
10-12 
40-42 
70-72 
100-102 
130-132 
10-12 
40-42 
70-72 
100-102 
130-132 
10-12 
40-42 
63-65 
25-27 
48-50 
70-72 
100-102 
25-27 
56-58 
70-72 
100-102 
130-132 
10-12 
36-38 
70-72 
100-102 
130-132 
10-12 

Sub-bottom 
depth 
(m) 

76.91 
77.20 
77.51 
77.81 
78.09 
78.41 
78.71 
79.01 
79.31 
79.61 
79.90 
80.21 
80.51 
80.81 
81.11 
81.40 
81.66 
82.01 
82.31 
82.60 
82.89 
83.20 
83.50 
83.81 
84.11 
84.40 
84.70 
85.01 
85.31 
85.51 
85.81 
86.15 
86.41 
86.71 
87.01 
87.31 
87.61 
87.91 
88.21 
88.51 
88.81 
89.11 
89.41 
89.71 
90.01 
90.31 
90.61 
90.91 
91.21 
91.51 
91.81 
92.11 
92.41 
92.71 
93.01 
93.31 
93.61 
93.91 
94.21 
94.51 
94.81 
95.04 
95.16 
95.39 
95.61 
95.91 
96.66 
96.97 
97.11 
97.41 
97.71 
98.01 
98.27 
98.61 
98.91 
99.21 
99.51 

J (NRM) 
(Gauss) 

2.72 E-6 
4.86 E-6 
6.01 E-7 
2.99 E-6 
4.71 E-6 
7.68 E-6 
8.95 E-6 
1.35 E-7 
7.48 E-8 
1.26 E-7 
2.57 E-7 
3.33 E-7 
1.30 E-6 
1.02 E-6 
5.00 E-7 
7.81 E-7 
7.75 E-7 
3.24 E-7 
8.19 E-7 
1.42 E-6 
2.51 E-7 
2.26 E-7 
4.73 E-7 
6.76 E-7 
7.47 E-7 
7.06 E-8 
6.14 E-8 
1.37 E-7 
2.68 E-7 
1.88 E-7 
2.77 E-8 
1.57 E-7 
2.41 E-7 
3.81 E-6 
4.84 E-6 
2.49 E-7 
1.15 E-7 
1.96 E-7 
1.50 E-7 
5.24 E-7 
2.14 E-7 
9.90 E-8 
2.04 E-7 
3.54 E-7 
1.08 E-6 
2.35 E-6 
2.33 E-7 
2.88 E-7 
5.92 E-8 
5.58 E-8 
1.56 E-7 
1.01 E-5 
7.42 E-7 
1.80 E-7 
4.10 E-7 
4.35 E-8 
4.38 E-7 
1.39 E-6 
5.68 E-8 
1.99 E-7 
1.49 E-7 
1.98 E-7 
1.43 E-7 
2.57 E-7 
2.56 E-7 
1.06 E-7 
6.58 E-7 
1.82 E-7 
3.60 E-7 
4.88 E-7 
9.28 E-7 
3.90 E-7 
4.11 E-7 
3.36 E-7 
1.33 E-6 
7.34 E-7 
1.41 E-6 

NRM 

I 

+ 61.7 
-74 .7 
+ 64.8 
-79 .7 
-76 .0 
-77 .6 
-78 .8 
+ 52.9 
+ 61.0 
+ 72.2 
+ 64.4 
+ 70.7 
+ 20.4 
+ 20.4 
+ 78.8 
+ 76.6 
+ 72.2 
+ 77.2 
-54 .8 
-66 .8 
+ 40.1 
+ 16.7 
+ 27.9 
+ 76.7 
+ 78.1 
+ 46.7 
+ 58.2 
+ 72.4 
+ 37.9 
- 1 . 0 

+ 39.3 
+ 71.8 
+ 39.3 
-55 .5 
-50 .2 
-41 .0 
+ 29.3 
-20 .1 
-59 .7 
+ 66.6 
+ 64.8 
-44 .3 
-38.6 
-67 .0 
-65 .7 
-75 .9 
- 3 2 . 0 
+ 56.1 
+ 14.6 
+ 0.9 

+ 79.3 
-73 .6 
-71 .2 
+ 53.9 
+ 76.4 
+ 50.3 
-28 .0 
-62 .4 
+ 49.4 
+ 57.8 
+ 46.8 
-80 .3 
+ 54.1 
+ 68.5 
+ 69.2 
- 3 . 6 

-25 .0 
+ 82.3 
+ 59.5 
+ 85.2 
+ 75.9 
+ 86.2 
+ 81.6 
+ 82.1 
+ 86.7 
+ 80.4 
+ 85.2 

D 

6.6 
243.3 
130.9 
216.9 

55.9 
212.3 
203.2 
124.2 
214.7 

19.5 
100.9 
71.4 

293.6 
272.1 

56.9 
57.3 
2.5 

135.0 
169.3 
266.0 
330.3 
318.3 

56.6 
355.5 

79.4 
217.6 
278.3 

18.3 
59.8 
41.2 
85.4 
19.8 

192.4 
235.2 
162.4 
67.2 

356.4 
190.3 
313.0 
164.6 
80.2 

103.0 
144.0 
126.1 
187.3 
151.7 
140.9 
102.7 
124.4 
91.7 

235.0 
158.6 
168.8 
281.6 
132.4 
80.5 

100.6 
164.4 
60.3 

159.7 
154.2 
88.8 
43.8 
31.1 
37.8 

8.3 
90.7 
44.0 
20.8 

306.6 
263.2 
296.4 
231.3 

0.4 
30.2 

162.8 
93.0 

AF stable 

I 

-67 .7 
-75 .4 
+ 71.0 
-78 .3 
-83 .5 
-78 .1 
-80 .0 
-67 .2 
-58 .2 
-52 .4 
+ 64.0 
+ 61.0 
+ 73.8 
+ 59.3 
+ 71.0 
+ 68.4 
+ 74.6 
-66 .9 
-75 .2 
-79 .1 
-82 .7 
-55 .4 
+ 64.7 
+ 69.8 
+ 74.3 

-62.1 

-78 .9 

-64 .1 

-47 .1 

-73 .9 

-74 .8 

-80 .6 

-86 .4 

+ 68.8 

-70 .1 

+ 72.4 

D 

269.9 
261.9 
125.0 
244.6 
205.2 
204.9 
232.6 
204.0 
204.0 
165.3 
88.5 
57.2 
36.8 
26.7 
59.6 
67.5 
83.1 
34.8 

205.1 
223.0 
300.0 
241.4 

79.2 
25.5 
57.7 

169.3 

277.6 

307.0 

21.7 

165.9 

165.8 

134.6 

125.3 

65.4 

65.0 

349.8 

Pol. 

R 
R 
N 
R 
R 
R 
R 
R 
R 
R 
N 
N 
N 
N 
N 
N 
N 
R 
R 
R 
R 
R 
N 
N 
N 

R 

R 

R 

R 

R 

R 

R 

R 

N 

R 

N 

MDF 
(Oe) 

61 
355 
41 

>650 
>500 

551 
534 
38 
47 
31 
73 
90 
30 
31 
46 
83 
37 
30 

624 
173 
31 

176 
152 
74 
46 

33 

>500 

>300 

>500 

>500 

420 

>500 

>500 

45 

50 

37 



Table 18 (continued). 

SITE 642 

Sample 
interval 

12-4 
12-4 
12-4 
12-5 
12-5 
12-5 
12-5 
12-5 
12-6 
12-6 
12-6 
12-6 
12-6 
12-7 
12-7 
13-1 
13-1 

*13-1 
13-1 
13-1 
13-2 
13-2 
13-2 
13-2 
13-2 
13-3 
13-3 
13-3 
13-3 
13-3 
13-4 
13-4 
13-4 
13-4 
13-5 
13-5 
13-5 
13-5 
13-5 
13-6 
13-6 
13-6 
13-6 
13-6 
13-7 
15-1 
15-1 
15-1 
15-2 
15-2 
15-2 
15-3 
15-3 
16-1 
16-1 
16-1 
16-1 
16-1 
16-2 
16-2 
16-2 
16-2 
16-2 
16-3 
16-4 
16-4 
16-4 
16-4 
16-4 
16-5 
16-5 
16-5 
16-5 
16-5 
16-6 
16-6 
16-6 

(cm) 

43-45 
72-74 
102-104 
10-12 
43-45 
72-74 
102-104 
134-136 
10-12 
43-45 
72-74 
102-104 
134-136 
10-12 
24-26 
20-22 
50-52 
80-82 
110-112 
144-146 
20-22 
50-52 
80-82 
110-112 
140-142 
20-22 
50-52 
80-82 
110-112 
140-142 
20-22 
50-52 
80-82 
110-112 
20-22 
55-57 
80-82 
110-112 
140-142 
18-20 
50-52 
80-82 
110-112 
140-142 
31-33 
42-44 
80-82 
110-112 
18-20 
48-50 
109-111 
18-20 
80-82 
20-22 
50-52 
80-82 
110-112 
140-142 
20-22 
50-52 
80-82 
112-114 
140-142 
18-20 
20-22 
50-52 
80-82 
108-110 
142-144 
19-21 
50-52 
80-82 
110-112 
141-143 
20-22 
49-51 
81-83 

Sub-bottom 
depth 

(m) 

99.84 
100.13 
100.43 
101.01 
101.34 
101.63 
101.93 
102.25 
102.51 
102.84 
103.13 
103.43 
103.75 
104.01 
104.15 
104.41 
104.71 
105.01 
105.31 
105.65 
105.91 
106.21 
106.51 
106.81 
107.11 
107.41 
107.71 
108.01 
108.31 
108.61 
108.91 
109.21 
109.51 
109.81 
110.41 
110.76 
111.01 
111.31 
111.61 
111.89 
112.21 
112.51 
112.81 
113.11 
113.52 
123.93 
124.31 
124.61 
125.19 
125.49 
126.10 
126.69 
127.31 
128.31 
128.61 
128.91 
129.21 
129.51 
129.81 
130.11 
130.41 
130.73 
131.01 
131.29 
132.81 
133.11 
133.41 
133.69 
134.03 
134.30 
134.61 
134.91 
135.21 
135.52 
135.81 
136.10 
136.42 

J (NRM) 
(Gauss) 

7.95 E-7 
2.95 E-7 
3.12 E-7 
1.04 E-6 
5.28 E-7 
3.85 E-7 
3.98 E-7 
8.18 E-7 
8.38 E-7 
1.17 E-6 
1.05 E-6 
5.43 E-7 
3.34 E-7 
3.96 E-7 
3.44 E-7 
2.38 E-6 
9.77 E-7 
1.35 E-6 
1.25 E-7 
2.08 E-7 
2.72 E-7 
3.81 E-7 
3.25 E-7 
9.34 E-7 
4.07 E-7 
4.06 E-7 
2.67 E-7 
6.17 E-7 
3.40 E-7 
1.87 E-7 
3.00 E-7 
7.48 E-7 
3.00 E-7 
2.64 E-7 
3.64 E-7 
2.53 E-7 
3.50 E-7 
1.71 E-7 
1.71 E-7 
2.31 E-7 
4.75 E-7 
2.80 E-7 
2.39 E-7 
2.96 E-7 
4.71 E-7 
9.13 E-8 
6.35 E-8 
3.58 E-7 
4.11 E-7 
7.12 E-8 
8.13 E-8 
1.45 E-7 
1.04 E-7 
1.80 E-7 
4.68 E-8 
3.29 E-7 
1.79 E-7 
3.18 E-7 
2.41 E-6 
3.24 E-7 
1.66 E-7 
2.26 E-6 
8.75 E-7 
7.44 E-7 
2.98 E-7 
2.62 E-6 
6.53 E-7 
1.15 E-6 
2.62 E-7 
8.67 E-7 
5.23 E-7 
2.46 E-7 
1.57 E-7 
1.47 E-7 
1.25 E-7 
5.27 E-7 
5.22 E-7 

NRM 

I 

+ 79.9 
+ 69.2 
+ 78.2 
+ 79.2 
+ 83.2 
+ 79.6 
+ 72.6 
+ 85.6 
+ 82.5 
+ 81.8 
+ 75.6 
+ 76.9 
+ 61.7 
+ 71.9 
+ 84.2 
-72 .5 
+ 40.7 
+ 29.1 
+ 67.3 
+ 75.0 
-16 .8 
+ 59.0 
+ 66.2 
+ 62.2 
+ 75.2 
+ 84.3 
+ 73.5 
+ 76.3 
-50 .2 
+ 64.2 
+ 75.2 
+ 77.3 
+ 80.7 
+ 68.4 
+ 65.2 
+ 79.0 
+ 74.8 

+ 7.9 
+ 33.7 
+ 25.4 
+ 45.9 
+ 75.2 
+ 84.4 
+ 54.7 
-81 .7 
+ 82.3 
+ 52.6 
+ 56.2 
+ 66.3 
+ 43.6 
+ 41.8 
+ 65.2 
+ 50.4 
+ 1.1 
+ 4.7 

+ 82.0 
+ 73.1 
+ 74.1 
+ 70.7 
+ 73.8 
+ 82.5 
+ 78.8 
+ 71.9 
+ 76.4 
+ 56.7 
+ 86.8 
+ 42.0 
+ 81.1 
+ 76.6 
+ 85.7 
+ 86.7 
+ 72.2 
+ 82.4 
+ 76.6 
+ 74.6 
+ 81.8 
+ 76.9 

D 

171.0 
267.9 
326.5 
321.4 
302.1 
58.4 

278.9 
299.7 
336.6 
255.3 
276.9 
272.7 

50.2 
29.0 
6.5 

80.7 
48.6 

165.1 
358.4 
79.8 

336.2 
78.6 
65.2 

343.4 
65.5 
54.8 
46.4 
49.6 

208.9 
61.7 

356.5 
241.0 
41.0 
66.3 
43.9 
81.6 
45.0 

186.9 
161.7 
324.8 
327.2 
64.4 
53.5 
25.6 

120.6 
33.6 
97.3 
39.9 

196.2 
65.8 
17.0 
73.0 
16.3 
22.2 
15.8 

346.5 
276.0 
204.5 
105.8 
272.1 
297.3 
225.0 
275.6 
314.7 
31.4 

309.3 
324.2 
286.5 
344.0 
227.6 
142.4 
87.5 

267.6 
358.7 
342.6 
193.3 
98.6 

AF stable 

I 

+ 63.3 

+ 67.2 

+ 71.4 

+ 68.1 

+ 52.4 

+ 56.1 

+ 73.2 

+ 80.1 

+ 74.8 

+ 70.3 

-66 .6 
+ 66.6 
+ 69.1 

-62 .6 

+ 59.6 

-22 .2 

+ 77.7 
+ 74.9 

+ 78.2 

+ 73.2 

+ 76.7 

+ 69.3 

D 

62.3 

16.1 

277.6 

251.5 

107.3 

179.6 

56.6 

0.9 

35.2 

70.2 

100.4 
110.4 
91.8 

83.7 

8.7 

297.0 

215.2 
233.6 

304.6 

317.2 

75.4 

92.9 

Pol. 

N 

N 

N 

N 

N 

N 

N 

N 

N 

R 
N 
N 

R 

N 

R 

N 
N 

N 

N 

N 

N 

MDF 
(Oe) 

41 

160 

175 

41 

32 

41 

79 

184 

48 

154 

37 
33 

>200 

118 

92 

37 

203 
397 

>500 

187 

162 

129 

157 



Table 18 (continued). 

Sample 
interval 

16-6 
16-7 
16-7 
16-7 
16-7 
17-1 
17-1 
17-1 
17-1 
17-2 
17-2 
17-2 
17-2 
17-2 
17-3 
17-3 
17-3 
17-3 
17-4 
17-4 
17-4 
17-4 
17-4 
17-5 
17-5 
17-5 
17-5 
17-6 
17-6 
17-6 
17-6 
17-6 
17-1 
18-1 
18-1 
18-1 
18-1 
18-1 
18-2 
18-2 
18-2 
18-2 
18-2 
18-3 
18-3 
18-3 
18-3 
18-3 
18-4 
18-4 
18-4 
18-4 
18-4 
18-5 
18-5 
18-5 
18-5 
18-6 
18-6 
18-6 
18-6 
18-6 
18-7 
19-1 
19-1 
19-1 
19-2 
19-2 
19-2 
19-2 
19-2 
19-3 
19-3 
19-3 
19-3 
19-3 
19-4 

(cm) 

111-113 
19-21 
50-52 
80-82 
110-112 
50-52 
80-82 
110-112 
140-142 
20-22 
50-52 
80-82 
110-112 
140-142 
20-22 
50-52 
80-82 
110-112 
20-22 
50-52 
80-82 
110-112 
140-142 
20-22 
48-50 
80-82 
110-112 
20-22 
50-52 
80-82 
110-112 
140-142 
20-22 
20-22 
50-52 
80-82 
110-112 
140-142 
20-22 
50-52 
80-82 
110-112 
140-142 
20-22 
50-52 
80-82 
110-112 
140-142 
20-22 
50-52 
80-82 
110-112 
140-142 
20-22 
50-52 
80-82 
110-112 
20-22 
50-52 
80-82 
110-112 
140-142 
20-22 
80-82 
110-112 
140-142 
20-22 
50-52 
86-88 
110-112 
140-142 
20-22 
50-52 
80-82 
110-112 
140-142 
20-22 

Sub-bottom 
depth 
(m) 

136.72 
137.30 
137.61 
137.91 
138.21 
138.51 
138.81 
139.11 
139.41 
139.71 
140.01 
140.31 
140.61 
140.91 
141.21 
141.51 
141.81 
142.11 
142.71 
143.01 
143.31 
143.61 
143.91 
144.21 
144.49 
144.81 
145.11 
145.71 
146.01 
146.31 
146.61 
146.91 
147.21 
148.01 
148.31 
148.61 
148.91 
149.21 
149.51 
149.81 
150.11 
150.41 
150.71 
151.01 
151.31 
151.61 
151.91 
152.21 
152.51 
152.81 
153.11 
153.41 
153.71 
154.01 
154.31 
154.61 
154.91 
155.51 
155.81 
156.11 
156.41 
156.71 
157.01 
158.51 
158.81 
159.11 
159.41 
159.71 
160.07 
160.31 
160.61 
160.91 
161.21 
161.51 
161.81 
162.11 
162.41 

J (NRM) 
(Gauss) 

1.52 E-7 
1.23 E-7 
1.11 E-7 
1.70 E-7 
4.20 E-7 
3.38 E-7 
2.11 E-7 
6.51 E-7 
5.67 E-7 
3.21 E-7 
3.64 E-7 
4.72 E-7 
2.04 E-7 
2.74 E-7 
3.60 E-7 
1.65 E-7 
1.38 E-7 
1.68 E-7 
2.32 E-7 
8.82 E-8 
9.33 E-8 
8.27 E-8 
1.40 E-7 
1.52 E-7 
1.87 E-7 
1.87 E-7 
3.83 E-7 
1.97 E-7 
1.98 E-7 
2.27 E-7 
1.69 E-7 
3.15 E-7 
3.44 E-7 
9.78 E-8 
6.56 E-8 
1.45 E-7 
1.58 E-7 
1.42 E-7 
1.52 E-7 
1.44 E-7 
6.54 E-8 
1.05 E-7 
7.93 E-8 
1.14 E-7 
1.90 E-7 
1.10 E-6 
1.17 E-7 
4.92 E-6 
4.10 E-8 
9.58 E-8 
1.47 E-7 
1.17 E-7 
2.44 E-7 
1.02 E-7 
7.13 E-8 
3.82 E-8 
2.48 E-7 
1.41 E-7 
1.13 E-7 
1.02 E-7 
4.39 E-8 
7.05 E-8 
5.52 E-8 
1.19 E-7 
9.84 E-8 
1.73 E-7 
1.52 E-7 
2.23 E-7 
2.24 E-7 
4.31 E-7 
2.83 E-7 
3.09 E-7 
2.86 E-7 
1.85 E-7 
1.77 E-7 
3.38 E-7 
2.18 E-7 

NRM 

I 

+ 83.4 
+ 80.5 
+ 65.8 
+ 67.4 
+ 79.0 
+ 85.0 
+ 73.8 
+ 65.9 
+ 73.6 
+ 69.3 
+ 84.7 
+ 81.2 
+ 78.9 
+ 73.6 
+ 42.4 
+ 78.6 
+ 75.6 
+ 74.0 
+ 76.3 
+ 67.3 
+ 69.9 
+ 72.0 
+ 70.4 
+ 75.6 
+ 72.2 
+ 81.8 
+ 72.7 
+ 78.2 
+ 71.5 
+ 85.3 
+ 80.0 
+ 74.4 
+ 79.2 
+ 70.8 
+ 62.3 
+ 76.8 
+ 60.5 
+ 76.2 
+ 77.6 
+ 63.1 
+ 78.5 
+ 84.9 
+ 63.3 
+ 70.0 
+ 72.4 
+ 76.7 
+ 83.5 
+ 80.4 
+ 67.4 
+ 77.9 
+ 75.6 
+ 71.0 
+ 80.5 
-64 .7 
+ 63.4 
+ 79.6 
+ 60.9 
+ 68.1 
+ 73.8 
+ 69.4 
+ 64.8 
+ 48.3 
+ 68.5 
+ 84.1 
+ 76.7 
+ 48.0 
+ 69.2 
+ 72.6 
+ 80.2 
+ 75.5 
+ 85.0 
+ 77.2 
+ 75.4 
+ 87.8 
+ 80.8 
+ 85.4 
+ 83.9 

D 

162.5 
78.8 

1.9 
43.0 
21.5 

333.8 
74.5 

112.4 
160.6 
111.8 
31.0 

206.1 
64.1 

1.2 
349.6 
55.3 

343.2 
40.6 
64.0 
13.9 

157.7 
42.3 
23.8 
53.3 
38.5 
74.6 
82.3 
49.3 
43.1 
0.3 

350.5 
66.0 
51.2 
72.1 
31.3 
50.7 
29.1 

1.9 
39.6 
2.6 

22.8 
347.5 
28.3 
39.3 
56.6 
81.1 
48.0 
33.3 
79.0 
45.8 
72.0 

337.6 
121.7 
79.6 

358.7 
145.9 
131.4 
52.9 

353.2 
125.2 
17.8 

347.9 
83.6 

281.1 
7.0 

34.7 
358.4 
74.6 
48.7 
46.3 
93.5 
58.8 
30.2 
89.8 

358.5 
51.3 
57.7 

AF stable 

I 

+ 60.8 

+ 66.9 
+ 61.7 

+ 61.5 

+ 75.4 

+ 62.4 

+ 75.5 
+ 61.3 

+ 76.9 

+ 74.0 

+ 75.8 

+ 77.0 

+ 73.3 

+ 83.3 

+ 77.2 

+ 66.0 

+ 70.8 
+ 73.5 

+ 74.6 

+ 71.3 
+ 71.4 

+ 70.2 
+ 69.7 

+ 79.3 

+ 82.8 

D 

44.6 

51.3 
109.4 

230.3 

18.9 

153.9 

114.0 
90.8 

95.0 

60.2 

43.8 

110.2 

87.4 

30.5 

108.9 

283.1 

113.5 
133.0 

133.4 

77.5 
327.4 

108.8 
39.6 

148.6 

15.2 

Pol. 

N 

N 
N 

N 

N 

N 

N 
N 

N 

N 

N 

N 

N 

N 

N 

N 

N 
N 

N 

N 
N 

N 
N 

N 

N 

MDF 
(Oe) 

40 

50 
234 

44 

49 

61 

50 
44 

43 

43 

60 

37 

102 

261 

235 

31 

53 
146 

76 

59 
50 

48 
94 

45 

87 



SITE 642 

Table 18 (continued). 

Sample 
interval 

(cm) 

19-4, 50-52 
19-4, 80-82 
19-4, 110-112 
19-5, 20-22 
19-5, 50-52 

*19-5, 80-82 
19-5, 110-112 
19-5, 140-142 
19-6, 20-22 
19-6, 50-52 
19-6, 80-82 
19-6, 110-112 
19-6, 140-142 
19-7, 20-22 
20-1, 20-22 
20-1, 50-52 
20-1, 80-82 
20-1, 110-112 
20-1, 140-142 
20-2, 20-22 
20-2, 50-52 
20-2, 80-82 
20-2, 110-112 
20-2, 140-142 
20-3, 20-22 
20-3, 50-52 
20-3, 80-82 
20-3, 110-112 
20-3, 140-142 
20-4, 20-22 
20-4, 50-52 
20-4, 80-82 
20-4, 110-112 
20-5, 20-22 
20-5, 50-52 
20-5, 80-82 
20-5, 110-112 
20-5, 140-142 
20-6, 20-22 
20-6, 50-52 
20-6, 80-82 
20-6, 110-112 
20-6, 140-142 
20-7, 20-22 
20-7, 52-54 
21-1, 80-82 
21-1, 110-112 
21-1, 140-142 
21-2, 20-22 
21-2, 50-52 
21-2, 80-82 
21-2, 110-112 
21-3, 20-22 
21-3, 50-52 
21-3, 80-82 
21-3, 110-112 
21-4, 20-22 
21-4, 50-52 
21-4, 80-82 
21-4, 110-112 
21-4, 140-142 
21-5, 20-22 
21-5, 50-52 
21-5, 80-82 
21-5, 110-112 
21-5, 140-142 
21-6, 20-22 
21-6, 80-82 
21-6, 110-112 
21-6, 140-142 
21-7, 20-22 
22-1, iO-22 
22-1, 50-52 
22-1, 80-82 
22-1, 110-112 
22-1, 140-142 
22-2, 20-22 

Sub-bottom 
depth 
(m) 

162.71 
163.01 
163.31 
163.91 
164.21 
164.51 
164.81 
165.11 
165.41 
165.71 
166.01 
166.31 
166.61 
166.91 
167.61 
167.91 
168.21 
168.51 
168.81 
169.11 
169.41 
169.71 
170.01 
170.31 
170.61 
170.91 
171.21 
171.51 
171.81 
172.11 
172.41 
172.71 
173.01 
173.61 
173.91 
174.21 
174.51 
174.81 
175.11 
175.41 
175.71 
176.01 
176.31 
176.61 
176.93 
177.91 
178.21 
178.51 
178.81 
179.11 
179.41 
179.71 
180.31 
180.61 
180.91 
181.21 
181.81 
182.11 
182.41 
182.71 
183.01 
183.31 
183.61 
183.91 
184.21 
184.51 
184.81 
185.41 
185.71 
186.01 
186.31 
186.91 
187.21 
187.51 
187.81 
188.11 
188.41 

J (NRM) 
(Gauss) 

2.41 E-7 
2.64 E-7 
2.40 E-7 
7.73 E-7 
2.92 E-7 
2.10 E-7 
2.45 E-7 
1.19 E-6 
1.77 E-7 
2.05 E-7 
2.98 E-7 
3.00 E-7 
1.53 E-7 
3.80 E-7 
1.23 E-7 
4.00 E-6 
1.75 E-7 
1.40 E-7 
1.98 E-7 
5.50 E-7 
3.68 E-7 
1.60 E-7 
7.85 E-7 
2.93 E-7 
1.01 E-7 
9.93 E-8 
7.68 E-7 
1.95 E-7 
1.66 E-7 
6.10 E-7 
9.43 E-8 
1.27 E-7 
2.09 E-7 
1.27 E-7 
2.33 E-7 
2.80 E-7 
1.47 E-7 
1.23 E-7 
1.35 E-7 
3.05 E-7 
1.82 E-7 
2.33 E-7 
3.58 E-7 
1.32 E-6 
1.12 E-7 
1.12 E-7 
9.22 E-8 
7.56 E-8 
1.58 E-7 
7.45 E-8 
6.38 E-8 
9.82 E-8 
2.69 E-7 
1.64 E-6 
4.47 E-6 
1.34 E-6 
1.70 E-7 
1.75 E-7 
1.37 E-7 
2.15 E-7 
1.17 E-7 
1.71 E-7 
9.22 E-8 
1.19 E-7 
2.43 E-7 
4.73 E-7 
1.95 E-7 
1.71 E-7 
3.02 E-7 
2.19 E-6 
1.50 E-7 
1.47 E-7 
1.01 E-7 
3.13 E-7 
8.68 E-7 
7.73 E-7 
1.80 E-8 

NRM 

I 

+ 85.6 
+ 81.1 
+ 87.5 
+ 80.4 
+ 73.9 
+ 36.6 
+ 73.9 
-18 .8 
+ 75.0 
+ 84.0 
+ 78.0 
+ 30.9 
+ 49.4 
-39 .2 
+ 58.6 
+ 16.3 
+ 65.2 
+ 51.1 
+ 27.8 
+ 75.9 
+ 88.4 
+ 83.2 
+ 80.6 
+ 57.7 
+ 67.0 
+ 69.5 
+ 61.0 
+ 83.2 
+ 74.9 
+ 33.0 
+ 63.1 
+ 66.5 
-66 .1 
+ 64.3 
+ 79.9 
+ 85.8 
+ 71.4 
+ 74.0 
+ 79.7 
+ 83.1 
+ 85.6 
+ 75.6 
+ 80.2 
+ 87.1 
+ 79.3 
+ 30.7 
+ 78.4 
+ 56.4 
+ 47.3 
+ 60.5 
+ 74.2 
+ 69.1 
+ 67.7 
+ 77.5 
+ 71.1 
+ 80.3 
+ 77.1 
-10 .2 
+ 60.7 
+ 78.0 
+ 62.6 
+ 68.0 
+ 64.9 
+ 74.7 
+ 78.8 
+ 85.0 
+ 83.3 
+ 72.3 
+ 81.7 
+ 80.9 
+ 84.3 
+ 80.4 
+ 58.7 
+ 85.6 
+ 78.1 
+ 81.7 
+ 70.1 

D 

334.0 
311.9 
353.5 

11.2 
349.2 
316.6 
29.8 

272.8 
38.4 
35.7 

214.4 
348.0 
356.4 
327.9 
311.4 
227.3 

84.2 
344.7 
311.8 
148.1 
106.1 
200.1 
229.9 

30.4 
11.9 

134.3 
155.5 
211.5 
70.7 

198.4 
38.2 

181.3 
28.4 
33.5 
74.4 

281.1 
0.9 

27.0 
347.5 
126.8 
343.1 
351.3 
46.2 

4.9 
134.5 
352.7 
26.2 

331.0 
347.0 

13.0 
209.5 
323.8 
352.3 
28.3 

100.3 
122.3 

9.6 
31.2 
77.2 
39.8 

101.6 
34.7 
16.3 

111.9 
48.8 
88.3 
31.7 
76.9 
83.5 

131.9 
30.2 
14.3 
9.2 

289.7 
122.9 

19.6 
117.9 

AF stable 

I 

+ 76.8 

+ 70.8 

+ 65.6 
+ 81.6 
-52 .1 

+ 72.8 

+ 73.7 

+ 67.8 
+ 67.8 

+ 61.1 
+ 76.6 
+ 82.0 
+ 77.8 

+ 83.7 

+ 84.7 

+ 73.8 
+ 87.8 

+ 75.2 

+ 82.3 
+ 79.8 

+ 86.4 
+ 73.0 
+ 81.4 

+ 67.4 
+ 62.6 

+ 73.9 
+ 66.7 
+ 74.8 

+ 73.8 
+ 61.1 

+ 73.5 

+ 81.7 

+ 72.3 

+ 80.1 
+ 85.7 

+ 78.6 
+ 71.1 

D 

320.1 

350.0 

55.8 
43.6 

340.5 

267.5 

269.5 

217.1 
78.3 

156.6 
96.0 

208.4 
227.4 

146.6 

251.7 

228.6 
281.4 

256.8 

149.6 
249.1 

236.2 
166.7 
163.9 

170.8 
205.8 

52.1 
69.9 

171.0 

112.3 
71.2 

84.0 

81.4 

84.9 

120.3 
125.1 

6.6 
130.4 

Pol. 

N 

N 

N 
R 

N 

N 

N 
N 

N 
N 
N 
N 

N 

N 

N 
N 

N 

N 
N 

N 
N 
N 

N 
N 

N 
N 
N 

N 
N 

N 

N 

N 

N 
N 

N 
N 

MDF 
(Oe) 

49 

38 

31 
38 
50 

39 

37 

49 
95 

62 
37 
49 

350 

460 

66 

213 
20 

94 

88 
126 

350 
217 

39 

343 
38 

155 
44 
40 

246 
61 

45 

79 

122 

350 
55 

145 
133 

159 
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Table 18 (continued). 

Sample 
interval 

(cm) 

22-2, 50-52 
22-2 
22-2 
22-2 
22-3 
22-3 
22-3 
22-3 
22-3 
22-4 
22-4 
22-4 
22-4 
22-5 
22-5 
22-5 
22-5 
22-5 
22-6 
22-6 
22-6 
22-6 
22-6 
23-1 
23-1 
23-1 
23-1 
23-1 
23-2 
23-2 
23-2 
23-2 
23-2 
23-3 
23-3 
23-3 
23-3 
23-3 
23-4 
23-4 
23-4 
23-4 
23-4 
23-5 
23-5 
23-5 
23-5 
23-5 
23-6 
23-6 
23-6 
23-6 
23-6 
23-7 
23-7 
24-1 
24-1 
24-1 
24-2 
24-2 
24-2 
24-2 
24-2 
24-3 
24-3 
24-3 
24-3 
24-4 
24-4 
24-4 
24-4 
24-4 
24-5 
24-5 
24-5 
24-5 
24-5 

80-82 
110-112 
140-142 
20-22 
50-52 
80-82 
110-112 
140-142 
20-22 
50-52 
80-82 
110-112 
20-22 
50-52 
80-82 
110-112 
140-142 
20-22 
50-52 
80-82 
110-112 
140-142 
11-13 
40-42 
70-72 
100-102 
130-132 
10-12 
40-42 
70-72 
100-102 
130-132 
10-12 
40-42 
70-72 
100-102 
130-132 
9-11 
39-41 
69-71 
101-103 
130-132 
9-11 
39-41 
69-71 
101-103 
130-132 
9-11 
39-41 
69-71 
101-103 
132-134 
9-11 
39-41 
70-72 
99-101 
130-132 
10-12 
40-42 
70-72 
99-101 
130-132 
10-12 
40-42 
70-72 
99-101 
10-12 
40-42 
70-72 
99-101 
130-132 
10-12 
40-42 
70-72 
99-101 
130-132 

Sub-bottom 
depth 
(m) 

188.71 
189.01 
189.31 
189.61 
189.91 
190.21 
190.51 
190.81 
191.11 
191.41 
191.71 
192.01 
192.31 
192.91 
193.21 
193.51 
193.81 
194.11 
194.41 
194.71 
195.01 
195.31 
195.61 
196.12 
196.41 
196.71 
197.01 
197.31 
197.61 
197.91 
198.21 
198.51 
198.81 
199.11 
199.41 
199.71 
200.01 
200.31 
200.60 
200.90 
201.20 
201.52 
201.81 
202.10 
202.40 
202.70 
203.02 
203.31 
203.60 
203.90 
204.20 
204.52 
204.83 
205.10 
205.40 
206.31 
206.60 
206.91 
207.21 
207.51 
207.81 
208.10 
208.41 
208.71 
209.01 
209.31 
209.60 
210.21 
210.51 
210.81 
211.10 
211.41 
211.71 
212.01 
212.31 
212.60 
212.91 

J (NRM) 
(Gauss) 

1.00 E-6 
8.02 E-7 
6.64 E-7 
1.36 E-7 
1.27 E-6 
2.20 E-7 
6.54 E-8 
2.67 E-6 
1.20 E-7 
9.52 E-8 
2.76 E-7 
5.62 E-8 
1.15 E-7 
7.16 E-8 
1.92 E-7 
1.08 E-7 
7.72 E-8 
4.38 E-8 
4.14 E-8 
6.62 E-8 
5.66 E-8 
1.57 E-7 
7.59 E-8 
7.00 E-7 
4.75 E-7 
1.80 E-7 
2.55 E-7 
2.04 E-7 
3.12 E-7 
1.44 E-7 
1.75 E-7 
2.55 E-7 
1.59 E-7 
4.25 E-7 
1.34 E-7 
3.92 E-7 
4.92 E-7 
1.13 E-7 
1.90 E-7 
2.39 E-7 
2.34 E-7 
1.13 E-7 
1.24 E-7 
2.04 E-7 
1.08 E-7 
2.05 E-7 
1.32 E-7 
1.10 E-7 
1.28 E-7 
1.55 E-7 
1.32 E-7 
2.04 E-7 
1.62 E-7 
1.68 E-7 
5.74 E-7 
3.59 E-8 
4.68 E-8 
5.74 E-8 
8.03 E-8 
5.20 E-8 
3.66 E-8 
2.01 E-8 
7.01 E-8 
1.31 E-7 
4.91 E-8 
6.48 E-9 
2.36 E-8 
4.61 E-8 
5.10 E-8 
2.32 E-8 
3.44 E-8 
2.85 E-8 
6.43 E-8 
3.57 E-8 
4.97 E-8 
3.08 E-8 
7.87 E-8 

NRM 

I D 

+ 88.7 
+ 77.1 
+ 77.8 
+ 77.0 
+ 87.5 
+ 77.8 
+ 75.5 
+ 39.4 
- 5 . 6 

+ 48.9 
-20 .8 
+ 63.6 
+ 77.4 
+ 28.8 
-76 .5 
-27 .0 
+ 73.7 
+ 77.4 
+ 60.1 
+ 16.4 
+ 60.5 
+ 67.6 
+ 68.6 
-52 .7 
+ 78.1 
+ 74.2 
+ 80.0 
+ 78.0 
+ 70.8 
+ 85.2 
+ 68.1 
+ 60.3 
+ 82.1 
+ 41.4 
+ 75.0 
+ 35.8 

- 8 . 4 
+ 78.8 
+ 75.7 
+ 78.0 
+ 73.8 
+ 71.3 
+ 73.6 
+ 71.8 
+ 79.3 
+ 87.8 
+ 71.6 
+ 72.4 
+ 78.1 
+ 79.0 
+ 79.8 
+ 82.3 
+ 85.0 
+ 76.8 
+ 78.2 
+ 81.3 
+ 10.1 
+ 45.5 
+ 76.4 
+ 67.9 
+ 75.7 
+ 69.1 
+ 68.6 
+ 29.7 
+ 57.6 
+ 57.6 
+ 21.6 
+ 57.4 
+ 37.1 
+ 71.7 

+ 2.3 
+ 47.4 
+ 77.8 
+ 33.0 
+ 86.2 
+ 8.8 

+ 18.6 

349.2 
344.9 
24.6 
43.4 
46.8 

116.0 
143.9 

5.1 
33.4 

346.2 
210.9 

29.6 
253.4 
285.7 
203.8 
294.2 
213.3 
128.1 

2.0 
125.5 
127.3 
166.5 
55.1 

104.2 
73.0 
27.4 
35.0 
36.0 
93.1 

351.5 
69.0 

164.1 
103.3 
315.0 
283.6 
23.0 

265.4 
27.4 

354.1 
53.8 
78.7 
10.2 

358.2 
28.2 
69.9 

135.9 
6.6 

49.0 
40.8 

340.7 
236.6 

43.7 
223.7 
336.0 
65.1 

126.6 
300.2 
97.5 

326.1 
269.6 

28.6 
246.8 
344.5 
163.3 
20.5 

172.4 
316.8 

14.2 
358.4 
178.1 
311.0 
312.4 
117.0 
304.8 
167.0 
340.4 
272.7 

AF stable 

I D 

+ 75.9 

+ 88.4 

+ 71.9 
+ 70.6 
+ 75.3 
+ 66.1 
-69 .8 
+ 65.0 
+ 79.7 
-79 .2 
-78 .1 
-66 .3 
+ 76.5 
-58 .7 
-82 .5 
- 4 . 5 

+ 58.8 
+ 61.2 

-55 .6 

+ 68.5 

+ 66.0 

70.6 

+ 73.1 

+ 57.5 
+ 58.2 

+ 74.7 

+ 83.0 

+ 85.9 

+ 74.8 
+ 75.5 

+ 66.2 

+ 76.3 

+ 57.6 

-37 .0 

+ 72.8 

343.6 

59.5 

139.0 
333.8 
253.8 
319.8 
287.9 

10.6 
344.7 

34.5 
179.5 
276.3 

4.1 
186.8 
62.9 

130.6 
140.0 
180.8 

96.6 

11.4 

58.4 

5.0 

13.6 

74.3 
351.4 

81.7 

13.8 

54.5 

47.4 
126.6 

353.5 

246.2 

172.4 

97.3 

34.9 

Pol. 

N 

N 

N 
N 
N 
N 
R 
N 
N 
R 
R 
R 
N 
R 
R 

N 
N 

R 

N 

N 

N 

N 

N 
N 

N 

N 

N 

N 
N 

N 

N 

N 

R 

N 

MDF 
(Oe) 

217 

230 

120 
190 
23 
51 
46 
48 
39 
21 
46 
87 

291 
20 
41 
67 
27 
40 

42 

49 

394 

41 

38 

36 
38 

172 

94 

49 

114 
55 

>150 

118 

>30 

21 

29 
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Table 18 (continued). 

SITE 642 

Sample 
interval 

(cm) 

25-1, 40-42 
25-1 
25-1 
25-1 
25-2 
25-2 
25-2 
25-2 
25-2 
25-3 
25-3 
25-3 
25-3 
25-3 
25-4 
25-4 
25-4 
25-4 
25-4 
25-5 
25-5 
25-5 
25-5 
25-5 
25-6 
25-6 

70-72 
100-102 
130-132 
10-12 
40-42 
70-72 
100-192 
130-132 
10-12 
40-42 
70-72 
100-102 
130-132 
10-12 
40-42 
7 0 - 7 2 
100-102 
130-132 
10-12 
40-42 
70-72 
100-102 
130-132 
10-12 
40-42 

Sub-bottom 
depth 
(m) 

213.51 
213.81 
214.11 
214.41 
214.71 
215.01 
215.31 
215.61 
215.91 
216.21 
216.51 
216.81 
217.11 
217.41 
217.71 
218.01 
218.31 
218.61 
218.91 
219.21 
219.51 
219.81 
220.11 
220.41 
220.71 
221.01 

J (NRM) 
(Gauss) 

3.97 E-8 
5.83 E-8 
2.40 E-8 
8.06 E-8 
2.55 E-8 
3.41 E-8 
9.99 E-9 
5.76 E-8 
4.27 E-8 
3.19 E-8 
3.12 E-8 
5.31 E-7 
3.25 E-8 
3.94 E-8 
1.02 E-7 
3.09 E-8 
1.95 E-8 
2.02 E-8 
2.28 E-8 
4.49 E-8 
1.85 E-8 
1.31 E-8 
5.82 E-8 
1.84 E-7 
3.78 E-8 
4.15 E-8 

NRM 

I 

+ 37.9 
-38 .2 
+ 0.0 

+ 76.6 
-26 .4 
+ 17.8 
+ 56.7 
-18 .6 
+ 32.5 
+ 1.9 

+ 24.0 
-58 .5 
+ 18.0 
- 6 . 0 

+ 65.2 
+ 22.7 
+ 56.0 
+ 66.0 
+ 10.5 
+ 28.6 
+ 21.8 
+ 37.4 
-41 .1 
+ 85.1 
+ 52.0 
+ 76.2 

D 

291.2 
246.2 
302.2 
343.8 
311.8 
323.5 
258.9 
308.5 
350.2 
322.5 
315.9 

5.4 
0.3 

13.4 
131.8 
356.7 
64.7 

332.7 
321.7 
293.2 
296.0 
23.1 

244.5 
152.1 
254.2 
300.0 

AF stable 

I 

-63 .7 

-63 .9 

-58 .7 

-53 .8 
+ 75.2 

+ 65.6 

+ 71.9 
-51 .3 

+ 80.0 

D 

260.7 

223.4 

5.4 

61.4 
161.3 

21.9 

279.3 
226.2 

76.3 

Pol. 

R 

R 

R 

R 
N 

N 

N 
R 

N 

MDF 
(Oe) 

278 

>200 

148 

29 
205 

91 

>150 
21 

122 

Disturbed core intervals; abbreviations: J = intensity, I = inclination, D = declination of natural 
remanent magnetization (NRM) and stable remanence after AF demagnetization, Pol = polarity, N 
= normal, R = reversed, MDF = median destructive field. 

cores the data do not allow us to establish a plausible magneto-
stratigraphy. 

The variation in stable magnetization, inclination, and NRM 
intensity with depth as obtained from shore-based work is shown 
in Figure 50. The respective data for some 650 discrete samples 
are listed in Table 18. 

With but two exceptions, all NRM inclinations down to Sec­
tion 104-642B-5H-5 consistently indicate a normal polarity corre­
sponding to the present Brunhes field configuration. Although 
this conclusion is based on a rather fragmentary polarity record, 
the results summarized in Table 18 indicate the first clear horizon 
of negative inclinations in Section 104-642B-5H-6. The Brunhes/ 
Matuyama geomagnetic boundary (0.73 Ma) was identified, there­
fore, at 37.11 mbsf. Higher in the core, the negative remanent 
directions obtained imply the presence of short reversed polarity 
intervals within the Brunhes Epoch. 

Below Core 104-642B-5H, even the simple polarity sequence 
of the last four geomagnetic epochs spanning the period to 
about the uppermost Miocene was difficult to decipher. A pre­
liminary tentative correlation of the rather peculiar downhole 
reversal pattern in the upper 100 m of the core with the geomag­
netic polarity time scale is given in Table 20. The almost persist­
ent positive inclinations of the sediment series recovered from 
the lower half of Hole 642B are interpreted as reflecting a major 
overprinting of the primary magnetization by subsequent sec­
ondary components. These components could be either of in-
situ viscous origin resulting from the Brunhes field or else might 
have been acquired during the drilling process. 

The downhole pattern in NRM intensity of the sediments re­
covered from Hole 642B shows various remarkable features. In 
the upper about 80 m (Core 104-642B-1H through about mid 
Core 104-642B-10H), remanent intensities of some 10~5 Gauss 
are typical, their variability being limited to roughly one order 
of magnitude at all levels. This high average value for marine 
sediments should mainly reflect the predominance of terrigenous 
components in these glacial/interglacial deposits. The base of 

lithologic Unit I at 65.7 mbsf (Core 104-642B-8H-6, 132 cm), 
presently interpreted as marking the onset of the late Pliocene 
and Quaternary glacial/interglacial periods, reveals no conspic­
uous variations in magnetic properties. Instead, the sharp drop 
to, on average, some 10~7 Gauss in remanent intensity only oc­
curs at around 79 mbsf (top of Section 104-642B-10H-3) about 
halfway between the lithologic boundaries Unit I/Unit II and 
Subunit IIA/Subunit IIB. This latter level of magnetization in­
tensity, characteristic for most unconsolidated marine sediments, 
persists to the base of Hole 642B at about 221 mbsf. It is tempt­
ing to identify the earliest stage of late Neogene glaciation in the 
Norwegian Sea with the first occurrence of unusually high re­
manent intensities. In any case, this change toward higher inten­
sities is most likely indicative of a significant environmental 
change toward an intensified influx of terrigenous materials. 
According to the interpretation of the paleomagnetic record 
(Fig. 52), this change in intensities almost coincides with the 
geomagnetic Gilbert/Epoch 5 boundary, indicating an age of 
about 5.3 Ma. 

Hole 642C 
Hole 642C penetrated a largely identical sediment series to 

that recovered from Hole 642B in a parallel APC operation. 
Their magnetic properties allowed establishment of a relatively 
complete magnetostratigraphy at least for the upper half of the 
cored interval. Several gaps in the paleomagnetic record here 
mainly result from more or less intensely disturbed sediment 
sections found at various levels. 

The downhole variation in stable remanent inclination and 
NRM intensity of Hole 642C cores is shown in Figure 51. The 
respective data for discrete samples are listed in Table 19. The 
NRM intensity shows a very similar pattern to that observed in 
Hole 642B. A sharp decrease from an average high remanent mag­
netization of some 10 - 5 Gauss in Cores 104-642C-1H through 104-
642C-10H to some 10 "7 Gauss occurs within Section 104-642C-
11H-4 (at about 79 mbsf, Fig. 51). As in Hole 642B, intensities 

161 



Table 19. Paleomagnetic properties of Hole 642C sediments. 

Sample 
interval 

(cm) 

1-2, 79-81 
1-2, 141-143 
2-1, 41-43 
2-1, 103-105 
2-2, 48-50 
2-2, 106-108 
2-3, 48-50 
2-3, 114-116 
2-4, 48-50 
2-4, 107-109 
2-5, 44-46 
2-5, 114-116 
2-6, 20-22 
2-6, 72-74 
2-7, 28-30 
3-1, 70-72 
3-1, 133-135 
3-2, 40-42 
3-2, 117-119 
3-3, 40-42 
3-3, 117-119 
3-4, 40-42 
3-4, 117-119 
3-5, 40-42 
3-5, 117-119 
3-6, 40-42 
3-6, 117-119 
3-7, 40-42 
4-1, 63-65 
4-1, 121-123 
4-2, 64-66 
4-2, 121-123 
4-3,49-51 
4-3, 117-119 
4-4, 45-47 
4-4, 104-106 
4-5, 33-35 
4-5, 89-91 
4-6, 34-36 
4-6, 96-98 
4-7, 31-33 
5-1, 31-33 
5-1, 100-102 
5-2, 33-35 
5-2, 102-104 
5-3, 31-33 
5-3, 100-102 
5-4, 32-34 
5-4, 100-102 
5-5, 32-24 
5-5, 100-102 
5-6, 32-34 
6-1, 42-44 
6-1, 118-120 
6-2, 44-46 
6-2, 119-121 
6-3, 42-44 
6-3, 118-120 
6-4, 42-44 
6-4, 118-120 
6-5, 43-45 
6-5, 118-120 
6-6, 41-43 
6-6, 118-120 

*7-l, 40-42 
7-1, 109-111 
7-2, 40-42 
7-2, 112-114 
7-3, 40-42 
7-3, 112-114 
7-4, 40-42 
7-4, 112-114 
8-1, 40-42 
8-1, 110-112 
8-2, 40-42 
8-2, 110-112 
8-3, 40-42 

*9-l, 40-42 
*9-l, 110-112 
•10-1, 40-42 
*10-1, 110-112 

Sub-bottom 
depth 
(m) 

2.30 
2.92 
3.82 
4.44 
5.39 
5.97 
6.89 
7.55 
8.39 
8.98 
9.85 

10.55 
11.11 
11.63 
12.69 
13.91 
14.54 
15.11 
15.88 
16.61 
17.38 
18.11 
18.88 
19.61 
20.38 
21.11 
21.88 
22.61 
23.74 
24.32 
25.25 
25.82 
26.60 
27.28 
28.06 
28.65 
29.44 
30.00 
30.95 
31.57 
32.42 
33.22 
33.91 
34.74 
35.43 
36.22 
36.91 
37.73 
38.41 
39.23 
39.91 
40.73 
41.83 
42.59 
43.35 
44.10 
44.83 
45.59 
46.33 
47.09 
47.84 
48.59 
49.32 
50.09 
51.31 
52.00 
52.81 
53.53 
54.31 
55.03 
55.81 
56.53 
57.51 
58.21 
59.01 
59.71 
60.51 
61.11 
61.81 
63.91 
64.61 

J (NRM) 
(Gauss) 

3.24 E-6 
8.08 E-6 
3.22 E-5 
1.07 E-5 
1.40 E-5 
2.04 E-5 
3.48 E-5 
4.62 E-5 
1.46 E-5 
3.07 E-5 
6.93 E-5 
1.84 E-5 
3.69 E-5 
8.08 E-5 
3.16 E-5 
1.04 E-6 
1.04 E-5 
1.74 E-5 
1.40 E-5 
3.04 E-5 
2.65 E-5 
1.54 E-6 
1.44 E-5 
4.99 E-5 
9.69 E-6 
1.74 E-5 
5.34 E-5 
1.27 E-5 
2.87 E-6 
9.22 E-7 
3.18 E-5 
2.16 E-6 
5.04 E-5 
4.71 E-5 
7.74 E-5 
2.13 E-5 
4.23 E-6 
1.61 E-6 
2.47 E-5 
1.10 E-5 
3.91 E-5 
3.94 E-5 
3.24 E-6 
3.36 E-5 
1.25 E-5 
1.26 E-6 
5.96 E-5 
2.81 E-5 
4.25 E-7 
1.84 E-6 
1.22 E-5 
1.03 E-5 
3.45 E-5 
8.91 E-7 
2.19 E-5 
4.83 E-6 
9.60 E-7 
2.61 E-5 
1.42 E-5 
1.74 E-5 
2.00 E-5 
3.33 E-5 
5.41 E-6 
3.10 E-5 
8.04 E-6 
3.58 E-7 
2.12 E-5 
1.26 E-5 
1.48 E-6 
2.46 E-6 
1.47 E-5 
2.37 E-5 
8.90 E-5 
5.14 E-6 
4.40 E-6 
9.14 E-6 
2.33 E-5 
6.00 E-6 
1.02 E-5 
4.30 E-5 
1.57 E-5 

NRM 

I 

+ 59.6 
+ 81.0 
+ 69.6 
+ 60.0 
+ 74.6 
+ 72.9 
+ 66.3 
+ 75.7 
+ 74.3 
+ 66.7 
+ 73.5 
+ 72.5 
+ 68.4 
+ 64.7 
+ 69.9 
+ 62.3 
+ 82.1 
+ 87.3 
+ 82.4 
+ 79.6 
+ 76.0 
+ 67.7 
+ 78.7 
+ 78.6 
+ 85.7 
+ 9.1 
-5 .3 

+ 70.5 
+ 78.7 
+ 4.6 

+ 79.1 
+ 65.2 
+ 77.4 
+ 72.6 
+ 78.2 
+ 79.5 
+ 86.2 
+ 73.1 
+ 62.7 
+ 80.7 
+ 84.3 
+ 74.8 
-41.4 
-58.1 
-70.6 
-25.3 
-67.0 
-68.8 
-44.8 
-55.3 
+ 55.4 
+ 68.5 
+ 83.0 
+ 67.5 
-71.5 
-36.4 
+ 50.1 
-75.9 
-66.8 
-64.7 
-61.9 
-71.3 
-9.1 

-70.1 
-27.0 
+ 21.6 
+ 87.9 
+ 83.1 
-33.7 
-12.8 
-67.9 
-82.5 
+ 60.1 
+ 54.7 
-70.9 
-66.8 
+ 81.3 
-65.5 
+ 78.0 
+ 85.3 
+ 77.8 

D 

125.8 
197.3 
129.4 
68.8 
97.7 
82.9 

129.2 
142.3 
101.2 
107.0 
150.0 
133.9 
120.3 
129.0 
110.6 
139.5 
186.8 

2.5 
235.6 
226.7 
202.8 
134.1 
149.3 
218.2 
231.7 
194.7 
103.0 
188.3 
76.8 

301.5 
124.2 
37.6 
29.9 
4.2 

39.1 
62.1 
92.5 
81.4 

121.5 
100.3 
87.6 

188.5 
172.4 
167.0 
165.9 
80.6 

140.6 
155.0 
28.5 
89.4 
11.1 

144.4 
134.1 
75.5 
59.1 
19.7 

109.4 
341.3 
350.1 

19.4 
26.8 
8.7 

328.7 
353.5 
140.6 
101.9 
41.6 

190.4 
35.2 
98.6 
65.3 
75.5 

147.9 
128.8 
188.7 
170.2 
230.8 
132.7 
254.2 
104.7 
167.0 

AF stable 

I 

+ 57.0 
+ 74.0 
+ 71.5 
+ 68.3 
+ 73.2 
+ 73.5 
+ 71.4 
+ 79.1 
+ 76.8 
+ 67.0 
+ 75.3 
+ 76.4 
+ 71.1 
+ 70.9 
+ 75.3 
+ 67.9 
+ 77.7 
+ 84.3 
+ 81.4 
+ 75.8 
+ 73.9 
+ 76.5 
+ 75.4 
+ 78.7 
+ 81.5 
+ 53.7 
+ 65.7 
+ 67.0 
-54.5 
+ 72.9 
+ 82.4 
-58.4 
+ 75.8 
+ 72.2 
+ 78.8 
+ 84.8 
+ 81.5 
+ 78.3 
+ 79.7 
+ 85.5 
+ 85.5 
+ 76.0 
-22.4 
-62.9 
-75.8 
-65.1 
-71.7 
-71.5 
-66.6 
-70.0 
+ 65.0 
+ 77.1 
+ 83.2 
+ 64.2 
-77.3 
-49.5 
+ 11.6 
-76.9 
-69.8 
-70.0 
-66.9 
-70.6 
-73.1 
-70.7 
-0 .3 

+ 42.5 
+ 85.4 
+ 83.8 
-61.8 
-70.4 
-65.7 
-83.5 
+ 58.6 
+ 67.6 
-72.4 
-75.6 
+ 79.1 
-60.3 
+ 75.0 
+ 87.4 
+ 76.5 

D 

135.0 
261.8 
133.4 
144.6 
103.7 
78.3 

137.9 
150.7 
113.5 
108.7 
151.7 
153.6 
122.2 
142.3 
117.0 
97.7 

220.6 
304.9 
247.7 
261.7 
231.5 
164.7 
262.9 
237.8 
242.6 
229.6 
180.3 
221.2 
180.6 
184.3 
116.8 
333.0 
20.7 

357.0 
39.6 
55.9 
38.6 

280.7 
90.8 

294.2 
67.3 

190.5 
166.9 
171.5 
175.1 
124.4 
144.9 
161.1 
66.2 

159.9 
351.2 
153.3 
142.8 
70.3 
21.3 
2.0 

100.2 
342.6 
354.6 
358.9 

7.6 
356.1 
332.2 
351.9 
136.6 

2.3 
209.0 
186.6 

8.1 
35.9 
61.4 
49.0 

146.7 
31.6 

190.9 
170.0 
230.0 
165.6 
251.6 
179.7 
181.4 

Pol. 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
R 
R 
R 
R 
R 
R 
R 
R 
N 
N 
N 
N 
R 
R 

R 
R 
R 
R 
R 
R 
R 

N 
N 
N 
R 
R 
R 
R 
N 
N 
R 
R 
N 

MDF 
(Oe) 

136 
217 
257 
109 
154 
189 
236 
258 
210 
186 
241 
211 
299 
270 
149 
234 
310 
299 
555 
300 
234 
354 
244 
300 
324 
41 
46 

222 
50 

305 
276 
57 

292 
281 
259 
281 
167 
188 
141 
125 
213 
313 
259 
278 
294 
54 

279 
241 
48 

200 
381 
260 
264 
140 
374 
361 
74 

278 
355 
287 
352 
314 
596 
297 
244 

81 
229 
193 
348 
79 

228 
283 
304 
286 
606 
331 
204 
511 
243 
311 
274 



Table 19 (continued). 

Sample 
interval 

(cm) 

10-6, 42-44 
10-6 
10-7 
11-1 
11-1 
11-2 
11-2 
11-3 
11-3 
11-4 
11-4 
11-5 
11-5 
11-6 
11-6 
11-7 
12-1 
12-1 
12-2 
12-2 
12-3 
12-3 
12-4 
12-4 
12-5 
12-5 
12-6 
12-6 
13-1 
13-1 
13-2 
13-2 
13-3 
14-1 
14-1 
14-2 
14-2 
14-3 
14-3 
14-4 
14-4 
14-5 
14-5 
14-6 
14-6 
14-7 
15-1 
15-2 
15-2 
15-3 
15-3 
15-4 
15-4 
15-5 
15-5 
15-6 
15-6 
15-7 
16-1 

*16-1 
16-2 
16-2 
16-3 
16-3 
16-4 
16-4 
16-5 
16-5 
16-6 
16-6 
17-1 
17-1 
17-2 
17-2 
17-3 
17-3 
17-5 
17-5 
17-6 
17-6 
18-1 
18-1 

110-112 
15-17 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
39-41 
100-102 
39-41 
110-112 
36-38 
106-108 
36-38 
108-110 
35-37 
110-112 
40-42 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
62-64 
122-124 
27-29 
125-127 
36-38 
90-92 
33-35 
118-120 
26-28 
115-117 
60-62 
121-123 

Sub-bottom 
depth 

(m) 

71.43 
72.11 
72.66 
73.41 
74.11 
74.91 
75.61 
76.41 
77.11 
77.91 
78.61 
79.41 
80.11 
80.91 
81.61 
82.41 
82.91 
83.61 
84.41 
85.11 
85.91 
86.61 
87.41 
88.11 
88.91 
89.61 
90.41 
91.11 
92.41 
93.11 
93.91 
94.61 
95.41 

101.91 
102.61 
103.41 
104.11 
104.91 
105.61 
106.41 
107.11 
107.91 
108.61 
109.41 
110.11 
110.91 
112.11 
112.90 
113.51 
114.40 
115.11 
115.87 
116.57 
117.37 
118.09 
118.86 
119.61 
120.41 
120.91 
121.61 
122.41 
123.11 
123.91 
124.61 
125.41 
126.11 
126.91 
127.61 
128.41 
129.11 
130.63 
131.23 
131.78 
132.76 
133.37 
133.91 
136.34 
137.19 
137.77 
138.66 
140.11 
140.72 

J (NRM) 
(Gauss) 

4.39 E-6 
1.23 E-5 
1.75 E-5 
3.34 E-5 
2.61 E-5 
1.63 E-5 
2.13 E-5 
2.14 E-5 
4.23 E-6 
3.85 E-6 
7.55 E-6 
1.83 E-7 
8.90 E-8 
2.41 E-7 
2.87 E-7 
4.64 E-7 
7.44 E-6 
1.49 E-6 
2.08 E-6 
3.13 E-8 
4.52 E-8 
1.72 E-7 
3.14 E-7 
6.49 E-8 
9.34 E-8 
3.25 E-7 
3.95 E-7 
5.74 E-6 
1.63 E-6 
2.96 E-7 
5.96 E-8 
1.63 E-7 
1.89 E-7 
3.39 E-7 
4.86 E-7 
6.63 E-7 
2.82 E-7 
2.54 E-7 
2.84 E-7 
3.65 E-7 
3.28 E-6 
4.17 E-7 
2.12 E-7 
2.52 E-7 
7.69 E-7 
2.48 E-7 
6.99 E-8 
4.70 E-8 
3.15 E-7 
1.94 E-7 
1.93 E-7 
1.67 E-7 
4.72 E-8 
1.11 E-7 
2.20 E-7 
8.77 E-7 
9.97 E-7 
7.47 E-7 
9.86 E-7 
4.20 E-7 
3.18 E-7 
1.58 E-7 
1.08 E-7 
2.03 E-7 
4.00 E-7 
2.24 E-7 
5.67 E-7 
8.99 E-7 
3.60 E-7 
2.74 E-6 
1.89 E-7 
2.29 E-8 
1.13 E-7 
4.91 E-7 
3.87 E-6 
1.22 E-7 
1.25 E-7 
3.24 E-7 
8.65 E-8 
5.69 E-8 
6.31 E-8 
7.25 E-8 

NRM 

I 

- 5 4 . 8 
- 6 7 . 4 
- 8 2 . 1 
- 7 4 . 6 
- 7 4 . 7 
- 6 0 . 9 
- 7 5 . 3 
- 7 9 . 3 
+ 25.5 
- 7 8 . 9 
- 7 9 . 8 
- 2 2 . 3 
+ 75.6 
+ 51.4 
- 1 6 . 8 

+ 2.6 
+ 49.1 
+ 19.6 
+ 73.1 
+ 41.5 

- 4 . 2 
+ 81.2 
- 4 4 . 4 

- 3 . 9 
- 2 6 . 6 
- 2 6 . 8 
- 2 1 . 5 
- 6 6 . 7 
+ 22.8 
+ 11.5 
+ 46.3 
+ 53.7 
+ 47.7 
+ 88.2 
+ 86.7 
+ 76.5 
+ 79.9 
- 1 8 . 7 
+ 26.6 
- 8 6 . 3 
+ 77.5 
+ 73.5 
+ 87.8 
+ 80.1 
+ 80.7 
+ 77.6 
+ 81.9 
+ 35.2 
+ 50.2 
+ 57.7 

+ 0.6 
- 7 6 . 0 

- 4 . 4 
- 7 . 5 

- 4 0 . 2 
+ 50.2 
- 1 5 . 4 
- 2 2 . 3 
+ 41.0 
+ 77.8 
+ 58.6 
+ 58.0 
+ 86.1 
+ 69.2 
+ 73.8 
+ 66.8 
+ 42.8 
+ 77.0 
+ 78.7 
+ 81.1 
+ 68.2 
- 1 7 . 0 
+ 27.2 
+ 69.6 

- 8 . 4 
+ 16.8 
+ 29.4 

+ 4.4 
+ 64.9 
+ 27.2 
+ 57.2 
+ 49.8 

D 

228.9 
291.3 
236.1 

75.0 
92.5 
51.6 
93.3 
32.7 

100.0 
104.9 
78.9 

164.5 
329.2 

98.8 
64.8 

356.6 
135.3 
286.0 
177.9 
174.5 
97.8 

221.9 
111.8 
152.3 
210.6 
147.6 
81.3 

174.5 
138.8 
24.2 
78.1 

153.0 
13.5 
88.1 
60.0 

163.4 
353.1 

33.9 
42.6 
12.3 
41.7 
63.2 

144.2 
93.5 
96.0 
33.1 
80.4 

272.5 
360.0 
343.2 
349.1 
104.5 
39.0 
40.7 
19.4 

338.1 
150.2 
25.1 

359.2 
197.3 
346.1 

41.3 
44.4 
40.9 
14.0 
76.8 

334.6 
0.4 

17.9 
318.0 
127.9 
67.1 
39.5 

360.0 
195.6 
133.0 
351.9 
207.4 

37.9 
25.6 
23.1 
23.5 

AF stable 

! 
- 7 0 . 4 
- 7 1 . 0 
- 7 9 . 5 
- 7 6 . 6 
- 8 0 . 4 
- 7 0 . 1 
- 7 7 . 4 
- 7 7 . 5 
- 6 0 . 4 
- 8 1 . 8 
- 7 6 . 8 
- 7 2 . 4 
+ 63.9 
+ 72.6 
+ 68.0 
+ 58.4 
+ 76.0 
+ 67.8 

- +74 .4 
- 8 2 . 2 
- 7 9 . 2 
- 7 2 . 6 
- 6 5 . 2 
- 8 1 . 0 
- 7 9 . 5 
- 7 0 . 2 
- 6 6 . 4 
- 7 0 . 4 
- 6 4 . 0 
- 4 9 . 0 
- 5 5 . 2 
+ 67.9 
+ 70.0 
+ 84.9 
+ 82.2 
+ 84.7 
+ 78.7 
- 6 5 . 0 
- 6 1 . 8 
- 7 3 . 1 
+ 82.8 
+ 74.4 
+ 81.6 
+ 83.3 
+ 83.6 
+ 75.5 
+ 81.2 
+ 71.8 
+ 66.1 
+ 64.3 
- 8 0 . 1 
- 7 2 . 3 
- 4 7 . 4 
- 6 9 . 7 
- 7 2 . 9 
+ 64.3 
+ 63.8 
- 6 9 . 5 
+ 79.8 
+ 77.3 
+ 75.6 
+ 76.1 
+ 69.1 
+ 64.8 
+ 68.4 
+ 71.0 
+ 66.4 
+ 82.9 
+ 67.1 
+ 80.3 
+ 73.7 
+ 68.9 
+ 58.3 
- 7 1 . 2 
- 5 5 . 0 
+ 70.2 
+ 64.3 
+ 80.1 
+ 60.7 
+ 64.0 
+ 65.3 
+ 59.8 

D 

271.2 
302.6 
261.2 

58.3 
91.2 
45.8 
83.3 
45.2 
96.2 
42.8 
19.2 
14.2 
3.1 

107.5 
94.5 
69.0 
87.0 

320.9 
54.6 

132.5 
173.0 
202.8 
144.6 
149.9 
316.4 
186.9 
94.6 

169.8 
229.9 
142.5 
164.4 
121.5 
24.7 
16.4 
8.1 

228.9 
311.0 

58.6 
8.4 

24.9 
343.2 
316.4 
238.4 

26.1 
91.5 
10.4 
59.6 

286.9 
359.6 
336.6 

77.8 
101.8 
349.3 

14.4 
30.0 
20.6 
23.7 
57.5 
45.4 

191.5 
17.3 

104.7 
165.7 
29.2 
10.3 
89.7 
38.3 
10.4 
82.9 

106.5 
18.7 

307.5 
31.1 

312.0 
267.0 

68.4 
37.0 
91.9 
34.9 
26.7 
33.0 
36.5 

Pol. 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
N 
N 
N 
N 
N 
N 
N 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
N 
N 
N 
N 
N 
N 
R 
R 
R 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
R 
R 
R 
R 
R 
N 
N 
R 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
R 
R 
N 
N 
N 
N 
N 
N 
N 

MDF 
(Oe) 

671 
515 
485 
316 
353 
396 
385 
354 

61 
226 
525 

>1000 
309 
418 

48 
42 

502 
31 
34 

> 5 0 0 
> 5 0 0 

33 
> 5 0 0 
>500 
>500 
>800 
> 5 0 0 
> 5 0 0 

289 
296 
259 
433 
334 
284 

89 
219 

47 
>800 

479 
492 
274 
194 
189 
223 
334 

97 
>500 
> 4 0 0 

490 
389 
209 
327 
275 

34 
112 
55 
31 
33 
31 
52 
32 
52 

334 
30 
79 
50 
46 

277 
119 
557 
119 

> 2 0 0 
23 

178 
38 
32 
98 
39 

107 
160 
128 
58 



Table 19 (continued). 

Sample 
interval 

(cm) 

18-2, 50-52 
18-2 
18-3 
18-3 
18-4 
18-4 
18-5 
18-5 
18-6 
18-6 
19-1 
19-1 
19-2 
19-2 
19-3 
19-3 
19-4 
19-4 
19-5 
19-5 
19-6 
19-6 
19-7 
20-1 
20-1 
20-2 
20-2 
20-3 
20-3 
20-4 
20-4 
20-5 
20-5 
20-6 
20-6 
20-7 
21-1 
21-1 
21-2 
21-2 
21-3 
21-3 
21-4 
21-4 
21-5 
21-5 
21-6 
21-6 
21-7 
22-1 
22-1 
22-2 
22-2 
22-3 
22-3 
22-4 
22-4 
22-5 

*23-l 
*23-l 
*23-2 
*23-2 
23-3 
23-3 

♦23-4 
23-4 
23-5 
23-5 
24-1 
24-1 
24-2 
24-2 
24-3 
24-3 
24-4 
24-4 
24-5 
24-5 

100-102 
50-52 
100-102 

, 50-52 
, 100-102 
, 50-52 
, 100-102 
, 20-22 
, 71-73 
, 40-42 

100-102 
50-52 
110-112 
32-34 
92-94 
33-35 
92-94 
33-35 
95-97 
33-35 
95-97 
31-33 
45-47 
117-119 
45-47 
117-119 
47-49 
101-103 
45-47 
101-103 
47-49 
101-103 
47-49 
101-103 
47-49 
42-44 
111-113 
42-44 
111-113 
42-44 
111-113 
42-44 
112-114 
43-45 
113-115 
43-45 
113-115 
43-45 
50-52 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
92-94 
133-135 
28-30 
103-105 
28-30 
103-105 
41-43 
103-105 
36-38 
103-105 
51-53 
117-119 
51-53 
117-119 
39-41 
117-119 
37-39 
100-102 
39-41 
104-106 

Sub-bottom 
depth 

(m) 

141.51 
142.01 
143.01 
143.51 
144.51 
145.01 
146.01 
146.51 
147.21 
147.72 
149.41 
150.01 
151.01 
151.61 
152.33 
152.93 
153.84 
154.43 
155.34 
155.96 
156.84 
157.46 
158.32 
158.96 
159.68 
160.46 
161.18 
161.98 
162.52 
163.46 
164.02 
164.98 
165.52 
166.48 
167.02 
167.98 
168.43 
169.12 
169.93 
170.62 
171.43 
172.12 
172.93 
173.63 
174.44 
175.14 
175.94 
176.64 
177.44 
178.01 
178.61 
179.41 
180.11 
180.91 
181.61 
182.41 
183.11 
183.91 
185.23 
185.64 
186.09 
186.84 
187.59 
188.34 
189.22 
189.84 
190.67 
191.34 
192.92 
193.58 
194.42 
195.08 
195.80 
196.58 
197.28 
197.91 
198.80 
199.45 

J (NRM) 
(Gauss) 

4.68 E-8 
4.95 E-8 
7.20 E-8 
9.23 E-7 
5.91 E-7 
8.42 E-8 
7.63 E-8 
5.35 E-8 
5.71 E-8 
1.49 E-7 
3.47 E-6 
1.27 E-7 
7.12 E-8 
5.67 E-8 
4.10 E-8 
3.57 E-8 
4.62 E-8 
5.07 E-8 
2.68 E-8 
3.68 E-8 
6.76 E-8 
2.58 E-7 
2.30 E-7 
2.97 E-7 
7.68 E-8 
1.69 E-7 
2.01 E-8 
6.40 E-8 
1.20 E-7 
2.97 E-7 
1.66 E-7 
1.00 E-7 
1.18 E-7 
1.05 E-7 
3.40 E-7 
3.82 E-6 
1.69 E-7 
1.72 E-6 
1.63 E-7 
1.39 E-7 
2.94 E-7 
2.62 E-7 
8.31 E-8 
1.78 E-7 
4.96 E-7 
1.99 E-7 
6.07 E-8 
7.78 E-8 
4.99 E-8 
5.90 E-8 
1.47 E-7 
6.60 E-8 
1.01 E-7 
5.74 E-8 
6.76 E-8 
1.54 E-7 
9.94 E-7 
1.07 E-7 
5.67 E-7 
1.12 E-7 
5.60 E-7 
1.61 E-7 
1.89 E-7 
2.34 E-7 
5.09 E-7 
1.20 E-7 
1.07 E-7 
1.62 E-7 
1.91 E-8 
2.85 E-8 
3.15 E-8 
3.58 E-8 
2.06 E-7 
9.03 E-8 
1.20 E-6 
2.17 E-7 
7.96 E-8 
1.09 E-7 

NRM 

I 

+ 79.5 
+ 60.6 
+ 28.7 
+ 40.8 
+ 76.6 
+ 52.7 
+ 65.5 
+ 85.1 
+ 77.9 
+ 74.6 
+ 75.4 

- 7 . 0 
+ 58.8 
+ 81.1 
+ 48.0 
+ 52.0 
+ 51.9 
+ 63.0 
+ 60.3 
+ 47.8 
+ 57.3 
+ 71.8 
+ 79.3 

+ 4.9 
+ 62.2 
+ 62.6 

- 4 . 2 
+ 33.9 
+ 46.1 
+ 46.5 
+ 50.2 
+ 58.3 
+ 40.7 
+ 67.2 

+ 3.7 
+ 64.3 
+ 78.9 
+ 74.8 
+ 63.8 
+ 68.2 
+ 75.0 
+ 85.8 
+ 40.6 
+ 71.2 
+ 65.4 
+ 70.8 
+ 42.8 
+ 69.0 
+ 32.7 
+ 44.6 
+ 31.6 
+ 61.6 
+ 22.8 
+ 27.5 
+ 54.5 
+ 31.4 
+ 70.7 
+ 48.2 
+ 65.0 
+ 31.6 
+ 24.3 
+ 28.4 
+ 72.1 
+ 70.9 
+ 31.0 
+ 87.2 
+ 72.1 
+ 75.3 

+ 4.4 
+ 58.7 
+ 52.5 
+ 48.4 
+ 72.4 
+ 48.2 
+ 47.5 
+ 67.4 
+ 74.6 
+ 82.9 

D 

320.9 
344.1 

24.2 
19.7 

336.2 
338.1 

51.1 
340.0 
315.5 
347.5 

13.3 
56.8 
20.1 

167.8 
90.5 

145.2 
23.5 

264.9 
341.3 

2.6 
68.9 

354.1 
315.5 
145.5 
353.5 

6.5 
52.6 
19.4 
53.7 
35.6 
46.8 
78.2 
27.2 
39.3 

290.8 
54.5 
50.8 
60.2 
38.5 
62.5 
76.6 

121.3 
54.6 
43.1 

106.6 
78.7 
70.0 

142.9 
348.5 
343.1 

56.8 
338.0 

17.8 
64.6 
21.7 

339.9 
65.9 
15.2 

333.8 
10.7 
52.0 
71.9 
42.5 

0.2 
125.7 
163.8 
328.7 
338.6 

52.3 
36.2 
54.1 
24.1 

105.3 
119.8 
42.5 
61.4 
47.5 
82.1 

AF stable 

I 

+ 82.5 
+ 65.6 
+ 50.5 
- 6 8 . 0 
+ 75.9 
+ 61.3 
+ 70.7 
+ 82.2 
+ 69.9 
+ 82.2 
+ 81.2 
- 2 7 . 8 
+ 67.7 
+ 83.4 
- 3 9 . 1 
- 4 9 . 6 
- 7 1 . 2 
+ 60.1 
+ 81.5 
+ 66.0 
+ 66.2 
+ 76.4 
+ 69.9 
+ 55.5 
+ 69.2 
+ 63.2 
- 6 7 . 1 
+ 35.9 
+ 61.2 
+ 73.0 
+ 65.9 
+ 72.9 
+ 69.1 
+ 75.3 
+ 67.2 
+ 71.2 
+ 72.9 
+ 74.9 
+ 71.6 
+ 71.0 
+ 77.4 
+ 81.7 
+ 63.3 
+ 75.3 
+ 70.8 
+ 69.5 
+ 39.9 
+ 71.0 
+ 64.6 
+ 67.9 
+ 68.0 
+ 70.0 
+ 54.7 
+ 56.1 
+ 68.8 
+ 63.9 
+ 77.8 
+ 59.8 
+ 69.5 
+ 26.8 
+ 13.4 
- 6 9 . 7 
+ 69.7 
+ 75.3 
+ 37.0 
+ 77.1 
+ 69.8 
+ 71.0 
- 6 4 . 8 
+ 65.1 
+ 69.1 
- 8 3 . 7 
+ 76.5 
+ 74.8 
+ 60.4 
+ 70.3 
+ 77.1 
+ 72.5 

D 

2.9 
305.4 
213.3 

25.4 
325.3 
343.8 

58.4 
70.1 

277.5 
39.6 

340.0 
78.5 
70.7 
58.5 
92.4 
68.5 
85.4 

279.7 
319.8 

23.4 
70.6 

2.0 
339.9 
193.3 

5.7 
9.2 

357.1 
22.8 
40.8 
12.7 
33.3 
85.9 

7.2 
36.8 
19.5 
47.2 
73.3 
60.3 
59.9 
88.6 
59.6 
70.3 
57.2 

113.1 
104.7 
95.4 
79.6 

112.0 
343.3 

78.3 
86.1 

326.6 
18.5 
66.4 

350.3 
10.5 
58.3 
34.2 

345.8 
29.8 
55.9 

320.3 
49.0 

336.2 
126.3 
152.3 
338.8 

69.3 
101.9 

11.7 
43.3 
69.9 

118.8 
133.0 

18.0 
50.6 
37.3 

101.9 

Pol. 

N 
N 
N 
R 
N 
N 
N 
N 
N 
N 
N 
R 
N 
N 
R 
R 
R 
N 
N 
N 
N 
N 
N 
N 
N 
N 
R 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

N 
N 

N 
N 
N 
R 
N 
N 
R 
N 
N 
N 
N 
N 
N 

MDF 
(Oe) 

21 
43 

116 
190 
237 
142 
92 
59 

116 
78 

248 
536 
143 
47 

211 
21 

133 
118 
146 
164 
173 
308 

45 
274 
428 
180 

> 5 0 0 
69 
83 

139 
149 
171 
205 
225 
335 
333 
173 
302 
175 
109 
219 
159 
40 

185 
397 
224 

82 
87 
25 
94 

128 
233 

61 
54 

195 
>500 

464 
334 
167 
49 

320 
32 

180 
186 
75 
84 
81 

142 
188 
32 
57 

>400 
174 
145 
283 
352 
364 
141 

Disturbed core intervals; abbreviations: J = intensity, I = inclination, D = declination of natural 
remanent magnetization (NRM) and stable remanence after AF demagnetization, Pol = polarity, 
N = normal, R = reversed, MDF = median destructive field. 
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Figure 50. Stratigraphic sequence of the upper 220 m of Hole 642B showing the variations in inclination of the characteristic remanent magne­
tization and natural remanent magnetization (NRM) intensity. Horizontal lines indicate core boundaries. The paleomagnetic polarity log is 
based on stable inclinations, black being normal and white being reversed polarity. Disturbed intervals are indicated to the left of the polarity 
column. 
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Table 20. Magnetostratigraphic summary of Site 642. 

Epoch 

Brunhes/Matuyama 

Matuyama/Gauss 
Gauss/Gilbert 
Gilbert/Epoch 5 
Epoch 5/Epoch 6 
Epoch 6/Epoch 7 
Epoch 7/Epoch 8 

Event 

Jaramillo 
Jaramillo 
Olduvai, 
Olduvai, 

top 
base 

top 
jase 

Age 
(Ma) 

0.73 
0.91 
0.98 
1.66 
1.88 
2.47 
3.40 
5.35 
5.89 
6.70 
7.41 

Hole 642B boundaries 

Core-
section-cm 

5-5-141/5-6-50 
6-2-141/6-3-21 
6-5-51/6-5-81 
7-4-69/7-4-100 
7-6-9/7-6-40 
8-6-10/8-6-40 
9.3.47/9-3-7I 
10-3-71/10-3-100 
10-5-130/10-6-10 
11-7-64/12-1-71 
13-6-81/13-7-32 

Depth 
(mbsf) 

37.11 
41.96 
45.56 
52.75 
55.15 
64.65 
69.99 
79.76 
83.35 
95.33 

113.02 

Hole 642C boundaries 

Core-
section-cm 

5-1-32/5-1-101 
5-5-33/5-5-101 
6-1-119/6-2-45 
6-6-119/7-1-110 
7-2-113/7-3-41 
8-2-111/8-3-41 

— 
11-5-41/11-5-111 
12-2-41/12-2-111 
13-2-41/13-2-111 
15-3-40/15-3-111 

Depth 
(mbsf) 

33.57 
39.57 
42.97 
51.05 
53.92 
60.11 
— 

79.76 
84.76 
94.26 

114.76 

remain at this low level down to the base of the hole. The 
change in NRM intensity by almost two orders of magnitude is 
found at identical levels in both holes. From the magnetostrati­
graphic control in Hole 642C and its tentative interpretation 
given above as indicating the onset of the late Neogene glacia-
tion in the Norwegian Sea, this event should have occurred at 
about 5.3 Ma (shortly after the Epoch 5/Gilbert transition). 

A preliminary magnetostratigraphic summary of the Hole 
642B and 642C sediments is given in Table 20. The Brunhes/ 
Matuyama boundary (0.73 Ma) was recognized at about 33.57 
mbsf (Section 104-642C-5H-1, Fig. 51). The two normal inter­
vals within the Matuyama Epoch, the Jaramillo (0.91 to 0.98 
Ma) and the Olduvai (1.66 to 1.88 Ma) Events, extend from 
39.57 to 42.97 and from 51.05 to 53.92 mbsf, respectively. The 
base of the Olduvai Event provides a fairly precise horizon for 
the Pliocene/Pleistocene boundary in the Hole 642C sedimen­
tary sequence. 

The top of the interval representing the normal Gauss Epoch 
(2.47 Ma) is tentatively identified at 60.11 mbsf (Sections 104-
642C-8H-2/3), since the fine structures and the base of this in­
terval could not be quantified because of the poor and highly 
disturbed recovery in Cores 104-642C-9H and 642C-10H. For 
similar reasons, the series of four normal events in the reversed 
Gilbert Epoch are not documented in the paleomagnetic record. 
The Gilbert/Epoch 5 boundary is situated at 79.76 mbsf. Its po­
sition is known to be slightly lower than the Miocene/Pliocene 
boundary. 

The base of the Epoch 5 (5.89 Ma) interval was identified in 
Section 104-642C-12H-2 (84.76 mbsf, Fig. 51). However, it was 
not possible to determine the reversed interval separating the 
two normals of Epoch 5. The inclination record of Cores 104-
642C-12H through 104-642C-15H offers only a very limited res­
olution of the Epochs 6 and 7 reversal pattern. The Epoch 6/ 
Epoch 7 boundary (6.70 Ma) is placed at 94.26 mbsf (Section 
104-642C-13H-2). The Epoch 7/Epoch 8 boundary (base of ma­
rine magnetic anomaly 4, 7.41 Ma) at about 114.76 mbsf (Sec­
tion 104-42C-15H-3) is the deepest polarity transition in Hole 
642C that could be defined with a minimum of confidence. As 
in Hole 642B, sediments recovered from below 115 mbsf yield 
stable positive inclinations (Fig. 51). This pattern does not allow 
any plausible interpretation in terms of the Earth field polarity 
history but most likely results from spurious magnetization 
components that cannot be discriminated by AF technique. 

Hole 642D 
Hole 642D extends from about 190 to 329 mbsf and continues 

the previous APC Holes 642A, 642B, and 642C to greater depth. 
Fourteen cores were obtained using the extended-core-barrel (XCB) 
technique. The upper 12 cores have been analyzed with the pass-
through cryogenic magnetometer for their natural remanent mag­
netization properties. In addition, shore-based NRM measure­

ments were performed for, on average, two discrete samples per 
section (Table 21). Neither data set provides an adequate basis 
for establishing a magnetostratigraphic record. There are indica­
tions that the problems encountered in the lower halves of Holes 
642B and 642C prevail throughout Hole 642D and possibly can­
not be solved by further demagnetization studies. 

Summary 
Preliminary paleomagnetic results presented in this report 

for the sediment series recovered from the four holes at Site 642 
on the Vriring Plateau are based on shipboard natural remanent 
magnetization measurements performed with the new pass-through 
cryogenic magnetometer and, for the greater part, on shore-
based AF studies. 

In Hole 642A a single 9.5-m core contains the present Brun­
hes field configuration. The sediment series penetrated in Holes 
642B and 642C provides a reasonably complete magnetostrati­
graphic record only to about 115 mbsf into geomagnetic Epoch 
7 (Fig. 52). In this interval, the apparent sedimentation rate 
gradually decreases from about 46 (in Hole 642B) and 51 (in 
Hole 643C) m/m.y. in the Brunhes Epoch to about 5.0 m/m.y. 
in the Gilbert Epoch. Below the Pliocene/Miocene boundary to 
the base of Epoch 7, a progressively fragmentary and less-well-
documented polarity reversal sequence is encountered. The mag­
netostratigraphic record for the late Miocene implies a continu­
ous increase in sedimentation rates from about 9 to 29 m/m.y. 
during this period. 

The downhole NRM intensity variation in the sediment col­
umns shows a drastic decrease by almost two orders of magni­
tude at around 79 mbsf in both Holes 642B and 642C. This 
change most likely reflects a transition from predominantly bio-
genic to terrigenous accumulation regimes. The interpolated age 
of about 5.3 Ma for this horizon potentially marks the onset of 
the late Neogene glaciation cycles in the Norwegian Sea. 

The Volcanic Sequence 
The shipboard paleomagnetics on the volcanic sequence at 

Site 642 comprise measurements on the basalts as well as on in­
tercalated volcaniclastic sediment sequences from Hole 642E. 

The main purpose of the shipboard paleomagnetic study was 
to clarify the polarity pattern in the drilled igneous rocks and 
provide enough magnetic property information to enable the se­
lection of paleomagnetic and rock-magnetic samples for shore-
based studies. The investigations reported here, therefore, are of 
exploratory nature. 

Hole 642D 
The basalts encountered in Cores 104-642D-15X to 104-642D-

19N in Hole 642D consisted of unoriented pebbles of a con­
glomerate unit as well as a strongly weathered volcaniclastic sed­
iment and a basalt flow, which have been brecciated by drilling. 
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Figure 51. Stratigraphic sequence of the upper 200 m of Hole 642C showing the variations in inclination of the characteristic remanent magne­
tization and natural remanent magnetization (NRM) intensity. Horizontal lines indicate core boundaries. The paleomagnetic polarity log is 
based on stable inclinations, black being normal and white being reversed polarity. Disturbed intervals are indicated to the left of the polarity 
column. 

In Section 104-642D-20N-1, a basaltic dike in part was melted 
during drilling operations (see "Basement Lithology" section) 
and thereby became completely remagnetized. For the reasons 
above no attempt was made to sample hard rocks from Hole 
642D for paleomagnetic studies. 

Hole 642E 

Shipboard studies range from Section 104-642E-2W-2, where 
the first oriented igneous rocks were recovered, to Section 104-
642E-110R-1, covering a sub-bottom depth interval from 320 to 

167 



SITE 642 

Table 21. Paleomagnetic properties of Hole 642D sed­
iments. Table 21 (continued). 

2-1 
2-1 
2-2 
2-2 
2-3 
2-3 
2-4 
2-4 
2-5 
2-5 
2-6 
2-6 
3-1 
3-1 
3-2 
3-2 
3-3 
3-3 
3-4 
3-4 
3-5 
3-5 
4-1 
4-1 
4-2 
4-2 
4-3 
4-3 
4-4 
4-4 
4-5 
4-5 
4-6 
4-6 
5-4 
5-4 
5-6 
5-6 
5-7 
6-1 
6-1 
6-2 
6-2 
6-3 
6-3 
6-4 
6-4 
6-5 
7-1 
7-1 
7-2 
7-2 
7-3 
7-3 
7-4 
7-4 
7-5 
7-5 
7-6 
7-6 
7-7 
8-1 
8-1 
8-2 
8-2 
8-3 

Sample 
interval 

(cm) 

40-42 
110-112 
40-42 
110-112 
40-41 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
39-41 
109-111 
39-41 
109-111 
39-41 
40-42 
130-132 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
110-112 
40-42 
40-42 
110-112 
40-42 
110-112 
40-42 

Sub-bottom 
depth 
(m) 

190.31 
191.01 
191.81 
192.51 
193.31 
194.01 
194.81 
195.51 
196.31 
197.01 
197.81 
198.51 
200.01 
200.71 
201.51 
202.21 
203.01 
203.71 
204.51 
205.21 
206.01 
206.71 
209.61 
210.31 
211.11 
211.81 
212.61 
213.31 
214.11 
214.81 
215.61 
216.31 
217.11 
217.81 
223.80 
224.50 
226.80 
227.50 
228.30 
228.91 
229.81 
230.41 
231.11 
231.91 
232.61 
233.41 
234.11 
234.91 
238.61 
239.31 
240.11 
240.81 
241.61 
242.31 
243.11 
243.81 
244.61 
245.31 
246.11 
246.81 
247.61 
248.21 
248.91 
249.71 
250.41 
251.21 

J (NRM) 
(Gauss) 

3.90 E-7 
5.49 E-8 
2.20 E-8 
2.70 E-8 
4.48 E-8 
1.15 E-8 
2.78 E-8 
4.04 E-8 
1.23 E-7 
7.57 E-8 
7.18 E-8 
1.04 E-7 
6.69 E-8 
5.11 E-8 
5.48 E-8 
7.23 E-8 
1.73 E-7 
3.19 E-8 
1.32 E-7 
5.28 E-7 
3.97 E-8 
1.13 E-8 
5.82 E-8 
2.66 E-8 
8.05 E-8 
3.32 E-8 
7.76 E-7 
1.52 E-8 
6.44 E-8 
6.25 E-8 
3.10 E-8 
4.60 E-8 
3.81 E-8 
4.13 E-8 
4.13 E-8 
6.72 E-8 
3.82 E-8 
3.46 E-8 
2.23 E-8 
8.30 E-8 
1.16 E-8 
7.27 E-9 
3.13 E-8 
8.96 E-8 
5.37 E-8 
3.75 E-8 
1.44 E-7 
1.04 E-7 
4.96 E-8 
9.42 E-8 
1.68 E-7 
3.74 E-7 
1.46 E-7 
4.40 E-8 
1.42 E-6 
1.60 E-7 
2.54 E-8 
4.02 E-8 
3.33 E-8 
2.53 E-8 
6.13 E-8 
3.99 E-8 
1.51 E-7 
1.80 E-7 
6.24 E-8 
1.90 E-7 

NRNA 

i 

-42 .3 
+ 15.8 
-19 .0 
+ 16.2 
+ 14.7 
+ 4.3 
+ 5.5 

+ 31.4 
+ 27.9 
+ 40.5 
+ 44.1 
+ 48.9 
+ 48.6 
+ 70.1 
+ 21.7 
+ 44.5 
+ 73.0 
+ 32.0 
+ 47.8 
+ 80.6 
+ 4.1 

+ 36.7 
+ 29.3 
-35 .1 

- 3 . 4 
+ 25.7 
+ 23.5 
+ 13.1 
-38 .1 
-62.5 
+ 17.3 

+ 2.0 
-24 .4 
-40 .9 
-44 .4 
+ 68.1 
-27 .0 
-45 .7 
-51 .0 
+ 78.1 
+ 50.2 
- 9 . 0 

+ 30.0 
+ 73.4 
+ 70.9 
-24 .2 
- 7 . 4 

-15 .2 
+ 57.8 
+ 79.2 

+ 3.6 
+ 79.7 
+ 34.3 
+ 57.9 
+ 2.4 

+ 71.2 
+ 39.3 
+ 62.0 

+ 3.8 
+ 24.9 
+ 73.8 
+ 64.0 
+ 75.2 
+ 77.9 
+ 77.2 
+ 13.8 

D 

319.4 
14.3 
88.9 
6.1 

16.8 
46.8 
28.9 
37.2 
62.2 
2.8 

21.2 
64.5 
66.4 
60.4 

4.0 
52.8 
88.3 
33.0 

117.5 
348.0 

14.1 
7.0 
0.3 

49.7 
55.6 

8.6 
138.4 
70.2 
59.1 

305.3 
24.0 

321.1 
5.5 

23.1 
16.6 
15.3 

185.9 
329.4 
340.7 
335.3 
51.7 
57.6 
26.2 

7.4 
8.9 

249.7 
77.7 
32.3 

279.6 
9.9 

152.8 
345.8 
337.8 
33.0 

263.4 
342.4 
345.4 
333.5 
343.4 
101.3 
357.2 
339.1 
335.6 
359.0 
104.1 
353.2 

Sample 
interval 

(cm) 

8-3, 110-112 
8-4, 40-42 
8-4, 110-112 
8-5, 40-42 
8-5, 110-112 
8-6, 40-42 
8-6, 110-112 
9-1, 50-52 
9-1, 101-103 
9-2, 50-52 
9-2, 101-103 
9-3, 50-52 
9-3, 101-103 
9-4, 50-52 
9-4, 101-103 
9-5, 50-52 
9-5, 101-103 
9-6, 50-52 
9-6, 101-103 
10-1, 43-45 
10-1 
10-2 
10-2 
10-3 
10-3 
10-4 
10-4 
10-5 
10-5 
10-6 
10-6 
11-1 
11-1 
11-1 
11-2 
11-2 
12-1 
12-1 
12-2 
12-2 
12-3 
12-3 
12-4 
12-4 
12-5 
12-5 
12-6 
12-6 
13-1 
13-1 
13-2 
13-2 
13-3 
13-3 
13-4 
13-4 
13-5 
14-1 
14-1 
14-2 
14-2 
15-1 

119-121 
45-47 
123-125 
45-47 
125-127 
42-44 
125-127 
42-44 
123-125 
48-50 
127-129 
33-35 
75-77 
108-110 
33-35 
109-111 
39-41 
110-112 
39-41 
110-112 
39-41 
110-112 
39-41 
110-112 
39-41 
110-112 
32-34 
118-120 
30-32 
90-92 
30-32 
90-92 
30-32 
90-92 
30-32 
90-92 
35-37 
35-37 
103-105 
33-35 
103-105 
19-21 

Sub-bottom 
depth 
(m) 

251.91 
252.71 
253.41 
254.21 
254.91 
255.71 
256.41 
258.01 
258.52 
259.51 
260.02 
261.01 
261.52 
262.51 
263.02 
264.01 
264.52 
265.51 
266.02 
267.54 
268.30 
269.06 
269.84 
270.56 
271.36 
272.03 
272.86 
273.53 
274.34 
275.09 
275.88 
277.14 
277.56 
277.89 
278.64 
279.40 
286.90 
287.61 
288.40 
289.11 
289.90 
290.61 
291.40 
292.11 
292.90 
293.61 
294.33 
295.19 
296.51 
297.11 
298.01 
298.61 
299.51 
300.11 
301.01 
301.61 
302.56 
306.16 
306.84 
307.64 
308.34 
315.60 

J (NRM) 
(Gauss) 

1.87 E-7 
5.70 E-8 
8.13 E-9 
5.47 E-8 
4.29 E-8 
4.29 E-8 
1.24 E-7 
2.61 E-8 
1.60 E-7 
3.58 E-8 
1.37 E-7 
6.10 E-8 
8.34 E-7 
2.92 E-8 
7.43 E-8 
1.38 E-8 
1.29 E-7 
5.50 E-8 
2.43 E-7 
3.28 E-8 
1.84 E-8 
6.22 E-9 
4.16 E-8 
7.69 E-8 
3.21 E-8 
3.00 E-8 
7.15 E-8 
4.80 E-8 
5.61 E-8 
3.92 E-7 
5.21 E-8 
1.39 E-7 
3.69 E-7 
3.80 E-5 
3.61 E-5 
5.47 E-7 
2.80 E-5 
1.77 E-5 
2.60 E-5 
7.51 E-6 
6.63 E-6 
2.28 E-6 
9.34 E-7 
1.51 E-6 
1.49 E-6 
6.63 E-7 
9.15 E-7 
2.69 E-7 
1.17 E-6 
4.92 E-7 
1.65 E-7 
7.45 E-7 
4.56 E-7 
7.19 E-7 
6.29 E-7 
1.67 E-6 
8.92 E-6 
5.15 E-5 
1.94 E-5 
3.38 E-5 
5.03 E-6 
5.31 E-5 

NR M 

I 

+ 64.8 
+ 75.9 
+ 67.1 
+ 57.7 
+ 32.9 
+ 38.7 
+ 54.6 
+ 64.4 
-54 .3 
+ 48.3 
+ 80.1 
+ 65.3 
+ 71.1 
+ 18.8 
+ 78.0 
-47 .6 
+ 17.1 
+ 15.3 
-54 .0 
+ 42.3 

+ 6.8 
+ 45.6 
-53 .3 
+ 37.1 
+ 12.4 

- 3 . 9 
+ 80.2 
+ 46.9 
+ 81.9 
-10 .4 

- 5 . 1 
+ 52.5 
+ 71.1 
+ 83.7 
—86.7 
-12 .5 
+ 77.2 
+ 75.4 
+ 76.4 
+ 74.3 
+ 75.5 
+ 81.2 
+ 65.8 
+ 84.8 
+ 82.3 
+ 47.3 
+ 76.0 
-62 .3 
+ 70.0 
+ 71.2 
+ 63.1 
+ 78.2 
+ 87.3 
+ 70.2 
+ 83.5 
+ 45.4 
-77.8 

+ 63.8 
+ 69.3 
+ 71.4 
-35 .4 
+ 39.8 

D 

204.3 
327.7 
194.4 
359.6 
343.6 
343.2 
295.1 

27.5 
344.6 
319.2 
305.3 
135.5 
133.7 
254.5 
320.3 
272.7 

26.2 
353.6 
276.2 
319.8 
304.7 
285.1 
276.0 

88.1 
315.1 
316.9 
299.4 
292.3 
279.3 

8.8 
305.7 
255.5 

10.2 
52.5 

305.0 
330.3 
66.0 
70.9 
30.1 
27.3 
69.3 

289.7 
225.1 
116.1 
115.1 
230.4 

72.4 
322.0 
61.8 

101.9 
157.3 
88.6 

195.6 
59.3 
13.8 
34.8 

176.6 
14.8 
43.1 

126.9 
209.2 
105.9 

J = intensity, I = inclination, D = declination of natural re-
manent magnetization (NRM) and stable remanence after AF 
demagnetization. 

1229.4 m. The paleomagnetic investigations are almost exclu­
sively based on shipboard samples that were measured for den­
sity and velocity in the physical properties laboratory and then 
transferred to the paleomagnetics laboratory. After completion 
of magnetic measurements, samples were returned to the work­
ing half of the core. An average of one sample per section was 

taken, totaling 307 7-cm3 cube samples. The cubes were oriented 
with respect to the vertical direction only, as no azimuthal orien­
tation of the Hole 642E cores was accomplished. 

The sample set of 307 cube samples consists of 282 from ba­
saltic flows, 11 from basaltic dikes, and 14 from volcaniclastic 
layers. All samples were demagnetized in 50-Oe AF fields, and 
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Figure 52. Apparent sediment accumulation at Site 642 derived from the 
correlation of the downhole pattern in remanent magnetization polarity 
with the geomagnetic polarity time scale of Berggren et al. (1985a). 

the results of natural remanent magnetization (NRM), inclina­
tion, declination, and intensity in 0- and 50-Oe demagnetized 
states are listed in Table 22 together with initial susceptibility 
values. 

A total of 89 samples were AF-cleaned in fields up to 1000 
Oe to verify the primary polarity of samples, to arrive at stable 
inclination values, and to test for multicomponent magnetiza­
tions in the samples. In Table 23 these samples are listed to­
gether with the maximum AF-field applied and stable inclina­
tion and declination values. 

In cases where a steepening of reverse inclination angles was 
observed during step wise cleaning operation, followed by shal­
lower angles at higher fields, the steepest angle has been listed. 
In those cases vector analyses performed after the cruise will 
help to define inclination values for the different magnetization 
components. N or R notations were used when no angle was ob­
vious. When the polarity was in doubt, no character was noted. 

The natural remanent magnetization of the samples investi­
gated after cleaning them in 50-Oe fields (or up to 1000-Oe 
fields in a few cases) revealed a reverse polarity for the vast ma­
jority of samples throughout the drilled section, with the excep­
tion of three zones which are discussed below. 

One of these zones, within a flow of reverse polarity (Section 
104-642E-21R-3, 464.5 mbsf), may be related to remagnetiza-
tion. Reddish/dark gray discoloration at that location of the 
flow may suggest the possibility of a nearby dike not penetrated 

by drilling. Alternatively, rotation of a block of lava, which 
thereafter was integrated in the following flow of a multiple-
flow system, cannot be excluded. 

Of the remaining two zones of normal polarity, the upper 
one is represented so far by only four samples of a single core 
piece containing a thinly bedded tuff (Section 104-642-5 R-3, 
340 mbsf). The basaltic flow above this level is reversely magnet­
ized and the two uppermost tuff samples show normal direc­
tions only after AF cleaning in fields of 50 and 100 Oe, respec­
tively. Below the tuff, within Core 104-642E-6R, only pebbles 
and rock fragments from higher in the section were recovered 
together with mud. The possibility cannot be excluded, however, 
that this core piece was wrongly oriented before marking. In 
that case, the change in inclination during AF makes better 
sense and can be understood as the cleaning of a soft, viscous, 
normal component of Brunhes age. For this preliminary analy­
sis we disregard the possibility of a limited normal event re­
corded in the tuff. Further analysis of the demagnetization 
characteristics on additional samples is needed to support this 
interpretation. 

The lowermost zone of potentially normal polarity occurs in 
the interval between 1109 and 1182 mbsf. In this interval highly 
altered ash/tuffs and redeposited hyaloclastites alternate with 
extremely weakly magnetized flows of distinctly different pe­
trology compared to the flows above this zone. Both flows and 
sediments display multicomponent magnetizations that partly 
may be related to alteration of these rocks. To obscure relation­
ships further, a strongly magnetized dike may be the cause of 
thermal and/or chemical remagnetization of reverse polarity. 
Although the thickness of the dike is not known (it was pene­
trated by drilling between 1160 and 1180 mbsf), evidence from 
grain-size distribution as well as from magnetic characteristics 
indicates a thickness of a few meters. A dike this size may be a 
sufficient heat source to activate water within adjacent sedi­
ments and to cause alteration and consequent remagnetization. 
It is known from highly altered basalts, for example in eastern 
Iceland (Schoenharting and Ghisler, 1982), that remagnetiza­
tion can affect different portions of flows in highly variable 
ways and that it can completely mask primary polarities. Obvi­
ously, such speculations have to be supported by detailed mag­
netic and petrological shore-based studies, and we have to leave 
the question open if indeed a normal polarity zone is present in 
this interval. 

A main objective of the onshore studies is to clarify the com­
plete polarity record and to provide a record of stable inclina­
tion values, as this may help in correlating the Vdring Plateau 
volcanics with those of east Greenland and the Faeroes as well 
as those from Rockall Plateau (Roberts, Schnitker et al., 1984). 
All of these volcanics are of predominantly reverse polarity 
(Abrahamsen et al., 1984; Larsen and Watt, 1985). 

A number of samples, particularly from the interior of mass-
si ve flow units, have high but unstable normal remanence com­
ponents which almost completely disappear at 50-Oe cleaning 
fields. Usually these samples are also distinguished by their high 
magnetic susceptibility values. The normal, magnetically soft 
component can probably be explained by viscous magnetization 
acquired in the present normal magnetic epoch and/or by mag­
netization acquired during drilling. In some cases, as mentioned 
above, a possible normal component of high stability may also 
be present. A thorough analysis of this multicomponent magne­
tization must be performed before speculations on the origin of 
this component can be suggested (e.g., tectonic and/or low-tem­
perature alteration effects). This analysis may also reveal decli­
nation relationships between the different magnetization com­
ponents and, assuming one of the normal components gives 
average direction in the present (Brunhes) magnetic epoch, dec­
linations for the reverse direction may be calculated. 
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Table 22. Paleomagnetic measurements of Hole 642E. Inclination and declination values in de­
grees, intensity (Int.) values in 10 ~4 emu/cm3, and susceptibility values (X) are in G/Oe. 

NRM AF (50 Oe) 
Core/ Sub-bottom (10"4emu/cm3) (10"4emu/cm3) X 
sect. Interval depth (m) Decl. Incl. Int. Decl. Incl. Int. (x lO - 3 ) 

104-642E-

2W-2 
4R-1 
5R-1 
5R-1 
5R-3 
5R-3 
5R-3 
5R-3 
5R-3 
7R-1 
10R-1 
10R-2 
11R-2 
12R-1 
13R-1 
14R-1 
14R-1 
15R-2 
15R-2 
15R-2 
15R-3 
15R-4 
15R-5 
16R-1 
16R-2 
16R-3 
17R-1 
17R-2 
17R-3 
18R-1 
18R-2 
18R-3 
18R-4 
18R-5 
19R-1 
19R-2 
19R-4 
19R-5 
20R-1 
20R-2 
20R-3 
20R-4 
21R-1 
21R-2 
21R-3 
21R-3 
21R-4 
21R-5 
22R-1 
22R-2 
22R-3 
22R-5 
22R-6 
23R-1 
23R-3 
24R-1 
24R-2 
25R-1 
25R-2 
25R-3 
25R-4 
26R-1 
26R-2 
26R-3 
26R-5 
27R-1 
27R-2 
27R-3 
27R-4 
27R-5 
28R-1 
28R-4 
28R-5 

58-60 
69-71 
45-47 
90-92 
63-65 

128-130 
134-136 
138-140 
146-148 
38-40 

104-106 
28-30 
54-56 
14-16 
95-97 
38-40 

130-132 
15-17 
75-77 

136-138 
65-67 

100-102 
128-130 
33-35 
24-26 
91-93 

106-108 
107-109 
70-72 
40-42 
27-29 
72-74 
37-39 
55-57 
42-44 

102-104 
9-11 

43-45 
28-30 
85-87 
64-66 
35-37 
20-22 
88-90 
50-52 

106-108 
50-52 

109-111 
30-32 
8-10 

43-45 
79-81 
77-79 

106-108 
44-46 
79-81 
56-58 
35-37 
89-91 
62-64 
85-87 
80-82 
72-74 

7-9 
91-93 

7-9 
70-72 

118-120 
67-69 
11-13 
26-28 
38-40 
5-7 

210.59 
327.20 
335.36 
335.81 
338.45 
339.19 
339.25 
339.29 
339.37 
354.69 
374.55 
375.29 
384.25 
387.35 
395.76 
400.19 
401.11 
406.96 
407.56 
408.17 
408.96 
410.81 
412.59 
415.14 
416.55 
418.72 
425.37 
426.88 
428.01 
433.11 
434.48 
436.43 
437.58 
439.26 
442.53 
444.63 
446.60 
448.44 
451.89 
453.96 
455.25 
456.46 
461.21 
463.39 
464.51 
465.07 
466.01 
468.1 
470.81 
472.09 
473.94 
477.3 
478.78 
480.97 
484.35 
490.20 
491.47 
493.76 
495.80 
497.03 
498.76 
502.61 
504.03 
504.88 
507.22 
511.28 
513.41 
515.39 
516.38 
517.32 
520.87 
565.99 
567.16 

100 
332 
319 
279 
243 
163 
189 
165 
162 
327 
60 

125 
250 
248 
258 
160 
125 

13 
245 

81 
243 

17 
321 
201 
279 
136 
330 
137 

14 
297 

36 
10 

161 
250 
268 

3 
0 

266 
101 
352 
140 
325 
38 
96 

292 
156 
342 
326 
44 
53 

151 
145 
235 
250 
283 
299 
133 
20 

352 
273 
262 

2 
130 
171 
23 

145 
223 
141 
86 

232 
225 
338 
232 

- 4 1 
44 
79 
75 

- 6 2 
- 2 

- 2 9 
26 
32 

- 6 2 
- 6 4 
- 4 0 
- 8 

- 6 4 
21 
36 

- 5 3 
- 5 4 
- 5 7 
- 5 7 
- 5 4 
- 6 6 
- 6 9 
- 5 5 
- 5 2 
- 5 9 
- 6 9 
- 7 0 
- 7 0 
- 6 3 
- 7 6 
- 6 9 
- 5 5 
- 7 2 
- 7 1 
- 7 0 
- 7 6 

16 
- 5 5 
- 5 7 
- 7 4 
- 6 3 

86 
- 7 3 

62 
64 
41 

- 7 4 
- 4 8 
- 6 0 
- 1 2 
- 7 0 
- 6 1 
- 5 8 
- 6 9 
- 7 

- 1 9 
- 2 7 

11 
- 1 9 
- 4 0 

25 
22 

- 4 4 
78 

- 3 5 
- 3 3 
- 8 0 
- 7 4 

23 
- 4 4 
- 6 3 
- 5 5 

12.9 
4.2 
3.6 
0.8 

13.4 
1.8 
2.0 
6.4 
3.5 

120.5 
11.3 
8.6 

36.2 
24.0 
35.6 
30.4 

5.0 
43.1 
72.0 
61.8 
56.8 
66.6 
26.1 
40.9 
44.5 
40.5 
32.4 
74.8 
22.7 
18.2 
21.8 
17.1 
30.8 
20.4 
19.2 
12.8 
16.2 
70.8 
76.5 
47.0 
41.5 
20.4 
12.3 
53.1 
58.2 
27.4 
14.1 
32.9 
24.4 
19.5 
30.7 
76.3 
64.6 
9.6 

28.5 
106.6 

15.1 
19.0 
10.6 
51.6 
16.5 
8.0 
6.6 
9.2 
2.1 

16.3 
15.2 

254.7 
105.3 

8.5 
41.8 

107.3 
141.8 

99 
323 
310 
312 
247 
167 
201 
161 
162 
— 
51 

128 
— 

247 
261 
154 
125 

17 
245 

71 
245 

18 
322 
199 
285 
142 
328 
138 
13 

292 
25 
2 

151 
264 
263 
357 
357 
267 
101 
348 
157 
333 
33 
97 

387 
155 
25 

308 
46 
58 

154 
146 
237 
248 
282 
298 
130 
20 

356 
271 
258 

4 
126 
171 
65 

148 
222 
140 
88 

209 
239 
336 
231 

- 4 6 
28 
82 
44 

- 7 0 
36 
0 

37 
36 

no data 
- 7 2 
- 5 0 

no data 
- 6 5 

- 5 
1 

- 5 2 
- 5 6 
- 5 6 
- 5 8 
- 5 7 
- 6 4 
- 7 0 
- 5 7 
- 5 3 
- 6 4 
- 7 0 
- 7 4 
- 7 2 
- 6 6 
- 7 1 
- 7 1 
- 6 7 
- 7 3 
- 7 2 
- 7 2 
- 7 4 

13 
- 5 8 
- 6 4 
- 7 0 
- 6 7 

88 
- 7 5 

64 
67 

- 5 8 
- 7 5 
- 6 0 
- 6 5 
- 1 2 
- 6 9 
- 6 1 
- 5 7 
- 7 4 
- 1 4 
- 2 4 
- 2 7 
- 3 1 
- 2 4 
- 4 4 
- 3 2 
- 4 1 
- 4 7 

61 
- 4 6 
- 3 3 
- 8 0 
- 7 4 
- 7 1 
- 7 3 
- 6 4 
- 5 7 

13.7 
3.4 
3.1 
0.5 

13.2 
1.9 
1.2 
6.7 
3.0 
— 

10.2 
8.4 
— 

24.8 
22.6 
14.5 
3.8 

46.2 
71.4 
59.8 
49.0 
67.2 
26.2 
38.6 
43.9 
35.8 
32.5 
75.3 
23.4 
21.6 
23.6 
21.5 
39.3 
20.4 
19.2 
12.9 
16.1 
69.3 
67.9 
40.6 
42.3 
17.6 
10.3 
53.5 
45.4 
29.1 

6.8 
34.2 
26.4 
21.9 
28.1 
76.5 
63.9 
9.5 

27.6 
82.5 
22.3 
18.4 
9.3 

49.4 
16.4 
8.0 
6.5 
8.8 
0.8 

17.7 
15.3 

225.9 
105.8 
23.5 
75.2 

108.2 
142.1 

46.9 
4.2 
1.9 
0.4 
2.1 
2.1 
1.7 
2.4 
0.5 
5.3 
6.4 
6.6 

14.2 
19.5 
16.2 
15.8 
15.3 
18.0 
26.3 

5.4 
23.3 
28.0 
2.4 

22.3 
23.1 
15.2 
2.2 
— 

4.3 
11.4 
11.1 
12.2 
21.6 

3.1 
7.0 
7.0 
5.5 

53.7 
46.4 
31.3 
54.9 
37.4 
25.7 
21.9 
93.5 
24.6 
24.5 
31.7 
20.9 
25.2 
21.1 
23.2 
9.6 

15.0 
23.0 
57.9 
13.4 
10.7 
21.7 
23.9 
63.4 
53.4 
62.3 
31.4 
92.2 
35.6 
15.4 
87.4 
46.6 
32.2 
33.3 
17.3 
24.1 



SITE 642 

Table 22 (continued). 

NRM AF (50 Oe) 
Core/ Sub-bottom (10~4emu/cm3) (10"4emu/cm3) X 
sect. Interval depth (m) Decl. Incl. Int. Decl. Incl. Int. (xl0~3) 

104-642E-

29R-1 
29R-2 
30R-1 
30R-3 
30R-4 
30R-6 
31R-1 
31R-2 
31R-3 
31R-4 
32R-1 
32R-2 
32R-3 
33R-1 
33R-2 
33R-2 
33R-3 
33R-4 
33R-5 
33R-5 
34R-1 
34R-1 
35R-1 
35R-2 
35R-2 
35R-3 
35R-4 
36R-1 
36R-2 
36R-3 
37R-1 
37R-2 
38R-1 
38R-2 
38R-3 
38R-4 
40R-1 
40R-2 
40R-3 
41R-1 
41R-1 
41R-2 
41R-3 
41R-3 
41R-4 
42R-1 
42R-1 
42R-2 
42R-3 
45R-1 
45R-2 
45R-3 
45R-4 
45R-5 
46R-1 
46R-2 
46R-3 
46R-4 
47R-1 
47R-1 
50R-1 
50R-2 
51R-1 
52R-1 
52R-2 
52R-3 
52R-4 
52R-5 
53R-1 
53R-1 
53R-2 
54R-1 
54R-2 

108-110 
83-85 
51-53 
89-91 
62-64 
85-87 
91-93 
39-41 

122-124 
103-105 
87-89 
59-61 
95-97 
93-95 
55-57 
95-97 

143-145 
72-74 
29-31 

123-125 
4-6 

78-80 
71-73 
42-44 

127-129 
63-65 
95-97 
28-30 
38-40 
17-19 
20-22 
67-69 
56-58 

115-117 
68-70 
76-78 
85-87 
71-73 
45-47 
52-54 

116-118 
69-71 
9-11 

131-133 
58-60 
34-36 
56-58 
74-76 

8-10 
108-110 
75-77 
73-75 

118-120 
15-17 
63-65 

136-138 
129-131 
23-25 
58-60 

106-108 
80-82 

8-10 
7-9 

76-78 
10-12 

103-105 
100-102 
37-39 
24-26 

119-121 
104-106 
17-19 
42-44 

531.09 
532.34 
540.02 
543.40 
544.63 
547.86 
549.92 
550.90 
553.23 
554.54 
559.28 
560.50 
562.36 
565.84 
566.96 
567.36 
569.34 
570.13 
571.2 
572.14 
574.45 
575.19 
584.62 
585.83 
586.68 
587.54 
589.36 
593.69 
595.29 
596.58 
603.01 
604.98 
612.77 
614.86 
615.89 
617.47 
631.96 
633.32 
634.56 
641.13 
641.77 
642.80 
643.70 
644.92 
645.69 
650.45 
650.67 
652.35 
653.19 
679.69 
680.86 
682.34 
684.29 
684.76 
688.74 
690.97 
692.40 
692.84 
698.19 
698.67 
717.41 
718.19 
723.38 
724.57 
725.41 
727.84 
729.31 
730.18 
729.45 
730.40 
731.75 
738.88 
740.62 

87 
50 

293 
161 
185 
285 
157 
34 

128 
115 
179 
74 
2 

195 
244 
348 
63 
62 
11 

121 
204 
287 
312 
360 

69 
63 

263 
241 
303 
209 
289 

32 
293 
100 
111 

11 
245 
227 
234 
198 
226 

7 
73 

269 
183 
53 

197 
245 

77 
193 
232 
318 
267 
130 
86 

206 
19 
35 

257 
333 
359 
— 
72 

322 
302 

38 
192 
232 
263 
113 
83 

226 
237 

- 5 4 
- 5 4 
- 7 5 

77 
76 

- 7 1 
- 6 5 
- 6 7 
- 6 6 
- 6 2 
- 6 2 
- 7 0 
- 6 6 
- 5 9 
- 6 6 
- 7 0 
- 6 7 
- 6 8 
- 6 9 
- 6 4 
- 5 4 
- 4 8 
- 5 2 
- 4 8 
- 5 9 
- 5 9 
- 6 7 
- 8 4 
- 7 8 
- 7 9 
- 7 9 
- 5 8 
- 6 9 
- 6 9 
- 7 5 
- 7 6 
- 7 6 
- 7 0 
- 7 5 
- 6 1 
- 7 4 
- 8 6 
- 8 1 
- 5 8 
- 6 2 
- 7 5 
- 4 0 
- 7 1 
- 7 2 
- 4 2 
- 6 0 
- 6 0 

76 
79 
87 
77 
19 

- 6 8 
- 5 8 
- 6 4 
- 6 5 

— 
- 8 0 
- 7 8 
- 7 7 

84 
- 6 8 
- 5 1 
- 6 3 
- 8 0 
- 7 5 
- 6 2 
- 6 9 

79.4 
53.4 

132.0 
33.1 
77.3 

240.8 
152.4 
45.7 
56.9 
59.8 
52.1 

111.4 
158.2 
115.7 
104.9 
66.9 
50.4 
45.6 
50.7 
39.4 
35.7 
48.3 
43.5 
35.3 
26.1 
47.5 
47.8 
84.4 
35.7 
50.7 
44.4 
47.7 
32.1 
42.1 

103.7 
124.6 

11.8 
21.4 

8.9 
23.3 
47.0 
19.7 
55.2 
9.0 

19.9 
13.2 
4.8 

61.2 
55.0 
70.6 
36.2 
35.3 
57.6 
40.6 
66.9 
57.1 
9.9 

32.1 
44.1 
11.5 
38.4 
11.6 
46.1 
67.5 
86.8 

114.3 
230.4 

62.8 
42.2 
55.9 
51.3 
19.8 
8.1 

88 
50 

288 
56 

176 
285 
158 
46 

129 
115 
177 
74 
4 

194 
244 
348 
62 
62 
12 

121 
203 
287 
310 

9 
69 
64 

262 
242 
303 
209 
282 

30 
292 
101 
109 
12 

226 
229 
237 
172 
226 
105 
67 

270 
190 
84 

191 
245 
78 

187 
224 
304 
313 
195 
31 

212 
32 
35 

236 
325 

0 
— 
88 

324 
301 

10 
193 
232 
267 

97 
84 

229 
231 

- 5 4 
- 5 7 
- 7 5 
- 7 2 
- 4 0 
- 7 1 
- 6 6 
- 7 1 
- 6 7 
- 6 3 
- 6 3 
- 7 0 
- 6 7 
- 6 0 
- 6 6 
- 7 0 
- 6 7 
- 6 8 
- 6 9 
- 6 5 
- 5 4 
- 5 2 
- 5 2 
- 5 3 
- 5 9 
- 5 9 
- 6 9 
- 8 3 
- 7 8 
- 8 0 
- 7 9 
- 5 9 
- 6 8 
- 7 0 
- 7 4 
- 7 7 
- 7 5 
- 7 0 
- 7 6 
- 7 4 
- 7 4 
- 8 2 
- 8 0 
- 7 4 
- 7 3 
- 8 5 
- 4 4 
- 7 0 
- 7 1 
- 3 9 
- 6 5 
- 6 7 
- 1 9 
- 4 5 

- 9 
4 

- 5 4 
- 6 9 
- 6 6 
- 7 0 
- 7 3 

— 
- 8 0 
- 7 9 
- 7 9 

- 9 
- 7 0 
- 5 4 
- 7 1 
- 8 0 
- 7 8 
- 7 3 
- 7 2 

80.6 
52.8 

132.5 
7.4 
6.4 

239.5 
153.1 
47.3 
57.9 
61.6 
56.2 

111.8 
158.2 
117.1 
105.1 
66.5 
50.6 
45.9 
51.3 
39.4 
36.2 
51.4 
47.3 
38.7 
26.2 
47.8 
49.4 
85.2 
35.8 
51.9 
44.8 
45.3 
31.9 
41.3 

105.8 
124.8 
12.9 
22.0 

8.8 
30.2 
47.6 
22.5 
53.7 
13.7 
23.8 
10.4 
5.1 

62.1 
54.5 
48.7 
36.3 
38.2 
46.3 

5.5 
3.1 
4.5 
9.4 

33.4 
17.3 
12.9 
44.7 
11.4 
50.1 
71.0 
87.9 

5.5 
214.8 

61.4 
46.1 
64.6 
57.6 
25.5 

9.1 

30.1 
29.3 
31.6 
15.9 
20.5 
36.4 
32.7 
60.9 
20.2 
18.7 
17.8 
27.6 
34.1 
32.1 
7.1 
5.9 

15.0 
18.4 
24.8 
11.4 
18.8 
28.8 
27.3 
28.2 

6.6 
23.0 
33.9 
15.5 
13.6 
26.3 
25.4 
21.6 
13.4 
15.2 
35.3 
19.9 
13.0 
11.8 
5.6 

28.6 
16.9 
30.9 
29.8 
78.8 
20.1 
32.9 

128.7 
35.9 
28.7 
26.8 
28.2 
30.7 
24.2 
22.5 
21.8 
25.8 
84.1 
27.7 
26.3 
14.5 
22.4 

3.4 
25.3 
26.1 
28.0 
30.2 
82.0 
39.9 
41.7 
54.2 
22.4 
16.8 
15.6 

171 
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Table 22 (continued). 

NRM AF (50 Oe) 

Core/ Sub-bottom (10"4emu/cm3) (10~4emu/cm3) X 
sect. Interval depth (m) Decl. Incl. Int. Decl. Incl. Int. (XlO 3) 

104-642E-

54R-3 
54R-4 
55R-1 
55R-2 
55R-3 
56R-1 
57R-1 
57R-2 
57R-3 
57R-4 
58R-1 
58R-2 
58R-3 
58R-4 
58R-4 
58R-5 
58R-5 
59R-1 
59R-2 
59R-3 
60R-1 
60R-1 
60R-2 
61R-1 
61R-1 
61R-2 
62R-1 
62R-1 
63R-1 
63R-2 
63R-3 
63R-4 
64R-1 
64R-2 
64R-3 
64R-4 
64R-5 
65R-1 
66R-1 
66R-2 
66R-3 
66R-4 
67R-1 
67R-2 
67R-2 
68R-1 
68R-1 
68R-2 
69R-1 
69R-1 
69R-2 
69R-3 
70R-1 
70R-2 
71R-2 
71R-3 
71R-4 
72R-1 
72R-2 
73R-1 
73R-2 
73R-3 
73R-3 
73R-4 
74R-2 
74R-4 
74R-6 
75R-1 
75R-2 
75R-2 
76R-1 
76R-2 
77R-1 
77R-2 
77R-3 

108-110 
17-19 
94-96 
25-27 

101-103 
68-70 
28-30 
56-58 

109-111 
69-71 
37-39 

103-105 
82-84 
85-87 

135-137 
14-16 
96-98 

103-105 
70-72 

135-137 
21-23 

102-104 
110-112 
69-71 

137-139 
121-123 

4-6 
115-117 

15-17 
103-105 
26-28 
4-6 

59-61 
47-49 

124-126 
119-121 
83-85 
27-29 
10-12 
19-21 
77-79 
47-49 

122-124 
52-54 

123-125 
38-40 

121-123 
130-132 
18-20 
87-89 
47-49 

108-110 
80-82 
35-37 
10-12 

125-127 
82-84 

112-114 
89-91 
23-25 

103-105 
81-83 
94-96 

135-137 
109-111 
24-26 
50-52 
55-57 
51-53 

117-119 
75-77 

108-110 
59-61 
71-73 

145-147 

742.79 
743.38 
749.15 
749.96 
752.22 
758.29 
759.39 
761.17 
763.20 
764.30 
766.50 
768.64 
769.93 
771.46 
771.96 
772.25 
773.07 
776.54 
777.71 
778.36 
785.12 
785.93 
787.51 
795.00 
795.68 
797.02 
803.85 
804.96 
809.96 
812.34 
814.57 
815.85 
816.40 
817.78 
820.05 
821.50 
822.64 
825.48 
834.82 
836.40 
838.48 
839.68 
845.43 
826.23 
846.94 
854.09 
854.92 
856.51 
863.39 
864.08 
865.18 
867.29 
873.51 
874.56 
882.31 
884.96 
886.03 
891.23 
892.50 
896.54 
898.84 
900.12 
900.25 
902.16 
905.00 
907.15 
910.41 
912.46 
913.92 
914.58 
922.16 
923.99 
931.50 
933.12 
935.36 

228 
162 
309 
227 

16 
286 
246 
210 
233 
352 
257 

19 
273 
130 
35 
87 
52 

184 
122 
39 

314 
209 
155 
288 
125 
80 

100 
341 
90 

328 
182 
172 
176 
288 
150 
232 
326 
310 

13 
206 
333 
322 

45 
324 
169 
173 
69 

294 
15 

344 
326 
203 
142 
161 
44 
74 
89 

159 
202 
275 
317 
112 
104 
299 
190 
96 
45 
29 

108 
158 
131 
306 
309 
268 
183 

- 6 3 
- 5 5 
- 3 0 
- 3 3 
- 5 4 
- 6 5 
- 8 3 
- 6 8 
- 4 9 

0 
- 3 6 
- 1 7 
- 3 1 

59 
50 
52 

- 5 3 
- 1 1 
- 3 9 
- 7 9 
- 6 8 
- 5 8 

73 
64 
21 

- 6 9 
- 7 6 
- 7 2 
- 7 0 
- 7 4 
- 7 4 
- 6 5 

83 
- 7 9 

80 
- 8 3 
- 8 2 
- 8 1 
- 7 3 
- 6 1 
- 6 0 
- 5 8 
- 7 3 
- 7 2 
- 7 1 
- 7 4 
- 8 2 
- 6 6 
- 6 5 
- 7 1 
- 7 1 
- 2 8 
- 5 6 
- 5 9 
- 3 0 
- 8 4 
- 7 2 
- 5 3 
- 2 1 
- 5 5 
- 2 9 
- 3 2 
- 2 8 
- 2 5 

81 
84 

- 4 5 
- 2 6 
- 2 1 
- 6 9 
- 3 9 

- 6 
- 4 7 
- 5 3 
- 2 4 

37.2 
27.9 
17.5 
20.6 

6.7 
21.8 
34.8 

151.9 
36.0 
16.8 
22.5 
27.1 

8.8 
3.4 
2.7 

24.9 
39.9 
13.9 
13.0 
11.4 
24.9 
42.9 
21.6 
38.6 
8.6 
8.4 

35.1 
42.2 
88.8 
28.1 
38.7 
26.9 
69.9 
55.9 
88.5 
89.3 

113.3 
2.5 

94.1 
44.6 
19.9 
35.9 

183.9 
96.8 

201.3 
88.8 
48.9 
47.0 
74.2 
76.9 
44.2 
20.7 
47.2 
23.8 
24.0 
42.8 

209.6 
85.5 
41.3 

172.3 
60.2 
42.7 
59.3 
67.9 

189.4 
65.1 

221.5 
37.7 
4.5 

19.4 
110.9 

7.3 
157.7 
52.5 
30.7 

220 
145 
315 
223 

6 
262 
194 
208 
235 
328 
248 
40 

226 
282 

12 
75 
55 

181 
119 
43 

315 
208 
117 
298 
216 

82 
101 
342 
90 

345 
191 
167 
167 
289 
160 
231 
327 
305 

12 
211 
340 
321 
47 

324 
169 
170 
70 

294 
15 

344 
326 
208 
142 
158 
30 
76 
84 

159 
201 
276 
318 
109 
104 
301 

98 
65 
46 
26 

135 
189 
131 
309 
313 
272 
184 

- 7 3 
- 7 0 
- 6 8 
- 6 8 
- 7 0 
- 6 8 
- 7 3 
- 6 9 
- 5 7 

4 
- 4 9 
- 4 3 
- 4 3 
- 3 3 

16 
- 1 9 
- 5 3 
- 1 4 
- 6 1 
- 7 2 
- 6 9 
- 6 3 
- 3 8 
- 3 6 
- 5 8 
- 7 3 
- 7 7 
- 7 7 
- 7 2 
- 8 0 
- 7 9 
- 7 7 
- 1 7 
- 8 1 

78 
- 8 3 
- 8 2 
- 8 2 
- 7 3 
- 6 8 
- 7 0 
- 6 7 
- 7 3 
- 7 2 
- 7 1 
- 7 7 
- 8 3 
- 6 8 
- 6 5 
- 7 1 
- 7 2 
- 5 9 
- 6 1 
- 6 8 
- 5 8 
- 8 5 
- 7 5 
- 5 5 
- 4 5 
- 5 6 
- 4 1 
- 4 1 
- 3 6 
- 4 2 

46 
- 1 7 
- 4 4 
- 3 0 
- 8 6 
- 8 2 
- 4 3 
- 5 4 
- 5 3 
- 6 0 
- 5 4 

50.4 
49.4 
41.0 
26.2 
16.6 
26.9 
36.0 

153.8 
41.3 

3.9 
27.8 
13.5 
15.4 
2.8 
2.3 

13.6 
41.3 
13.7 
18.9 
15.9 
25.7 
48.0 

8.2 
13.9 
8.6 

13.4 
37.7 
47.5 
93.8 
53.3 
45.9 
46.8 

2.6 
61.7 
36.9 
92.1 

115.5 
2.2 

95.5 
49.2 
32.2 
43.9 

186.2 
100.3 
202.6 
101.0 
49.4 
50.2 
74.8 
77.1 
45.3 
31.4 
47.8 
27.4 
29.1 
46.1 

197.3 
86.0 
49.5 

171.8 
71.0 
46.5 
61.7 
81.9 
11.5 
9.2 

216.9 
40.5 
20.2 
24.2 

115.2 
7.7 

165.1 
62.6 
37.7 

16.0 
12.8 
16.8 
10.3 
23.8 
43.0 
31.9 
31.4 
12.5 
91.5 
70.1 
47.0 
47.7 
35.3 

110.0 
43.9 
35.0 
17.2 
35.7 
33.3 
21.5 
64.1 
43.0 
48.1 
43.2 

9.0 
18.1 
25.9 
51.9 
28.2 
21.2 
19.6 
20.3 
20.0 
29.0 
22.9 
23.4 

2.8 
22.8 
24.5 
32.3 
30.0 
29.7 
28.0 
25.4 
50.7 
20.2 
20.1 
10.8 
20.2 
28.8 
23.7 
30.5 
23.2 
46.4 
18.5 
38.7 
44.2 
40.0 
25.4 
40.4 
98.0 

122.1 
38.7 
47.7 
54.2 
57.6 
37.8 

102.8 
49.2 
83.9 
38.5 

115.4 
54.6 
45.2 
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Table 22 (continued). 

NRM AF (50 Oe) 

Core/ Sub-bottom (10~4emu/cm3) (10_ 4emu/cm3) X 
sect. Interval depth (m) Decl. Incl. Int. Decl. Inch Int. ( x l O - 3 ) 

104-642E-

78R-1 
78R-2 
78R-3 
79R-1 
79R-1 
79R-2 
79R-3 
80R-1 
80R-2 
81R-1 
81R-2 
82R-1 
82R-2 
83R-1 
83R-2 
84R-1 
85R-1 
85R-3 
85R-4 
85R-5 
85R-5 
85R-6 
86R-1 
86R-2 
86R-2 
86R-3 
87R-1 
87R-1 
87R-2 
88R-1 
88R-2 
89R-1 
89R-2 
90R-1 
90R-2 
90R-3 
91R-1 
91R-2 
91R-3 
92R-1 
92R-2 
93R-1 
93R-3 
93R-4 
93R-6 
94R-2 
94R-3 
94R-3 
94R-5 
95R-1 
95R-2 
97R-1 
97R-2 
98R-1 
98R-3 
99R-2 
99R-3 
lOOR-1 
100R-2 
101R-1 
101R-1 
102R-1 
102R-2 
102R-3 
103R-1 
103R-2 
104R-1 
104R-3 
105R-1 
105R-2 
105R-4 
105R-4 
106R-1 
107R-1 
107R-2 

103-105 
79-81 
13-15 
92-94 

125-127 
78-80 

4-6 
23-25 
59-61 
61-63 

119-121 
26-28 
67-69 
62-64 
87-89 
37-39 
74-76 
19-21 
98-100 
18-20 

118-120 
42-44 
64-66 
50-52 

137-139 
74-76 
54-56 

125-127 
54-56 
71-73 
31-33 
50-52 
9-11 

83-85 
80-82 
72-74 
62-64 
40-42 
11-13 
24-26 

131-133 
109-111 

15-17 
109-111 
26-28 
35-37 

103-105 
129-131 
31-35 
51-53 
39-41 

101-103 
110-112 
106-108 
14-16 
20-22 
13-15 
79-81 
47-49 
41-43 

104-106 
105-107 
26-28 
45-47 
7-9 

66-68 
24-26 
34-36 
78-80 

105-107 
22-24 

136-138 
50-52 
58-60 
12-14 

941.44 
942.70 
943.54 
950.83 
951.16 
952.19 
952.95 
959.54 
961.40 
968.92 
971.00 
978.07 
979.98 
987.93 
989.68 
997.18 

1007.05 
1009.50 
1011.79 
1012.49 
1013.49 
1014.2 
1016.45 
1017.82 
1018.68 
1019.55 
1025.85 
1026.56 
1027.35 
1035.52 
1036.62 
1044.81 
1045.90 
1054.64 
1056.11 
1057.53 
1063.93 
1065.21 
1066.42 
1073.05 
1075.62 
1079.90 
1081.96 
1084.48 
1086.57 
1086.86 
1089.04 
1089.30 
1091.30 
1095.02 
1096.04 
1109.92 
1111.51 
1116.87 
1118.95 
1125.41 
1128.34 
1135.50 
1136.68 
1144.52 
1146.65 
1154.55 
1155.27 
1156.96 
1163.08 
1165.17 
1166.75 
1169.85 
1173.29 
1175.06 
1177.23 
1178.37 
1182.41 
1191.99 
1193.03 

185 
163 
124 
137 
205 
75 

348 
175 
234 
26 

305 
291 
160 
62 

320 
283 
96 

120 
178 
319 
140 
355 

52 
241 
325 
47 

166 
38 

315 
290 

31 
268 

19 
94 

172 
357 
254 

93 
99 

169 
337 
76 
77 

283 
78 

191 
253 
194 
195 
252 
162 
64 

235 
139 
88 
40 

257 
189 
15 

230 
294 
333 
249 
75 
73 

227 
135 
154 
234 

2 
184 
138 
300 
351 
76 

- 5 8 
- 5 9 

51 
- 6 7 
- 6 3 
- 4 7 
- 8 1 

40 
- 4 7 

73 
- 8 4 
- 6 4 

71 
- 6 2 
- 3 7 
- 5 2 
- 4 2 
- 2 0 

76 
- 3 4 
- 4 1 

- 2 
- 7 3 
- 6 2 
- 6 0 
- 6 8 
- 5 8 
- 5 3 
- 6 9 
- 4 8 
- 5 1 
- 5 6 
- 6 3 
- 8 3 

- 2 
85 

- 2 5 
- 6 3 
- 6 1 
- 6 8 
- 6 4 
- 1 7 

4 
- 5 5 
- 6 3 
- 6 4 
- 6 6 

65 
53 

- 3 8 
77 

- 1 3 
76 
21 
76 

- 6 7 
- 8 0 
- 7 3 

86 
86 

- 7 8 
22 
61 
82 
69 
85 
75 
71 
80 
84 
78 

- 0 5 
82 
70 
41 

36.9 
37.5 
17.8 
41.3 
49.9 
37.7 
18.5 
8.7 

47.0 
31.7 
32.9 
0.7 
5.5 

90.4 
102.7 
35.9 
22.8 
25.2 
60.0 
0.8 

38.6 
14.6 
23.0 

9.6 
4.2 

21.2 
10.5 
6.1 

13.6 
171.8 
74.7 

112.3 
62.9 

8.1 
0.9 
4.1 

53.5 
37.0 
14.7 
10.5 
14.6 
4.6 
4.1 

21.8 
31.7 
37.7 
17.9 
36.9 
3.5 
0.01 
0.2 
0.02 
0.04 
0.01 
0.08 
0.03 
2.84 
0.06 
1.00 
0.19 
0.10 
0.01 

<0.01 
128.7 
130.3 
72.2 
54.5 

180,5 
165.0 
86.2 

189.9 
<0.01 

0.15 
<0.01 

0.01 

185 
162 
146 
132 
207 
74 

340 
166 
232 

18 
216 
268 
234 

61 
320 
279 

97 
113 
157 
321 
139 
358 
49 

242 
4 

46 
162 
39 

317 
289 

34 
268 

18 
108 
116 
277 
254 

91 
93 

167 
336 
62 
57 

287 
73 

191 
256 
187 
196 
240 
168 
92 

319 
214 
69 
48 

257 
147 
61 

225 
288 
333 
212 

66 
69 

239 
117 
124 
266 
353 
179 
131 
291 
197 
69 

- 5 7 
- 6 3 
- 4 4 
- 6 8 
- 6 2 
- 5 0 
- 8 6 
- 6 8 
- 5 0 

32 
- 8 3 
- 8 2 
- 7 6 
- 6 1 
- 3 9 
- 5 6 
- 4 2 
- 3 8 

15 
- 4 1 
- 4 3 
- 3 2 
- 7 6 
- 7 2 
- 7 1 
- 7 0 
- 6 6 
- 5 8 
- 7 1 
- 4 9 
- 5 6 
- 5 6 
- 6 3 
- 8 5 
- 8 5 
- 7 5 
- 3 6 
- 6 8 
- 6 8 
- 6 9 
- 6 5 
- 5 9 
- 5 6 
- 6 3 
- 6 7 
- 6 6 
- 6 8 

61 
44 

- 2 9 
79 
21 
76 

- 1 6 
74 

- 6 9 
- 8 0 
- 7 2 

83 
85 

- 7 9 
- 7 
67 
33 

- 1 4 
73 
44 

- 1 7 
- 3 0 
- 3 1 

59 
- 3 9 

82 
65 
12 

38.7 
41.7 
7.9 

43.2 
50.2 
38.7 
19.4 
16.3 
50.0 
2.6 

39.3 
3.3 
5.5 

90.6 
101.0 
41.2 
22.8 
29.6 
5.7 
0.8 

39.9 
15.3 
26.7 
11.6 
9.3 

22.8 
13.2 
6.7 

17.4 
170.7 
78.0 

113.3 
62.7 

8.7 
4.3 
2.2 

60.7 
40.8 
17.3 
10.7 
14.9 
7.2 
6.4 

27.1 
35.8 
39.4 
18.6 
28.8 
2.2 
0.01 
0.2 
0.01 
0.03 

<0.01 
0.08 
0.03 
2.93 
0.05 
0.75 
0.16 
0.10 
0.01 

<0.01 
10.6 
28.5 
11.3 
3.6 

20.4 
22.8 
7.8 

24.8 
<0.01 

0.12 
<0.01 

0.01 

49.9 
21.9 
31.7 
22.2 

7.0 
21.9 
22.2 
34.5 
27.6 
89.9 
36.2 
14.1 
30.8 
17.2 
46.0 
37.8 
20.6 
16.8 
23.7 
2.6 

31.2 
52.0 
30.5 
21.9 
48.0 
22.8 
21.9 
13.0 
33.1 
31.3 
33.5 
25.7 
12.5 
7.9 
8.2 

11.4 
40.4 
24.7 
17.7 
6.0 
6.1 

15.5 
10.8 
11.1 
13.8 
12.0 
14.2 

119.1 
8.1 
3.0 
1.6 
0.5 
0.4 
0.3 
0.7 
0.3 
1.4 
0.2 
0.6 
0.4 
0.4 
0.1 

<0.1 
42.9 
40.5 
46.9 
62.5 
45.2 
43.9 
48.2 
51.6 
0.2 
0.5 
0.3 
0.2 
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Table 22 (continued). 

Core/ 
sect. 

104-642E-

107R-3 
107R-4 
108R-1 
108R-2 
109R-1 
109R-2 
110R-1 

Interval 

106-108 
49-51 

116-118 
95-97 
69-71 
61-63 
48-50 

Sub-bottom 
depth (m) 

1195.47 
1196.40 
1202.07 
1203.36 
1211.60 
1213.02 
1220.39 

Decl. 

222 
0 

127 
100 
162 
318 
266 

NRM 

(10~4emu/cm3) 
Incl. 

- 2 7 
- 2 2 

83 
68 
51 

- 7 7 
- 8 4 

Int. 

<0.01 
<0.01 
<0.01 
<0.01 

0.01 
1.1 
0.2 

Decl. 

216 
74 

207 
112 
261 
316 
270 

AF (50 Oe) 

(10"4emu/cm3) 
Incl. 

- 4 2 
- 2 2 

86 
55 
69 

- 7 8 
- 8 4 

Int. 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

1.1 
0.2 

X 
( x l 0 ~ 3 ) 

<0.1 
0.2 
0.4 
0.4 
0.1 
0.4 
0.4 

A small number of samples exhibit shallow inclinations of 
fairly high stability. These samples mostly stem from the brec-
ciated top zones of flows, and it is suggested here that they are 
parts of blocks that rotated during emplacement of the flow or 
of that of the next flow unit. 

In spite of the preliminary stage of analysis and interpreta­
tion of the inclination record (see for comparison Table 23 for 
AF-cleaned directions of selected samples), we note a few down-
hole features which may reflect magnetic field behavior during 
emplacement, post emplacement effects of tectonic rotations, 
and/or overprinting by secondary components. Correlations of 
magnetic features with petrological units can assist in distin­
guishing geomagnetic field variations during emplacement of 
the dipping basalts from later effects. For example, a marked 
change in NRM intensity and inclination values takes place 
above and below the interval from 490 to about 514 mbsf. 

Other zones of apparent low inclination values are found 
from 684 to 692 mbsf and from 763 to 777 mbsf. The samples 
taken from these zones are from the interior of massive, thick 
basalt flows and display multicomponent remanence behavior 
during demagnetization. An example of a stable and a compar­
atively unstable behavior of two samples is given in Figure 53, 
one from the fine-grained lower margin of a thin flow (Section 
104-642E-67R-2) and the other from the massive interior of a 
flow (Section 104-642E-69R-3). From this figure it is obvious 
that AF demagnetization to at least a few hundred Oe is re­
quired to determine stable inclination values. Similar results 
have been reported from basalts elsewhere in the North Atlantic 
area, for example, the upper portion of the plateau basalts in 
eastern Iceland (Bleil et al., 1982) and the upper and middle ba­
salts of the Faeroes (Abrahamsen et al., 1984). 

By far the greatest change in magnetic characteristics, how­
ever, occurs at the already mentioned boundary of less altered, 
mostly massive basaltic flows and the much more altered sedi­
ment/glassy flow sequence at 1109 mbsf. Below 1100 mbsf, in­
tensities of both natural remanent magnetization and of suscep­
tibility are lower by about two orders of magnitude compared to 
the rocks above this boundary (if we disregard the dike unit that 
was encountered at about 1160 mbsf and which compositionally 
resembles the upper zone). The low remanence values of gener­
ally less than 0.2 x 10~4 emu/cm3 are not restricted to the sedi­
ments in the lower part of the hole but are typical for the flows 
as well. At this stage we are uncertain of the origin of the low re­
manence values. They may be caused by alteration or by pri­
mary magnetic properties or a combination of both. 

The described changes across the boundary at about 1109 
mbsf may also be indicative of a hiatus between the emplacement 
of the lower and the upper parts of the drilled igneous section. 

Summary 
The magnetic polarity of the 907-m drilled igneous and sedi­

mentary sequence is predominantly reverse, with the possible 

exception of two minor zones at about 340 to 350? mbsf and 
1109 to 1182 mbsf, respectively. Remanence intensity, suscepti­
bility, and inclination, as well as demagnetization behavior of 
the samples from the top of the igneous sequence to about 1109 
mbsf, resemble those for other basalt areas in the North Atlan­
tic area where basalts are only mildly altered and particularly 
where samples from the interior of massive flows display multi-
component remanence behavior. 

Below 1109 mbsf, however, alteration and primary magnetic 
properties are distinctly different from the sequence above. Within 
the lower section secondary components are much more stable, 
and remanence and susceptibility values are reduced by two or­
ders of magnitude. This major magnetic disparity indicates a 
major gap in the volcanic development in the area of Site 642. 

Comparison and correlation with the other areas in the North 
Atlantic basalt province (the Faeroes, east Greenland, and Rock-
all Plateau) will have to await results from detailed shore-based 
magnetic studies, especially in light of the predominantly re­
verse magnetization in Hole 642E. 

GEOCHEMISTRY 

Organic 
At Site 642, organic geochemical studies included measure­

ment of methane, determination of organic and inorganic car­
bon, and characterization of the organic matter by Rock-Eval 
pyrolysis. In addition, while waiting for this site to be com­
pleted, a survey was conducted of potential organic geochemical 
contaminants used during the core-recovery procedure. The re­
sults of this survey can be found in Kvenvolden and McDonald 
(1986). 

Methane 
Twenty sediment samples (5-cm length of full round core) 

were collected between sub-bottom depths of 2.9 and 326.4 m in 
fine-grained sediment which ranged in age from Quaternary to 
early Miocene. Only methane in very small concentrations— 
ranging from 1.7 to 23.0 ppm (vol. of methane/vol. of gas) — 
was detected in these samples (Table 24). Concentrations of 
methane were highest in the middle Miocene sediments and de­
creased with depth (Fig. 54). At 326.4 m (the deepest sample an­
alyzed) methane could not be detected. The low concentrations 
of methane at this site are likely the result of early diagenetic 
processes. 

Carbon 
Sampling strategy at this site called for the collection of sedi­

ment for headspace gas analyses adjacent to the samples recov­
ered for the determination of the chemistry of interstitial water 
(IW). Before the IW sediment sample was squeezed to obtain 
pore fluids, a subsample of sediment (about 5 cm3) was removed 
and dried. From this sample, values were obtained for carbon-
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Table 23. Hole 642E. Stable inclination, declina­
tion, and maximum demagnetizing field applied to 
samples that were demagnetized in fields above 50 
Oe. 

Table 23 (continued). 

Core/section 
interval (cm) 

Inclination 
(degrees) 

Declination 
(degrees) 

-642E-

2W-3, 
4R-1, 
5R-1, 
5R-1, 
5R-3, 
5R-3, 
5R-3, 
5R-3, 
5R-3, 
10R-2 
11R-2 
12R-1 
13R-1 
14R-1 
15R-2 
15R-2 
15R-5 
16R-1 
16R-2 
17R-1 
18R-1 
19R-1 
20R-1 
21R-3 
21R-3 
21R-5 
22R-3 
23R-1 
25R-2 
25R-3 
26R-1 
26R-3 
27R-2 
27R-5 
28R-1 
29R-1 
30R-4 
31R-4 
32R-3 
33R-1 
33R-2 
34R-1 
34R-1 
37R-2 
41R-2 
42R-1 
42R-1 
45R-1 
45R-1 
46R-2 
46R-3 
47R-1 
50R-1 
52R-3 
52R-5 
53R-1 
54R-2 
55R-1 
57R-1 
58R-2 
58R-4 
58R-4 
59R-1 
60R-2 
66R-2 
67R-2 
69R-3 
73R-3 
74R-2 
85R-5 
93R-3 
93R-6 

58-60 
69-71 
45-47 
90-92 
63-65 
128-130 
134-136 
138-140 
146-148 
28-30 
54-56 
14-16 
95-97 
38-40 
75-77 
136-138 
128-130 
33-35 
24-26 
106-108 
40-42 
42-44 
28-30 
50-52 
106-108 
109-111 
43-45 
106-108 
89-91 
62-64 
80-82 
3-7 
70-72 
11-13 
26-28 
108-110 
62-64 
103-105 
95-97 
94-95 
55-57 
4-6 
78-80 
67-69 
69-71 
34-36 
56-58 
6-8 
108-111 
136-138 
129-131 
106-108 
80-82 
103-105 
37-39 
119-112 
42-44 
94-96 
28-30 
103-105 
135-137 
85-87 
103-105 
110-112 
19-21 
123-125 
108-110 
94-96 
109-111 
18-20 
15-17 
26-28 

R 
R 
R 
R 

- 7 4 
N 
N 
N 
N 

- 6 8 
R 

- 6 7 
- 4 4 
R 

- 5 8 
- 5 6 
- 7 0 
- 5 6 
- 5 5 
- 7 2 
- 6 8 
- 7 2 
- 6 6 

72 
75 

- 6 8 
- 1 3 
- 6 0 
- 3 2 
- 2 9 
- 5 0 
- 6 0 
- 3 3 
- 7 8 
- 7 8 
- 5 5 
- 7 8 
- 6 5 
- 6 8 
- 6 1 
- 6 6 
- 5 8 
- 5 3 
- 6 1 
- 8 4 
- 8 5 
- 7 7 
- 7 0 
- 3 5 
- 6 3 
- 7 1 
- 7 4 
- 7 8 
- 7 3 
- 5 8 
- 8 0 
- 7 4 
- 7 1 
- 7 3 
- 5 2 
- 4 7 
- 4 7 
- 1 7 
- 7 0 
- 7 3 
- 7 2 
- 6 8 
- 5 4 
- 4 5 
- 6 5 
- 6 3 
- 6 8 

AF 
(Oe) 

94 

247 

146 

255 
225 

248 
77 

321 
204 
284 
328 
292 
260 
100 
308 
156 
273 
155 
245 

19 
273 

2 
190 
222 
237 
260 

87 
150 
115 

4 
196 
245 
206 
286 
28 

121 
110 
200 
168 
180 
225 

32 
323 
359 

10 
233 
98 

224 
315 
185 
53 

323 
296 
182 
95 

216 
169 
214 
98 
70 

189 
47 
71 

500 
500 
100 
400 
300 
300 
300 
500 
500 
500 
500 
650 
300 
300 

1000 
400 
600 
900 
600 

1000 
900 
600 

1000 
700 
900 
500 
300 
300 
700 
900 
600 
800 
900 
700 
500 

1000 
300 

1000 
900 
900 
400 

1000 
1000 
900 

1000 
300 

1000 
600 

1000 
600 

1000 
1000 
900 
850 

1000 
700 
850 

1000 
300 
600 
400 
150 
400 
500 
900 
950 
800 
600 
850 

1000 
250 
300 

Core/section 
interval (cm) 

104-642E-

94R-4, 129-131 
94R-5, 31-35 
95R-2, 39-41 
97R-1, 101-103 
97R-2, 110-112 
98R-1, 106-108 
98R-3, 14-16 
99R-2, 20-22 
100R-2, 47-49 
101R-1, 41-43 
102R-3, 45-47 
103R-2, 66-68 
104R-1, 24-26 
105R-4, 136-138 
106R-1, 50-52 
107R-2, 12-14 
109R-1, 69-71 

Inclination 
(degrees) 

- 3 3 
- 4 5 
R 

N 
R 
75 

- 7 9 
66 

- 5 2 
- 5 1 
R 

- 7 1 
- 6 0 

83 
- 5 1 
- 6 5 

Declination 
(degrees) 

179 
210 

67 
16 
76 

177 
2 

41 
128 
290 

55 
146 

AF 
(Oe) 

850 
300 
400 
300 
500 
200 

1000 
600 
500 

1000 
500 
500 
900 
700 
350 
500 
500 

Note: Inclination and declination values are preliminary 
only, partly due to incomplete demagnetization and 
partly to multicomponent magnetization where de­
tailed analysis is required. 

ate carbon by means of the carbonate bomb and by the Carbon­
ate Carbon apparatus (coulometry). Acidified samples from the 
carbonate bomb were washed and organic carbon was measured 
with the Elemental Analyzer. Separate portions of non-acidified 
samples were analyzed by coulometry and Rock-Eval pyrolysis. 

Values of carbonate carbon from the carbonate bomb and 
from coulometry were remarkably similar except that the coulo-
meter was more sensitive. Table 24 shows the percentages of car­
bonate carbon as determined by coulometry. In general the car­
bonate content of these sediments is very low (0% and <0.12%) 
in the Pliocene and lower Miocene sediments. Highest values of 
carbonate carbon occur in middle and upper Miocene sediments 
with three values averaging 1.85%. 

Values for organic carbon (Table 24) represent replicates and 
are believed to be good estimates of the organic carbon content of 
these sediments. Percentages of organic carbon increase steadily 
with depth (Fig. 54) from the Quaternary through middle Mio­
cene (0.34% to 1.84%) and then decrease to lower values in the 
lower Miocene (average about 1.21%). The trend of the organic 
carbon values with depth more or less parallels the trend of the 
methane concentrations (Fig. 54). This parallelism supports the 
idea that the small concentrations of methane are mainly de­
rived from the decomposition of organic matter. 

Organic Matter Characteristics 
The procedure of Rock-Eval pyrolysis provides a preliminary 

survey of the source and maturity of organic matter in sedi­
ments, but in general the results (Table 25) are not particularly 
satisfying although trends are present from which tentative in­
terpretations can be made by following Tissot and Welte (1984). 
Values of total organic carbon (TOC) obtained from the Rock-
Eval II Plus TOC instrument did not agree with organic carbon 
values obtained by elemental analysis. Therefore, the latter val­
ues were used to calculate the hydrogen and oxygen indices (HI 
and OI) from Rock-Eval Slt S2, and S3 parameters (Table 25). 
Both HI and OI values vary widely, and OI values are particu­
larly large, suggesting that the organic matter is oxygen rich and 
very immature. 

Tmax is the temperature at which maximum generation of hy­
drocarbons from kerogen occurs in the pyrolysis procedure. Tmax 
values correlate with organic matter maturation; Tmax <435°C 
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Figure 53. AF-demagnetization plots of samples from two different ba­
saltic flows from Sections 642E-67R-2 and 642E-69R-3. Plot a): Inten­
sity of remanent magnetization, / , divided by NRM, J0. Plots b) and c): 
X-, Y-, and Z-components of remanent magnetization (arbitrary units). 

signals immaturity, whereas Tmax >470°C indicates postmatur-
ity. Thus, Tmax values of 400° to 431°C of most Miocene sedi­
ments also support the idea that this organic matter is imma­
ture. Such immaturity is to be expected in these shallow marine 
sediments. Average Tmax values of 555°C for the Quaternary 
and Pliocene sediments suggest the presence of postmature, re­
worked organic matter. Based on considerations of HI and OI, 
it is concluded that the kerogen in the upper Miocene through 
Quaternary sediments is mainly type III (dominantly terrestrial 
in origin), whereas the kerogen in the middle and lower Miocene 
sediments is generally a mixture of type II and III with type II 
kerogen being mainly of marine origin. 

Inorganic 
The chemistry of interstitial water at Site 642 was routinely 

monitored in Quaternary to lower Miocene sediments overlying 
basalt. The parameters measured included pH, alkalinity, chlo­
ride, sulfate, calcium, and magnesium. In addition to these pa­

rameters, inorganic carbon was determined; results for this com­
ponent are reported with the organic geochemistry data. 

The results are shown in Table 26, where depths are mea­
sured from the seafloor. Alkalinity ranged from 3.29 milliequiv-
alents per liter (meq/L) at 2.9 mbsf to 1.86 meq/L at 299.1 
mbsf. A weak maximum of 10.12 meq/L occurred at 53.3 mbsf 
(Fig. 55). Maximum alkalinity values were commonly observed 
in the upper 100 m of sediment in cores taken during Leg 38 
(Gieskes, Lawrence, and Galleisky, 1978). This maximum value 
generally corresponds to the zone where sulfate reduction takes 
place (Emerson et al., 1981). Values of pH ranged from 7.82 at 
2.9 m to a maximum of 8.24 at 53.3 mbsf and then decreased 
slightly and irregularly with depth. Deflections in the alkalinity 
depth profile may have been caused by the reactions of pore wa­
ters with the surrounding sediments. Salinity decreased slightly 
with depth, ranging from 37.5 parts per thousand (ppt) at 2.9 
mbsf to 34.2 ppt at 245.6 mbsf. This change suggests that chemi­
cal species are being bound to the sediment (Gieskes, 1981). The 
chloride concentration was irregular, showing a general decrease 
with depth. 

Calcium and magnesium exhibited the greatest differences in 
concentrations of the inorganic chemical species monitored. 
Calcium increased from 10.88 millimole/liter (mmol/L) at 2.9 
mbsf to 50.50 mmol/L at 299.1 mbsf. Magnesium showed the 
opposite trend in decreasing from 50.81 mmol/L at 2.9 mbsf to 
14.68 mmol/L at 299.1 mbsf (Fig. 55). These opposing trends 
of calcium and magnesium concentrations were seen at all sites 
drilled on Leg 38 (Gieskes, Lawrence, and Galleisky, 1978). The 
relationships between calcium and magnesium profiles have been 
explained by Gieskes (1981) to result from the alteration of vol­
canic ash in the sediment column and the alteration of the un­
derlying basalts. 

Sulfate values decreased significantly in the upper 137 m of 
the sediment column, where concentrations ranged from 26.1 
mmol/L at 5.7 mbsf to 8.6 mmol/L at 137.0 mbsf. Below this 
latter depth sulfate increased to a maximum value of 19.9 mmol/L 
at 192.6 m, then decreased to 12.5 mmol/L at 299.1 m. This 
type of profile may exemplify a non-steady state condition (Gies­
kes, Lawrence, and Galleisky, 1978). Overall the inorganic geo-
chemical results at Site 642 suggest that substantial postburial, 
diagenetic changes have taken place in these sediments. 

PHYSICAL PROPERTIES 

Sedimentary Section 
Coring during Leg 104 on the outer Wring Plateau sampled 

an upper 320-m-thick sedimentary sequence ranging from Re­
cent to Eocene in age. Routine physical properties measured on 
sediments from this sequence include water content (expressed 
as weight of water relative to the total dry weight), porosity, bulk 
density, vane shear strength, thermal conductivity, and com-
pressional wave velocity (see "Explanatory Notes" chapter, this 
volume). 

DSDP Leg 38 coring on the outer Wring Plateau provided 
the first opportunity to study sediments from below several me­
ters sub-bottom for analysis of physical properties. Although 
these cores provided a first glimpse at physical properties for 
sediments from deeper in the section, interpretations were lim­
ited due to incomplete recovery and disturbance induced from 
rotary drilling. Sediments recovered at DSDP Sites 338 and 342 
consisted of Pleistocene through Miocene sediments, extending 
into Eocene sediments at Site 338 (Talwani, Udintsev, et al., 
1976). These sediments were described as muds, sandy muds, and 
oozes having bulk densities ranging from 1.25 to 2.23 g/cm3. 
Vane shear measurements showed an increment up to approxi­
mately 13 kPa at 8 m sub-bottom. Peak strengths of 11 kPa at 
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Table 24. Organic geochemistry for Site 642, Leg 104. 

Hole 

B 
A 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
C 
B 
D 
B 
D 
D 
D 
D 

Core 
number 

1H 
1H 
2H 
4H 
5H 
7H 
8H 

10H 
11H 
13H 
16H 
19H 
22H 
22H 

4X 
25H 

7X 
10X 
13X 
18X 

Section 
number 

2 
3 
5 
4 
4 
4 
4 
4 
4 
4 
6 
4 
3 
4 
5 
4 
5 
5 
2 
2 

Sub-bottom 
depth (m) 

2.9 
5.7 

12.2 
26.6 
35.3 
53.3 
62.8 
81.8 
91.3 

110.1 
137.1 
163.6 
181.9 
192.6 
216.6 
219.0 
245.6 
274.5 
299.1 
326.4 

Age 

Quat 
Quat 
Quat 
Quat 
Quat 
Plio 
Plio 
Plio 

1. Mio 
1. Mio 
1. Mio 

m. Mio 
m. Mio 
m. Mio 
e. Mio 
e. Mio 
e. Mio 
e. Mio 
e. Mio 
e. Mio 

Methane 
(ppm) 

2.7 
11.0 
2.3 
1.7 
3.3 
4.5 
4.9 
9.2 
8.5 
6.1 

11.9 
15.3 
14.5 
23.0 
21.7 
12.9 
10.8 
5.8 
1.4 
nd 

^carb 
(%) 

— 
— 
0.85 
— 
0 
— 
0 
— 
1.97 
1.66 
1.91 
0.16 

<0.10 
0 
0 

<0.10 
<0.10 
<0.10 

— 

c 
'-'org (%) 

— 
— 

0.34 
— 

0.44 
— 

0.83 
— 

0.66 
1.43 
1.50 
1.74 
1.84 
1.17 
1.25 
0.98 
1.31 
1.34 
— 

— = not determined; nd = not detected; Ccarj, = carbonate carbon; Co r g = organic 
carbon. 
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Figure 54. Variation of methane and organic carbon with sub-bottom 
depth at Site 642, Leg 104. 

depths of 20 mbsf strongly suggested drilling-induced disturbance. 
Velocities were measured only on sediments of the uppermost 
section and on indurated material from deep in the hole because 
most material was either so gassy or so disturbed that excessive 
attenuation of the acoustic signal resulted. 

Fairly undisturbed cores, obtained primarily by hydraulic 
piston core (HPC) operations, were used for shipboard analysis 
of physical properties on ODP Leg 104. Double HPC coring 

(Holes 642B and 642C) provided an opportunity to check re­
sults of physical-properties measurements in the less-disturbed 
HPC material versus those of earlier studies. Results for Holes 
642A, 642B, 642C, and 642D are discussed herein as a continu­
ous sequence. Table 27 is a summary listing of Site 642 physical-
properties measurements. 

Index Properties 
The distribution of index properties, such as bulk density, 

water content, and porosity, are plotted relative to sub-bottom 
depth in Figure 56. The vertical distribution of these properties 
is closely related to the lithologies recovered. The contrast be­
tween physical properties of lithologic Units I and II, at 67 
mbsf, is quite distinguishable. A sharp contact indicated by de­
creasing bulk density and increasing water content and porosity 
marks this lithologic boundary. Additionally, the variability of 
the index properties decreases abruptly from the upper litho­
logic Unit I to those below. Sediments of lithologic Units II and 
III exhibit only subtle differences in their physical properties, 
with Unit III having the highest porosities and water contents of 
the entire sedimentary sequence. The lowermost sedimentary 
contact between Units III and IV is reflected in the physical 
properties by a decrease in water content of 80% and a 30% 
drop in porosity. 

Lithologic Unit I, representing alternating glacial and inter-
glacial sequences of the Quaternary (see "Sediment Lithology" 
section), is characterized by bulk densities ranging between 1.53 
and 2.02 g/cm3. This unit extends from the mud line to 67 mbsf 
where it contacts the underlying nannofossil muds of lithologic 
Subunit IIA. Porosities in the upper 67 m of the sediment col­
umn vary between 40% and 70%. Water contents, following po­
rosity trends, fluctuate between 25% and 87% in the same inter­
val. The profiles illustrated in Figure 56 show that index proper­
ties vary systematically in the upper 67 m, corresponding to 
either glacial or interglacial facies. The average porosity of in-
terglacial/glacial facies is 6 1 % , corresponding to a bulk density 
of 1.74 g/cm3. However, very dark-gray to black layers of sandy 
mud form what is interpreted to be a deposit associated with 
glacial maxima. During the time of maximum ice coverage, an-
oxic conditions persisted, allowing these very dark layers to form. 
The index properties of these portions of the glacial facies, typi­
cally poorer in biogenic material and subsequently enriched in 
terrigenous material, have an average porosity of 43% and bulk 
density of 1.93 g/cm3. Despite the systematic variation of these 
facies, a general downhole decrease of water content and poros­
ity suggests a response of these sediments to burial depth. 

The contact at 67 mbsf represents a primary interface in the 
physical properties as well as lithology at Site 642. Bulk densi­
ties drop from the higher values of Unit I to a nearly constant 
value of 1.49 g/cm3 in lithologic Subunit IIA, a nannofossil 
mud. Water contents in Subunit IIA average 95% and porosities 
vary between 70% and 83%. The variability of bulk density de­
creases noticeably in this section of the core in which a more ho­
mogeneous sedimentary structure is observed. 

Lithologic Subunit I IB extends from 83 to approximately 104 
mbsf. This subunit consists of a siliceous mud, characterized by 
a small shift of index properties. The average measured bulk 
density for this unit is 1.47 g/cm3, porosity 74%, and water 
content 100%. 

Subunit IIC extends from 104 to 151 mbsf. The siliceous 
nannofossil ooze of lithologic Subunit IIC exhibits more vari­
ability of index properties as compared to the previous litho­
logic subunits of Unit II. The shifts in bulk density, ranging be­
tween 1.40 and 1.61 g/cm3, reflect a compositional influence of 
the biogenic fraction. The higher water contents and porosities 
in this subunit correspond to those intervals enriched in the sili­
ceous fraction. Porosities range from 63% to 81% with an aver-
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Table 25. Rock-Eval data for Site 642, Leg 104. 

Hole 

B 
B 
B 
B 
B 
B 
C 
B 
D 
B 
D 
D 
D 

Core 
no. 

4H 
7H 

10H 
13H 
16H 
19H 
22H 
22H 

4X 
25H 

7X 
10X 
13X 

Section 
no. 

4 
4 
4 
4 
6 
4 
3 
4 
5 
4 
5 
5 
2 

Sub-bottom 
depth (m) 

26.6 
53.3 
81.8 

110.1 
137.0 
163.6 
181.9 
192.6 
216.6 
219.0 
245.6 
274.5 
299.1 

Age 

Quat 
Plio 
Plio 
1. Mio 
1. Mio 
m. Mio 
m. Mio 
m. Mio 
e. Mio 
e. Mio 
e. Mio 
e. Mio 
e. Mio 

% C o r g 

0.34 
0.44 
0.83 
0.66 
1.48 
1.50 
1.74 
1.84 
1.17 
1.25 
0.98 
1.31 
1.34 

Si 

0.02 
0.07 
0.75 
0.20 
0.40 
0.32 
0.64 
0.00 
0.65 
0.49 
0.50 
0.43 
0.10 

s2 
0.09 
1.26 
1.25 
0.27 
0.85 
1.11 
2.76 
0.17 
4.08 
3.10 
3.13 
2.33 
1.42 

s3 
1.29 
0.21 
2.41 
2.93 
4.00 
4.14 
2.54 
2.35 
2.39 
1.60 
2.45 
3.43 
3.35 

PI 

0.20 
0.05 
0.37 
0.43 
0.32 
0.23 
0.19 
0.00 
0.14 
0.14 
0.14 
0.16 
0.07 

s2/s3 

0.06 
6.0 
0.51 
0.09 
0.21 
0.26 
1.08 
0.01 
1.70 
1.92 
1.27 
0.67 
0.42 

HI 

27 
286 
151 
41 
59 
74 

158 
9 

349 
248 
320 
178 
106 

OI 

379 
48 

290 
444 
280 
276 
146 
128 
204 
128 
250 
262 
250 

T 
'max 
483 
584 
597 
410 
400 
406 
401 
476 
406 
404 
431 
407 
429 

Kerogen 
type 

HI 
II-III 

III 
III 
III 
HI 

II-III 
HI 

II-III 
II-III 
II-III 
II-III 

III 

Sj (mg HC/g rock) = volatile hydrocarbons; S2 (mg HC/g rock) = kerogen-derived hydrocarbons; S3 (mg C0 2 / g rock) = organic C 0 2 
from kerogen; PI (Si + S2) = productivity index; S2 /S3 = kerogen-type index; HI (100 S2/Co r g) = hydrogen index; OI (100 S3/Corg) 
= oxygen index; T m a x = temperature (CC) of maximum hydrocarbon generation from kerogen; kerogen type: II - marine, oil/gas 
prone; III - terrestrial, gas prone. 

Table 26. Interstitial water chemistry for Site 642, Leg 104. 

Hole 

B 
A 
B 
B 
B 
B 
B 
B 
C 
B 
D 
B 
D 
D 
D 

Core 
number 

1H 
1H 
4H 
7H 

10H 
13H 
16H 
19H 
22H 
22H 

4X 
25H 

7X 
10X 
13X 

Section 
number 

2 
3 
4 
4 
4 
4 
6 
4 
3 
4 
5 
4 
5 
5 
2 

Sub-bottom 
depth (m) 

2.9 
5.7 

26.6 
53.3 
81.8 

110.1 
137.0 
163.6 
181.9 
192.6 
216.6 
219.0 
245.6 
274.5 
299.1 

Salinity 
(pPt) 

37.5 
35.1 
35.9 
34.2 
33.9 
35.1 
34.2 
34.2 
36.4 
35.0 
34.3 
34.5 
34.2 
34.5 
34.4 

Chloride 
(mmol/L) 

562 
557 
571 
563 
575 
566 
576 
572 
568 
577 
562 
565 
567 
567 
556 

pH 

7.82 
7.82 
7.75 
8.24 
7.90 
7.44 
7.34 
7.25 
7.45 
7.33 
7.31 
7.20 
7.43 
7.15 
7.63 

Alkalinity 
(meq/L) 

3.29 
2.45 
5.67 

10.12 
7.48 
5.49 
5.84 
6.22 
5.18 
5.63 
3.08 
4.58 
3.04 
2.27 
1.86 

Sulfate 
(mmol/L) 

20.7 
26.1 
13.1 
11.7 
10.6 
9.1 
8.5 

16.3 
13.7 
19.9 
13.8 
13.5 
9.5 

12.8 
12.5 

Magnesium 
(mmol/L) 

50.81 
50.41 
45.77 
** 32.97 

30.46 
25.21 
22.06 
19.93 
20.21 
19.42 
18.01 
18.01 
** 14.68 

Calcium 
(mmol/L) 

10.88 
10.81 
11.16 
** 18.33 

23.06 
28.71 
34.47 
37.79 
38.31 
41.00 
41.15 
44.08 
** 50.50 

** Insufficient sample for analysis. 

between 1.28 and 1.54 g/cm3. A contrasting, and normal, trend 
of decreasing water content and increasing density is developed 
in the lower 40 m of this unit. Although no lithologic contact is 
described around 255 mbsf, the shift in index properties sug­
gests that a hiatus in net accumulation may exist at this point in 
the sedimentary record. Very low accumulation rates within this 
interval (see "Sediment Lithology" section) also point to a pos­
sible episode of erosion. 

The index properties of lithologic Unit IV represent a strong 
contrast with all of the above units. Within this lithologic unit 
oceanic sedimentary sources give way to a volcanogenic origin. 
Ashes, pyroclastic flows, and basaltic rubble bear dramatically 
different index properties, with bulk densities ranging from 1.55 
g/cm3 in an ash-enriched mud to 2.64 g/cm3 in a weathered ba­
salt. Porosities and water contents follow suit, varying between 
50%-72% and 76%-116%, respectively. 

Undrained Shear Strength 
Undrained, vane shear-strength measurements were plotted 

on an X-Y recorder to obtain peak torque values during rota­
tion. Examples of the shear-test record are illustrated in Figure 
57. Figure 58 displays the shear-strength profile at Site 642. A 
monotonic increase of shear strength is seen from the mud line 
to approximately 90 mbsf. Values of 6.78 kPa at the mud line in­
crease to 142 kPa at 91 mbsf. Shear strength becomes more vari­
able below this latter depth, yet continues to increase to a maxi­
mum of 203 kPa at 174 mbsf. The sediments from lower in the 

age value of 73%. The interval from 105 to 120 mbsf shows typ­
ical trends of sediment response to overburden. A discontinuity 
of this trend, however, is apparent at 120 mbsf where densities de­
crease while porosities and water contents increase. This marker 
correlates with a possible 5-m.y. hiatus documented within lith-
ological Subunit IIC. Below this depth a reverse trend to nor­
mally consolidated sediments is developed, with increasing po­
rosities and water contents. The causes for this opposite trait 
may be related to the amounts of incorporated silica and differ­
ent clay minerals, compounded by rebound resulting from re­
moving the core from in-situ confining stresses. 

A short interval between 151 and 155 mbsf corresponds to 
lithologic Subunit I ID. The primary lithological difference be­
tween Subunits IIC and IID is the decrease of nannofossils in 
sediments from the latter. The calcareous siliceous mud has a 
more coherent set of index properties, with an average bulk den­
sity of 1.49 g/cm3, porosity of 74% and water content equal to 
96%. 

Lithologic Unit II represents a set of virtually constant index 
properties. In contrast, Unit III is clearly distinguished by a 
well-developed downhole trend of increasing water content and 
porosity, and decreasing bulk density. Again, as in Subunit IIC, 
this trend may be related either to a systematic compositional 
shift downhole, and/or to mechanical rebound, with increasing 
elasticity of the lowermost sediments. Water contents increase 
from 95% at 164 mbsf to a high of 155% at 220 mbsf. Porosi­
ties vary within this unit from 74% to 80% and bulk densities 
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Figure 55. Variation of magnetism, calcium, and alkalinity with sub-bottom depth at Site 642, Leg 104. Units: meq/L = milliequiva-
lents per liter; mmol/L = millimoles/liter. 

section were disturbed by HPC fracturing during punch in or 
fractured during the strength test. Most vane shear values below 
180 mbsf are therefore suspect. 

Shear-strength trends within lithologic Unit I show a gradi­
ent increase from approximately 1.3 kPa/m between 0 and 36 
mbsf to 2.0 kPa/m below this interval. The contact with litho­
logic Unit II marks an interval of variable shear strength, rang­
ing between 29 and 109 kPa in Subunit IIA. This is most likely 
an artifact of the changes in calcium carbonate content, ranging 
from 0% to 49% dry weight, and related coring disturbance. 
The bulk of lithologic Subunits IIB, IIC, and IID have fluctuat­
ing shear strengths between 43 and 200 kPa with a general down-
hole gradient near 1 kPa/m. 

Lithologic Unit III, characterized by its siliceous compo­
nent, has an increase in shear strength similar to the three pre­
vious subunits. The maximum measured value of shear strength 
at Site 642, 203 kPa, was obtained in this unit at 174 mbsf. Be­
low 185 mbsf, shear-strength values decrease and are much more 
erratic. The decrease of shear strength may be associated with a 
number of factors including downhole increases of siliceous com­
ponents and/or smectites, and coring disturbance. 

A comparison of the state of consolidation for sediments from 
Site 642 with the range defined for marine sediments (Skemp-
ton, 1970) is also shown in Figure 58. Skempton's definition of 
normally consolidated sediments ranges from 0.2 to 0.7 of the 
computed effective overburden stress. The effective overburden 
stress at Site 642 was calculated using an average bulk density 

for each lithologic unit, and assuming hydrostatic conditions. 
Most of the vane shear-strength measurements show sediments 
from Units I and II are normally consolidated. Sediments of 
Unit III have shear strengths that fall below the lower limit of 
normally consolidated sediment, indicating an underconsolidated 
state for these diatomaceous sediments. 

Compressional- Wave Velocity and Acoustic Impedance 
Measurements made on sediments from the upper 67 m ex­

hibit velocities fluctuating between 1490 and 2000 m/s (Fig. 59). 
Velocities decrease below lithologic Unit I and are more erratic. 
A slow increase in velocity occurs throughout Units II and III, 
ranging from lows in the 1400-m/s range to 1780 m/s. An Fe/ 
Mg-enriched sediment layer at 95 mbsf has a distinctly higher 
velocity of 2225 m/s. The base of lithologic Unit III, marked by 
a transition from siliceous mud to volcaniclastics, represents a 
clear shift in velocities. Unit IV velocities range from 1400 m/s 
in a loose, soft mud (ash) to 4402 m/s in a fairly fresh basalt 
sample. Within this unit velocities average 2000 m/s. Low veloc­
ities, less than 1500 m/s, are probably artifacts of unsaturated 
sediments and/or saturated sediments with high attenuations. 

Also shown in Figure 59 is the profile of acoustic impedance. 
The extremes of both velocities and bulk densities in the Quater­
nary glacial/interglacial sequence provide ample sources of near-
surface reflectors. Below lithologic Unit I, the Fe/Mn enriched 
layer at 91 mbsf shows a contrast with surrounding nannofossil/ 
siliceous mud, and may give rise to another reflector on seismic 
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Table 27. Summary of physical-properties data for sediments from ODP Site 642. 

Hole 

A 
A 
A 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

Core 

2 
2 
3 
3 
3 
4 
4 
4 
5 
5 
5 
6 
6 
6 
7 
7 
7 
8 
8 
8 
8 
9 
9 
9 
9 
10 
10 
11 
11 
12 
12 
13 
13 
15 
15 
16 
16 
17 
17 
18 
19 
19 
20 
20 
21 
21 
22 
22 
23 
23 
24 
24 
25 
25 
2 
2 
2 
3 
3 
4 
4 
5 
5 
6 
6 
7 
8 
9 
10 
11 
12 

Sec 

2 
4 
5 
2 
3 
3 
2 
5 
2 
3 
4 
2 
5 
5 
2 
3 
5 
2 
3 
5 
2 
4 
6 
2 
4 
5 
7 
1 
1 
3 
4 
2 
4 
4 
5 
3 
6 
2 
5 
2 
CC 
1 
3 
2 
6 
5 
5 
6 
5 
7 
2 
5 
2 
7 
4 
7 
2 
4 
3 
5 
2 
2 
5 
3 
5 
2 
5 
2 
5 
2 
5 
3 
2 
2 
2 
2 
1 

Top 
(cm) 

71 
41 
142 
75 
67 
103 
14 
131 
63 
15 
57 
128 
51 
100 
29 
79 
68 
27 
93 
29 
96 
47 
57 
75 
36 
33 
15 
20 
66 
40 
81 
73 
55 
83 
51 
44 
51 
76 
76 
66 
3 
92 
22 
84 
86 
71 
43 
85 
90 
47 
67 
118 
84 
21 
97 
25 
60 
47 
20 
45 
110 
130 
50 
99 
70 
71 
102 
110 
72 
50 
47 
67 
118 
50 
84 
91 
60 

Bot 
(cm) 

74 
44 
145 
78 
70 
106 
17 
134 
66 
18 
60 
131 
54 
103 
32 
82 
71 
30 
96 
32 
99 
50 
60 
78 
39 
36 
18 
23 
69 
43 
84 
76 
58 
86 
54 
47 
54 
79 
79 
69 
6 
95 
25 
87 
89 
74 
46 
88 
93 
51 
70 
121 
87 
25 
100 
28 
63 
50 
23 
48 
113 
133 
53 
102 
73 
74 
105 
113 
75 
53 
50 
70 
121 
53 
87 
94 
63 

Depth 
(mbsf) 

3.51 
6.24 
8.72 
2.25 
3.67 
4.03 
6.44 
7.61 
14.98 
17.45 
19.37 
23.48 
27.21 
27.70 
31.19 
33.19 
36.08 
40.67 
42.83 
44.90 
49.86 
52.37 
55.47 
59.15 
61.76 
63.23 
66.05 
66.70 
67.16 
69.90 
71.81 
79.63 
82.45 
91.33 
93.51 
100.34 
104.91 
108.46 
112.96 
127.66 
129.83 
131.02 
133.32 
140.34 
146.36 
154.51 
164.13 
165.20 
174.30 
176.87 
179.27 
184.28 
189.04 
195.91 
201.47 
205.17 
207.70 
210.57 
216.30 
219.55 

6.00 
6.20 
9.90 
17.19 
19.90 
25.31 
30.12 
35.50 
39.62 
42.95 
47.87 
54.57 
59.78 
62.70 
65.84 
75.41 
83.10 

Bulk density 
(g/cm3) 

1.66 
1.67 
1.91 
1.53 
1.88 
1.62 
1.84 
1.71 
1.71 
2.02 
1.62 
1.61 
1.98 
1.74 
1.74 
1.93 
1.76 
1.96 
1.75 
1.79 
1.73 
1.96 
1.74 
1.64 
1.73 
1.99 
1.60 
1.72 
1.42 
1.51 
1.51 
1.49 
1.50 
1.43 
1.43 
1.52 
1.47 
1.53 
1.58 

1.52 

1.51 
1.44 
1.53 
1.47 
1.50 
1.47 
1.45 
1.42 
1.41 
1.42 
1.39 
1.54 
1.40 
1.33 
1.34 
1.36 
1.30 
1.28 
1.65 
1.92 
1.54 
1.78 
1.64 
1.75 
1.95 
1.84 
1.78 
1.78 
1.71 
1.72 
1.73 
1.47 
1.48 
1.51 
1.53 

Porosity 
(%) 
64.4 
63.8 
47.9 
70.2 
49.3 
66.0 
53.2 
61.4 
60.7 
42.2 
66.8 
66.0 
44.9 
65.5 
60.5 
46.1 
59.1 
47.6 
59.7 
58.0 
61.0 
45.6 
62.3 
65.8 
61.1 
39.8 
67.4 
58.3 
77.1 
71.9 
73.5 
74.7 
69.8 
75.9 
75.8 
73.2 
74.2 
72.6 
68.7 
63.4 
81.5 

74.7 
75.9 
74.8 
73.8 
73.8 
73.8 
76.2 
79.1 
78.4 
75.9 
78.3 
80.1 
75.7 
78.3 
79.4 
76.9 
80.5 
79.6 
66.5 
49.1 
72.6 
57.5 
67.4 
60.8 
46.0 
55.7 
60.5 
60.1 
63.1 
63.0 
68.2 
83.1 
76.0 
71.9 
71.6 

Water content 
W 
63 
61 
33 
84 
35 
68 
41 
56 
55 
27 
69 
69 
30 
60 
53 
32 
51 
32 
52 
48 
54 
31 
56 
67 
54 
25 
72 
51 
116 
88 
93 
99 
86 
110 
109 
91 
100 
89 
76 

112 
78 
96 
108 
94 
98 
95 
99 
109 
122 
122 
111 
125 
106 
114 
136 
140 
125 
154 
155 
67 
35 
87 
48 
70 
53 
31 
44 
52 
51 
58 
57 
64 
127 
103 
90 
86 

Velocity 
(m/s) 

1459 
1487 
1494 
1569 
1645 
1641 
1659 
1590 
1389 
1835 
1783 
1512 
1677 
1524 
1542 
1665 
1556 
1300 
1200 
1350 
1535 
1664 
1703 
1512 
1535 
1715 
1540 
1547 
1463 
1589 
1571 

1603 
2225 
1236 

1783 
1590 
1550 

1373 
1329 
1537 
1590 
1598 
1504 
1654 
1491 
1574 
1548 
1551 
1663 
1644 
1573 
1603 
1535 
1539 

1298 
1239 

Van shear 
strength 
(kPa) 

6.78 
6.78 
11.02 
4.52 
4.80 
6.55 
10.45 
5.08 

23.73 
21.47 
29.38 
8.76 
24.29 
11.13 
24.41 
32.66 
33.22 
58.76 
42.04 
58.34 
56.50 
64.18 
78.87 
76.84 
76.84 
85.65 
91.25 
84.19 
99.72 
99.66 
106.22 
106.22 
109.38 
142.15 
104.86 
61.02 
138.99 
120.68 
135.60 
59.89 
90.40 
72.32 
140.69 
90.40 
169.50 
200.01 
159.33 
152.55 
203.40 
159.33 
178.54 
186.45 
133.34 
118.65 
160.46 
104.52 

15.48 
11.47 
20.90 
10.17 
30.96 
26.21 
33.56 
31.41 
50.28 
55.93 
79.10 
83.05 
117.52 
25.99 
36.16 
63.28 
89.27 
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Table 27 (continued). 

SITE 642 

Hole 

C 
C 
c c c c c c c c c c c c c c c c c c c c D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

Core 

12 
13 
14 
14 
15 
15 
16 
16 
17 
18 
18 
19 
19 
20 
20 
21 
21 
21 
22 
23 
24 
24 
1 
1 
2 
3 
4 
5 
6 
6 
7 
7 
8 
8 
9 
9 
10 
10 
10 
11 
11 
12 
12 
12 
12 
13 
13 
14 
16 
17 
18 
19 
19 
19 

Sec 
5 
2 
2 
7 
1 
4 
2 
6 
5 
2 
4 
2 
5 
2 
4 
2 
4 
6 
3 
5 
2 
5 
2 
4 
5 
2 
5 
6 
1 
6 
1 
7 
4 
7 
2 
7 
2 
4 
7 
2 
2 
2 
4 
6 
6 
2 
5 
3 
1 
1 
1 
2 
2 
2 

Top 
(cm) 

40 
49 
43 
17 
63 
40 
49 
30 
130 
68 
75 
84 
102 
51 
47 
70 
45 
50 
65 
38 
53 
43 
33 
20 
77 
28 
15 
32 
109 
12 
45 
16 
47 
14 
74 
9 
17 
20 
23 
98 
113 
25 
80 
27 
127 
122 
47 
60 
6 
57 
27 
7 
87 
121 

Bot 
(cm) 

43 
51 
47 
20 
65 
43 
52 
33 
133 
71 
78 
87 
105 
54 
50 
73 
48 
53 
68 
40 
56 
46 
35 
23 
80 
31 
18 
35 
112 
15 
48 
19 
50 
17 
77 
12 
19 
23 
26 
100 
116 
28 
83 
30 
130 
125 
50 
63 
8 
59 
30 
10 
90 
125 

Depth 
(mbsf) 

88.90 
93.99 
103.43 
110.67 
111.63 
115.90 
122.49 
128.30 
136.12 
140.33 
144.75 
151.34 
154.67 
160.51 
163.14 
170.20 
172.95 
174.50 
181.15 
190.68 
194.43 
198.83 

196.67 
199.93 
215.35 
226.62 
229.59 
236.12 
238.55 
247.26 
252.77 
256.94 
259.74 
266.59 
268.77 
270.45 
276.33 
279.28 
279.43 
288.15 
291.70 
294.17 
295.17 
297.57 
302.67 
309.28 
315.96 
317.97 
321.87 
327.97 
328.00 
328.90 

Bulk density 
(g/cm3) 

1.48 
1.45 
1.46 
1.61 
1.57 
1.40 
1.52 
1.55 
1.45 
1.45 
1.48 
1.48 
1.51 
1.47 
1.42 
1.41 
1.42 
1.36 
1.37 
1.36 
1.35 
1.38 
1.46 
1.44 
1.37 
1.32 
1.29 
1.28 
1.26 
1.30 
1.33 
1.35 
1.33 
1.33 
1.34 
1.37 
1.32 
1.37 
1.37 
1.90 
1.80 
1.62 
1.58 
1.66 
1.62 
1.55 
1.68 
1.63 
2.64 
1.75 
1.80 
1.91 
1.81 
1.86 

Porosity 
(%) 
73.6 
75.6 
75.4 
67.7 
67.9 
78.9 
73.1 
73.5 
75.2 
76.6 
74.8 
74.0 
73.3 
76.3 
79.2 
76.5 
78.1 
78.1 
78.8 
79.7 
77.8 
76.6 
74.6 
78.0 
78.3 
79.5 
80.5 
83.0 
81.6 
80.9 
79.9 
91.2 
80.3 
79.5 
78.8 
80.2 
78.6 
78.4 
77.9 
49.9 
61.3 
66.8 
70.9 
64.2 
69.5 
71.9 
62.0 
68.1 

81.9 
61.2 
59.9 

Water content 
(%) 
97 
106 
105 
72 
76 
124 
91 
88 
105 
109 
100 
97 
93 
106 
121 
115 
119 
130 
130 
135 
131 
120 
102 
114 
128 
144 
156 
172 
172 
158 
143 
192 
145 
142 
138 
136 
141 
130 
126 
36 
52 
70 
80 
63 
74 
85 
58 
71 
86 
52 
46 

Velocity 
(m/s) 

1495 
1267 
1449 
1392 
1226 
1339 
1486 
1456 
1444 
1339 
1340 
1252 
1478 
1480 
1331 
1515 
1518 

1550 
1723 
1767 
1683 
1356 

1340 
1503 
1630 
1838 
2229 

1356 
1442 
2309 

1713 
1738 
1764 
1718 
1767 
2504 
1849 
1965 
1835 
1855 
1945 
1737 
1692 
1855 
4402 
1400 

2811 

Van shear 
strength 
(kPa) 

114.13 
136.73 
111.87 
108.48 
43.33 
110.74 
142.38 
153.68 
136.05 
156.17 
156.05 
127.12 
152.55 

35.03 
74.58 
57.63 
61.02 
93.79 
41.81 
45.20 
72.89 
106.61 
65.54 
87.01 

profiles. Undoubtedly the strongest reflector within the drilled 
sequence corresponds to the contact between basalt and overly­
ing volcaniclastics (see "Seismic Correlation" section). An im­
pedance contrast of nearly 104Mg x m~2 x s - 1 at 315 mbsf, 
offscale in Figure 59, is well constrained in the seismic record. 
Other contacts having distinct acoustic impedances are found at 
67 mbsf (base of lithologic Unit I), 230, 255, and 277 mbsf. Ten­
tative correlations with the seismic record are discussed in "Seis­
mic Correlation" section. 

Thermal Conductivity 
Thermal conductivities measured at Site 642 are illustrated in 

Figure 56, along with index properties. The conductivities mea­
sured vary between 2 and 4 x 10~3cal x °C _ 1 x cm"1 x s _ 1 

to 67 mbsf and show a well-defined gradient of decreasing con­
ductivity from approximately 2.3 to 1.9 x 10"3cal x ° C _ 1 x 

exhibits a slight increase relative to overlying sediments, reach­
ing a high of 2.49 x 10~3 cal x °C~1 x cm"1 x s"1 at 308 
mbsf. Thermal conductivities were not measured in the indu­
rated material underlying Unit IV. 

The character of the thermal conductivity profile mimics 
that of water content. This relationship, well documented in 
previous research, confirms the trend seen in other index prop­
erties. The variation of sediment lithology in lithologic Unit I 
leads to a wide range of thermal conductivity in this same unit. 
Lithologic Subunit IIA has a nearly constant thermal conduc­
tivity of 2.4 x 10_ 3 cal x ° C - 1 x c m ' 1 x s - 1 . A slight de­
crease marks lithologic Subunit IIB. In contrast, there is a quick 
increase in thermal conductivities in Subunit IIC. Subunit IIC 
has a high conductivity of 2.63 x 10~3 cal x °C~l x cm"1 x 
s" l at 112 mbsf decreasing steadily into Unit III until reaching a 
low of 1.78 x 10~3 cal x °C" 1 x c m ' 1 x s _ 1 at 226 mbsf. 

cm ' x s ' in lithologic Units II and III. Lithologic Unit IV The sediments from below 255 mbsf exhibit a gradual increase 
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Figure 56. Water content, bulk density, porosity, and thermal conductivity profiles for Site 642 sediments 
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Figure 57. Typical torque vs. rotation plots of Site 642 sediments obtained from vane shear-strength measurements. 
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Figure 58. Shear strength (0) and computed effective overburden stress 
(solid line) profiles for Site 642 sediments. The area between the dashed 
lines corresponds to the range of estimated normal consolidation for 
marine sediments (Skempton, 1970). 

in thermal conductivity extending into Unit IV for a maximum 
measured value of 2.52 x 10~3 cal x °C~' x c m - 1 x s _ 1 at 
the base of the sedimentary section. 

Heat-flow estimates were computed at Site 642 using infor­
mation from both thermal conductivities and one downhole 
temperature measurement obtained at 50 mbsf and from resis­
tivities measured during logging. Using the information from 
the temperature probe, namely the lowest values corresponding 
to the mud line and the decayed temperature after HPC punch-
in, a gradient of approximately 0.08°C/m was calculated. Al­
though this information is preliminary, the gradient corresponds 
closely to that deduced from logging (see "Logging Results" 
section). 

Summary 
The profiles illustrated in Figures 56, 58, and 59 clearly indi­

cate a direct correlation between sediment type and the bulk and 
mechanical properties of sediments from ODP Site 642. The 
contrast between glacially influenced Pliocene-Pleistocene sedi­
ments and the more homogeneous and bioturbated Miocene 
sediments accounts for changes in both variability of different 
physical properties and their gradients. 

50 
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300 
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200 — -

250 — 

1000 3000 5000 2000 4000 6000 
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velocity (m/s) 
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(Mgxcm -2xs~1) 

Figure 59. Profiles of acoustic impedance and compressional wave ve­
locity for the sedimentary section at Site 642. 

A review of physical properties for the upper 100 m of sedi­
ments shows the contrasting properties between dark glacial lay­
ers and other sediments of glacial/interglacial events. Similarly, 
the difference between the Quaternary-Pliocene sediments and 
underlying Miocene section is also apparent. Bulk densities mea­
sured on both discrete samples and the GRAPE reflect the inter-
bedded, dark-layer glacial events as high values, usually ranging 
between 1.8 to 2.1 g/cm3. The continuous GRAPE record thus 
provides an excellent pictorial of these events (Fig. 60). Similar 
responses are seen in the other index properties, as well as in 
thermal conductivities. Sediments from these glacial events have 
an average bulk density of 1.93 g/cm3 and water content of 
40%. Conversely, the remainder of the glacial/interglacials are 
typified by a bulk density of 1.74 g/cm3 and a water content of 
63%. The primary difference between these two sedimentary 
types consists of an increase of incorporated calcareous material 
during interglacials and an increase of coarser grained elastics 
during other periods within the glacials. 

The increase of diatoms in sediments during the Miocene ac­
counts for the dramatic shift in physical properties with depth. 
Hamilton (1976) documented the relatively slow change in po­
rosity and bulk density with depth that distinguishes diatoma-
ceous oozes from other sediment types. The abnormal decrease 
in bulk density and increase in porosity with depth within Unit 
III, however, points to an overriding effect of changing sediment 
composition compared to the expected mechanical response from 
overburden. A compositional source for the reverse downhole 
trend of index properties is the amount of disseminated ash and 
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Major lithology: Mud, dark gray (5Y 4/1) to olive 
gray (5Y 4/2), extensively bioturbated and 
mottled, with scattered dropstones and minor 
sandy mud pockets. Contains minor greenish 
laminations and greenish gray mud dropstones. 

Minor lithologies: 
a.) Mud and sandy mud, black (5Y 2.5/2) to very 
dark gray, with rare small scattered dropstones 
and pyrite-filled burrows. Characterized by sharp 
base and heavily-bioturbated top. Section 1, 
97-104, 118-129, and 132-150 cm; Section 2, 
4-7 cm; Section 3, 10-32 cm; Section 4, 35-53, 
60-62, 97-111, and 130-133 cm; Section 5, 
0-20 and 83-87 cm; Section 6, 76-83, 
100-105, and 120-130 cm; Section 7, 
63-71 cm; Core Catcher, 0-2, 8-9, and 
12-14 cm. 

b.) Sandy mud, dark olive gray (5Y 3/2) to 
grayish olive green (5GY 3/2), mottled and 
extensively bioturbated, with scattered small 
dropstones. Section 1, 46-54 and 76-78 cm; 
Section 3, 77-78 cm; Section 5, 39-44 cm. 
c.) Large dropstones. Section 3, 20 and 28 cm; 
Section 4, 47 and 48 cm; Section 6, 63 cm. 

Figure 60. Continuous GRAPE records of glacial and interglacial sediments cored at Site 642. Values of bulk density in excess of 1.7 
g/cm3 represent dark gray to black sandy muds probably deposited during glacial maxima. 



SITE 642 

smectite in the lower section. Lithologic descriptions of the 
lower Miocene section show increasingly greater quantities of 
ash as one approaches lithologic Unit IV (see "Sediment Lithol-
ogy" section). The hydrophilic nature of smectites could ac­
count for both a greater amount of bound water and greater re­
bound characteristics resulting in anomalously low bulk densi­
ties. 

The undrained shear-strength profile of the upper 100 m 
does not show the fluctuations of index properties profiles in re­
sponse to the glacial and interglacial events (Figs. 56 and 59). 
The variability of index properties and lithology within the Qua­
ternary sediments is dramatic; however, those factors producing 
changes in index properties apparently do not govern shear 
strength. A possible explanation for this may rest in the amount 
of sand found within the dark, glacial layers. Sand, although 
quite capable of forming a relatively dense layer, will often de­
crease the shear strength of a sandy clay matrix. The combined 
effect of density increase, burial, and possibly organic carbon 
in these dark, sandy layers can result in a monotonic increase of 
shear strength even when index properties fluctuate. 

The hemipelagic sediments of Units I and II exhibit a nor­
mally consolidated history, reacting to the increasing weight of 
overlying sediments (Fig. 58). Sediments from Unit HI are 
clearly underconsolidated using the criteria discussed by Skemp-
ton (1970). Bryant et al. (1981) described shear strengths of dif­
ferent marine sediments and indicated that shear strengths in di-
atomaceous oozes seldom exceeded 150 kPa. Owing to this dis­
tinct behavior, the Skempton criteria may need to be revised for 
sediments of contrasting composition. Despite their different 
behavior, the sediments from Unit III are still considered under-
consolidated, perhaps as a result of diagenetic processes acting 
in the smectite and ash fractions. 

The lower Miocene-Eocene unconformity at 280 mbsf marks 
the transition from nearly 200 m of a relatively homogeneous 
sequence to sediments of the early Norwegian Sea. Glauconitic 
sands, ashes, and weathered sediments cap a basalt flow found 
at 315 mbsf. The physical properties across this interval show 
penetration into less-weathered material, with higher densities, 
velocities, acoustic impedance, and thermal conductivities. 

Volcanic Section 
Coring at ODP Hole 642E penetrated over 900 m of two se­

ries of volcanic rocks, of which the upper series forms the dip­
ping reflectors observed on seismic records across the outer 
Wring Plateau. Physical properties analyzed on samples from 
this sequence consisted of 2-min. GRAPE (bulk density) and 
compressional-wave velocity. Results of these analyses are listed 
in Table 28. 

Bulk Density 
The volcanic section penetrated at Site 642 can be divided 

into two distinct intervals, above and below 1089 mbsf, on the 
basis of density (Fig. 61). Above 1089 mbsf, bulk density tends 
to vary widely over short intervals. Values range from 1.76 to 
3.08 g/cm3; however, an average value of 2.66 g/cm3 is nearly 
constant throughout the upper interval. Below 1089 mbsf there 
is an abrupt decrease in average density to 2.44 g/cm3 and a 
somewhat narrower range of values, 2.02 to 2.94 g/cm3. 

Compressional- Wave Velocity 
Compressional-wave velocity is a clearly defined function of 

density in the hard rock section at Site 642 (Fig. 62). Changes in 
velocity closely track, and are roughly proportional to, density 
variations (Fig. 61). A distinct shift in average vertical velocity 
occurs at 1089 mbsf, decreasing from 4685 m/s above this depth 
to 4118 m/s below. These average velocities are higher than 
those estimated from VSP and multichannel seismic analyses 

and are probably an artifact of preferred recovery and sampling 
of structurally intact rock. 

Velocities in the two horizontal directions (Vel B and Vel C, 
Table 28) are generally comparable to vertical velocity (Vel A). 
Calculated velocity anisotropies (see "Explanatory Notes") of 
up to 30% were obtained in different lithologies; however, most 
lithologies exhibit anisotropies ranging between - 10% to 10%. 
As opposed to typical anisotropies measured in sediments, the 
material at Hole 642E had both positive and negative values for 
velocity anisotropy (Fig. 63). No correlation was found between 
the number or the magnitude of anisotropies with changes in 
depth, bulk density, or velocity. A preliminary review of these 
measurements reveals the largest anisotropies are associated with 
fine-grained, vesicular, or streaky basalt. 

Acoustic Impedance 
The acoustic impedance curve (Fig. 61, computed from bulk 

density and Vel A, Table 28) reflects the changes in both density 
and velocity. The amount of impedance contrast varies widely 
throughout the hard-rock section with the larger contrasts oc­
curring below the interval around 1089 mbsf. These strong acous­
tic impedance contrasts are probably associated with the high-
amplitude seismic reflectors near the base of the dipping reflec­
tor sequence (see "Seismic Correlation" section). The largest 
impedance contrast is at 1089 mbsf, where abrupt shifts in aver­
age density and velocity occur (Fig. 61). This event, perhaps en­
hanced by the second large contrast around 1170 mbsf, is be­
lieved to correspond to seismic reflector K. Other large imped­
ance contrasts also occur at 450 and 680 mbsf, corresponding to 
contacts between volcanic tuffs and fine-grained basalt. 

The average impedance in the hard-rock section (12631 Mg 
x m~2 x s_ 1)is much higher than in the overlying sedimentary 
section, which averages 2622 Mg x m~2 x s_ 1 , and accounts 
for the high-amplitude reflector near the base of the sediments. 

Relationship of Physical Properties to Lithologic Units 
The highest values of density and velocity are associated most 

often with fine-grained, streaky, aphyric basalt. The lowest val­
ues occur in brown tuffs and scoria. 

Compressional-wave velocities in some intervals of the section 
suggest repeated sequences of increasing velocity with depth. 
These sequences extend across several flows. Detailed future 
analyses may establish a correlation between these patterns and 
flow boundaries or flow-sequence boundaries. Gebhard and 
Carlson (1983) found that compressional-wave velocity in basalt 
from the Rio Grande Rise (Site 516F, DSDP Leg 72) increases 
with depth below the flow surface due to a progressive decrease 
in the degree of alteration. A correlation between sequences of 
increasing velocity with depth and flow boundaries would sug­
gest a similar cause in the Site 642 basalt. Chemical alteration 
does occur in some intervals of the Site 642 basalt ("Basement 
Lithology" section). A correlation between velocity sequences 
and sequences of basalt flows may reflect compositional/altera­
tion changes between and within flows. 

LOGGING RESULTS 

Background 
The geophysical logs run at Site 642 were selected to augment 

laboratory measurements, to support other experiments planned 
at the site and to provide engineering data. Two holes were 
logged at this site; two suites of logs were recorded in Hole 642D 
which penetrated the upper sedimentary section, and three runs 
were made in Hole 642E which traversed the upper volcanic se­
ries. 

The compensated neutron porosity tool was used because it 
samples a larger formation volume than that possible from cor-
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Table 28. Summary of physical-properties data obtained from the volcanic sequence at ODP Hole 642E. 

Depth 
(mbsf) 

355.27 
356.43 
367.05 
374.50 
374.54 
375.25 
377.40 
385.25 
389.29 
395.74 
400.17 
401.09 
406.94 
407.54 
408.15 
408.95 
410.80 
412.56 
415.12 
416.54 
418.71 
425.36 
426.87 
428.00 
433.10 
437.57 
439.25 
442.52 
446.69 
448.44 
451.89 
453.94 
455.24 
461.20 
463.38 
464.50 
465.06 
466.08 
468.09 
470.00 
472.08 
473.93 
477.29 
478.77 
480.96 
483.34 
490.26 
491.46 
497.04 
498.26 
502.60 
504.86 
508.71 
513.10 
513.87 
517.31 
525.48 
525.79 
531.08 
532.33 
540.01 
543.39 
544.62 
547.75 
549.90 
554.45 
560.47 
562.35 
565.84 
565.84 
566.94 
567.32 
569.33 
570.12 
571.19 
572.13 

Core 

7 
7 
9 
10 
10 
10 
10 
11 
12 
13 
14 
14 
15 
15 
15 
15 
15 
15 
16 
16 
16 
17 
17 
17 
18 
18 
18 
19 
19 
19 
20 
20 
20 
21 
21 
21 
21 
21 
21 
22 
22 
22 
22 
22 
23 
23 
24 
24 
25 
25 
26 
26 
26 
27 
27 
28 
28 
28 
29 
29 
30 
30 
30 
30 
31 
31 
32 
32 
32 
33 
33 
33 
33 
33 
33 
33 

Section 

1 
2 
1 
1 
1 
2 
3 
2 
1 
1 
1 
1 
2 
2 
2 
3 
4 
5 
1 
2 
3 
1 
2 
3 
1 
4 
5 
1 
4 
5 
1 
2 
3 
1 
2 
3 
3 
4 
5 
1 
2 
3 
5 
6 
1 
3 
1 
2 
3 
4 
1 
3 
5 
2 
3 
5 
4 
5 
1 
2 
1 
3 
4 
6 
1 
4 
2 
3 
1 
1 
2 
2 
3 
4 
5 
5 

Bulk density 
(g/cm3) 

2.06 
2.09 
2.87 

2.89 
2.86 

3.08 
1.97 
2.82 
2.74 
2.51 
2.69 
2.43 
2.84 
2.81 
2.42 
2.73 
2.79 
2.65 
2.75 
2.75 
2.82 
2.90 
2.93 
2.95 
2.80 
2.87 
2.87 
2.12 
2.49 
2.57 
2.65 
2.09 
2.71 
2.50 
2.50 
2.66 
2.62 
2.72 
2.69 
2.77 
2.84 
2.65 
1.91 
2.53 
2.37 
2.77 
2.80 
2.44 
2.86 
2.62 
2.93 
2.42 
2.51 
2.72 
2.30 
2.71 
2.22 
2.73 
2.78 
2.87 
2.90 
2.55 
2.60 
2.79 
2.93 
2.95 
2.94 
2.88 
2.81 
2.59 
2.78 
2.85 
2.88 
2.79 

Vel A 

5717 

5104 

4420 

4779 

4764 

3996 
4781 
4293 
5144 
5880 
6068 
6043 
5255 
5107 
5431 
2225 
3508 
3962 
3725 
1542 
3772 
3932 
4779 
4472 
4301 
4530 
4433 
5331 
5267 
4295 
1901 
4069 
3416 
4613 
4518 
2902 
5471 
4282 
5776 
3852 
3873 
4129 
2156 
4225 
3596 
4390 
5075 
5698 
5657 
3982 
3619 
4228 
5280 
5670 
5429 
5714 
4761 
4822 
5338 
5501 
5634 
4917 

VelB 

3312 
3072 
5492 
5603 

5104 

4472 

4695 

4806 

4439 
5046 
5010 
5028 
5865 
5264 
5967 
5255 

3616 
4122 

2029 

4313 

4525 
4520 

5573 
3319 
3465 
4071 
4759 
4759 
3964 
2835 
4667 
4225 
5979 

3429 
5209 

3654 
3596 
4659 
5091 
5833 
5671 
4123 
3959 
4822 
4982 
5684 
5507 
5646 
4591 
4756 
5227 
5338 
5541 
5165 

VelC 

5653 
4960 
5160 
5131 
8721 
2552 
4863 
4853 
3988 
4746 
4388 
4625 
4655 
4668 
4323 
4655 
4351 
4230 
5000 
4687 
5330 
5425 
6159 
4820 

3506 

4315 

5089 
4431 
3518 
3722 
4825 
3722 
4542 
2867 
4826 
4461 
6052 

4533 

3863 
3634 
4318 
5001 
4820 
5581 
4000 
3294 
5195 
5369 
4643 
5355 
5592 
4955 
5106 
4852 
5473 
5450 
4991 

Acoustic impedance 
(Mg x m _ ? x s_1) 

12464.40 

13429.99 

13005.72 

10589.40 
13147.75 
13455.75 
14506.08 
17052.00 
17779.24 
17826.85 
14714.00 
14657.09 
15586.97 
4717.00 
8734.92 
10182.34 
9871.25 
3222.78 
10222.12 
9630.00 
11947.50 
11895.52 
11268.62 
12321.60 
11924.77 
14799.87 
14958.28 
11381.75 
3630.91 
10294.57 
8095.92 
12778.01 
12650.40 
7080.88 
15647.06 
11129.76 
16923.68 
9321.84 
9721.23 
11230.88 
4958.80 
11449.75 
7983.12 
11984.70 
14108.50 
16353.26 
16405.30 
10154.10 
9403.40 
11796.12 
15470.40 
16726.50 
15961.26 
16456.32 
13378.41 
12486.98 
14839.64 
15677.85 
16225.92 
13718.43 

Average 
velocity 

5657 

5113 

4595 

4709 

4631 

4262 
4995 
4967 
4953 
5691 
5585 
8056 
5110 

3543 

4187 

5309 
4015 
2961 
3954 
4333 
4364 
4341 
2868 
4988 
4311 
5935 

4623 

3914 
3608 
4455 
5055 
5450 
5636 
4035 
3624 
4748 
5210 
5332 
5430 
5650 
4769 
4894 
5139 
5437 
5541 
5024 

Anisotropy 

1.590949 

- 0.264033 

-5.398037 

2.208224 

4.307925 

-3.361802 
-3.213482 
- 2.254580 
5.784373 
4.963397 
12.952796 
-0.330233 
4.256360 

-1.495767 

-9.157844 

-1.205349 
10.460772 

-53.708915 
4.362671 

-31.753846 
8.534443 
6.104115 
1.778243 
14.524860 
- 2.203495 
-4.034930 

-16.047870 

11.918753 
-0.526510 
-2.210668 
0.573614 
6.816097 
0.550003 

-1.970260 
-0.206954 
- 16.437346 

2.005630 
9.498656 

-0.036830 
1.681218 

-0.251625 
-2.226914 
5.808523 
1.756376 
2.499248 

-3.204405 



Table 28 (continued). 

SITE 642 

Depth 
(mbsf) 

574.44 
575.18 
595.82 
586.67 
587.53 
589.32 
593.67 
603.00 
612.80 
615.90 
617.50 
631.90 
633.30 
634.50 
641.10 
641.80 
642.80 
643.70 
644.90 
650.65 
652.34 
653.16 
679.63 
680.85 
682.32 
684.24 
688.73 
690.96 
692.39 
692.83 
697.68 
698.66 
717.40 
718.18 
718.59 
723.39 
729.44 
730.39 
731.74 
738.87 
740.62 
740.93 
742.78 
743.37 
758.28 
759.38 
761.16 
763.19 
764.29 
766.47 
768.63 
769.92 
771.45 
771.95 
772.24 
773.06 
776.53 
777.70 
779.85 
785.11 
785.92 
787.52 
794.99 
795.67 
797.01 
803.84 
804.95 
809.95 
812.33 
813.06 
814.34 
816.39 
817.77 
820.04 
820.49 
822.63 
825.47 

Core 

34 
34 
35 
35 
35 
35 
36 
37 
38 
38 
39 
40 
40 
40 
41 
41 
41 
41 
41 
42 
42 
42 
45 
45 
45 
45 
46 
46 
46 
46 
47 
47 
50 
50 
50 
51 
53 
53 
53 
54 
54 
54 
54 
54 
56 
57 
57 
57 
57 
58 
58 
59 
58 
58 
58 
58 
59 
59 
59 
60 
60 
60 
61 
61 
61 
62 
62 
63 
63 
63 
63 
64 
64 
64 
64 
64 
65 

Section 

1 
1 
2 
2 
3 
4 
1 
1 
1 
3 
4 
1 
2 
3 
1 
1 
2 
3 
3 
1 
2 
3 
1 
2 
3 
5 
1 
2 
3 
4 
1 
1 
1 
2 
2 
1 
1 
1 
2 
1 
2 
2 
3 
4 
1 
1 
2 
3 
4 
1 
2 
3 
4 
4 
5 
5 
1 
2 
3 
1 
1 
2 
1 
1 
2 
1 
1 
1 
2 
3 
4 
1 
2 
3 
4 
5 
1 

Bulk density 
(g/cm3) 

2.11 
2.75 
2.82 
2.40 
2.72 
2.69 
2.08 
2.73 

2.80 
2.59 
2.79 
2.67 
2.55 
2.74 
2.41 
2.46 
2.71 
2.63 
2.14 
2.77 
2.73 
1.91 
2.51 
2.67 
2.91 
2.92 
2.95 
2.78 
2.54 
2.57 
2.65 
2.87 
2.45 
2.57 
2.75 
2.43 
2.54 
2.76 
2.87 
2.51 
2.36 
2.88 
2.77 
2.54 
2.60 
2.45 
2.54 
2.77 
2.74 
2.69 
2.77 
2.78 
2.78 
2.86 
2.68 
2.50 
2.74 
2.82 
2.26 
2.56 
2.87 
2.64 
2.57 
2.58 
1.76 
2.72 
2.54 
2.82 
2.92 
2.94 
2.81 
2.94 
2.78 
2.46 
2.37 
2.54 

Vel A 

3110 
4701 
5199 
4182 
5402 
4317 
4433 
5697 
5744 
5547 
4193 
5297 
4517 
4718 
5236 
3643 
3875 
4678 
4388 
2413 
5039 
5094 
2296 
5653 
6059 
6497 
6330 
5680 
4133 
3842 
4549 
4604 
5235 
3786 
4031 
4589 
3946 
4319 
5305 
5976 
4234 
3255 
5588 
5720 
4244 
4439 
3667 
3801 
5044 
5057 
4975 
5163 
5574 
5172 
5602 
4851 
3854 
5099 
5535 
5010 
3935 
5614 
4052 
4111 
3974 
3961 
3980 
3721 
3829 
5049 
5942 
6263 
5960 
5991 
4147 
3748 
6032 

VelB 

3174 
4886 
5175 
4148 
5404 
4594 
4400 
5671 
5702 
5672 
4276 
5187 
4373 
4432 
5239 
3470 
3968 
5054 
4371 
2283 
5013 
4626 
2320 
5775 
5870 
5809 
6053 
6256 
4552 
3369 
4568 
4029 
5305 
3677 
3662 
4558 
4019 
4318 
5276 
6022 
4155 
3145 
5503 
5794 
3930 
4135 
3617 
3777 
4497 
4937 
4937 
4949 
5639 
5164 
5607 
4792 
3780 
5036 
5548 
4847 
3922 
5634 
4103 
4236 
4103 
4132 
4313 
3375 
5577 
5728 
5826 
6317 
6395 
6161 
4155 
3705 
4268 

VelC 

2992 
4822 
4908 
3963 
5326 
4509 
5006 
5669 
5347 
5053 
4378 
5220 
4486 
4552 
5066 
3386 
3936 
4783 
4032 
2468 
4174 
3671 
2356 
5229 
5359 
5880 
6389 
5654 
4921 
3497 
4617 
4379 
5077 
3710 
3767 
4539 
3420 
4026 
5321 
5430 
3994 
2731 
5599 
5439 
4259 
3937 
3709 
3633 
4965 
4763 
4783 
5257 
5627 
5261 
5636 
4483 
3739 
5048 
5559 
4841 
3933 
5523 
4152 
4220 
3992 
3752 
4177 
3419 
5647 
5678 
5379 
6253 
6161 
5189 
4071 
3603 
4387 

Acoustic impedance 
(Mg x m ~ ? x s_1) 

6562.10 
12927.75 
14661.18 
10036.80 
14693.44 
11612.73 
9220.64 
15552.81 

15531.60 
10859.87 
14778.63 
12060.39 
12030.90 
14346.64 
8779.63 
9532.50 
12677.38 
11540.44 
5163.82 
13958.03 
13906.62 
4385.36 
14189.03 
16177.53 
18906.27 
18483.60 
16756.00 
11489.74 
9758.68 
11690.93 
12200.60 
15024.45 
9275.70 
10359.67 
12619.75 
9588.78 
10970.26 
14641.80 
17151.12 
10627.34 
7881.80 
16093.44 
15844.40 
10779.76 
11541.40 
8984.15 
9654.54 
13971.88 
13856.18 
13382.75 
14301.51 
15495.72 
14378.16 
16021.72 
13000.68 
9635.00 
13971.26 
15608.70 
11322.60 
10073.60 
16112.18 
10697.28 
10565.27 
10252.92 
6971.36 
10825.60 
9451.34 
10797.78 
14743.08 
17469.48 
17599.03 
17522.40 
16654.99 
10201.62 
8882.76 
15321.28 

Average 
velocity 

3092 
4803 
5094 
4097 
5377 
4473 
4613 
5679 
5597 
5424 
4282 
5234 
4458 
4567 
5180 
3499 
3926 
4838 
4263 
2388 
4742 
4463 
2324 
5552 
5762 
6062 
6257 
5863 
4535 
3569 
4578 
4337 
5205 
3724 
3820 
4562 
3795 
4221 
5300 
5809 
4127 
3043 
5563 
5651 
4144 
4170 
3664 
3737 
4835 
4889 
4898 
5123 
5613 
5199 
5615 
4708 
3791 
5061 
5547 
4899 
3930 
5590 
4102 
4189 
4023 
3948 
4156 
3505 
5017 
5485 
5715 
6277 
6172 
5780 
4124 
3685 
4895 

Anisotropy 

0.873221 
-3.185509 
3.091873 
3.087123 
0.688073 

-5.242176 
-5.853024 
0.475436 
3.921277 
3.401549 

-3.129135 
1.786169 
1.962470 
4.948183 
1.611865 
6.143442 

-1.961117 
- 4.970720 
4.374169 
1.570352 
9.394770 
21.182137 
-1.807229 
2.719577 
7.713443 
10.763774 
1.741956 

-4.690165 
- 13.306629 
11.458722 
-0.950197 
9.222256 
0.845233 
2.483666 
8.285340 
0.887769 
5.968379 
3.482587 
0.122626 
4.303420 
3.864169 
10.415070 
0.665069 
1.831534 
3.607335 
9.663496 
0.109160 
2.568906 
6.473184 
5.154428 
2.347737 
1.171189 

-1.051069 
-0.778996 
-0.347284 
4.534192 
2.492746 
1.126260 

-0.333494 
3.388216 
0.190840 
0.635025 

-1.840416 
-2.793029 
-1.825995 
0.481216 

-6.375301 
9.243937 

-35.534445 
-11.923428 

5.939815 
-0.350449 
-5.152301 
5.466813 
0.824376 
2.550651 
34.816504 
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SITE 642 

Table 28 (continued). 

Depth 
(mbsf) 

834.80 
836.39 
838.47 
839.67 
845.42 
846.22 
846.93 
854.08 
854.91 
856.50 
863.38 
864.07 
865.17 
867.28 
873.50 
874.55 
882.30 
884.95 
886.02 
891.21 
892.49 
896.53 
898.83 
900.11 
900.24 
902.05 
904.99 
907.14 
910.40 
912.45 
913.92 
914.57 
922.15 
923.98 
931.49 
933.11 
935.35 
941.43 
942.69 
950.82 
951.15 
952.18 
959.53 
961.39 
968.91 
970.99 
978.06 
978.47 
987.92 
989.67 
997.20 
1007.10 
1009.50 
1011.80 
1012.50 
1013.50 
1014.20 
1016.50 
1017.80 
1018.70 
1019.60 
1025.80 
1026.60 
1027.40 
1035.50 
1036.60 
1044.80 
1045.89 
1054.63 
1055.30 
1057.72 
1063.92 
1065.20 
1066.41 
1073.10 
1075.60 
1079.90 

Core 

66 
66 
66 
66 
67 
67 
67 
68 
68 
68 
69 
69 
69 
69 
70 
70 
71 
71 
71 
72 
72 
73 
73 
73 
73 
73 
74 
74 
74 
75 
75 
75 
76 
76 
77 
77 
77 
78 
78 
79 
79 
79 
80 
80 
81 
81 
82 
82 
83 
83 
84 
85 
85 
85 
85 
85 
85 
86 
86 
86 
86 
87 
87 
87 
88 
88 
89 
89 
90 
90 
90 
91 
91 
91 
92 
92 
93 

Section 

1 
2 
3 
4 
1 
2 
2 
1 
1 
2 
1 
1 
2 
3 
1 
2 
2 
3 
4 
1 
2 
1 
2 
3 
3 
4 
2 
4 
6 
1 
2 
2 
1 
2 
1 
2 
3 
1 
2 
1 
1 
2 
1 
2 
1 
2 
1 
1 
1 
2 
1 
1 
3 
4 
5 
5 
6 
1 
2 
2 
3 
1 
1 
2 
1 
2 
2 
1 
2 
3 
1 
2 
3 
1 
2 
1 

Bulk density 
(g/cm3) 

2.68 
2.71 
2.80 
2.76 
2.31 
2.75 
2.67 
2.59 
2.63 
2.57 
2.68 
2.85 
2.78 
2.89 
2.42 
2.74 
2.64 
2.85 
2.83 
2.06 
2.55 
2.65 
2.92 
2.83 
2.91 
2.90 
2.89 
2.89 
2.79 
2.54 
2.47 
2.74 
2.51 
2.61 
2.61 
2.65 
2.84 
2.53 
2.75 
2.61 
2.31 
2.56 
2.79 
2.48 
2.84 
2.76 
2.70 
2.70 
2.47 
2.75 
2.77 
2.87 
2.92 
2.91 
2.82 
2.33 
2.62 
2.83 
2.58 
2.73 
2.57 
2.52 
2.47 
2.83 
2.60 
2.91 
2.48 
2.60 
2.76 
2.93 
2.87 
2.35 
2.71 
2.75 
2.43 
2.82 
2.77 

Vel A 

4123 
5229 
5044 
5409 
3784 
4509 
4658 
3865 
4199 
4442 
4565 
5451 
4868 
5708 
3272 
4831 
3879 
5532 
5444 
3015 
3742 
4140 
5672 
5322 
5501 
5966 
5796 
5954 
5184 
4090 
3955 
4694 
4196 
4296 
3691 
4119 
5393 
3191 
4893 
4184 
3664 
4086 
5609 
3888 
5558 
5518 
4621 
4875 
3541 
4683 
5192 
5903 
5960 
5900 
5259 
2337 
3802 
5363 
3829 
3757 
3544 
4324 
4223 
5351 
4029 
4970 
3753 
3949 
5003 
6078 
6062 
2705 
4675 
4675 
5313 
5704 
5321 

Vel B 

4029 
5292 
5052 
5476 
3888 
4604 
4704 
4025 
4205 
4697 
4656 
5466 
4942 
6849 
3479 
4856 
4456 
5527 
5278 
2839 
4216 
4383 
5736 
5392 
5511 
5948 
6129 
6012 
5005 
4065 
3994 
4868 
4365 
4371 
3975 
4247 
5421 
3537 
4510 
4432 
4075 
3907 
5713 
3978 
5458 
5580 
4517 
4276 
3969 
4975 
5219 
5786 
5960 
6050 
5305 
3322 
4110 
5483 
4327 
4353 
3721 
4384 
4147 
5304 
3709 
4471 
3746 
3976 
4990 
6062 
5804 
2365 
4803 
4803 
5313 
5675 
5283 

VelC 

4105 
4383 
4842 
4040 
3755 
4478 
4644 
3913 
4077 
4603 
4632 
5270 
5162 
5746 
3466 
4831 
4240 
5264 
5371 
2635 
3275 
4156 
5216 
5195 
4350 
5986 
5917 
5880 
5305 
4332 
3940 
4719 
4301 
4234 
3804 
4148 
5200 
3936 
4270 
3594 
3998 
4043 
5553 
3843 
5768 
5328 
4564 
4722 
3711 
4401 
5245 
5847 
5929 
5887 
5378 
3214 
3965 
5303 
4143 
4298 
3677 
4380 
4297 
5312 
3895 
4742 
3519 
4087 
4912 
5984 
5788 
3171 
4955 
4955 
4717 
5468 
5051 

Acoustic impedance 
(Mg X m x s_1) 

11049.64 
14170.59 
14123.20 
15037.02 
8741.04 
12399.75 
12436.86 
10010.35 
11043.37 
11415.94 
12234.20 
15535.35 
13533.04 
16496.12 
7918.24 
13236.94 
10240.56 
15766.20 
15406.52 
6210.90 
9542.10 
10971.00 
16562.24 
15061.26 
16007.91 
17301.40 
16750.44 
17207.06 
14463.36 
10388.60 
9766.85 
12861.56 
10531.96 
11212.56 
9633.51 
10915.35 
15316.12 
8073.23 
13445.75 
10920.24 
8463.84 
10460.16 
15649.11 
9642.24 
15784.72 
15229.68 
12476.70 
13162.50 
8746.27 
12878.25 
14381.84 
16941.61 
17403.20 
17169.00 
14830.38 
5445.21 
9961.24 
15177.29 
9878.82 
10256.61 
9108.08 
10896.48 
10430.81 
15143.33 
10475.40 
14462.70 
9307.44 
10267.40 
13808.28 
17808.54 
17397.94 
6356.75 
12669.25 
12856.25 
12910.59 
16085.28 
14739.17 

Average 
velocity 

4085 
4968 
4979 
4975 
3809 
4530 
4668 
3934 
4160 
4580 
4617 
5395 
4990 
6101 
3405 
4839 
4191 
5441 
5364 
2829 
3744 
4226 
5541 
5303 
5120 
5966 
5947 
5948 
5164 
4162 
3963 
4760 
4287 
4300 
3823 
4171 
5338 
3554 
4557 
4070 
3912 
4012 
5625 
3903 
5594 
5475 
4567 
4624 
3740 
4686 
5218 
5845 
5949 
5945 
5314 
2957 
3959 
5383 
4099 
4136 
3647 
4362 
4222 
5322 
3877 
4727 
3672 
4004 
4968 
6041 
5884 
2747 
4811 
4811 
5114 
5615 
5218 

Anisotropy 

1.370645 
7.880435 
1.948052 
13.085427 
-0.984510 
-0.706350 
-0.342710 
-2.643395 
1.394119 

-4.540824 
-1.710821 
1.538271 

-3.686882 
-9.6623250 
-5.887247 
-0.258300 
-11.188867 

2.508730 
2.22767 
9.824479 

- 0.093475 
-3.064122 
3.537055 
0.537432 
11.141127 
-0.016760 
-3.816837 
0.134484 
0.561508 

-2.606711 
-0.302801 
-2.090190 
-3.195459 
-0.151151 
-5.191805 
-1.881892 
1.545523 

-15.346024 
11.036349 
4.201474 

-9.521172 
2.766700 

- 0.426667 
-0.576480 
- 0.983079 
1.168879 
1.762516 
8.130902 

-7.993940 
-0.106693 
- 0.766479 
1.479813 
0.260519 

-1.152100 
-1.552503 
-31.477516 
-5.948472 
-0.557310 
- 9.903244 
-13.745164 
-4.249880 
-1.329462 
0.023684 
0.807916 
5.854036 
7.688782 
3.280995 

- 2.060440 
1.046629 
0.910395 
4.520222 

-2.293411 
- 4.240283 
- 4.240283 
5.826761 
2.359471 
2.951134 
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Table 28 (continued). 

SITE 642 

Depth 
(mbsf) 

1082.00 
1084.50 
1085.10 
1086.90 
1089.00 
1089.30 
1091.30 
1102.40 
1103.90 
1109.90 
1111.50 
1116.90 
1119.00 
1126.90 
1128.40 
1135.50 
1136.70 
1144.50 
1146.60 
1154.60 
1155.30 
1156.90 
1163.10 
1165.20 
1166.80 
1169.80 
1173.30 
1175.10 
1177.20 
1178.40 
1182.40 
1191.40 
1193.02 
1195.46 
1196.39 
1201.26 
1202.40 
1211.09 
1212.51 
1220.36 

Core 

93 
93 
93 
94 
94 
94 
94 
95 
95 
97 
97 
98 
98 
99 
99 

100 
100 
101 
101 
102 
102 
102 
103 
103 
104 
104 
105 
105 
105 
105 
106 
107 
107 
107 
107 
108 
108 
109 
109 
110 

Section 

3 
4 
6 
2 
3 
3 
5 
1 
2 
1 
2 
1 
3 
2 
3 
1 
2 
1 
2 
1 
2 
3 
1 
2 
1 
3 
1 
2 
4 
4 
1 
1 
2 
3 
4 
1 
2 
1 
2 
1 

Bulk density 
(g/cm3) 

2.90 
2.93 
2.94 
2.92 
2.43 
2.47 
2.25 
2.15 
2.15 
2.34 
2.17 
2.18 
2.47 
2.20 
2.35 
2.12 
2.51 
2.49 
2.48 
2.36 
2.04 
2.83 
2.92 
2.86 
2.90 
2.94 
2.93 
2.88 
2.94 
2.37 
2.26 
2.20 
2.46 
2.18 
2.02 
2.37 
2.29 
2.45 
2.46 
2.48 

Vel A 

6364 
6271 
6364 
6492 
3645 
2335 
2145 
2066 
2565 
3863 
2936 
3217 
5479 
3457 
3845 
3006 
4078 
4924 
4240 
3152 
3440 
5683 
5942 
5972 
6128 
6389 
6423 
5880 
6220 
3530 
3960 
2783 
3557 
3323 
2794 
3185 
3389 
3472 
3737 
4541 

VelB 

6413 
6483 
6498 
6561 
3639 
2630 
2291 
2226 
2721 
3895 
3281 
3323 
5471 
3351 
3846 
2898 
5172 
4875 
4479 
3376 
3260 
5365 
5916 
5833 
6253 
6365 
6413 
5880 
6277 
3647 
4399 
2933 
3976 
3666 
3167 
3707 
3670 
4050 
3910 
4622 

VelC 

6299 
6304 
6356 
6391 
3529 
2655 
2307 
2404 
2620 
2936 
2955 
3114 
4996 
3278 
3874 
2849 
4862 
4607 
4419 
3130 
3407 
5593 
6030 
5137 
6108 
6401 
6293 
5804 
6292 
3581 
3997 
2489 
4077 
3590 
2765 
3735 
3270 
3520 
3895 
4798 

Acoustic impedance 
(Mg x m - 2 ' x s _ 1 ) 

18455.60 
18374.03 
18710.16 
18956.64 
8857.35 
5767.45 
4826.25 
4441.90 
5514.75 
9039.42 
6371.12 
7013.08 

13533.13 
7605.40 
9035.75 
6372.72 

10235.78 
12260.76 
10515.20 
7438.72 
7017.60 

16082.89 
17350.64 
17079.92 
17771.20 
18783.66 
18819.39 
16934.40 
18286.80 
8366.10 
8949.60 
6122.60 
8750.22 
7244.14 
5643.88 
7548.45 
7760.81 
8506.40 
9193.02 

11261.68 

Average 
velocity 

6358 
6352 
6406 
6481 
3604 
2540 
2247 
2232 
2635 
3564 
3057 
3218 
5282 
3362 
3855 
2917 
4704 
4802 
4379 
3219 
3369 
5547 
5929 
5647 
6163 
6385 
6376 
5854 
6263 
3586 
4112 
2735 
3870 
3526 
2908 
3542 
3443 
3680 
3847 
4653 

Anisotropy 

0.125813 
-1.928324 
-0.983453 

0.246863 
1.692407 

-12.106299 
-6.851550 

-11.155914 
- 4.003289 
12.553768 

-5.952900 
-0.046613 

5.594472 
4.238548 

-0.389105 
4.541300 

- 19.961735 
3.810912 

-4.772416 
-3.137296 

3.161175 
3.677664 
0.320441 
8.623539 

-0.851858 
0.093970 
1.097810 
0.649055 

-1.029858 
-2.342443 
-5.544747 

2.632541 
-12.131783 

-8.649211 
-5.913362 

-15.131269 
-2.352599 
-8.503894 
-4.301681 
-3.631545 

Note: Vel A: compressional wave velocity measured parallel to the core (m/s); Vel B and Vel C: compressional wave velocity 
measured in mutually perpendicular directions and perpendicular to core penetration (m/s); average velocity from Vel 
A, B, C (m/s); Anisotropy: vertical compressional wave anisotropy (%). 

ing and it perhaps gives better porosity values because porosity 
changes caused by the coring operation are eliminated. The 
lithodensity tool was run for similar reasons. A spectral resolu­
tion of the natural radiation from the potassium, uranium, and 
thorium decay series was recorded with the natural gamma-ray 
spectroscopy tool (NGT) and the data aided in the identifica­
tion of clay zones. The natural radiation log provided depth 
markers used to tie the logging runs together. Together the radi­
ation tools gave an indication of the location of some of the ash 
layers encountered in the sedimentary section of Hole 642D, 
and were very successful at locating the depth of sedimentary 
layers in the volcanic section of Hole 642E. The dual induction 
tool measured the formation resistivity, which provided a check 
on the porosity log by interrogating the formation for large-
scale inhomogeneities well removed (5 m) from the borehole. 
Another focused electric tool measured resistivities near the 
borehole. The long spacing sonic (LSS) tool was run to measure 
the sonic velocity of the sediments and volcanics in support of 
the vertical seismic profiling experiment. Unfortunately, in the 
upper sedimentary section, this log was largely unsuccessful be­
cause of the very low velocity characteristics of the formation. 
The sonic logging run in the lower hard-rock section, however, 
provided an excellent velocity profile of the basalt flows. The 
caliper tool was run to record borehole diameter. The acoustic 
borehole televiewer was run in Hole 642E. 

All depths referenced were measured by the movement of the 
logging cable. All data recorded in Holes 642D and 642E are 
presented as figures at the end of this chapter. Logs can be ob­
tained at a scale of 1:500 from the Lamont-Doherty Geological 
Observatory, Borehole Research Group, Palisades, New York, 
10964. 

Hole 642D 

Sedimentary Section 
Two logging suites were run in Hole 642D of the ODP Leg 

104 program. The tools run in each suite and the quality of the 
resulting logs are summarized below. 

Run 
n o . 

1 
1 
1 
1 
2 

2 
2 

Log name 

Long-spaced sonic 
Dual induction 
Natural gamma ray 
Caliper 
Natural gamma-ray 

spectrometry 
Lithodensity 
Compensated neutron 

Sub-bottom 
depth interval (m) 

30.9-207.9 
33.0-198.0 
30.9-207.9 
30.9-207.9 
33.0-208.0 

33.0-208.0 
40.0-203.0 

Quality 

Poor 
Good 
Good 
Failed 
Good 

Good 
Good 
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Figure 61. Profiles of bulk density, compressional wave velocity, and acoustic impedance from the volcanic sequence cored at Hole 642E. 
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Figure 62. Compressional wave velocity-bulk density crossplots obtained 
from shipboard-laboratory measurements of the volcanic sequence at 
ODP Site 642. 

300 

500 

700 

§ 900 
CO 

1 100 

1300 

• • 
• • 

• • • • 

w • 

4V'. 

. ; * • 
• • * . . 

* y ' 
• • • • • 

-30 •10 10 
Anisotropy (%) 

30 

Figure 63. Vertical anisotropy profile of samples from the volcanic se­
quence recovered at Hole 642E. 

Interpretation 

Dual Induction Log 
The electrical resistivities measured by the Schlumberger deep 

(ILD) and medium (ILM) induction tools were essentially the 
same. While the Schlumberger spherically focused electric tool 

tracked the induction tools, its measured resistivities were con­
sistently about 0.1 ohm-m lower (see Hole 642D log at end of 
this chapter). This effect is a manifestation of conductive fluids 
in the borehole and its consequences on the log interpretation 
are negligible. In particular, both the ILD and ILM induction 
tools are measuring the true formation resistivities in Hole 642D. 

The formation resistivity measured in Hole 642D is nearly a 
featureless function of depth, the only exception being the 0.5 
ohm-m change across the contact between sandy mud to sili­
ceous mud sediments at approximately 63 mbsf. The electric 
tools did not provide a mark when they passed through the nu­
merous ash layers encountered in Hole 642D. 

When the electrical resistivity is combined with suitable elec­
trical constitutive relations, it can provide an estimate of poros­
ity. Unfortunately, such a relation is unavailable for the present 
lithology; however, available data may be used to formulate 
such an expression, which should be useful in future logging ef­
forts where porosity information is not available from neutron 
logs. 

The form of an electrical model for porosity was first put 
forth by Archie (1942): 

Rt = Rw<t> (1) 

where Rt is the formation resistivity, Rw is the resistivity of the 
pore fluids (taken here to be sea water), <t> is the porosity and m 
is a constant for a given formation fabric and often has a value 
near two. In the following, m is evaluated for the sediments en­
countered in Hole 642D. 

The formation water resistivity is a function of its ionic con­
tent and its temperature. For this calculation, the temperature 
variation in the hole is neglected since its effect on m is small. 
The ionic content of the water was taken to be 30,000 ppm (ap­
proximately seawater), temperature = 10°C, and Rw = 0.295 
ohm-meter. Porosities in the hole were obtained from the neu­
tron porosity logs. From these inputs, one finds: 

Depth (mbsf) m of Archie's Eqn. 

33-64.4 
64.4-198 

2.3 
2.2 

The reader is forewarned that these numbers are approxi­
mate; however, in the absence of better porosity information, 
they will provide porosity estimates in formations similar to 
those encountered in Hole 642D. 

The resistivity data also can be used to provide an estimate 
of the temperature gradient in Hole 642D. Essential to this esti­
mate are three important assumptions: (1) Archie's rule is valid, 
at least in its form given above in equation 1; (2) the porosity is 
constant in the interval 65 to 198 mbsf (see discussion of the 
neutron porosity log in the following sub-section); and (3) the 
hole is close to temperature equilibrium. Of the three assump­
tions, (3) is by far the most uncertain since the logging took 
place only about 10 hr after circulation in the hole was stopped. 
Under these conditions, one finds: 

Rt (65) = Rw (65) 
i?, (198) ~ i?w(198) 

1.33. 

Then, from published values for the temperature variation of 
the resistivity (Dresser Atlas, Inc., 1982) the temperature gradi­
ent in Hole 642D is found to be about 85°C/km. This gradient 
is higher than what one might expect for regions without hydro-
thermal activity. The perturbation is probably caused by non-
equilibrium conditions. However, the gradient is in accord with 
other data in the area and with those computed from downhole 
temperature measurement in Hole 642C (see "Physical Proper­
ties" section, this chapter). 
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Compensated Neutron Log 

The neutron porosity log run in Hole 642D shows fine struc­
ture resulting from changes in the sedimentary materials or de-
positional environment (e.g., interbedded sediments) (see Hole 
642D log at end of this chapter). For the present, no attempt has 
been made to evaluate the cause of this structure. We note that 
obvious formation contacts, such as those occurring at ash/sed­
iment boundaries, produced some perturbation to the log. The 
gross porosities obtained may be summarized as: 

Depth (mbsf) 
33-64 
64-208 

Porosity (%) 
55 
63 

5 (fine structure) 
5 (fine structure) 

It must be noted that these porosities are based on the as­
sumption that all of the observed water is contained in the pore 
structure whereas some of this water is bound to formation par­
ticles. The ratio of free to bound water is presently unknown. 

Lithodensity Log 
Like the porosity log, the density log exhibits fine structure 

(Hole 642D log, end of chapter). This structure is about ± 0.1 
g/cm3 at the top of the hole, and it increases to about ± 0.2 g/ 
cm3 toward the bottom. In some cases there is a good inverse 
correlation between the density and porosity logs, i.e., porosity 
increases result in density decreases. In other cases, a relation­
ship is not apparent. The fine structure is within the measure­
ment capability of the tool; its cause is presently unknown. 

A summary of the gross density measurements made in Hole 
642D is as follows: 

Depth (mbsf) Density (g/cm3) 

40-64 
64-124 

124-208 

1.80 0.15 (d-40) 
1.42 
1.25 

In the table above, d is the depth to the density log (mbsf). 
The reader is referred to the density log for more detailed infor­
mation. 

Sonic Log 
The results of the LSS logging run from the far receiver pair 

in Hole 642D are shown in the log at the end of this chapter. 
Data quality is low over this 177-m interval. Transit-time mea­
surements for the 8-10 ft (2.43-2.05 m) and 10-12 ft (3.05-3.66 
m) source/receiver spacings recorded from depth 30.9 to 207.9 
mbsf are summarized as follows: 

Depth (mbsf) 

0.9-60.4 
60.4-65.9 
65.9-78.4 
78.4-89.8 
89.9-94.4 
94.4-101.9 

101.9-106.9 
106.9-139.9 
139.9-154.9 
154.9-207.9 

Velocity (m/s) 
Near receiver 

1560 
1650-1400 

1400 
— 

1650 
— 

1510 
1510 
1510 
1510 

Far receiver 

1560 
1690 
1790 
— 

1650 
— 
— 

1840 
1510 
1850 

Note that transit-time measurements are calculated from first 
arrivals at the geophone and the calculations assume both re­
ceivers are recording travel paths through the same material. 
The acoustic velocity of seawater is 1510 m/s. Unreadable sig­
nals were recorded in the dashed intervals of the table above ow­
ing to cycle skipping of the automatic first-pick scheme used in 

the field data processing. Shore-based processing of the full 
waveforms recorded by the LSS tool may produce reliable data 
in these intervals. 

Tool geometry, lithology, and wellbore conditions in Hole 
642D determined the quality of the sonic logging data. The 
greater source-receiver separation of the long-space pair was 
generally better at recording accurate traveltimes for the soft 
formation logged; however, even this geometry was perturbed 
by the relatively small depth of penetration of the acoustic 
pulse. The upper-section formation velocity (measured between 
64 and 78 mbsf) is 1790 m/s and the lower section (measured 
between depths 108 to 208 mbsf) is 1850 m/s. The apparent in­
crease in velocity from 1790 to 1850 m/s may correspond to the 
lithologic change at approximately 63 mbsf from sandy mud to 
siliceous mud (see section on comparison with other data— 
Hole 642D). 

Without corroboration, velocities obtained in this log are of 
dubious value. Velocity variations cannot be used to map hori­
zons because the spatial resolution of the sonic tool (i.e., the 
source-detector spacing) is greater than zone thicknesses of typi­
cal sedimentary layers. 

Natural Gamma Log 
The natural gamma content of the sedimentary section in 

Hole 642D was recorded between 30.9 and 207.9 mbsf. The 
depth profile of the recorded NGR is shown in the Hole 642D 
log at the end of this chapter. The natural gamma content gen­
erally decreases with depth. The natural gamma depth profile is 
summarized as follows: 

Depth (mbsf) Natural gamma content (GAPI) 

30.9-62.9 
62.9-75.9 
77.9-82.9 
82.9-86.9 
86.9-172.9 

172.9-197.9 
197.9-207.9 

60-80 
35-45 

gradual increase from 40 to 75 
50-70 
40-55 

gradual decrease from 55 to 20 
50-58 

The natural gamma count method employed in Hole 642D is 
most sensitive to the abundant clay minerals in the sedimentary 
section. The decrease in gamma count at depth 62.9 mbsf corre­
lates with a lithologic change from the sandy mud of lithologic 
Unit I to a more siliceous mud of Unit II. The abundant ash ho­
rizons in the logged section also show some response to the 
gamma log. Preliminary correlation of the ash zones with the 
natural gamma log indicate that ash layers thicker than 5 cm 
generally cause a positive deflection of the GR curve. A rela­
tively thick (11-cm) ash layer at depth 157 mbsf, however, ap­
pears to produce a negative deflection. See log at the end of this 
chapter. 

Natural Gamma-Ray Spectrometry Log 
The log at the end of this chapter shows the results of the 

Schlumberger NGT logging run. Curve SGR is the total com­
puted gamma count of thorium, uranium, and potassium, and 
curve CGR gives the computed total gamma-ray count minus 
the uranium component. The end-of-chapter log gives a break­
down of the individual thorium, uranium, and potassium depth 
profiles. Each gamma-ray spectral component generally de­
creased with depth and there is consistency among the three 
components. The following list summarizes the NGT logging 
run: 

Depth (mbsf) 
33-63 

63 
63-187 

CGR (GAPI) 
60-75 

sharp decrease to 40 
gradual decrease 40-15 

SGR (GAPI) 
75-85 

55 
55-30 
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The CGR and SGR track the natural gamma profile (log at 
end of this chapter) very well. The thorium and potassium counts 
are most sensitive to the clay content of the sediment in the 
logged interval. The abrupt decrease in recorded counts for all 
three components at 63 mbsf correlates with the change from 
sandy mud to siliceous mud determined from core analysis. Pre­
liminary correlation of the depth and thickness of ash horizons 
with the spectral gamma data and natural gamma data indicates 
the depths determined for ash layers by core measurements are 
consistent with positive deflections of these logs. 

Caliper Log 
A three-arm caliper tool was run along with the dual induc­

tion and sonic logging run. The results are displayed in the log 
at the end of this chapter. The caliper arms did not function ow­
ing to rock chips wedged in the extension mechanism of the 
tool, and the data are therefore inaccurate. For reference the 
drill-bit diameter used in Hole 642D was 11 3/8 in. (0.289 m). 

Comparison with Other Data 
The density log provided the best information regarding lith-

ologic variations with depth. Plotted with each figure are log-
based depths of the three main lithostratigraphic units and the 
four subdivisions of Unit II. These units and subdivisions came 
from sedimentological core analysis. The log depths are based 
primarily on density and spectral gamma logs. The log depths 
for lithologic contacts agree with those defined from core analy­
sis usually to within 2 or 3 m, with occasional variations to 6 m. 
No systematic depth offset is seen. 

The logging runs traversed only 30 m of the Unit I glacial 
and interglacial sediments. In situ densities and porosities re­
corded are thus within a more limited range of values than those 
recorded by physical properties measurements (see "Physical 
Properties" section). The far-receiver pair of the sonic log did 
respond to a portion of Unit I where it measured a compres-
sional velocity of 1690 m/s. This value is within the range of 
laboratory measurements. 

Subdivision into lithologic Subunits IIA and IIB was not 
well marked by density or porosity log traces. The tentative pick 
for this horizon at 78 mbsf corresponds to less variability in 
these logs. A similar change in variability of porosity and bulk 
density was noted in shipboard analysis of sediments from these 
two subunits. Log densities in the interval of Subunits IIA and 
IIB are close to lab measurements of density whereas porosities 
are 10%-15% lower. The far-receiver-pair sonic log recorded 
compressional velocities of 1790 m/s to a depth of 79 mbsf, 
where an interval of unreliable data began. A velocity of 1790 
m/s for Subunit IIA is in accord with shipboard physical-prop­
erties measurements. 

An abrupt change in density at 110 mbsf marks the top of 
Subunit IIC, 6 m lower than the depth determined from core de­
scriptions. Densities recorded in situ are 10%-20% lower than 
lab measurements for this unit. In general, density increases 
with depth; however, in the interval 120-135 mbsf a reverse 
trend is observed in the density profile that was also noted in 
shipboard physical-properties measurements. The porosity log, 
however, shows a subtle decrease rather than an increase over 
this interval. The far-receiver-pair sonic log begins to provide 
compressional velocity data at 1840 m/s at a depth of 107 mbsf, 
a depth that marks the top of Subunit IIC based on core and 
density logs. 

Subunit IID shows as a 4-m interval of increased density rel­
ative to over and underlying units. The sonic log far-receiver-
pair data have a sharp jump to higher velocities over the interval 
153-160 mbsf. More consistent and slightly lower density and 
porosity values were recorded in situ than by lab measurements 
made in Subunit IID. 

Thirty meters of Unit III was logged in Hole 642D. Again, 
density and porosity values were 10% lower in situ than in lab 
measurements. The sonic velocity recorded by the far-receiver 
pair gives a consistent compressional velocity at 1850 m/s, a 
value slightly higher than laboratory measurements. 

In summary, in-situ measurements of density and porosity 
tend to be lower than those measurements made through physi­
cal properties analysis. Porosities were usually 10% lower while 
density values were low to comparable with the exception of 
Subunit IIC where they show a similar decreasing trend but are 
10%-20% lower. The values of the compressional velocities re­
corded during the sonic logging are within those measured in 
the lab; however, only one source-receiver pair gave measure­
ments for about 80% of the logging effort. Without data from 
both source-receiver pairs, the sonic log provides only qualita­
tive velocity information and some indication of the depth of 
the various lithologic units. 

Conclusions 
Hole 642D penetrated the sedimentary section on top of the 

volcanic sequences at the outer Veiring Plateau. The hole was 
terminated near the top of a basalt flow at 330 mbsf. Sloughing 
in the hole prevented logging below 203 mbsf. Sea conditions at 
the time of logging were good. The ship's heave was estimated 
to be 0.25 m (Skelly, 1985, pers. comm.), but it is thought to be 
higher by a factor of 2 or more. 

Two Schlumberger logging suites constitute the effort on 
Hole 642D. The first run contained deep- and medium-induc­
tion tools, a spherically focused electric tool, a dual spaced 
sonic tool and a gross-gamma tool. The second run consisted of 
a gamma-gamma density tool, a neutron porosity tool and a 
spectrally resolving natural gamma tool. 

The results of the effort show the following: 

1. Good porosity and density profiles were obtained over the 
logged interval. 

2. Correlation of the electric logs with porosity logs enabled 
a calculation of Archie's cementation factor, m = 2.2-2.3. This 
factor allows an estimate of porosity in sedimentary formations 
with large porosities. 

3. A temperature-gradient estimate obtained from the elec­
tric log is 85°C/km (see discussion in the text). 

4. The sonic log data were erratic and should be used only as 
a qualitative estimate of the low formation velocities in the sedi­
mentary section logged unless further corroboration is possible. 

5. Correlation between natural gamma radiation and ash 
flows was noted. 

Hole 642E 

Volcanic Section 
Three logging suites were run in Hole 642E of the ODP Leg 

104 program. The tools run in each suite and the quality of the 
resulting logs are summarized below. 

Log name 

Long-spaced sonic 
Dual induction 
Spherically focused electric 
Natural gamma ray 
Caliper 
Natural gamma-ray spec-

trometry 
Lithodensity 
Compensated neutron 
Borehole televiewer 
The logs from run 1 appear 

Depth 
(mbsf) 

375-1085 
375-1101 
375-1101 
375-1089 
375-1089 
346-1085 

346-1101 
346-1089 
371-771 

Quality 

Good 
Good 
Good 
Good 
Good 
Good 

Good 
Suspect 
Incomplete data 

to be 2 m lower than those of 
run 2.) 
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Interpretation 

Dual-Induction /Spherically Focused Electric Logs 
In contrast to the sedimentary zones logged in Hole 642D, 

the basalt flows of Hole 642E exhibit a distinct resistivity char­
acter (Hole 642E log, end of this chapter). This difference is to 
be expected and provides a means of locating flow boundaries. 
A pattern of successive cycles of increasing resistivity are readily 
observed in the data and correspond to similar trends in other 
logs. The low-resistivity top of a typical cycle ranges from 1.0 to 
4.0 ohm-m and the high-resistivity base from 30 to 1000 ohm-m. 

The deep (ILD) and medium (ILM) induction logs tracked 
within approximately 10%-20% of each other and, considering 
the inhomogeneous nature of the formations, this difference is 
reasonable. In contrast is the response of the spherically fo­
cused log. Resistivities measured by this device were consistently 
greater than those inductively measured. Usually the difference 
was 20% to 30%. Sometimes the difference was an order of 
magnitude and it occurred in regions of high natural gamma 
count and porosity, and low density and sonic velocity. 

Recall that the induction tools measure formation resistivi­
ties a few meters removed from the borehole and the spherically 
focused tool interrogates close-in resistivities. Furthermore, note 
that the hole had been flushed with a freshwater mud prior to 
logging. A plausible explanation for the difference between in­
duction and spherically focused resistivities is that resistive fluids 
invaded intra-flow zones which tend to be permeable. Should this 
explanation remain plausible after further analysis, permeabili­
ties of intraflow zones may be estimated. 

Lithodensity Log 
Densities obtained from the Schlumberger Lithodensity Log 

(LDT) exhibit strong depth variation that is undoubtedly owing 
to individual basalt flows (Hole 642E log, end of this chapter). 
The data are of good quality and show a repeated cycle of low 
to high density with depth similar to the trends observed in re­
sistivity, sonic, and porosity data. The density at the top of a 
typical cycle is in the range 2.1-2.4 g/cm3 and 2.7-2.9 g/cm3 at 
the bottom. These cycles repeat throughout the entire logged 
section and no overall trend is observed with depth. A prelimi­
nary correlation between log- and lab-based data indicates that 
the detailed correlations will be good. 

Compensated Neutron Log 
Porosities obtained from this log are highly variable (Hole 

642E log, end of this chapter). They often exceed 50% and 
rarely ever fall below 10%. While the variability is probably 
caused by individual basalt flows, it is known from core data 
that some of the basalts are massive with near-zero porosity. 
Furthermore, porosities obtained from the gamma-density log 
are consistently 10 to 20 porosity units less than those from the 
neutron log. Thus, the neutron porosity log is suspect. The in­
consistency may be due to an equipment failure. However, no 
problems were observed on tool check-out either before or after 
the log runs. Errors can be introduced if the formation contains 
elements which are strong absorbers of thermal neutrons. Speci­
mens from a hole containing similar basalt flows (DSDP, Hole 
504B) are presently being analyzed for the presence of such ele­
ments (Lysne, Anderson, and Moos, 1985) and similar work 
may be appropriate for the present hole. The neutron porosity 
log may be useful for picking zone boundaries. 

Sonic Log 
The results of the LSS logging run in Hole 642E are shown in 

the Hole 642E log, end of this chapter. The sonic data are gener­
ally of very good quality over the 715-m interval logged. At 
three depth locations of the upper section, interbedded material 

with highly variable velocities produces nonusable data. Note 
that transit-time measurements are calculated from first-arrivals 
at the geophone, and the calculations assume both receivers are 
recording travel paths through the same material. Where materi­
als with highly contrasting velocities have layer thicknesses less 
than 0.61 m, data are averaged. Unreadable signals were re­
corded in the dashed intervals of the table below, owing to cycle 
skipping by the field-processing scheme. Future analysis of the 
individual full waveforms recorded by the LSS tool over these 
intervals will likely provide good data. 

The data show a cyclic repetition of velocity structure. Tran­
sit-time measurements for the 8-10 ft (2.43-2.05 m) and 10-12 
ft (3.05-3.66 m) source/receiver spacings correlate well over 
95% of the logged section. Sonic velocities recorded from 371 
to 1086 mbsf are summarized as follows: 

Depth (mbsf) Velocity (m/s) 

371-386 Cyclic pattern velocity range 2900-5080 
386-403 — 
403-436 Cyclic pattern velocity range 3050-6096 
436-442 — 
442-475 Cyclic pattern velocity range 2900-5080 
475-481 — 
481-1086 Cyclic pattern velocity range 2900-6100 

Typically a low velocity (approximately 2900 m/s) marks the 
top of a velocity cycle. There is an overall increase in velocity 
over this cycle to about 5080 m/s, often with four or five veloc­
ity inflections within the cycle (Hole 642E log, end of this chap­
ter). These cycles repeat over the entire sequence logged and 
vary in interval depth between 4 and 12 m. The majority of cy­
cles span the velocity range 3390-5540 m/s. The cyclic nature of 
the data concur with density, resistivity, and porosity logs. Thus, 
they provide both a tool to locate flow boundaries and a means 
to analyze the velocity structure of individual flows of the basalt 
sequences. (See section on correlation with other data.) 

Natural Gamma Log 
The natural gamma content of the volcanic section in Hole 

642E was recorded between 375 and 1089 mbsf. The depth pro­
file of the recorded NGR is shown in the Hole 642E log. The 
natural gamma logs are of very good quality, giving a continu­
ous profile of variations in natural gamma count from a base 
value between 5 and 10 GAPI (Note: GAPI units are test pit cal­
culated; Dresser Atlas, Inc., 1982). Fluctuations from this back­
ground level to 20 GAPI characterize the entire profile, with oc­
casional counts as high as 35 GAPI. No overall trend with depth 
is seen in the data. 

The natural gamma log is sensitive to the abundant clay min­
erals within the low-velocity zones (volcaniclastics, tuffs) that 
are interlayered between basalt flow sequences; hence, sharp in­
creases in the natural gamma count mark the boundary between 
successive basalt flows (see Fig. 65 and section on correlation 
with other data). Preliminary correlation of the sedimentary ho­
rizons determined from core descriptions with the deflections in 
natural gamma count is very good and indicates that this log 
will provide valuable information on possible sedimentary zones 
not recovered in core. 

Natural Gamma-Ray Spectrometry Log 
The Hole 642E log at the end of this chapter shows the re­

sults of the Schlumberger NGT logging run. The SGR curve is 
the total spectral gamma count of thorium, uranium, and po­
tassium and curve CGR gives the computed total gamma-ray 
count minus the uranium component. Also shown is a break­
down of the individual potassium, uranium, and thorium 
(KUT) depth profiles. The CGR and SGR track the natural 
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gamma profile very well. Each gamma-ray spectral component 
shows the individual response to the high clay content of the 
sedimentary horizons encountered over the logged interval. The 
natural gamma count has the highest response to the potassium 
content with uranium providing the next-greatest contribution. 
Thorium was detected in minor amounts. 

Initial correlation of the NGT spectrometry log with core de­
scription indicates that NGT spectrometry will provide log-based 
depth markers for basalt flow boundaries. In addition, when 
chemical analyses of the sedimentary layers become available it 
may be possible to recover some compositional information 
from the KUT breakdown where sedimentary layers were not re­
covered from core. 

Caliper Log 
A three-arm caliper tool was run along with the dual-induc­

tion and sonic logging run. The results are displayed in the Hole 
642E log, end of this chapter. Good-quality caliper data were 
obtained for the logged interval. Borehole diameter varies from 
0.33 to 0.36 m over most of the section. Good borehole condi­
tions are indicated by the relatively smooth profile. The follow­
ing table summarizes the caliper log data: 

Depth (mbsf) Diameter (m) 

371-687 0.32-0.36 
687-704 0.27-0.32 
704-1086 0.32-0.33 

Acoustic Borehole Televiewer 
A televiewer run was included in the logging suite for Hole 

642E to map lithologic boundaries, to determine the distribu­
tion and orientation of fractures, and to detect stress-induced 
hole deformation (breakouts). For a multitude of reasons, tele­
viewer data obtained in Hole 642E are incomplete. Televiewer 
logging at normal logging speeds was possible over only a small 
depth interval. Because of a failure of the depth-encoding sys­
tem, the logging depth was approximated from a cable marker. 

The first televiewer experiment in Hole 642E was performed 
at about 800 mbsf. It was conducted while the cable winch was 
locked and the drill pipe was made fast to the reentry cone, not 
to the ship. This experiment was intended to provide a detailed 
televiewer log over a limited interval. Stick-slip conditions caused 
by the ship's heave resulted in a repetition of televiewer scan 
lines, substantially reducing the image quality at this logging 
rate (0.025 m/s). Approximately 25 m of televiewer data was 
collected at this normal logging speed. Reconstruction of the digi­
tized televiewer data does not indicate the presence of through-go­
ing fractures or lithologic changes over this interval. A test of 
the heave response of the sonde was conducted by keeping the 
winch stationary in the borehole. It has been determined that 
ship's heave greater than 0.2 m is required to induce motion into 
the sonde. Similar data taken for a cable speed of 0.3 m/s do 
not show evidence of ship's heave. It is apparent from this ex­
periment that increasing the logging speed, although decreasing 
the resolution of the televiewer image, will reduce the effects of 
ship's movement on the data. At the time of logging, the Reso­
lution was not equipped with a heave-compensating mechanism 
for logging tools. 

In the second televiewer experiment, the tool was moved up-
hole at about 1290 m/hr, or about 12 times the normal logging 
speed. Even so, the spatial resolution of the tool exceeds that of 
other logs run in Hole 642E. Below the casing, the televiewer 
data contain caliper and amplitude information in the form of a 
helix with a pitch of about 12 cm. These data have been ana­
lyzed for information on hole shape and for evidence of break­
outs. Traveltime of the acoustic pulse and amplitude of the re­

flected energy, available through the digitization of the analog 
field data, show no evidence of wellbore breakouts. 

Comparison with Other Data 
The sensitivity of many of the logs to variations of lithology 

permits a log-based analysis of the depth of such horizons in 
Hole 642E. We completed a geophysical log-based analysis of 
the depths of the markers between basalt flows that have been 
described in petrographic core descriptions (see "Basement Li­
thology" section, this chapter). The log-based depth horizons 
have been correlated with core data and the combined interpre­
tation of these depths appears in Figure 14. The log depths are a 
combined analysis of the sonic velocity, porosity, density, induc­
tion, and natural gamma logs. The natural gamma and porosity 
logs were used to determine the possible location of sedimentary 
or breccia layers that occur at the top of basalt flows through­
out the section. These layers show a relatively high average po­
rosity with respect to the basalts and a potassium content greater 
than 0.01 ppm. The velocity, density, porosity, and resistivity 
logs were used together to map the flow boundaries. Figure 64 
shows the correlation among these four logs and the typical 
flow cycles viewed from geophysical logging. 

The characteristic flow cycle of a basalt sequence begins with 
a sedimentary layer overlying a basalt section with a vesicular or 
brecciated top that increases in velocity, resistivity, and density 
and decreases in porosity with depth (Fig. 64) as the basalt be­
comes more massive. Discrimination of sedimentary layers as 
opposed to highly vesicular or brecciated zones at the top of a 
flow is difficult; the log response to these two conditions is very 
similar. A comparison between a sedimentary layer at 739 mbsf 
(core description unit S-26) and a brecciated zone at 892 mbsf 
show identical values of porosity and potassium content. 

In this initial study, two types of geophysically determined 
structures for the basalts were discerned. Both types, shown in 
Figures 64 and 65, have an overlying low-velocity layer with ve­
locities between 2900 and 3200 m/s, high porosities, resistivities 
of about 3 ohm-m and densities between 2.1 and 2.4 g/cm3. 
One basalt cycle type (Fig. 64) shows an overall increase in ve­
locity with depth: a minimum velocity of approximately 3800 
m/s and a maximum of 5080 m/s with four or five velocity in­
flections of ± 250 m/s within the cycle. The resistivity is lowest 
at the top of the basalt flow cycle at 3 ohm-m and greatest at the 
cycle bottom at 10 ohm-m. The within-cycle inflections are again 
observed in the resistivity logs. The densities of the basalt cycle 
follow the same course with upper flow densities of 2.45 g/cm3 

and bottom flow densities of 2.7-2.8 g/cm3. Within-flow fluc­
tuations in density are on the order of 0.25 g/cm3. In this flow 
type, porosity variations are negatively correlated with the other 
logs. Owing to the suspect nature of the neutron-porosity log, it 
can be used only as a qualitative measure of porosity. There are 
inflections of ± 3 porosity units within the cycle. 

A second flow type (Fig. 65) was observed with a velocity 
gradient below the low-velocity layer that consists of increasing 
velocity from 2770 m/s to a maximum of 6096 m/s at about 
mid-flow cycle. This higher velocity interval is maintained until 
the end of the cycle. The resistivity increases from 2 to 40 ohm-
m over the same depth interval. Porosity values again negatively 
correlate with the other logs. Densities increase from about 2.3 
to 2.95 g/cm3 at the lower part of the flow corresponding to the 
higher velocity sections. Only minor inflections in the geophysi­
cal records are observed within this flow type. This second type 
of flow was observed to be thicker, on the order of 12 m, where­
as the first flow type is usually 4 m thick. 

The distinction between these two types of basalt flows cor­
relates with both physical-properties measurements and core de­
scriptions. Flow type 1 above corresponds to the medium-grained 
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Figure 64. Geophysical view of cyclic nature of basalt flows (type 1) over the depth interval 631-655 mbsf, Hole 642E. 



Figure 65. Geophysical view of type 2 basalt flow over the depth interval 675-691 mbsf, Hole 642E. 
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basalt flows having low velocities and densities. Type 2 flows are 
fine grained and have relatively higher velocities and densities 
(see "Physical Properties" section). The range of velocity and 
density values recorded by physical-properties measurements is 
in accord with in-situ measurements. 

So far, 137 flows have been delineated from this combined 
interpretation of the geophysical logs and the core descriptions. 
Core recovery was approximately 40% through the basalt se­
quence drilled at Hole 642E and a 9.5-m core barrel was used in 
this interval. Thus, logs likely increase the accuracy of the depth 
information available in core recovery. 

All of the sedimentary units described by petrographic core 
analysis that were encountered in logging suites (S-07 through S-
41) could be depth-located through the log analysis. Because the 
gamma log responds to the clay mineral content of the sedi­
ments, it may provide a measure of the thickness of the sedi­
mentary units. 

The repetitive cycle of sediments and/or high-porosity zones 
overlying basalt flows continues from 371 to 1089 mbsf where 
an abrupt decrease in density from 2.9 to 1.5 g/cm3 is encoun­
tered. At 1095 mbsf density again decreases from 2.3 to 1.1 g/ 
cm3. This boundary concurs with the thick sedimentary bed at 
the top of the lower volcanic series. 

Conclusions 
In addition to upper sedimentary layers, Hole 642E penetrated 

906.9 m of basalt series. The hole was terminated at 1229.4 mbsf, 
137 m deeper than a thick sedimentary layer at 1092 mbsf. Sea 
conditions at the time of logging were fair. The ship's heave was 
estimated to be 0.5 m. 

Three logging suites constitute the logging effort on Hole 
642E. The first run contained deep- and medium-induction tools, 
a spherically focused electric tool, a dual-spaced sonic tool, and 
a gross-gamma tool. The second run consisted of a gamma-
gamma density tool, a neutron porosity tool, and a spectrally 
resolving natural gamma tool. The third run contained a bore­
hole televiewer. 

The preliminary results of the logging effort are: 

1. Good-quality resistivity, velocity, natural gamma and den­
sity profiles. 

2. Correlation between logs and core descriptions indicates 
that the logs provide important information on the location of 
basalt-flow boundaries and the location and possible thickness 
of the interlayered sedimentary rocks. 

3. For the first time, a correlation has been made between 
ship's heave and sonde motion at depth. 

VERTICAL SEISMIC PROFILE EXPERIMENT 

Introduction 
A vertical seismic profile (VSP) experiment was conducted to 

determine the detailed velocity-depth structure and reflection 
seismogram for the seaward-dipping reflector sequence at Site 
642 (Fig. 66). VSP measurements provide such seismic informa­
tion not only for the interfaces penetrated by the borehole but 
they can also be used to predict the nature and depth of reflec­
tion interfaces below the borehole (Gal'perin, 1974). Figure 67 
shows a generalized, schematic representation of the ray paths 
and diverging wavetrain pattern for direct and reflected arrivals 
in a VSP experiment (Mons and Barbour, 1981). 

Objectives 
The primary objectives of the VSP experiment at Site 642 on 

the Wring Plateau margin were to (1) determine the feasibility 
of conducting VSP experiments aboard the JOIDES Resolu­
tion; (2) verify that the target horizon, reflector "K" near the 

base of the seaward-dipping reflector sequence at about 2.53 s, 
two-way traveltime multichannel seismic profile BFB-1 (Fig. 68), 
was actually penetrated by the drill bit; (3) determine the de­
tailed velocity-depth profile and vertical reflection seismogram 
of the seaward-dipping reflector sequence and the underlying 
sub-"K" reflectors; (4) precisely relate the seismic profile to the 
borehole lithology and other logging information and thereby 
determine the physical origin of the dipping reflectors; and (5) 
correlate the VSP reflection seismogram with the regional sur­
face multichannel seismic (MCS) lines which located Site 642 
(Hinz, 1981; Mutter et al., 1982). Virtually all of the objectives 
were accomplished to some extent during the cruise. However, 
objectives (4) and (5) will require more extensive computer stud­
ies ashore before they can be fully realized. 

Method 
The sound source for the Site 642 experiment was a large vol­

ume (1250 in.3, 20.5 L), high-pressure (2000 psi, 133 bars) air 
gun (Bolt Model 1500C) suspended from a buoy at 30 ft (9.15 
m) water depth (Fig. 69). The buoy was tethered from the drill 
ship's aft port crane about 80 ft (24.4 m) abeam. The seismic 
signals were recorded on a prototype, three-component, radial 
geophone array seismometer developed by Phillips Petroleum 
Co. (patent pending). Its three 8-Hz geophones (Mark Products 
L28) were mounted in a 120° azimuthal configuration and in­
clined 35.3° (Fig. 70). Two seismometer units were available for 
this experiment. The air gun's acoustic signals were also received 
by a calibrated hydrophone (Benthos Model 48h) mounted at a 
fixed height above the seafloor on the drill ship's tautline moor­
ing cable. This provided a stable reference that would allow real­
time summing of multiple shots at each recording level in the 
event of severe air-gun motion during high seas. 

The air-gun-generated signals received by the borehole seis­
mometer were preamplified downhole, transmitted up the log­
ging cable, and digitally recorded aboard the drill ship, along 
with the hydrophone signals, by a Masscomp minicomputer and 
A/D converter (Fig. 71). Timing information was logged with 
millisecond accuracy. The shot number and geophone depth for 
each shot were digitally recorded. The seismogram waveforms 
were displayed in real time on a four-channel oscilloscope and 
plotted after each shot using a graphics printer. 

A special effort was made to reduce the downhole seismic 
noise caused by drill pipe and logging cable slamming against 
the borehole wall. This was done by locking the bottom of the 
pipe string in the seafloor reentry cone with a casing landing/ 
running tool assembly (Fig. 69). With the pipe immobilized, the 
special high-capacity, precision heave compensator in the drill 
ship derrick was able to isolate the ship's motion from the 
downhole pipe string and logging cable. 

Data Acquisition and Processing 
For the acquisition and real-time processing of vertical seismic 

reflection data, we modified the HIGHRES/PROCESS com­
puter software system normally used to collect underway seismic 
profiles aboard the JOIDES Resolution. This system, originally 
developed for ODP by scientists at the University of Texas Insti­
tute for Geophysics (UTIG), is capable of acquiring, processing 
and displaying single channel seismic data in real time. The modi­
fication of HIGHRES/PROCESS included (1) adding three 
more data channels to allow three-component seismometer and 
hydrophone recording, (2) developing new modules which take 
advantage of the unconventional geometry of the radial geo­
phone configuration in the Phillips Petroleum Co. tool, and (3) 
providing a real-time estimate of the signal-to-noise ratio im­
provement as successive air-gun shots were summed at each 
clamping depth. The software changes also provided for the last 
trace for the composite of all traces summed at each depth to be 
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Figure 66. Location chart showing ODP Site 642 multichannel seismic (MCS) profile BFB-1 and the magnetic anomaly patterns with respect 
to the dipping reflector sequences off Norway (from Mutter et al., 1982). Depths are shown in fathoms. 

written to disk memory in real time. This improvement allowed 
us to plot a preliminary stack of the seismograms recorded at 
each depth interval immediately after the experiment. 

Note that the unconventional geophone arrangement of the 
Phillips Petroleum Co. tool is geometrically equivalent to sim­
ply rotating the orthogonal coordinates of a cube so that its op­
posite corners are aligned along vertical and horizontal axes 
(Fig. 72). This is a particularly useful experimental configura­
tion in that the vertical component can be easily derived by 
summing the three inclined components and normalizing. It is 
also more robust for estimating the vertical component in the 
event of hardware malfunction or noise on one or two of the 
three components. In a conventional x, y, z orthogonal system, 
if the vertical component (z) is lost, the experiment may be 
doomed to failure. Therefore our acquisition software was de­
signed to first sum the three geophone channels to derive the 
vertical component, and then add this vertical component into 
the running mix of previous shots at that depth. 

Using this approach we were able to see notable improve­
ments in the signal-to-noise ratio with successive shots. How­

ever, room for improvement of the real-time VSP acquisition 
system remains. The logical next step would be to take advan­
tage of the Masscomp's video screen graphics capabilities to dis­
play not simply the running mix of traces but also each of the 
three-component raw traces from each shot. This improvement 
would have allowed us to identify and eliminate sources of noise 
which degraded the data quality of geophone channel 3 during 
recording in the upper part of the borehole. Other improve­
ments should permit automatic encoding of the seismometer 
depths and shipboard amplifier gains into the SEGY trace head­
ers in real time. 

Experimental Procedure 
After locking the drill pipe into the reentry cone and engag­

ing the heave compensator, the experiment proceeded as fol­
lows: the seismometer was first deployed to the bottom of the 
borehole (50 m/min lowering rate) and clamped to the borehole 
sidewall. The logging cable was slacked about 5 m. The air gun 
was then fired several times at a 20-s repetition rate. Approxi­
mately 8-15 useful shots were recorded at each seismometer 
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Figure 67. Schematic representation of acoustic ray paths and wave train arrivals for vertical seismic profile experiment (modified after Mons and 
Babour, 1983). 

clamping depth position. The multiple shot recordings at each 
geophone position were summed, normalized, and displayed in 
real time on the graphics printer to provide a continuous esti­
mate of the seismic signal-to-noise ratio. After an adequate 
number of shots were fired, the seismometer was undamped 
and raised 15 m up the borehole and the procedure was re­
peated. During the undamped period, the air guns were not 
fired, to conserve the high-pressure air supply available from the 
drill ship's compressor system. Only one of the ship's two com­
pressors was available for this experiment. 

Results 
The VSP experiment started at 0100 UTC, 1 August 1985, at 

2400 m depth below the drill floor, or 1111 mbsf. The water 
depth was 1289 m. The bottom of the borehole, at 1229 m be­
low seafloor (mbsf), could not be reached owing to drill-mud 
backfilling by the reentry cone washdown just before the log­
ging operations. During the experiment's 15-hr period, seas 
were moderate with 2- to 3-ft waves and a 4- to 5-ft swell. A to­
tal of 44 seismometer clamp positions were occupied, utilizing 
about 9 hr of total recording time. After the initial start-up to 
set gain levels, less than 10 min was required at each depth posi­
tion. Approximately 3 hr of recording time was lost owing to the 
breakage of the clamping arm on seismometer unit no. 2 at 1036 
mbsf. This unit was quickly replaced by modifying and deploy­
ing seismometer unit no. 1. These units were identical except for 
their preamplifiers' gains (x 50 and x 100, respectively). A sub­
sequent clamping arm failure on unit no. 1 terminated the VSP 
experiment at 1621 UTC at 451 mbsf depth. Approximately 3 hr 
was required to deploy and recover the seismometers. 

Figure 73 shows raw, true-amplitude seismograms for each 
of the three components for a selected air-gun shot. Aside from 
occasional cable-slamming noise bursts (arrow), only very low-
level digitizing noise is seen. Note the close similarity of the 

waveforms. This similarity is to be expected for normal inci­
dence plane waves on a radial geophone configuration. In gen­
eral, geophone 1, which was oriented in the plane of the clamp­
ing arm, was the most noise-free. Geophones 2 and 3 appeared 
to be more prone to tool resonance-type noise when the tool was 
not securely clamped to the borehole side walls. 

Careful inspection of the true-amplitude seismograms in Fig­
ure 74 shows that a very high signal-to-noise (S/N) ratio can be 
achieved by the summing of multiple shots at each depth and by 
the use of the large air-gun source and the drill-pipe immobili­
zation scheme described above. The S/N ratio estimated from 
the first break of the downgoing direct waves relative to the 
background noise is greater than + 40 dB. 

Figure 75 shows a depth-time plot stack for the seismograms 
collected within the upper basalt series dipping reflector se­
quence at Site 642 over the depth interval 1111-451 mbsf. The 
data are for the single component of the seismometer's radial 
geophone array that was in the plane of the clamping arm (geo­
phone 1). The data have been edited to eliminate those data 
traces showing excessive pipe/cable slamming and tool resonance 
noise. Only a 5- to 50-Hz band-pass filter has been applied. No 
deconvolution or spherical divergence corrections have been made. 
Each trace represents the normalized sum of several traces and has 
been amplitude-scaled using a time linear gain function. The di­
rect downgoing waves are the strong first arrivals sloping down­
ward at the left of Figure 76 and the water bottom multiple at 
about 3-s traveltime. Note that the direct arrival times decrease 
with decreasing seismometer depth position. The reflected waves 
are best seen by holding the page on edge and viewing the seis-
mogram stack from a low angle. The divergent wave-train pat­
tern results from the decreasing range to the source for direct 
waves and increasing range from the reflecting interfaces as the 
seismometer is raised to shallower depths as shown in Figure 67. 
Note that the wave trains of the reflected arrivals intersect the 
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Figure 68. MCS profile line BFB-1 showing Site 642 location. Note estimated borehole penetration to approximately 2.63-s two-way traveltime. Deep­
est seismometer clamping position was at 1111 m total depth below seafloor where a direct wave, two-way travel- time (TWT) of 2.56 s was observed. 
The two-way traveltime to the borehole total depth(1229 mbsf) would be 2.63 s, assuming a 3.5-km/s interval velocity. TB = top of basaltic basement. 
K = base of seaward dipping reflector sequence. 

direct, downgoing wave train at the exact depth of the respective 
reflecting interfaces and that the slopes of the downgoing and 
upgoing wave trains are equal but of opposite sign. 

Discussion 
A preliminary interpretation of the velocity-depth structure 

can be made by computing the difference in the first-break ar­
rival times of the direct downgoing waves shown in Figure 75 for 
various depth intervals in the borehole (Mons and Barbour, 
1981). This has been done to estimate a velocity of 3.728 km/s 
over the depth interval 451-1111 mbsf, for the lithologic unit 
identified as the upper basalt series. Interval velocities estimated 
for the subgroups I—III within the upper basalt series are shown 
in Table 29. 

The laboratory measurement of sound velocity on the upper 
basalt series core samples yielded an average formation velocity 
of about 4.685 km/s ("Physical Properties" section). This dif­
ference from the 3.771 km/s VSP velocity might be expected be­

cause the laboratory measurements are biased toward measuring 
only the hard, higher-velocity samples that are usually recovered 
in the coring operations. The interbedded, lower-velocity, soft 
volcaniclastics and scoriaceous basalts are not as well recovered. 
The VSP velocity determination method samples all the rock 
materials over the depth interval measured. 

Comparison of the VSP velocities with interval velocities 
computed by integrating the sonic well-logging velocities ("Log­
ging Results" section) should show better agreement in that all 
the lithologic units in the borehole transmit the sonic pulse and 
are measured. Detailed comparison of sonic as well as other log­
ging results will be an important part of future shore-based VSP 
analysis work. Synthetic seismogram modeling based on the 
logging measurements of velocity and density should be partic­
ularly useful. 

Detailed interpretation of the reflected wave field in VSP ex­
periments requires the careful separation of the upgoing and 
downgoing waves using velocity filtering (Seeman and Horo-
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Figure 69. Vertical seismic profile experiment (VSP) configuration at Site 642. Downgoing direct and upgoing re­
flected ray paths are shown for multiple seismometer depth positions. 
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Figure 70. Schematic drawing of the Phillips Petroleum Co.-designed 
three-component borehole seismometer utilized for the VSP experiment 
at ODP Site 642. The approximate tool dimensions ate 66-in. length, 
3.5-in. diameter, 50-lb. weight. 

wicz, 1983) and deconvolution of the reflected waves using the 
downgoing, direct wave to derive the source wavelet operator 
(Lee and Balch, 1983). Iterative modeling techniques can then 
be employed to develop synthetic seismograms from the physi­
cal-properties/logging information that can be compared to the 
observed VSP reflected wave field (Grivelet, 1985). The resulting 
VSP seismogram can also be compared to the surface ship mul­
tichannel seismic reflection (MCS) profiles that established the 
regional seismic structure of the drill site (Poster, 1983). At 
present this detailed analysis work must await more extensive 
computer data processing ashore. However, certain qualitative 
inferences can be made about the reflected, upgoing wave field 
from the shipboard-observed data by simply time-shifting each 
seismogram shown in Figure 75 by its first break time. This 
shifting results in a two-way traveltime plot as shown in Figure 
76. More importantly, this time-shifting serves to align the re­
flected wave trains vertically along the two-way traveltime iso-
chrons. Visual alignment of the reflected wave trains is mark­
edly enhanced. This alignment is best seen by holding Figure 76 
on edge and viewing it from the bottom. Note that downward 
seismometer motions are shaded in Figure 76, whereas the black 
reflection horizons shown in the BFB-1 surface ship MCS pro­
file represent negative acoustic compression on the hydrophone 
sensors. 

Careful inspection of Figure 76 in the manner described 
above shows several weak events at 2.32, 2.40, 2.50, and 2.55 s 
(TWT). They are labeled Glt G2, G3, and Slt respectively. These 
events intersect the observed downgoing direct wave at 676, 826, 
1021, and 1096 mbsf, respectively. Significantly, these events ap­
pear to coincide with moderately strong and continuous reflec­
tion horizons seen in the BFB-1 surface ship MCS profile within 
the dipping reflector sequence at nearly the same traveltimes, 
2.29, 2.38, 2.49, and 2.53 s (TWT), respectively. However, con­
firmation of these correlations must await sources deconvolu­
tion of the VSP data to make them more compatible with the 
MCS data (Fig. 77). The VSP reflection depths also coincide 
with sharp acoustic impedance contrasts as indicated by the 
physical-properties measurement of the core samples ("Physical 
Properties" section) at 680, 840, 1014, and 1089 mbsf, respec­
tively. Reflector SI also correlates with an 8-m-thick volcani-
clastic sediment layer at 1093 mbsf and with the reflector "K" 
horizon seen in the BFB-1 seismic profile. 

In addition to these weak reflections that can be directly ob­
served to intersect the downgoing wave above the bottom of the 
borehole recordings, two other reflectors which emanate from 
just below the deepest recording depth (1111 mbsf) can also be 
projected to intersect a downgoing wave in the borehole. These 
events are labeled D} and D2 in Figure 76. They show arrival 
times of 2.58 and 2.63 s and would appear to intersect the 
downgoing wave at 1164 mbsf and near the borehole bottom at 
1229 mbsf, respectively. The strong D{ reflection closely coin­
cides with a very strong continuous reflection horizon also seen 
in the BFB-1 seismic profile (Fig. 77) at 2.59 s. Also, reflector 
Dj correlates well with the laboratory-measured very high acous­
tic impedance zone between 1155 and 1177 mbsf. This zone also 
contains dike D5, the thickest of the only two unequivocal dike 
units cored at Site 642. Its estimated thickness is about 18 m. 
Several well-crystallized thick basalt flows are found at the bot­
tom of the borehole. The laboratory physical-properties mea­
surements show the bottom 50 m of the hole to be a low-acous­
tic-impedance zone. However, the bottommost measurement at 
1220 mbsf indicated a sharp impedance increase. 

Two other strong reflections are shown in Figure 76 at 2.72 
and 2.85 s (TWT) which emanate from below the borehole bot­
tom. These are labeled D3 and D4, respectively. Although D3 
correlates well with a weak discontinuous reflection horizon at 
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Figure 71. Equipment block diagram for the VSP experiment. The interconnection of the air gun, hydrophone, and shipboard data acquisition 
equipment used is shown schematically. 
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Figure 72. Matrix transformation to conventional HI, H2, V coordinate 
system from radial array geophone recording coordinate system. 

2.73 s (TWT) as seen in the BFB-1 profile (Fig. 77), it is some­
what later than the strong reflection horizon seen at 2.68 s 
(TWT) in the BFB-1 profile. No reflection horizons are seen be­
low 2.70 s to correlate with the VSP reflector D4. 

Conclusion 
Vertical seismic profiling is clearly feasible aboard the drill 

ship JOIDES Resolution. High-energy air-gun sources and drill-
pipe immobilization techniques were used with multiple-shot 
summing to achieve adequate signal-to-noise ratio to receive 
seismic reflection information not only from interfaces pene­
trated by the drill but also from interfaces below the borehole's 
total depth. Ultimately, VSP information could prove a boon to 
the geophysicist for imaging and interpreting the detailed seis­
mic structure of a drill site. At Site 642 we were able to deter­
mine the traveltime to the borehole's total depth and to verify 
that the target horizon, reflector "K," was reached (see Fig. 77). 
In addition, we correlated major reflection events within the 
borehole with the core lithology information and the surface 
seismic profile BFB-1, which located the drill site, and made 
some preliminary estimates of sub-borehole reflectors. 

With a modest enhancement of shipboard computer data-
processing capability, quasi-real time, precise VSP information 
about the rock structure ahead of the drill bit could also provide 
an invaluable aid for guiding the drilling operations themselves. 
VSP information could enable us to predict whether a reflecting 
target has been reached by the bit or estimate how much deeper 
it may be. To acquire this predictive capability, a post-experi­
ment shipboard computer data-processing system should be de­
veloped that includes velocity filtering for wave-field separa­
tion, deconvolution, and synthetic seismogram modeling for 
quantitative analysis of the upgoing reflected wave field. 

204 



Seconds 

SITE 642 

Figure 73. True-amplitude, raw-data seismogram for each of the three components of the radial geophone array configuration for air-gun shot No. 
425 at 1096 mbsf. 
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SITE 642 SEISMIC CORRELATION 

Introduction 
Acoustically and geologically the area in the vicinity of Site 

642 at the outer Vdring Plateau is composed of three main se­
quences: an upper sedimentary series, overlying a volcanic se­
quence of seaward-dipping beds, resting on a basal section. The 

upper two sequences are separated by a prominent marker re­
flector, EE, that has been correlated with the top of the early 
Eocene basalts sampled during DSDP Leg 38 (Talwani, Udint-
sev, et al., 1976). The top of the basal section is defined by a 
seismic marker, K. This general division has subsequently been 
verified by a large number of multichannel seismic profiles as 
well as the Site 642 drilling results. Hence, we discuss the se­
quences separately. 

The following description is based on multichannel seismic 
profile BGR-1 (same as BFB-1) on which Site 642 was chosen at 
shotpoint 1683. However, several other profiles located in the 
immediate vicinity of the drill site (BGR 76-38, N29, NH-1, 
B12-81, 162) yield the same seismic pattern with only small dif­
ferences in the depth to the various reflecting interfaces (Norwe­
gian Sea Working Group, 1984). 

The approach to Site 642 was made along line BGR-1. Ap­
proximately 10 mi on either side of the site, the ship's speed was 
slowed down to about 5 kt (Fig. 78), and analog and digital sin­
gle-channel profiles were recorded. The records do not show 
much detail, but reflector EE and an interface, A, lying above 
are easily recognized (Figs. 79 and 80). 

The Sedimentary Sequence 
In the vicinity of Site 642 the early Eocene basalt surface, 

EE, and an intrasedimentary reflector, A, just above EE, are the 
most prominent horizons in the seismic record. Both reflectors 
can be followed over the entire outer Wring Plateau. In addi-
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Figure 74. True-amplitude seismograms for geophone no. 1 (clamping arm plane) at sequential seismometer depth positions. Multiple shots have been 
summed and normalized for each depth. A 5- to 50-Hz band-pass filter has been applied. The signal-to-noise ratio of the initial air gun's direct, 
downgoing wave relative to the background noise prior to the first break is estimated to be greater than +40 dB. 

tion, we have identified two less-distinct horizons above reflec­
tor A (Figs. 81 and 82). Reflector A has also been designated 
"O" by Hinz et al. (1984), a notation that was used by the Nor­
wegian Sea Working Group (1984, unpublished) and in the Leg 
104 prospectus (Eldholm et al., 1985). Here, we use the stan­
dard reflector nomenclature of Jrirgensen and Navrestad (1981) 
for the shelf and upper slope, later extended to the outer Vriring 
Plateau by Skogseid (1983). See Figure 12, "Evolution of the 
Norwegian Continental Margin" chapter, in this volume. 

Site 642 confirms that reflector EE originates from the top 
of the volcanic sequence. It is evident from the physical-prop­
erty measurements ("Physical Properties" section) that EE owes 
its prominence to significant increases in both velocity and den­
sity at the sediment/volcanic transition. 

Owing to its position with respect to EE, we correlate reflec­
tor A with an unconformity at 277.6 mbsf. Distinct increases in 
velocity and density across the unconformity give rise to a clear 
acoustic impedance contrast (Fig. 59, "Physical Properites" sec­
tion, this chapter). The sediments above the unconformity are 
of early Miocene age, thus placing this contact near the as­
sumed base of the Miocene. This result differs from DSDP Leg 
38 drilling results at Site 338, which is 120 km to the northeast 
of Site 642. Caston (1976) placed the main seismic marker at 
Site 338 to correspond to the change in sediment competency 
and velocity near the mid-middle Oligocene level. Similarly, 

Hinz et al. (1984) and Mutter (1984) identified the reflector as 
an unconformity of mid-Oligocene age. On the other hand, 
Skogseid (1983) correlated DSDP data with available informa­
tion from the landward sedimentary basins, and suggested that 
the corresponding reflector in line NH-1 (Fig. 11, Chapter 1) 
was located at the basal Miocene level. Because parts of the pre-
A sequence may be absent in areas of shallowing EE, the un­
conformity forming reflector A could also encompass reflector 
A ' (mid-Oligocene) and earlier Eocene markers locally. Finally, 
we note that a reevaluation of the Site 338 unconformity, in view 
of the Site 642 results, suggests that parts of the Oligocene and 
upper Eocene section may be missing. Thus, the unconformity 
at Site 338 could indeed be analogous to that of Site 642. A con­
sequence is that the Vriring Marginal High, as well as the Faeroe-
Shetland marginal high (Gravdal, 1985), may not have been 
completely covered by sediments before the earliest Miocene 
time. 

Analysis of sonobuoy profiles has yielded average velocities 
of 1.78 and 2.25 km/s for the sediments above and below A, re­
spectively (Eldholm and Windisch, 1974). Shipboard analyses 
during Leg 104, based on the drilled depth to EE, yield a very 
low average sedimentary velocity, 1.57 km/s, for the entire drilled 
section. Owing to the small time difference between A and EE 
and the uncertainty in picking the onset of the low-frequency 
signals precisely, we have not found it meaningful to estimate a 
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Figure 75. Preliminary stack of VSP seismograms collected at Site 642 for the depth interval 1111-451 mbsf. Multiple shots have been summed and 
normalized for geophone no. 1 data at each seismometer depth position. The seismometer depth interval is 15 m. A 5- to 50-Hz band-pass filter has 
been applied. The seismograms have been amplitude-scaled using a time linear gain function. Reflected waves are tentatively identified at the top of 
the figure: G1-G2 for upper basalt series subgroups I—II bases and tops, respectively. Reflectors G3 and SI are within subgroup III; reflector S is at 
the base of subgroup III and corresponds to reflector "K" in the MCS line BFB-1. Reflectors D1-D4 may be related to dikes beneath the basalt layers. 

separate interval velocity for the pre-Miocene sediments. Simi­
larly, low compressional wave velocities are measured in the re­
covered cores ("Physical Properties" section, this chapter). Above 
reflector A velocities lie between 1.5 and 1.75 km/s, with the 
highest values occurring in the uppermost 100 m. In the pre-Mi­
ocene section the velocities increase somewhat, averaging 2.0 
km/s. Although the sonic logging velocities obtained at Site 642 
appear to be unreliable, low values are definitely indicated in 
the interval above 208 mbsf (see "Logging Results" section, this 
chapter). 

In the Neogene section we observe an almost direct correla­
tion of reflectors and acoustic impedance changes. In particu­
lar, two of the reflectors show good regional continuity and 
have been indicated in Figure 81. 

The uppermost Neogene reflector is defined at a depth of 91 
mbsf, where there is a local increase in the acoustic impedance 
(Fig. 59). At this level we also observe a pronounced change in 
sedimentation rates ("Biostratigraphy" section) as well as in 

mass accumulation rates ("Sediment Lithology" section). The 
above changes closely correspond to the transition between lith-
ological Subunits IIA and IIB at the Miocene/Pliocene bound­
ary. We shall, therefore, refer to this marker as the basal Plio­
cene reflector designated O by Jdrgensen and Navrestad (1981). 

The lower Neogene reflector is observed at a depth of 196 
mbsf, a level that is also recognized by a perturbation in the 
acoustic impedance curve (Fig. 59). Moreover, the level of the 
reflector again corresponds to increases in sedimentation and 
mass accumulation rates. The reflector lies within lithological 
Unit III at the early/middle Miocene transition. We designate 
the reflector as basal middle Miocene, O ' . 

The Volcanic Sequences 
The seismic sequence below reflector EE is characterized by 

a sequence of dipping reflectors overlying a band of high-ampli­
tude, low-frequency reflectors at the base of the dipping layers. 
The upper seismic sequence exhibits a series of seaward-dipping 
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Figure 76. Same preliminary stack of VSP seismograms shown in Figure 75 except time shifted for first break time of downgoing direct 
wave. 

Table 29. Preliminary borehole interval velocity estimates (down-
going waves). 

Depth interval 
(mbsf) 

Time interval 
(m/s) Lithologic unit 

Interval velocity 
(km/s) 

451-1111 
451-676 
676-841 
841-1111 

1100/1275 
1100/1165 
1165/1205 
1205/1275 

Upper basalt series 
Subgroup I 
Subgroup II 
Subgroup III 

3.771 
3.462 
4.125 
3.857 

reflectors of poor to moderate continuity. The layers appear to 
flatten out at the top and in the landward part of the wedge. 
Acoustically, however, this unit is a direct continuation of the 
better developed layering observed in the main part of the dip­
ping sequence to the west of Site 642. 

The base reflectors consist of an upper strongly reflecting in­
terface onlapping a regionally continuous marker identified as 
reflector K (see "Evolution of the Norwegian Continental Mar­
gin" chapter; Figs. 81 and 82). Just below K there are some ad­
ditional low-frequency signals which may, in part, originate 
from reverberations and internal multiples. At the deeper levels 
the seismic record is largely acoustically unstructured (base­
ment-like). 
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Figure 77. Detail of MCS profile line BFB-1 in Figure 68 showing tenta­
tive correlation of VSP reflection events with surface ship seismic reflec­
tion horizons. Total depth of drill penetration (T.D.) is shown. 

In relating the seismic record to the drilled section, we believe 
the onset of the low-frequency band of reflectors originates at 
the top of the tuffaceous unit at about 1090 mbsf, which marks 
the change from the tholeiitic flows and volcaniclastics above to 
a sequence of glassy-to-aphanitic flows and interbedded lithified 
volcaniclastics below. At this level there is also a pronounced 
change in acoustic impedance (Fig. 61) yielding a reflection co­
efficient of about - 0 . 3 0 . A reflection coefficient of such mag­
nitude is expected to produce a prominent reflector in the seis­
mic record. Below this boundary, the drilled section exhibits 
lower densities and velocities than above, al though there is a 
gentle increase with depth and a local dike shows higher values 
(Fig. 61). From the interpretation of velocities and densities we 
expect to have reached the level of reflector K, as defined by 
Hinz et al. (1984), above the total depth. Thus , we conclude 
that reflector K lies just below the boundary between the two 
main volcanic units . This interpretation results in an interval ve­
locity for the dipping sequence of about 4.1 k m / s . 

Within the dipping sequence there are no prominent reflec­
tors having good continuity. The acoustic impedance log (Fig. 
61) reflects a series of events apparently related to the cyclic pat­
tern of homogeneous flows and interbedded volcaniclastics. An 
exception is the event at about 680 mbsf, which is associated 

with a reflector of moderate continuity at a depth of 2.29 s (Fig. 
81). This reflector appears to correspond to the contact between 
volcanic tuffs and fine-grained basalt . 
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Summary log for Hole 642D. 
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Summary log for Hole 642D (continued). 
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Summary log for Hole 642E. 
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Summary log for Hole 642E (continued). 
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Summary log for Hole 642E (continued). 
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Summary log for Hole 642E (continued). 
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Summary log for Hole 642E (continued). 
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Summary log for Hole 642E (continued). 

SPECTRAL 
GAMMA RAY ho 

PHOTOELECTRIC 
__EFFECT 

barns/e" 10 

.COMPUTED..,. I POROSITY 
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Summary log for Hole 642E (continued). 
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Summary log for Hole 642E (continued). 
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Summary log for Hole 642E (continued). 
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Summary log for Hole 642E (continued). 
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SITE 6 4 2 HOLE A CORE 1 H CORED INTERVAL 1 2 8 7 . 3 - 1 2 9 6 . 8 mbsl; 1 . 3 0 - 1 0 . 8 0 mbsf 
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GLACIAL and INTERGLACIAL MUDS and SANDY MUDS 

Moderately disturbed at Section 1, 0-90 cm. Remainder of core is undeformed. 

Major lithologies: 
a. Foraminiferal mud, dark grayish brown (10YR 4/3) to grayish brown (2.5Y 
4/2) and olive gray (5Y 4/2). Section 1, 0-25 cm; Section 2, 131 cm to Section 
3, 35 cm; Section 5, 60-130 cm. 
b. Mud, olive gray (5Y 4/2), dark gray (5Y 4/1) to dark grayish brown (2.5Y 
4/2), with scattered dropstones, mottled and bioturbated. 

Minor lithologies: 
a. Sandy mud, very dark gray (5Y 3/1), with minor scattered dropstones. 
Section 3, 119-130 cm; Section 4, 5-6 cm; Section 5, 130-150 cm. 
b. Sandy mud, grading upward from very dark gray (5Y 3/1) or black (5Y 
2.5/2) with scattered dropstones to dark olive gray (5Y 3/2) with laminations and 
bioturbation. Section 2, 20-42 cm. 
c. Sandy mud, dark olive gray (5Y 3/2), with laminations and bioturbation. 
Section 4, 78-85 and 105-120 cm. 
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SITE 6 4 2 HOLE B CORE 1H CORED INTERVAL 1 2 8 6 . 0 0 - 1 2 9 0 . 8 0 mbsl; 0 . 0 0 - 4 . 8 0 mbsf 
BIOSTRAT. ZONE/ 
FOSSIL CHARACTER 

m 
GRAPHIC 

LITHOLOGY LITHOLOGIC DESCRIPTION 

CO 

<-

GLACIAL and INTERGLACIAL MUDS and SANDY MUDS 

Entire core is undeformed. 

Major lithologies: 
a. Foraminiferal mud with scattered clay lumps, brown (1OYR 4/3) to dark 
grayish brown (2.5Y 5/2). Section 1, 0-55 cm; Section 3, 75 cm to CC. [IG.] 
b. Mud and sandy mud, dark gray (5Y 4/1) to olive gray (5Y 4/2), with 
minor scattered mud dropstones. Mottled throughout interval. Section 1, 90 
cm to CC. 

Minor lithologies: 
a. Sandy mud with Fe/Mn-rich laminations, dark brown to dark yellowish 
brown (10YR 3/3.5). Section 1, 54-55 cm. 
b. Mud, very dark gray to black (5Y 2.5/2). Section 3, 63-74 cm. 
c. Foraminiferal mud, grayish brown (2.5Y 5/2). Current deposit or turbidite. 
Section 3, 138-144 cm. 

SMEAR SLIDE SUMMARY (%): 

1, 54 
M 

3, 33 
D 

TEXTURE: 

Sand 
Silt 
Clay 

COMPOSITION: 

Quartz 
Feldspar 
Clay 
Calcite/dolomite 
Accessory minerals 
Goethite 
Foraminifers 

2 
32 
66 

1 
39 
60 

10 
30 
60 

30 
2 
64 
2 
1 

35 
1 

60 
2 
1 
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LITHOLOGIC DESCRIPTION 

GLACIAL and INTERGLACIAL MUDS and SANDY MUDS 

Drilling slurry in Section 1, 0-40 cm. Remainder of core is undeformed. 

Major lithologies: 
a. Mud with rare scattered dropstones, dark gray (5Y 4/1) to olive gray (5Y 
4/2), mottled and partially bioturbated. Section 1 to Section 3, 7 cm; Section 
3, 75 cm to CC. [G.] 
b. Foraminiferal mud, gray (5Y 5/1) and mottled. Section 3, 7-75 cm. [IG.] 
c. Mud, olive gray (5Y 5/2 to 5Y 4/2) and foraminifer-poor. Section 3, 75 
cm, to Section 5, 110 cm. [IG.] 

Minor lithologies: 
a. Sandy mud, dark olive gray (5Y 3/2), predominantly intensely biotur­
bated, but with minor laminations. Section 1, 119-127 cm; Section 4, 
37-47 cm. 
b. Mud and sandy mud, very dark gray to black (5Y 2.5/2). Section 1, 
94-97 cm; Section 6, 8-22, 26-45, and 72-73 cm. 
c. Mud and sandy mud, grading from very dark gray to black (5Y 2.5/2) 
mud upward into dark olive gray (5Y 3/2), laminated, predominantly biotur­
bated sandy mud. Sequence characterized by a sharp base and a gradation-
al top. Section 2, 0-23 cm. 

SMEAR SLIDE SUMMARY (%): 

1,125 2,33 3,51 4,60 5,20 6,40 
M D D D D D 

TEXTURE: 

Sand 25 5 30 — 5 — 
Silt 30 30 15 20 15 30 
Clay 45 65 55 80 80 70 

COMPOSITION: 

Quartz 50 35 15 20 15 31 
Feldspar 10 — — — — — 
Clay 38 64 50 75 75 69 
Accessory minerals 2 — — — — 1 
Foraminifers — — 30 — 5 — 
Nannofossils — 1 5 5 5 1 
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SITE 642 

SITE 6 4 2 HOLE B CORE 3H CORED INTERVAL ] 3 0 0 . 3 0 - 1 3 0 6 .70 mbs l : 1 4 . 3 0 - 2 0 . 7 0 mbs f 
BIOSTRAT. ZONE/ 
FOSSIL CHARACTER 

CO 

c-

LITHOLOGIC DESCRIPTION 

GLACIAL MUDS and SANDY MUDS 

Entire core is undeformed. 

Major lithologies: 
a. Mud with scattered dropstones and clay lumps, dark grayish brown (2.5Y 
4/2) to olive gray (5Y 4/2), mottled. Section 1 to Section 3. [G.] 
b. Mud with scattered dropstones and clay lumps, dark gray (5Y 4/1) to 
olive gray (5Y 4/2), mottled. Section 4. [G.] 

Minor lithologies: 
a. Mud and sandy mud with scattered dropstones, very dark gray (5Y 3/1) 
to black (5Y 2.5/2). Section 1, 72-108 cm; Section 2, 35-47 and 69-77 cm; 
Section 3, 10-21 and 100-105 cm; Section 4, 5-10 and 84-88 cm. 
b. Sandy mud, dark olive gray (5Y 3/2) to grayish olive green (5GY 3/2). 
Section 1, 0-4 and 60-72 cm; Section 3, 116-119 cm. 
c. Large dropstones. Section 1, 0-4, 96, and 107 cm; Section 2, 16 cm; 
Section 4, 2 and 84 cm. 

SMEAR SLIDE SUMMARY (%): 

TEXTURE: 

Sand 
Silt 
Clay 

COMPOSITION: 

Quartz 
Clay 
Accessory minerals 
Pyrite 
Foraminifers 
Nannofossils 

1, 30 
D 

5 
15 
80 

15 
70 

5 
10 

2, 100 
D 

15 
85 

10 
85 

5 

3, 80 
D 

5 
30 
65 

30 
65 

5 

4, 9 
M 

5 
30 
65 

33 
65 
1 

-
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SITE 642 

SITE 642 HOLE B CORE 4H CORED INTERVAL 1 3 0 6 . 7 0 - 1 3 1 5 . 4 0 mbsl; 2 0 . 7 0 - 2 9 . 4 0 mbsf 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
LITHOLOGIC DESCRIPTION 

>-

CO 

<-

I 

GLACIAL and INTERGLACIAL MUDS and SANDY MUDS 

Flow-in in Section 1 to Section 2, 39 cm; slight deformation from Section 2, 
39 cm to CC. 

Major lithologies: 
a. Foraminiferal mud, dark grayish brown (2.5Y 4/2) to olive gray (5Y 4/2), 
extensively mottled. Section 2, 39-150 cm. [IG] 
b. Mud with scattered dropstones and clay lumps, dark gray (5Y 4/1) to 
olive gray (5Y 4/2), mottled. Contains some pyrite-filled burrows. Section 3 to 
CC. [G.] 

Minor lithologies: 
a. Mud and sandy mud with scattered dropstones, very dark gray (5Y 3/1) 
to black (5Y 2.5/2). Section 3, 61-65 and 74-110 cm; Section 5, 13-84 cm. 
b. Large dropstones, Section 3, 10-12 and 80 cm; Section 5, 13-60 cm; 
Section 6, 51 cm. 

SMEAR SLIDE SUMMARY (%) 

2, 130 
D 

3, 90 
D 

4, 75 
D 

TEXTURE: 

Sand 
Silt 
Clay 

COMPOSITION: 

Quartz 
Clay 
Accessory minerals: 

Heavy minerals 
Foraminifers 
Nannofossils 

15 — — 
25 30 15 
60 70 85 

5,40 
M 

6,80 
D 

25 — 
5 — 
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SITE 642 

SITE 6 4 2 HOLE B CORE 5H CORED INTERVAL 1 3 1 5 . 4 0 - 1 3 2 4 . 9 0 mbs l ; 2 9 . 4 0 - 3 8 . 9 0 mbs f 
BIOSTRAT. ZONE/ 
FOSSIL CHARACTER 

LITHOLOGIC DESCRIPTION 

u. 

GLACIAL MUDS and SANDY MUDS 

Flow-in in Section 1, 0-90 cm. Remainder of core is undeformed. 

Major lithologies: 
a. Mud, dark grayish brown (2.5Y 4/2) to olive gray (5Y 4/2), extensively 
mottled. Contains numerous sandy patches, pyrite-filled burrows, and scat­
tered dropstones. Section 1, 0 cm, to Section 2, 83 cm. [G.J 
b. Mud, dark gray (5Y 4/1) to olive gray (5Y 4/2), mottled. Contains 
scattered dropstones, rare sandy patches, and common pyrite-filled burrows. 
Section 2, 83 cm to base of core. [G.] 

Minor lithologies: 
a. Mud and sandy mud, very dark gray (5Y 3/1) to black (5Y 2.5/2), with 
scattered dropstones and common pyrite-filled burrows. Section 1, 89-94, 
116-122, 134-136, and 143-150 cm; Section 2, 51-55 and 83-92 cm; 
Section 3, 8-100 cm; Section 5, 8-21, 108-115, and 124-128 cm. 
b. Pebbly mud, olive gray (5Y 4/2) to dark grayish brown (2.5Y 4/2), with 
scattered dropstones. Characterized by sharp base, gradational top. Section 
7, 10-19 cm. 
c. Large dropstones. Section 1, 150 cm; Section 3, 37, 41-44, and 
106-109 cm; Section 5, 15, 80, and 123 cm; Section 6, 78 cm; and CC, 5 
cm. 

SMEAR SLIDE SUMMARY (%): 

TEXTURE: 

Sand 
Silt 
Clay 

COMPOSITION: 

Quartz 
Feldspar 
Mica 
Clay 
Accessory minerals 
Nannofossils 

1, 105 
D 

15 
85 

10 
— 
85 
— 5 

2, 88 
M 

15 
20 
65 

32 
1 

65 
1 
— 

3, 60 
M 

10 
30 
60 

35 
— 
60 
5 
— 

3, 135 
D 

15 
85 

14 
— 
85 
— 1 

5, 80 
M 

50 
20 
30 

65 
2 

30 
3 
— 

5, 105 
D 

30 
70 

25 
~ 
70 
— 5 

7, 70 
D 

5 
25 
70 

24 
Tr 
Tr 
70 
1 
5 
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SITE 642 

SITE 6 4 2 HOLE B CORE 6H CORED INTERVAL 13 2 4 . 9 0 - 1 3 3 3 . 4 0 mbs l ; 3 8 . 9 0 - 4 7 . 4 0 mbs f 

>-i r 
< -z. 
cr 
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3 I 0 S T R A T . Z O N E / 
r O S S I L CHARACTER 

?-

cc 

GRAPHIC 

L I T H O L O G Y 

I 
OG 

LITHOLOGIC DESCRIPTION 

GLACIAL MUDS and SANDY MUDS 

Severe deformation in Section 1, 0-105 cm. Remainder of core is 
undeformed. 

Major lithology: Mud, dark gray (5Y 4/1) to olive gray (5Y 4/2), mottled, with 
scattered dropstones, rare sandy pockets, and common faint pyrite-filled 
burrows. [G.] 

Minor lithologies: 
a. Mud and sandy mud, very dark gray (5Y 3/1) to black (5Y 2.5/2), with 
minor small scattered dropstones and faint, pyrite-filled burrows. Section 1, 
0-24 and 105-109 cm; Section 2, 16-39, 88-105, and 115-119 cm; Section 
3, 25-40 and 140-149 cm; Section 4, 0-20 and 48-55 cm; Section 5, 5-8, 
17-21, 48-60, 63-75, and 90-98 cm; Section 6, 57-64 cm; CC, 0-11 cm. 
b. Mud and sandy mud, very dark gray (5Y 3/1) to black (5Y 2.5/2) mud 
and sandy mud, grading upward into dark olive gray (5Y 3/2) laminated and 
bioturbated sandy mud. Characterized by sharp base and gradational top. 
Section 6, 0-42 cm. 
c. Ash layer, 3 mm thick. Section 1, 132 cm. 

SMEAR SLIDE SUMMARY (%): 

1, 133 
M 

2, 25 
D 

Sand 
Silt 
Clay 

COMPOSITION: 

Quartz 
Feldspar 
Clay 
Volcanic glass 
Accessory minerals 

90 — 
10 20 
— 80 

3, 120 
M 

3, 110 
D 

30 
70 

5, 70 
M 

15 55 
— 5 
80 40 

30 30 

70 65 

— Tr 5 
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SITE 642 

SITE 6 4 2 HOLE CORE 7H CORED INTERVAL 1 3 3 3 . 4 0 - 1 3 4 2 . 9 0 mbs l ; 4 7 . 4 0 - 5 6 . 9 0 mbs f 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
LITHOLOGIC DESCRIPTION 

H 

tt 

GLACIAL MUD and SANDY MUD 

Entire core is undeformed. 

Major lithology: Mud, dark gray (5Y 4/1) to olive gray (5Y 4/2), extensively 
bioturbated and mottled, with scattered dropstones and minor sandy mud 
pockets. Contains minor greenish laminations and greenish gray mud drop-
stones. [G.] 

Minor lithologies: 
a. Mud and sandy mud, black (5Y 2.5/2) to very dark gray, with rare small 
scattered dropstones and pyrite-filled burrows. Characterized by sharp base 
and heavily bioturbated top. Section 1, 97-104, 118-129, and 132-150 cm; 
Section 2, 4-7 cm; Section 3, 10-32 cm; Section 4, 35-53, 60-62, 97-111, 
and 130-133 cm; Section 5, 0-20 and 83-87 cm; Section 6, 76-83, 
100-105, and 120-130 cm; Section 7, 63-71 cm; CC, 0-2, 8-9, and 
12-14 cm. 
b. Sandy mud, dark olive gray (5Y 3/2) to grayish olive green (5GY 3/2), 
mottled and extensively bioturbated, with scattered small dropstones. Section 
1, 46-54 and 76-78 cm; Section 3, 77-78 cm; Section 5, 39^t4 cm. 
c. Large dropstones. Section 3, 20 and 28 cm; Section 4, 47 and 48 cm; 
Section 6, 63 cm. 

SMEAR SLIDE SUMMARY (%): 

Sand 
Silt 
Clay 

COMPOSITION: 

Quartz 
Feldspar 
Mica 
Clay 
Accessory minerals 

1, 93 
D 
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2, 90 
D 

2 
20 
78 

30 
2 

— 67 
1 
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SITE 642 

SITE 6 4 2 HOLE B CORE 8H CORED INTERVAL 1 3 4 2 . 9 0 - 1 3 5 2 . 4 0 mbsl: 5 6 . 9 0 - 6 6 . 4 0 mbsf 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
LITHOLOGIC DESCRIPTION 

■ C . 

c-

> 

>-

CO 

> 

GLACIAL and INTERGLACIAL MUDS and SANDY MUDS 

Entire core is undeformed. 

Major lithology: Mud, greenish gray (10Y 4/1), dark gray (5Y 4/1) to olive 
gray (5Y 4/2), mottled and extensively bioturbated, with scattered drop-
stones. Greenish brown laminations in Section 2, 100-110 cm, and Section 
4, 45-65 cm. 

Minor lithologies: 
a. Sandy mud and mud, black (5Y 2.5/2) to very dark gray (5Y 3/1), with 
minor scattered small dropstones and pyrite-filled burrows. Characterized by 
a sharp base and generally an extensively burrowed top. Section 1, 50-72 
cm; Section 3, 0-30 and 39-42 cm; Section 4, 83-85, 102-105, and 
115-120 cm; Section 5, 18-22, 24-37, 44-50, 83-92, and 130-140 cm. 
b. Sandy mud, dark greenish gray (10Y 3/1), extensively bioturbated. 
Section 6, 92-100 and 126-132 cm. 
c. Large dropstones. Section 3, 36 and 40 cm; Section 4, 113 and 122 cm; 
Section 5, 3 and 47 cm. 

SMEAR SLIDE SUMMARY (%): 

Sand 
Silt 
Clay 

COMPOSITION: 

Quartz 
Feldspar 
Clay 
Volcanic glass 
Accessory minerals 
Sponge spicules 

1, 102 
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2, 60 
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D 
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D 
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LITH0L0GIC DESCRIPTION 

DIATOM-NANNOFOSSIL OOZE and NANNOFOSSIL OOZE 

Entire core is undeformed. 

Major lithology: Nannofossil ooze, greenish gray (10Y 4/1), mottled and 
extensively bioturbated, commonly with faint, pyritized burrows. Rare grayish 
olive green laminations (5GY 3/2). 

Minor lithologies: 
a. Mud, dark gray (5Y 4/1) to greenish gray (10Y 4/1). Section 1, 0-25 cm. 
b. Sandy volcanic ash, black, infilling burrows. Section 3, 96 and 103 cm. 

SMEAR SLIDE SUMMARY (%): 

1,15 1,118 2,82 2,132 3,50 3,96 
M D D D D M 

TEXTURE: 

Sand 2 — — — — 60 
Silt 20 10 20 20 3 40 
Clay 78 90 80 80 97 — 

COMPOSITION: 

Quartz 20 — — Tr — 1 

6, 100 
D 

5 
95 

-
r G l u S p S r 

Clay 77 — 6 3 — — 
Volcanic glass — Tr — 1 1 89 
Accessory minerals 1 — Tr — — — 
Foraminifers — — Tr 1 — — 
Nannofossils — 80 60 80 92 10 
Diatoms — 10 10 3 2 — 
Radiolarians — — 2 1 2 — 
Sponge spicules — 10 20 10 3 — 
Silicoflagellates — — 2 1 1 — 

-

90 
2 
1 
5 
1 
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SITE 642 

S I T E 6 4 2 HOLE B CORE 1 OH CORED INTERVAL 1 3 6 1 . 9 - 1 3 7 1 . 4 mbsl; 7 5 . 9 0 - 8 5 . 4 0 mbsf 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
LITHOLOGIC DESCRIPTION 

Co 

c 
CO 

<"-

I-G 

NANNOFOSSIL OOZE and MUD 

Entire core is undeformed. 

Major lithology: Nannofossil ooze, dusky yellow green (5GY 5/2) to gray (5Y 
5/1), and mud, dark greenish gray (5GY 4/1), alternating in gradational beds 
100-450 cm thick. Strongly bioturbated throughout, with small, faint burrows, 
well-developed Zoophycos, and pyritized burrows. 

Minor lithology: Volcanic ash, thin layer. Section 5, 120-122 cm. 

SMEAR SLIDE SUMMARY (%): 

Sand 
Silt 
Clay 

COMPOSITION: 

Quartz 
Clay 
Volcanic glass 
Accessory minerals 
Pyrite 
Foraminifers 
Nannofossils 
Diatoms 
Radiolarians 
Sponge spicules 
Sillcoflagellates 

1, 88 
M 

20 
80 

15 
77 
Tr 

1 
— — 2 

— — 5 

2, 79 
D 

10 
13 
77 

10 
7 

— — 5 
1 

80 
1 

— 3 

4, 80 
D 

10 
90 

5 
2 

— — — 1 
85 
3 
1 
3 

5, 122 
M 

50 
30 
80 

2 

— 70 
— 20 

— — 1 
1 
5 

5, 140 
D 

3 
20 
77 

20 
67 

— 1 
— — — 1 

1 
10 

CC 
D 

25 
25 
50 

15 
50 
10 
3 

— 1 
1 
3 
1 

15 
1 

CC 
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SITE 642 

SITE 6 4 2 HOLE B CORE 11H CORED INTERVAL 1 3 7 1 . 4 - 1 3 8 0 . 9 mbslj 8 5 . 4 0 - 9 4 . 9 0 mbsf 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
LITHOLOGIC DESCRIPTION 

LU 
O 
o 
^ 
rr 
i iJ 
Q_ 
LL 
=} 

N 

o 
£L 

r <v 
OJ 

CO 
L L 
CL 
CO 

III 

III 

SANDY MUD, NANNOFOSSIL OOZE, and SILICEOUS MUD 

Entire core is undeformed. 

Major lithology: Nannofossil ooze, dusky yellow green (5GY 5/2), and sandy 
mud and siliceous mud, dark greenish gray (5GY 4/1) to dark olive gray (5Y 
3/2), alternating in gradational beds 150-300 cm thick. Strongly bioturbated 
throughout, with faint pyritized burrows common. Zoophycos well developed 
in Section 3. 

Minor lithologies: 
a. Faint banding in blue green. Section 2, 28-30 cm; Section 6, 0-70 cm. 
b. Mud, dark greenish gray (5G 4/1). Section 5, 76-77 cm. Possibly altered 
basaltic ash. 
c. Fresh volcanic glass. Section 2, 70-72 cm. 

SMEAR SLIDE SUMMARY (%): 

III 

III 

cc 

III 

Itl 

III 

III 

Itl 

TEXTURE: 

Sand 
Silt 
Clay 

COMPOSITION: 

Quartz 
Feldspar 
Clay 
Volcanic glass 
Accessory minerals 
Nannofossils 
Diatoms 
Radiolarians 
Sponge spicules 
Silicoflagellates 

1, 60 
D 

50 
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35 

35 
1 

35 
10 

2 

— 1 

— 15 
1 

2, 70 
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10 

— 10 
73 

— — 1 
Tr 
15 
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3, 100 
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10 
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— 5 

— — 85 
1 

— 5 
1 

5, 112 
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60 

_ 
— 53 
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— — — 10 
1 

25 
1 
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SITE 642 

SITE 6 4 2 HOLE B CORE 1 2H CORED INTERVAL 1 3 8 0 . 9 - 1 3 9 0 . 2 mbs l ; 9 4 . 9 0 - 1 0 4 . 2 0 mbs f 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
LITHOLOGIC DESCRIPTION 

Q 

CO 
-T 

to 

Cx. 

^ -Cl 

6 3 
10 

til SILICEOUS MUD 

Moderate deformation at Section 1, 120 cm, to Section 2, 50 cm. The rest of 
the core is undeformed. 

Major lithology: Siliceous mud, dark greenish gray (5GY 4/1) to dark gray 
(5Y 4/1), strongly bioturbated. Pyrite impregnations common along burrows. 

Minor lithologies: 
a. Sand, patchy. Section 5, 135-145 cm; Section 6, 130-150 cm. 
b. Ash, dark gray (5Y 4/1). Section 5, 80-90 cm. 

SMEAR SLIDE SUMMARY (%): 

III 1, 80 3, 60 5, 84 
D D M 

6,80 
D 

III 

TEXTURE: 

Sand 
Silt 
Clay 

COMPOSITION: 

Quartz 
Mica 
Clay 
Volcanic glass 
Nannofossils 
Diatoms 
Radiolarians 
Sponge spicules 
Silicoflagellates 
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Tr 
75 
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10 
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SITE 642 

SITE 6 4 2 HOLE B CORE 1 3H CORED INTERVAL 1 3 - 9 0 . 2 - 1 4 0 0 . 0 mbs l ; 1 0 4 . 2 0 - 1 1 4 . 0 0 mbs f 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
LITHOLOGIC DESCRIPTION 
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III 

NANNOFOSSIL OOZE, MUD, and SILICEOUS MUD 

Entire core undeformed. 

Major lithology: Nannofossil ooze, mud, and siliceous mud, dark greenish 
gray (5GY 4/1), greenish gray (5GY 6/1), and dark gray (5Y 4/1) to gray (5Y 
5/1), interbedded with gradational contacts. Strongly bioturbated and mottled 
throughout, with numerous Zoophycus. Faint color banding at Section 1, 
110-128 and 137-150 cm; Section 2, 77-103 cm. 

Minor lithology: Volcanic ash, dark gray to opaque sandy layer. CC, 9-13 cm. 

SMEAR SLIDE SUMMARY (%): 

Sand 
Silt 
Clay 

COMPOSITION: 

Quartz 
Clay 
Volcanic glass 
Nannofossils 
Diatoms 
Radiolarians 
Sponge spicules 
Silicoflagellates 

2, 100 
D 

30 
70 

1 
67 
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1 
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15 
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5, 60 
D 
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85 
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7, 50 
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LITH0L0GIC DESCRIPTION 

SILICEOUS MUD 

Entire core is moderately disturbed. 

Major lithology: Siliceous mud, dark greenish gray (5GY 4/1), bioturbated 
and mottled. 

Minor lithologies: 
a. Sand, dark greenish gray (5GY 4/1), occurs in small pockets throughout 
the core. 
b. Volcanic ash, occurs as lenses. Section 1, 85 and 103 cm. 

SMEAR SLIDE SUMMARY (%): 

4, 80 5, 103 CC, 14 
D M D 

TEXTURE: 

Sand 85 80 5 
Silt 15 15 45 
Clay — 5 50 

COMPOSITION: 

Quartz 2 1 3 
Clay 5 1 50 
Volcanic glass 78 60 — 
Accessory minerals 5 38 2 
Diatoms Tr Tr 25 
Sponge spicules 10 Tr 15 
Silicoflagellates 5 
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LITH0L0GIC DESCRIPTION 

MUD and MARLY NANNOFOSSIL OOZE 

Entire core is undisturbed. 

Major lithology: Mud and marly nannofossil ooze, dark greenish gray (5GY 
4/1) to greenish gray (5GY 5/1), interbedded with gradational and indistinct 
boundaries. Heavily bioturbated and mottled throughout. 

Minor lithology: Volcanic ash. Section 3, 102-104 cm. 

SMEAR SLIDE SUMMARY (%): 

1, 100 3, 60 3, 103 
D D M 

TEXTURE: 

Sand 35 10 70 
Silt 15 10 10 
Clay 50 80 20 

COMPOSITION: 

Quartz 5 — 1 
Clay 49 54 20 
Volcanic glass 30 5 67 
Foraminifers 1 5 — 
Nannofossils 5 30 1 
Diatoms Tr 1 1 
Radiolarians Tr — Tr 
Sponge spicules 10 5 10 
Silicoflagellates — — Tr 
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SITE 642 

SITE 6 4 2 HOLE B CORE 16H CORED INTERVAL 1 4 1 4 .1 - 1 4 2 4 .0 mbs l ; 1 2 8 . 1 0 - 1 3 8 . 0 0 mbs f 
BIOSTRAT. ZONE/ 
FOSSIL CHARACTER 

GRAPHIC 
LITHOLOGY 

LITHOLOGIC DESCRIPTION 
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MUD, SILICEOUS MUD, MARLY NANNOFOSSIL OOZE, and NANNOFOSSIL 
OOZE 

Entire core is undisturbed. 

Major lithology: Mud, siliceous mud, marly nannofossil ooze, and nannofossil 
ooze, dark gray (5Y 4/1) to very dark gray (5Y 3/1), interbedded with 
gradational and indistinct boundaries. Heavily bioturbated and mottled 
throughout. Faint grayish-green (5G 4/2) laminations at Section 5, 28-30 and 
60-62 cm, and Section 7, 37-41 cm. 

Minor lithology: Volcanic ash, white to gray (2.5Y 8/0), sandy, with sharp 
bases and gradational tops. Section 2, 23-29 and 110-113 cm; Section 5, 
14-17 and 104-109 cm; Section 7, 99-101 cm. 

SMEAR SLIDE SUMMARY (%): 

TEXTURE: 
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Silt 
Clay 

COMPOSITION: 

Quartz 
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SITE 642 

SITE 6 4 2 HOLE B CORE 17H CORED INTERVAL 1 4 2 4 . 0 - 1 4 3 3 . 8 mbs l ; 1 3 8 . 0 0 - 1 4 7 . 8 0 mbs f 

LITHOLOGIC DESCRIPTION 

NANNOFOSSIL-SILICEOUS OOZE 

Entire core is undeformed. 

Major lithology: Nanno-siliceous ooze, dark gray (5Y 4/1), olive gray (5Y 5/2) to 
greenish gray (5GY 5/1) and grayish green (5G 5/2), heavily bioturbated. Rare 
faint laminations, burrows, and Zoophycos trace fossils. 

Minor lithology: Volcanic ash. Sandy ash pocket at Section 4, 25-26 cm. Ash 
layer with sharp base and gradational top at Section 5, 54-57 cm. 

SMEAR SLIDE SUMMARY (%): 

TEXTURE: 
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SITE 642 

SITE 6 4 2 HOLE B CORE 1 8H CORED INTERVAL 1 4 3 3 . 8 - 1 4 4 3 . 7 mbs l ; 1 47 . 8 0 - 1 5 7 .70 mbs f 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
LITHOLOGiC DESCRIPTION 
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SILICEOUS MUD and SILICEOUS NANNOFOSSIL OOZE 

Entire core is undisturbed. 

Major lithology: Siliceous mud and siliceous nannofossil ooze, greenish gray 
(5GY 5/1) to gray (5Y 5/1), interbedded with gradational and indistinct 
boundaries. Moderately to heavily bioturbated and mottled. Rare faint color 
laminations, especially of grayish green. 

Minor lithology: Siliceous mud, possibly rich in altered basaltic glass. Occurs 
in lenses; Section 3, 81-83 and 142-145 cm; Section 4, 94-98 cm. 

SMEAR SLIDE SUMMARY (%): 
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SITE 642 

SITE 6 4 2 HOLE B CORE 1 9H CORED INTERVAL 1 4 4 3 . 7 - 1 4 5 3 . 4 mbsl; 1 5 7 . 7 0 - 1 6 7 . 4 0 mbsf 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
LITHOLOGIC DESCRIPTION 
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SILICEOUS MUD 

Entire core is undeformed. 

Major lithology: Siliceous mud, very dark gray (5Y 3/1), dark gray (5Y 4/1) 
and greenish gray (5GY 5/1), bioturbated and mottled. Rare identifiable 
Zoophycos. 

Minor lithology: Ash, very dark gray (5Y 3/1). Section 2, 75-79 cm. 

SMEAR SLIDE SUMMARY (%): 

1, 140 2, 76 3, 100 6, 100 
D M D 

TEXTURE: 
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SITE 642 

SITE 6 4 2 HOLE B CORE 2 0 H CORED INTERVAL 1 4 5 3 . 4 - 1 4 6 3 . 1 mbsl; 1 6 7 . 4 0 - 1 7 7 . 1 0 mbsf 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
LITHOLOGIC DESCRIPTION 
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SILICEOUS MUD 

Entire core is undeformed. 

Major lithology: Siliceous mud, very dark gray (5Y 3/1), gray (5Y 4/1), and 
greenish gray (5GY 5/1), mottled. Faint laminations in Section 6, 30-60 cm. 

Minor lithologies: 
a. Volcanic ash, very dark gray (5Y 3/1), with sharp base and gradational 
top. Section 1. 46-51 cm; Section 5, 110-114 and 135-138 cm. 

b. Siliceous mud, possibly enriched in altered basaltic glass. Section 2, 57 
and 62 cm. 

SMEAR SLIDE SUMMARY (%): 

1,20 1,46 2,72 2,100 5,100 5,113 7,35 
D M M D D M M 
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SITE 642 

SITE 6 4 2 HOLE B CORE 2 1 H CORED INTERVAL 1 4 6 3 . 1 - 1 4 7 2 . 7 mbsl; 1 7 7 . 1 0 - 1 8 6 . 7 0 mbsf 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
LITHOLOGIC DESCRIPTION 
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SILICEOUS MUD 

Entire core is undeformed. 

Major lilhology: Siliceous mud, very dark gray (5Y 3/1), slightly to moderately 
bioturbated and extensively mottled. Minor well-defined burrows. 

Minor lithology: Volcanic ash, very dark gray (5Y 3/1), with sharp base and 
gradational top. Section 2, 132-140 cm. 

SMEAR SLIDE SUMMARY (%): 

2, 145 5, 60 
D D 
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COMPOSITION: 
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SITE 642 

SITE 6 4 2 HOLE B CORE 2 2 H CORED INTERVAL 1 4 7 2 . 7 - 1 4 8 2 . 0 mbsl ; 1 8 6 . 7 0 - 1 9 6 . 0 0 mbsf 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
LITHOLOGIC DESCRIPTION 
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SILICEOUS MUD 

Entire core is undeformed. 

Major lithology: Siliceous mud, dark olive gray (5Y 3/2), dark gray (5Y 4/1), 
and greenish gray (5GY 5/1). Moderately to heavily bioturbated, with mottling 
and discrete burrows. 

Minor lithologies: 
a. Volcanic ash, dark olive gray (5Y 3/2). Section 1, 138-143 cm. Lens of 
volcanic ash, Section 1, 76 cm. 

b. Possibly disseminated, altered basaltic ash. Section 4, 117-123 cm; 
Section 6, 54-66, 98, 102-105, and 140-145 cm. 

SMEAR SLIDE SUMMARY (%) 
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TEXTURE: 
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SITE 642 
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SITE 642 

SITE 6 4 2 HOLE B CORE 2 3 H CORED INTERVAL 1 4 8 2 . 0 - 1 4 9 1 . 6 mbsl; 1 9 6 . 0 0 - 2 0 5 . 6 0 mbsf 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
LITHOLOGIC DESCRIPTION 
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DIATOMACEOUS MUD 

Entire core is undisturbed. 

Major lithology: Diatomaceous mud, dark olive gray (5Y 3/2). Heavily biotur-
bated, with burrows (2-3 mm wide) commonly visible. Zoophycos well 
developed in Section 1. 

Minor lithology: Possibly disseminated, altered basaltic ash. Section 1, 43, 
62-63, 63-64, and 78-79 cm. 

SMEAR SLIDE SUMMARY (%): 

TEXTURE: 

Sand 
Silt 
Clay 

COMPOSITION: 

Clay 
Volcanic glass 
Accessory minerals: 
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Diatoms 
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SITE 642 

SITE 6 4 2 HOLE B CORE 2 4 H CORED INTERVAL 1 4 9 1 . 6 - 1 4 9 9 . 1 mbsl ; 2 0 5 . 6 0 - 2 1 3 . 1 0 mbsf 
BIOSTRAT. ZONE/ 
FOSSIL CHARACTER 

GRAPHIC 
LITHOLOGY 

LITHOLOGIC DESCRIPTION 

DIATOMACEOUS MUD and DIATOM OOZE 

Entire core is undisturbed. 

Major lithology: Diatomaceous mud and diatom ooze, dark olive gray (5Y 
3/2), homogeneous. Lithified to mudstone in minor intervals. Minor bioturba-
tion and fine-scale mottling. 

SMEAR SLIDE SUMMARY (%): 

TEXTURE: 
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SITE 642 

SITE 6 4 2 HOLE B CORE 2 5 H CORED INTERVAL 1 4 9 9 . 1 - 1 5 0 7 . 1 mbsl; 2 1 3 . 1 0 - 2 2 1 . 1 0 mbsf 

B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
LITHOLOGIC DESCRIPTION 

>» 

DIATOM OOZE 

Entire core is undisturbed. 

Major lithology: Siliceous ooze, dark olive gray (5Y 3/2), homogeneous. 
Minor bioturbation and mottling. 

Minor lithology: Possibly disseminated, altered basaltic glass. Section 5, 
135-140 cm. 

SMEAR SLIDE SUMMARY (%): 

TEXTURE: 
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LITH0L0GIC DESCRIPTION 

GLACIAL and INTERGLACIAL MUDS and SANDY MUDS 

Entire core is undeformed. 

Major lithologies: 
a. Foraminiferal mud, dark brown (10YR 3/3) to dark grayish brown (10YR 
4/2), with scattered clay lumps. Slightly bioturbated. Section 1, 0 -90 cm. 
[IG.] 
b. Mud and sandy mud, dark gray (5Y 4/1) to olive gray (5Y 4/2), with 
minor scattered mud dropstones. Mottled throughout interval. Section 1, 90 
cm, to CC. [G.] 

Minor lithologies: 
a. Sandy mud, very dark gray (5Y 3/1) to black (5Y 2.5/2), with minor 
scattered dropstones. Section 1, 68-73 cm; Section 2, 139-144 cm; CC, 
11-12 and 14-15 cm. 
b. Sandy mud, dark greenish gray (10Y 4/1). Section 1, 124-125 cm. 
c. Foraminiferal mud, olive gray (5Y 4/2) to dark grayish brown (2.5Y 4/2). 
Section 3, 0-18 cm. 

SMEAR SLIDE SUMMARY (%): 

1, 35 2, 133 3, 10 CC, 3 
D M D M 

TEXTURE: 

Sand 10 3 2 20 
Silt 30 30 30 30 
Clay 60 67 68 50 

COMPOSITION: 

Quartz 30 40 20 40 
Feldspar 2 5 — 5 
Clay 66 53 60 53 
Accessory minerals: 1 1 1 2 
Glauconite — 1 — — 
Foraminifers 1 — 10 — 
Nannofossils — — 10 — 
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SITE 642 

SITE 6 4 2 HOLE C CORE 2H CORED INTERVAL 1 2 8 9 . 4 - 1 2 9 9 . 2 fflbsl; 3 . 4 0 - 1 3 . 2 0 mbsf 

B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
LITHOLOGIC DESCRIPTION 
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GLACIAL and INTERGLACIAL MUDS and SANDY MUDS 

Moderate deformation in Section 1, 0-20 cm. The remainder of the core is 
undeformed. 

Major lithologies: 
a. Mud and sandy mud, very dark grayish brown (2.5Y 3/2) to dark grayish 
brown (2.5Y 4/2), moderately bioturbated. Section 1 to Section 2, 54 cm. 
b. Foraminiferal mud, dark gray (5Y 4/1) to very dark grayish brown (2.5Y 
3/2), extensively bioturbated. Contains sand-filled burrows 2-3 mm in 
diameter. Section 2, 54-120 cm. [IG.] 
c. Mud and sandy mud, dark gray (5Y 4/1) to olive gray (5Y 4/2), with 
minor scattered dropstones. Extensively bioturbated, with occasional 
pyrite-filled burrows. Section 3, 134 cm to CC. 

Minor lithologies: 
a. Sandy mud, dark olive gray (5Y 3/2), extensively bioturbated. Fe/Mn rich, 
and contains some laminations. Section 1, 78-86 cm; Section 4, 30-38 cm. 
b. Sandy mud, very dark gray (5Y 3/1) to black (5Y 2.5/2), with minor 
scattered dropstones. Section 1, 48-51 cm; Section 6, 10-16, 26-40, 76-84, 
and 103-108 cm. 
c. Sandy mud, grading upward from very dark gray (5Y 3/1) or black (5Y 
2.5/2) with scattered dropstones to dark olive gray (5Y 3/2) with laminations 
and bioturbation. Section 1, 107-133 cm; Section 2, 120-138 cm; Section 5, 
96-113 cm. 
d. Volcanic ash layer, olive gray (5Y 4/2). Section 4, 90-98 cm. 

SMEAR SLIDE SUMMARY (%): 

Sand 
Silt 
Clay 

COMPOSITION: 

Quartz 
Feldspar 
Clay 
Volcanic glass 
Accessory minerals 
Goethite 
Foraminifers 
Nannofossils 

1, 113 
M 

2 
30 
68 

40 

40 

— 
20 

— 

2, 78 
D 

30 
20 
50 

10 

58 

— 
30 

2 

4, 95 
M 

70 
30 

3 

96 

1 

5, 86 
M 

70 
20 
10 

85 
2 

10 

co
l 

— 
— 

7, 30 
D 

2 
10 
88 

20 

79 

1 

— 

284 



SITE 642 

cm 
0 

10 

20 

30 

40 

50 

2H-7 

60 — 

70 

80 

90 

100 

1 10 

120 

130 

140 

150 

2H.CC 

285 



SITE 642 

SITE 6 4 2 HOLE C CORE 3H CORED INTERVAL 1 2 9 9 . 2 - 1 3 0 9 . 1 mbsl; 1 3 . 2 0 - 2 3 . 1 0 mbsf 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

J T H O L O G Y 
LITHOLOGIC DESCRIPTION 
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GLACIAL and INTERGLACIAL MUD and SANDY MUD 

Severe deformation (flow-in) at Section 1, 0-50 cm. The remainder of the 
core is undeformed. 

Major lithology: Mud and sandy mud, dark gray (5Y 4/1), with minor scat­
tered dropstones. Extensively bioturbated, with some large (0.5-1.0 cm) 
burrows visible. 

Minor lithologies: 
a. Sandy mud, very dark gray (5Y 3/1) to black (5Y 2.5/2), with common 
scattered dropstones. Generally show sharp base, strongly bioturbated upper 
contact. Section 2, 67-84 and 113-121 cm; Section 3, 68-89 and 126-134 
cm; Section 4, 13-28, 84-90, and 92-100 cm; Section 6,36-48 and 57-98 cm. 
b. Sandy mud, very dark gray (5Y 3/1) to black (5Y 2.5/2) at base, grading 
upward into dark olive gray (5Y 3/2). Scattered dropstones common at base, 
laminations and bioturbation common at top. Characterized by sharp base, 
gradational upper boundary, Section 1, 50-130 cm, and Section 4, 35-53 cm. 
c. Sandy mud, greenish gray (5GY 4/1) to dark greenish gray (5GY 3/2), 
showing common color lamination. Section 1, 55-70 cm; Section 2, 0-5 cm; 
Section 5, 20-132 cm. 
d. Mud, brownish gray (5Y 5/1), with large (0.5-1.0 cm) burrows visible. 
Section 5, 10-20 cm. 
e. Large dropstones, Section 1, 65, 113-120, and 125 cm; Section 4, 25 
cm; Section 6, 60-70 and 139 cm; Section 7, 42 cm. 

SMEAR SLIDE SUMMARY (%): 
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SITE 642 

SITE 6 4 2 HOLE C CORE 4H CORED INTERVAL 1 3 0 9 . 1 - 1 3 1 8 . 9 mbsl 2 3 . 1 0 - 3 2 . 9 0 mbsf 
B 1 0 S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
LITHOLOGIC DESCRIPTION 
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GLACIAL and INTERGLACIAL MUD and SANDY MUD 

Moderate deformation in Section 1, 0-55 cm. The remainder of the core is 
undeformed. 

Major lithologies: 
a. Mud and sandy mud, dark gray (5Y 4/1), with minor scattered drop-
stones. Bioturbated, with some large (0.5-1.0 cm) burrows. Sections 1, 2, 
and 5 to CC. 
b. Mud and sandy mud, dark grayish brown (2.5Y 4/2), with minor scattered 
dropstones. Moderately bioturbated and mottled. Rare lamination in green, 
and occasional sandy layer and pockets. Sections 3 and 4. 

Minor lithologies: 
a. Sandy mud, very dark gray (5Y 3/1) to black (5Y 2.5/2), with common 
scattered dropstones. Section 1, 55-150 cm; Section 2, 0-3, 34-54, and 
100-128 cm; Section 3, 20-34, 103-106, and 140-149 cm; Section 4, 
19-26, 87-90, and 122-132 cm; Section 5, 10-114 cm; Section 6, 13-15 
cm; Section 7, 50-62 cm. 
b. Sandy mud, very dark gray (5Y 3/1) to black (5Y 2.5/2), with common 
scattered dropstones at base, grading upward into dark olive gray (5Y 3/2) 
with laminations and bioturbation. Section 1, 35-44 cm. 
c. Foraminiferal mud, dark gray (5Y 4/1) to greenish gray (5Y 5/1). Section 6, 
35-44 cm. 
d. Large dropstones: Section 1, 60, 70, 85, 100, 108, and 115 cm; Section 4, 
122 cm; Section 5, 25, 40, and 114 cm. 

SMEAR SLIDE SUMMARY (%): 

TEXTURE: 

Sand 
Silt 
Clay 

COMPOSITION: 

Quartz 
Feldspar 
Clay 
Volcanic glass 
Calcite/dolomite 
Accessory minerals 
Foraminifers 

1, 115 
D 

20 
30 
50 

40 
5 

54 
— — 1 

— 

2, 20 
D 

5 
10 
85 

30 

— 59 
— 10 

1 

— 

3, 37 
D 

15 
30 
55 

40 
2 

56 
— — 2 

— 

6, 40 
M 

80 
10 
10 

10 

— 10 
— — — 80 

6, 100 
D 

2 
20 
78 

20 
2 

77 
Tr 

— 1 

— 
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SITE 642 

SITE 6 4 2 HOLE C CORE 5H CORED INTERVAL 1 3 1 8 . 9 - 1 3 2 7 . 4 mbsl; 3 2 . 9 0 - 4 1 . 4 0 mbsf 
BIOSTRAT. ZONE/ 
FOSSIL CHARACTER 

cc 

GRAPHIC 
LITHOLOGY 

X* 

t l 

f 
fir 
t 
T 
fir 
\ 

4 

LITH0L0G1C DESCRIPTION 

GLACIAL and INTERGLACIAL MUD and SANDY MUD 

Moderate deformation in Section 1, 0-35 cm. Section 1, 40-54 cm is a void. 
Remainder of core is undeformed. 

Major lithology: Mud and sandy mud, dark gray (5Y 4/1), with minor scat­
tered dropstones. Extensively bioturbated, with minor large burrows. 

Minor lithologies: 
a. Sandy mud, very dark gray (5Y 3/1) to black (5Y 2.5/2), with common 
scattered dropstones. Intervals show sharp base, heavily bioturbated upper 
boundary. Section 1,0-17, 25-32, and 53-65 cm; Section 3, 54-65, and 
120-147 cm; Section 4, 26-28 cm, 54-80, and 95-105 cm; Section 5, 10-57 
cm; CC, 5-10 cm. 
b. Mud, dark greenish gray (5GY 4/1), extensively bioturbated and mottled. 
Section 3, 84-104 cm; Section 5, 0-10 and 128-129 cm; Section 6, 63-70 
cm. 
c. Large dropstones: Section 2, 12, 16, 63-67, and 73 cm; Section 5, 70 cm. 

SMEAR SLIDE SUMMARY (%) 

TEXTURE: 

Sand 
Silt 
Clay 

COMPOSITION: 

Quartz 
Feldspar 
Clay 
Accessory minerals 
Foraminifers 
Nannofossils 

2, 40 
M 

4, 134 
D 

5, 128 
M 

6, 40 
D 

- 5 — 
5 — — 
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SITE 642 

SITE 6 4 2 HOLE C CORE 6H CORED INTERVAL 1 3 2 7 . 4 - 1 3 3 6 . 9 mbsl; 4 1 . 4 0 - 5 0 . 9 0 mbsf 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
LITHOLOGIC DESCRIPTION 

1 .0 

<-

V 
cr 
< 
cr 
LU 
h-

< o 
a 

^L 
U 
M 

O 

T 
H 
7? 
I I I 
CD 

CD 
LL 
a. 
CO 

m 

GLACIAL and INTERGLACIAL MUD and SANDY MUD 

Entire core is undeformed. 

Major lithology: Mud, dark gray (5Y 4/1) to olive gray (5Y 4/2), with minor 
scattered dropstones and small lenses of sandy mud. Moderately bioturbated 
and mottled. 

Minor lithologies: 
a. Sandy mud, very dark gray (5Y 3/1) to black (5Y 2.5/2), with abundant 
scattered dropstones. Intervals show sharp base, extensively burrowed up­
per boundary. Section 1, 41-42, 90-121, and 137-142 cm; Section 2, 
70-75, 80-88, and 100-110 cm; Section 3, 70-75, 79-83, 91-94, and 
98-101 cm; Section 4, 67-81 cm; Section 5, 76-95 and 144-150 cm; 
Section 6, 0-16 and 86-102 cm; CC, 28-31 cm. 
b. Sandy mud, very dark gray (5Y 3/1) to black (5Y 2.5/2) at base, with 
abundant scattered dropstones, grading upward into dark olive gray (5Y 3/2) 
with laminations and bioturbation. Intervals show sharp bases and gradation-
al tops. Section 3, 2-25, 28-31, and 116-130 cm; Section 4, 11-21 cm. 
c. Mud, greenish gray (10Y 5/1), moderately bioturbated and occasionally 
laminated. Section 2, 47-54, 60-70, and 75-78 cm; Section 3, 116-130 cm. 
d. Large dropstones: Section 1, 90 cm; Section 3, 86 and 100 cm; Section 
6, 5 and 120 cm. 

SMEAR SLIDE SUMMARY (%): 

TEXTURE 

Sand 
Silt 
Clay 

COMPOSITION: 

Quartz 
Feldspar 
Clay 
Accessory minerals 

2, 80 
D 

35 
30 
35 

60 
5 

35 
Tr 

2, 130 
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5, 42 
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SITE 642 

SITE 6 4 2 HOLE C CORE 7H CORED INTERVAL 1 3 3 6 . 9 - 1 3 4 3 . 1 mbsl; 5 0 . 9 0 - 5 7 . 1 0 mbsf 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
LITHOLOGIC DESCRIPTION 

>-or. 
<r 
2 
or. 
UJ 
h-
< Z> 
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CO 
CO 
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-— CO 
en 
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Ql 
r i 
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m 
GLACIAL and INTERGLACIAL MUD and SANDY MUD 

Severe deformation (flow-in) at Section 1, 0-30 cm. The remainder of the 
core undeformed. 

Major lithologies: 
a. Mud, dark gray (5Y 4/1), with minor scattered dropstones and small 
lenses of sandy mud. Moderate bioturbation and mottling. Section 1; Section 
2, 34-58 cm; Section 3, 0-53 and 125-150 cm; Section 4, 0-48 and 
142-150 cm; Section 5 to CC. 
b. Mud, greenish gray to dark greenish gray (5GY 4/1), generally mottled, 
but with minor faint color banding and scattered small sand lenses (re­
mainder). 

Minor lithologies: 
a. Sandy mud, very dark gray (5Y 3/1) to black (5Y 2.5/2), with abundant 
scattered dropstones. Intervals show sharp base, bioturbated top. Section 1, 
30-38, 70-82, and 90-119 cm; Section 2, 52-58 cm; Section 3, 43-45 and 
53-59 cm; Section 4, 4-10, 16-19, 20-33, and 142-150 cm; CC, 3-5 cm. 
b. Volcanic ash, thin disseminated layers. Section 1, 133-140 cm; Section 
2, 148 cm. 

SMEAR SLIDE SUMMARY (%): 

TEXTURE: 

Sand 
Silt 
Clay 

COMPOSITION: 

Quartz 
Clay 
Volcanic glass 
Accessory minerals 

1, 100 
D 
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SITE 642 

SITE 6 4 2 HOLE C CORE 8H CORED INTERVAL 1343.1-1346 7 mbsl; 57.10-60.70 mbsf 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
LITHOLOGIC DESCRIPTION 

cc 

GLACIAL and INTERGLACIAL MUD and SANDY MUD 

Severe deformation (flow-in) in Section 1, 0-10 cm. Remainder of core is 
undeformed. -

Major lithology: Mud, dark gray (5Y 4/1) to dark greenish gray (5GY 4/1), 
moderately bioturbated and mottled. Faint color banding is common. 

Minor lithologies: 
a. Sandy mud, very dark gray (5Y 3/1) to black (5Y 2.5/2), with scattered 
dropstones. Section 1, 28-30 and 70-77 cm; Section 2, 19-25, 56-62, 
87-90, and 106-108 cm. 
b. Possibly strongly altered, disseminated basaltic ash. Section 3, 49 cm. 
c. Mud, greenish gray (5GY 5/1), moderately bioturbated and mottled. CC. 

SMEAR SLIDE SUMMARY (%) 

1, 100 
D 

2, 58 
M 

3, 49 
D 

TEXTURE: 

Sand 
Silt 
Clay 

COMPOSITION: 

Quartz 
Clay 
Volcanic glass 
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SITE 642 

SITE 6 4 2 HOLE C CORE 9H CORED INT 

CD 

CO 

VAL 1 3 4 6 . 7 - 1 3 4 9 . 5 mbsl; 6 0 . 7 0 - 6 3 . 5 0 mbsf 

LITHOLOGIC DESCRIPTION 

NANNOFOSSIL OOZE 

Entire core was slightly disturbed during splitting. 

Major lithology: Nannofossil ooze, greenish gray (5GY 5/1), moderately 
bioturbated and mottled. Contains dark gray (5Y 4/2) and olive gray (5Y 4/2) 
faint, horizontal laminations. 

Minor lithology: Volcanic ash, disseminated. Composed of dark (altered 
basaltic glass?) and light shards. Section 1, 60 cm. 

SMEAR SLIDE SUMMARY (%): 

1, 70 
D 

TEXTURE: 

Sand 5 
Silt 25 
Clay 70 

COMPOSITION: 

Clay 20 
Volcanic glass 5 
Nannofossils 50 
Diatoms 5 
Sponge spicules 20 
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SITE 642 

SITE 6 4 2 HOLE C CORE 1 OH CORED INTERVAL 1 3 4 9 . 5 - 1 3 5 9 . 0 mbsl; 6 3 . 5 0 - 7 3 . 0 0 mbsf 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
LITHOLOGIC DESCRIPTION 

7 
cc 

NANNOFOSSIL OOZE 

Severe disturbance (drilling slurry) in Section 1 to Section 6, 37 cm. 
Remainder of core is slightly deformed. 

Major lithology: Nannofossil ooze, greenish gray (5GY 5/1) to dark greenish 
gray (5GY 4/1). Weak bioturbation and mottling; contains thin, faint grayish 
green (5GY 4/2) horizontal laminations spaced 3-5 cm apart. 

Minor lithologies: 
a. Possibly altered basaltic ash. Section 2, 20 cm. 
b. Volcanic ash, dark gray, with light and brown shards. Section 6, 20 cm. 

SMEAR SLIDE SUMMARY (%): 

TEXTURE: 

Sand 
Silt 
Ciay 

COMPOSITION: 

Quartz 
Clay 
Volcanic glass 
Nannofossils 
Diatoms 
Sponge spicules 

1, 56 
D 

5 
40 
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2, 21 
M 

100 

100 

6, 20 
M 

90 
5 
5 

4 
90 

1 
5 

6, 70 
D 

20 
80 

10 

70 
5 

15 

300 



SITE 642 

10H-1 10H-4 10H-5 10H-6 10H-7 10H.CC 

^ W 1 
m 

• : ' ■ ,. I S 

tilfl 

. 

Hi - ft\ 

1 10 — 
; Uw 

V :,3P 

M\ 

n 
'- v'- ' i t" 

yr, 
1 2c" v: 

; 1 -

>K 

a i t 

t'tt 

lftl:li:: 

■ I 

301 



SITE 642 

SITE 6 4 2 HOLE C CORE 11H CORED INTERVAL 1 3 5 9 . 0 - 1 3 6 8 . 5 mbsl: 73 . 0 0 - 8 2 .50 mbsf 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
LITHOLOGIC DESCRIPTION 

7 

CC 

NANNOFOSSIL OOZE 

Entire core is undeformed. 

Major lithology: Nannofossil ooze, gray (5Y 5/1), moderately mottled. 
Contains thin, taint grayish green (5GY 4/2) horizontal laminations spaced 
3-5 cm apart. 

Minor lithologies: 
a. Siliceous mud, greenish gray (5GY 5/1), containing well-developed gray­
ish green (5GY 4/2) laminations. Laminations may contain severely altered 
basaltic glass. Section 3, 100 cm, to Section 4, 83 cm. 
b. Siliceous mud, dark gray (5Y 4/1), with abundant small-scale and scat­
tered large-scale mottling. Section 7 to CC. 

SMEAR SLIDE SUMMARY (%): 

2, 75 
D 

4, 11 
M 

4, 40 
D 

4, 83 
D 

6, 60 
D 

7, 39 
D 

Sand 
Silt 
Clay 

COMPOSITION: 

Quartz 
Clay 
Volcanic glass 
Accessory minerals 
Foraminifers 
Nannofossils 
Diatoms 
Sponge spicules 
Silicoflagellates 
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SITE 642 

SITE 6 4 2 HOLE C CORE 12H CORED INTERVAL 1 3 6 8 . 5 - 1 3 7 8 . 0 mbsl; 8 2 . 5 0 - 9 2 . 0 0 mbsf 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
UTHOLOGIC DESCRIPTION 

0.5— J -

> 

SILICEOUS MUD and NANNOFOSSIL OOZE 

Severe disturbance in Section 1, 0-16 cm. Section 1, 26-33 cm is a void. 
The remainder of the core is undeformed. 

Major lithologies: 
a. Siliceous mud, gray (5Y 5/1), greenish gray (5GY 5/1), and dark green­
ish gray (5GY 4/1), with mottles and faint horizontal color banding. Section 1 
to Section 6, 70 cm. 
b. Nannofossil ooze, gray (5Y 5/1) to dark gray (5Y 4/1), moderately 
mottled. Section 6, 70 cm, to CC. 

Minor lithology: Sandy siliceous mud, dark gray (5Y 5/1). May contain 
abundant severely altered basaltic glass. Section 2, 30 cm. 

SMEAR SLIDE SUMMARY (%) 

1,130 2,30 
D M 

5, 70 
D 

TEXTURE: 
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Silt 
Clay 

COMPOSITION: 
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Clay 
Volcanic glass 
Diatoms 
Sponge spicules 
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SITE 642 

SITE 6 4 2 HOLE C CORE 13H CORED INTERVAL, 1 3 7 8 . 0 - 1 3 8 7 . 5 mbsl: 9 2 . 0 0 - 1 0 1 . 5 0 mbsf 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

LITHOLOGIC DESCRIPTION 

SILICEOUS MUD 

Severe disturbance (drilling slurry) at Section 1, 0-14 cm. Moderate distur­
bance at Section 1, 14-27 cm. Remainder of core is undeformed. 

Major lithology: Siliceous mud, dark greenish gray (5GY 4/1), extensively 
bioturbated and mottled. Contains moderate faint color banding. Several 
zones may contain severely altered basaltic glass. 

Minor lithology: Volcanic ash, sandy lens. Section 1, 53 cm. 

SMEAR SLIDE SUMMARY (%): 

1, 53 
M 

1,117 2,96 
M D 

3, 22 
D 

TEXTURE: 

Sand 
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Clay 

COMPOSITION: 

Quartz 
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642 

SITE 6 4 2 HOLE C CORE 14H CORED INTERVAL 1 3 8 7 . 5 - 1 3 9 7 . 0 mbsl: 1 0 1 . 5 0 - 1 1 1 . 0 0 mbsf 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y LITHOLOGIC DESCRIPTION 

VOID 

>-

111 

ttl 

III 

ttl 

til 

cc ttl 

SILICEOUS MUD and NANNOFOSSIL OOZE 

Severe disturbance (drilling slurry) at Section 1, 10-20 cm. Section 1, 53-59 
cm is a void. Remainder of core is undeformed. 

Major lithologies: 
a. Siliceous mud, gray (5Y 5/1) to dark greenish gray (5GY 4/1), extensive­
ly mottled and bioturbated, with scattered Zoophycus. Section 1 to Section 4. 
b. Nannofossil ooze, dark greenish gray (5GY 4/1), extensively bioturbated 
and mottled. Section 5 to Section 7. 

Minor lithology: Very dark gray ash, gradational top and sharp bottom 
contacts. Section 1, 46-53 cm. 

SMEAR SLIDE SUMMARY (%): 

2, 140 3, 148 5, 111 7, 46 
D D D D 

TEXTURE: 
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SITE 642 

SITE 6 4 2 HOLE C CORE 15H CORED INTERVAL 1 3 9 7 . 0 - 1 4 0 6 . 5 mbsl; 1 1 1 . 0 0 - 1 2 0 . 5 0 mbsf 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y LITHOLOGIC DESCRIPTION 

f -

n 

NANNOFOSSIL OOZE and SILICEOUS MUD 

Severely disturbed (drilling slurry) at Section 1, 0-52 cm. Remainder of core 
is undisturbed. 

Major lithologies: 
a. Nannofossil ooze, greenish gray (5GY 4/1), moderately bioturbated and 
mottled. Section 1 to Section 2, 30 cm. 
b. Siliceous mud, dark greenish gray (5GY 4/1), gray (5Y 5/1) to dark gray 
(5Y 4/1), moderately to intensely bioturbated and mottled. Section 2, 30 cm, 
to Section 7. 

Minor lithologies: 
a. Volcanic ash, dark gray (5Y 4/1), layers of light glass shards. Section 2, 
85-87, 110-114, and 115-117 cm; Section 6, 41-44 and 80-83 cm. 
b. Volcanic ash, dark gray (5Y 4/1), containing 85% light and 15% brown 
angular shards. Layer with sharp bottom and bioturbated top. Section 4, 
86-94 cm. 
c. Possibly disseminated, severely altered basaltic glass. Section 2, 56 and 
128-130 cm. 
d. Pyrite concretion. Section 1, 130 cm. 

SMEAR SLIDE SUMMARY (%) 

1, 103 
D 

2, 103 
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2, 110 
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4, 39 
D 

4, 85 
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6. 41 
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642 

SITE 6 4 2 HOLE C CORE 1 6H CORED INTERVAL 1 4 0 6 . 5 - 1 4 1 6 . 0 mbsl; 1 2 0 . 5 0 - 1 3 0 . 0 0 mbsf 
B 1 0 S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
LITHOLOGIC DESCRIPTION 

CC 

H 

a. 

a 

SILICEOUS MUD 

Moderate disturbance in Section 1,0-18 cm. Section 1, 18-20 cm, is a void. 
Remainder of core is undeformed. 

Major lithology: Siliceous mud, dark gray (5Y 4/1) to very dark gray (5Y 3/1) 
or greenish gray (5GY 5/1) to dark greenish gray (5GY 4/1), moderately to 
intensely bioturbated and mottled. Faint color laminations in Section 1. 

Minor lithologies: 
a. Volcanic ash, dark gray (5Y 4/1), in layers or lenses. Section 1, 51-53 
cm; Section 2, 18-23 and 33-36 cm; Section 5, 117-123 and 141-144 cm; 
Section 6, 67-70 cm. 
b. Massive, pyrite-filled burrows at Section 5, 31 and 33 cm. 

SMEAR SLIDE SUMMARY (%): 

Sand 
Silt 
Clay 

COMPOSITION: 

Quartz 
Clay 
Volcanic glass 
Accessory minerals 
Diatoms 
Sponge spicules 
Silicoflagellates 
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SITE 642 

SITE 6 4 2 HOLE C CORE 1 7H CORED INTERVAL 1 4 1 6 . 0 - 1 4 2 5 . 5 mbsl; 1 3 0 . 0 0 - 1 3 9 . 5 0 mbsf 
BIOSTRAT. ZONE/ 
FOSSIL CHARACTER 

GRAPHIC 
LITHOLOGY 

LITHOLOGIC DESCRIPTION 

_WE 

xs: 

O T ^ T 

II 

SILICEOUS MUD and DIATOMACEOUS NANNOFOSSIL OOZE 

Section 1, 83-90 cm, is a void. Severe disturbance at Section 6, 137 cm, to 
Section 7, 70 cm. Section 1, 90 cm, to Section 6, 137 cm, is undisturbed. 

Major lithologies: 
a. Siliceous mud, dark gray (5Y 4/1) to very dark gray (5Y 3/1), extensively 
bioturbated and mottled. Section 1 to Section 4; Section 5, 3-20, 46-52, and 
84-110 cm; Section 6, 3-18 and 47-90 cm. 
b. Diatomaceous nannofossil ooze, light greenish gray (10Y 5/1) to olive gray 
(5Y 4/2), extensively bioturbated. Section 1, 91-105 cm; Section 2, 80-108 cm; 
Section 4, 0-31 cm; Sections 5 and 6. 

Bioturbation in these lithologies is of four types: faint tubes, small tubes (3-5 
mm wide), large tubes (0.5-1.0 cm wide), and well-developed Zoophycos. 

Minor lithology: volcanic ash, dark gray (5Y 5/1) and disseminated. Possibly 
altered basaltic ash. Section 2, 105-108 cm; Section 3, 105-108 cm. 

SMEAR SLIDE SUMMARY (%): 

TEXTURE: 

Silt 
Clay 

COMPOSITION: 

Quartz 
Clay 
Volcanic glass 
Accessory minerals 
Pyrite 
Foraminifers 
Nannofossils 
Diatoms 
Radiolarians 
Sponge spicules 
Silicoflagellates 

1, 13 
D 
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1 

1, 146 
D 
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— 

2, 66 
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SITE 642 

SITE 6 4 2 HOLE C CORE 18H CORED INTERVAL 1 4 2 5 . 5 - 1 4 3 5 . 0 mbsl: 1 3 9 . 5 0 - 1 4 9 . 0 0 mbsf 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
UTHOLOGIC DESCRIPTION 

> 

II 

<-

cc 

SILICEOUS MUD and DIATOMACEOUS MUD 

Moderate disturbance in Section 1, 0-23 cm. Section 1, 23-42 cm, is a void. 
Remainder of core is undeformed. 

Major lithologies: 
a. Siliceous mud, dark gray (5Y 4/1), extensively bioturbated, with pyritized 
burrows common. Faint color lamination common. Section 1, 0-95 cm; 
Section 1, 100 cm, to Section 3, 70 cm; Section 3, 100 cm, to Section 7. 
b. Diatomaceous mud, dark olive gray (5Y 3/2) to very dark gray (5Y 3/1), 
extensively bioturbated, with pyritized burrows common. Section 1, 95-100 
cm; Section 3, 70-100 cm. 

Minor lithologies: 
a. Volcanic ash, light gray (5Y 6/1) layer. Section 3, 21-22 cm. 
b. Possibly disseminated, altered basaltic ash. Section 2, 0-4 cm. 

SMEAR SLIDE SUMMARY (%): 

2, 2 
M 

2, 80 
D 

3, 97 
M 

4, 70 
D 

TEXTURE: 

Sand 
Silt 
Clay 

COMPOSITION: 

Quartz 
Clay 
Volcanic glass 
Accessory minerals: 

Pyrite 
Nannofossils 
Diatoms 
Radiolarians 
Sponge spicules 
Silicoflagellates 
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SITE 642 

SITE 6 4 2 HOLE C CORE 19H CORED INTERVAL 1 4 3 5 . 0 - 1 4 4 4 . 5 mbsl; 1 4 9 . 0 0 - 1 5 8 . 5 0 mbsf 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
LITHOLOGIC DESCRIPTION 
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II 

II 
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NANNOFOSSIL-DIATOM OOZE 

Moderate disturbance at Section 1, 0-25 cm. Severe disturbance (flow-in) at 
Section 1, 88-101 cm. Remainder of core is undisturbed. 

Major lithology: Nannofossil-diatom ooze, greenish gray (5GY 5/1) to dark 
greenish gray (5GY 4/1) or light olive gray (5Y 5/2) to dark olive gray (5Y 
3/2), extensively bioturbated. Bioturbation is of four types: faint pyrite-impreg-
nated burrows, small burrows (2-3 mm wide), irregular larger burrows and 
"Spreiten" (5 mm-1 cm wide), and rare Zoophycos. 

Minor lithology: Volcanic ash, dark gray (5Y 4/1). Section 1, 47 cm; Section 
3, 67-78 cm; Section 6, 102-106 cm. 

SMEAR SLIDE SUMMARY (%): 

Sand 
Silt 
Clay 

COMPOSITION: 

Quartz 
Feldspar 
Clay 
Volcanic glass 
Accessory minerals: 

Pyrite 
Nannofossils 
Diatoms 
Radiolarians 
Sponge spicules 
Silicoflagellates 
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SITE 642 

SITE 6 4 2 HOLE C CORE 2 0 H CORED INTERVAL 1 4 4 4 . 5 - 1 4 5 4 . 0 mbsl; 1 5 8 . 5 0 - 1 6 8 . 0 0 mbsf 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
LITHOLOGIC DESCRIPTION 
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DIATOM OOZE and SILICEOUS MUD 

Entire core is undeformed. 

Major lithologies: 
a. Siliceous mud and diatom ooze, dark olive gray (5Y 3/2), extensively 
bioturbated. Section 1, Section 5, 23-113 cm. 
b. Diatom ooze and siliceous mud, very dark olive gray to black (5Y 2.5/2), 
extensively bioturbated. Section 2 to Section 5, 23 cm; Section 5, 113 cm, to 
CC. 
Minor lithology: Volcanic ash, dark gray (5Y 4/1). Section 5, 134-140 cm; 
Section 6, 98 cm (pyritized ash). 

SMEAR SLIDE SUMMARY (%): 

TEXTURE: 

Sand 
Silt 
Clay 

COMPOSITION: 

Quartz 
Feldspar 
Clay 
Volcanic glass 
Accessory minerals: 

Pyrite 
Nannofossils 
Diatoms 
Radiolarians 
Sponge spicules 
Silicoflagellates 
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SITE 642 

SITE 6 4 2 HOLE C CORE 21 H CORED INTERVAL 1 4 5 4 . 0 - 1 4 6 3 . 5 mbsl; 1 6 8 . 0 0 - 1 7 7 . 5 0 mbsf 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
LITHOLOGIC DESCRIPTION 

II 
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SILICEOUS MUD 

Moderate deformation at Section 1, 0-15 cm. Remainder of core is 
undeformed. 

Major lithology: Siliceous mud, very dark olive gray (5Y 3/2) to black (5Y 
2.5/2), extensively bioturbated. Well-developed Zoophycos common. Section 
3, 100 cm, to Section 4, 40 cm, and Section 5, 5-50 cm, rich in large 
radiolarians. 

Minor lithology: Volcanic ash, dark gray (5Y 4/1). Section 3, 123-126 cm 
(possibly severely altered basaltic ash); Section 4, 3-5 cm; Section 6, 2-10 
cm. 

SMEAR SLIDE SUMMARY (%): 

Sand 
Silt 
Clay 

COMPOSITION: 

Quartz 
Clay 
Volcanic glass 
Accessory minerals: 

Goethite 
Diatoms 
Radiolarians 
Sponge spicules 
Silicoflagellates 

1, 75 
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SITE 642 

SITE 6 4 2 HOLE CORE 2 2 H CORED INTERVAL 1 4 6 3 . 5 - 1 4 7 0 . 3 mbs l ; 1 7 7 . 5 0 - 1 8 4 . 3 0 mbs f 
BIOSTRAT. ZONE/ 
FOSSIL CHARACTER 

GRAPHIC 
LITHOLOGY 

LITHOLOGIC DESCRIPTION 
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RADIOLARIAN-DIATOM OOZE and SILICEOUS MUD 

Section 1, 33-46 cm, is a void. Remainder of core is undeformed. 

Major lithology: Radiolarian-diatom ooze and siliceous mud, very dark olive 
gray (5Y 3/2) to black (5Y 2.5/2), moderately bioturbated. Section 3 is rich in 
large radiolarians. 

Minor lithology: Volcanic ash, dark gray (5Y 4/1). Section 1, 64-69 cm. 
Disseminated ash lens(?), Section 1, 15-17 cm. 

SMEAR SLIDE SUMMARY (%): 

Sand 
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COMPOSITION: 

Quartz 
Feldspar 
Clay 
Volcanic glass 
Diatoms 
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Sponge spicules 
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SITE 642 

SITE 6 4 2 HOLE C CORE 2 3 H CORED INTERVAL 1 4 7 0 . 3 - 1 4 7 8 . 4 mbsl; 1 8 4 . 3 0 - 1 9 2 . 4 0 mbsf 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
LITHOLOGIC DESCRIPTION 

< LL. 

SILICEOUS MUD and RADIOLARIAN-DIATOM OOZE 

Severe disturbance (drilling slurry) in Section 1, flow-in in Section 4, 65-75 
cm. Moderate disturbance at Section 5, 0-80 cm. Remainder of core is 
undisturbed. 

Major lithology: Siliceous mud and radiolarian-diatom ooze, very dark olive 
gray (5Y 3/2), moderately bioturbated. 

Minor lithology: Possibly disseminated, severely altered basaltic ash. Section 
2, 40 cm. 

SMEAR SLIDE SUMMARY (%) 

2, 40 
M 

2, 91 
D 

4, 110 
D 

TEXTURE: 

Sand 
Silt 
Clay 

COMPOSITION: 

Quartz 
Feldspar 
Clay 
Volcanic glass 
Diatoms 
Radiolarians 
Sponge spicules 
Silicoflagellates 
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SITE 6 4 2 HOLE C CORE 2 4 H CORED INTERVAL 1 4 7 8 . 4 - 1 4 8 5 . 6 mbsl; 1 9 2 . 4 0 - 1 9 9 . 6 0 mbsf 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
LITHOLOGIC DESCRIPTION 

-?QJ 

OG 

SILICEOUS MUD 

Section 1, 34-36 cm, is a void. The remainder of the core is undisturbed. 

Major lithology: Siliceous mud, dusky yellow green (5G 3/2) or very dark 
olive gray (5Y 3/2) to black (5Y 2.5/2), extensively bioturbated. 

Minor lithologies: 
a. Volcanic ash, dark gray (5Y 4/1). Section 3, 6-10 cm; Section 4, 37-41 
and 48-55 cm. 
b. Possibly disseminated, severely altered basaltic ash. Section 3, 48 cm. 
c. Massive pyrite filling of burrow. Section 2, 79 and 85 cm. 

SMEAR SLIDE SUMMARY (%): 

TEXTURE: 

Sand 
Silt 
Clay 

COMPOSITION: 

Quartz 
Clay 
Volcanic glass 
Accessory minerals: 

Glauconite 
Pyrite 

Nannofossils 
Diatoms 
Radiolarians 
Sponge spicules 
Silicoflagellates 
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SITE 6 4 2 HOLE D CORE 1 W CORED INTERVAL 1 2 8 6 . 0 - 1 4 7 5 . 9 mbsl; 0 . 0 0 - 1 8 9 . 9 0 mbsf 
BiOSTRAT. ZONE/ 
FOSSIL CHARACTER 

GRAPHIC 
LITHOLOGY 

UTHOLOGIC DESCRIPTION 

("-

cc 

MUDDY DIATOM OOZE and DIATOMACEOUS MUD 

Major lithology: Muddy diatom ooze and diatomaceous mud, dusky yellow 
green (10GY 3/2), grayish olive green (5GY 3/2), light greenish gray (10Y 
5/1), and very dark gray (5Y 3/1), interbedded with gradational and indistinct 
contacts. Minor bioturbation, showing faint burrows with pyrite impregnation. 

Minor lithologies: 
a. Volcanic ash, dark gray (5Y 4/1). Section 2, 16-20 cm; Section 3, 
46-48 cm. 
b. Possibly disseminated, severely altered basaltic ash. Section 1, 
62-63 cm; Section 3, 85-86 cm. 

SMEAR SLIDE SUMMARY (%) 

2, n 
M 
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3, 86 
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3, 126 
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TEXTURE: 
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COMPOSITION: 
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Diatoms 
Radiolarians 
Sponge spicules 
Silicoflagellates 
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SITE 642 

SITE 6 4 2 HOLE D CORE 2X CORED INTERVAL ' 1 4 7 5 . 9 - 1 4 8 5 . 6 mbsl; 1 8 9 . 9 0 - 1 9 9 . 6 0 mbsf 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
LITHOLOGIC DESCRIPTION 

7 

cc 

DIATOMACEOUS MUD 

Entire core is undeformed. 

Major lithology: Siliceous mud, dark olive gray (5Y 3/2) or very dark brown 
(10YR 3/2), homogeneous, slightly bioturbated and mottled. 

Minor lithologies: 
a. Volcanic ash, very dark gray (5Y 3/1), sandy layer. CC, 16-19 cm. 
b. Possibly disseminated, severely altered basaltic ash. Section 7, 
30-33 cm; CC, 222-26 cm. 

SMEAR SLIDE SUMMARY (%): 

TEXTURE: 

Sand 
Silt 
Clay 

COMPOSITION: 

Quartz 
Clay 
Volcanic glass 
Accessory minerals 
Glauconite 
Diatoms 
Radiolarians 
Sponge spicules 
Silicoflagellates 

2, 59 
D 

5 
55 
40 

5 
40 
Tr 
— — 35 
Tr 
20 

— 

5, 59 
D 

5 
70 
25 

3 
25 
Tr 
— — 30 

1 
40 

1 

7, 31 
M 

35 
35 
30 

_ 
30 
30 
5 

— 25 
— 10 
— 

CC, 3 
D 

5 
70 
25 

_ 
27 
15 
— 3 
35 
— 20 
— 

CC, 15 
M 

100 
— -

— 100 
— — 35 

_ 
— 

332 



SITE 642 

cm 2X-1 2X-2 
0 

10 

2X-3 2X-4 2X-5 2X-6 2X-7 2X.CC 

20 

30 

40 

50 

60 

70 

80 

90 

100 

1 10 

120 

130 

140 

I 

■ WEmm 

9+V * 

irA 

••**: 

■ 

MS 

1 
V 

m 

150 

333 



642 

SITE 6 4 2 HOLE D CORE 3X CORED INTERVAL 1 4 8 5 . 6 - 1 4 9 5 . 2 mbsl; 1 9 9 . 6 0 - 2 0 9 . 2 0 mbsl 

BIOSTRAT. ZONE/ 
FOSSIL CHARACTER 

GRAPHIC 
LITHOLOGY 

LITHOLOGIC DESCRIPTION 

Co 
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SILICEOUS MUD and MUDDY SILICEOUS OOZE 

Entire core is undeformed. 

Major lithology: Siliceous mud and muddy siliceous ooze, olive gray (5Y 4/2) 
to dark olive gray (5Y 3/2), homogeneous to slightly mottled. 

SMEAR SLIDE SUMMARY (%): 

3, 100 CC.10 
D D 

TEXTURE: 
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SITE 642 

SITE 6 4 2 HOLE D CORE 4X CORED INTERVAL 1 4 9 5 . 2 - 1 5 0 4 . 9 mbsl; 2 0 9 . 2 0 - 2 1 8 . 9 0 mbsf 

BIOSTRAT. ZONE/ 
FOSSIL CHARACTER 

GRAPHIC 
LITHOLOGY 

LITHOLOGIC DESCRIPTION 

U 

>-

MUDDY SILICEOUS OOZE and SILICEOUS OOZE 

Entire core is undeformed. 

Major lithology: Muddy siliceous ooze and siliceous ooze, olive gray (5Y 4/2), 
homogeneous to slightly mottled. 

SMEAR SLIDE SUMMARY (%) 
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D 

5, 70 
D 

TEXTURE: 

Sand 
Silt 
Clay 

COMPOSITION: 

Quartz 
Clay 
Volcanic glass 
Foraminifers 
Diatoms 
Radiolarians 
Sponge spicules 
Silicoflagellates 

5 
50 
45 

2 
45 

1 
1 

20 

— 30 
1 

80 
20 

_ 
20 

— — 35 
3 

40 
2 

7 

CC 
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SITE 642 

SITE 6 4 2 HOLE D CORE 5X CORED INTERVAL 1 5 0 4 . 9 - 1 5 1 4 . 5 mbsl; 2 1 8 . 9 0 - 2 2 8 . 5 0 mbsf 

BIOSTRAT. ZONE/ 
FOSSIL CHARACTER 

GRAPHIC 
LITHOLOGY 

LITHOLOGIC DESCRIPTION 

MUDDY DIATOM OOZE 

Moderate to severe disturbance from Section 1 to Section 6, 19 cm. 
Remainder of core is undisturbed. 

Major lithology: Muddy diatom ooze, olive gray (5Y 4/2), homogeneous to 
slightly mottled. 

SMEAR SLIDE SUMMARY (%): 

6, 60 
D 

TEXTURE: 

Silt 
Clay 

COMPOSITION: 

Quartz 
Clay 
Diatoms 
Radiolarians 
Sponge spicules 
Silicoflagellates 

65 
35 

1 
35 
35 

1 
25 
3 
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SITE 642 

SITE 6 4 2 HOLE D CORE 6X CORED INTERVAL 1 5 1 4 . 5 - 1 5 2 4 . 2 mbsl; 2 2 8 . 5 0 - 2 3 8 . 2 0 mbsf 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 
LITHOLOGIC DESCRIPTION 

CO 

?=• 

MUDDY SILICEOUS OOZE and SILICEOUS MUD 
Slight disturbance (minor brecciation) in Section 5, 97-107 and 137-150 cm. 
Remainder of core is undeformed. 

Major lithology: Muddy siliceous ooze and siliceous mud, olive gray (5Y 4/2) 
to dark olive gray (5Y 3/2), homogeneous to slightly mottled. 

Minor lithology: Volcanic ash, dark gray (5Y 4/1), sandy lens. Section 2, 
5-7 cm. 

SMEAR SLIDE SUMMARY (%) 

2, 5 
M 

Sand 
Silt 
Clay 

COMPOSITION: 

Clay 
Volcanic glass 
Diatoms 
Radiolarians 
Sponge spicules 
Silicoflagellates 

2, 100 3, 100 6, 16 

55 
35 
10 

— 45 
55 

— 25 
75 

— 50 
50 

10 
55 
15 

20 
Tr 

55 
— 15 
Tr 
30 
Tr 

60 
— 25 
15 
Tr 

50 
— 30 
20 
Tr 
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SITE 642 

SITE 6 4 2 HOLE D CORE 7X CORED INTERVAL 1 5 2 4 . 2 - 1 5 3 3 . 8 mbsl: 2 3 8 . 2 0 - 2 4 7 . 8 0 mbsf 
B I O S T R A T . Z O N E / 

DOSSIL CHARACTER 

GRAPHIC 

L I T H O L O G Y 
LITHOLOGIC DESCRIPTION 

■?*■ 

cc 

SILICEOUS MUD and MUDDY DIATOM OOZE 

Entire core is undeformed. 

Major lithology: Siliceous mud and muddy diatom ooze, olive gray (5Y 4/2) to 
dark olive gray (5Y 3/2), homogeneous to faintly mottled. 

Minor lithology: Volcanic ash, dark gray (5Y 4/1) to very dark gray (5Y 3/1). 
Section 2, 130-136 cm (layer); Section 6, 62-74 cm (lenses). 

SMEAR SLIDE SUMMARY (%): 

TEXTURE: 

Sand 
Silt 
Clay 

COMPOSITION: 

Clay 
Volcanic glass 
Diatoms 
Sponge spicules 
Silicoflagellates 

1, 100 
D 

45 
55 

55 

20 
25 

2, 133 
M 

100 

100 

3, 100 
D 

45 
55 

55 

20 
25 

6. 60 
D 

80 
20 

20 

45 
30 

5 

6, 73 
M 

80 
15 
5 

5 
80 

5 
10 
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LITH0L0GIC DESCRIPTION 

MUDDY DIATOM OOZE, DIATOM OOZE, and SILICEOUS OOZE 

Entire core is undeformed. 

Major lithology: Muddy diatom ooze, diatom ooze, and siliceous ooze, olive 
gray (5Y 4/2), dark olive gray (5Y 3/2) to very dark grayish brown (2.5Y 3/2), 
interbedded with gradational and indistinct contacts. Homogeneous to slightly 
mottled. 

Minor lithologies: 
a. Volcanic ash, dark olive gray (5Y 3/2), sandy layer. Section 4, 20 -25 cm. 
b. Glauconitic sandy lens. Section 1, 85-86 cm. 

SMEAR SLIDE SUMMARY (%): 

1, 86 1, 100 4, 22 4, 85 5, 85 
M D M D M 

TEXTURE: 

Sand 60 — 75 — — 
Silt 30 70 15 80 70 
Clay 10 30 10 20 30 

COMPOSITION: 

Clay 10 30 10 20 30 
Volcanic glass — — 75 — — 
Accessory minerals: 

Glauconite 60 — — — — 
Diatoms 10 40 5 35 40 
Radiolarians — — — 5 Tr 
Sponge spicules 20 25 10 40 30 
Silicoflagellates — 5 — — Tr 
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LITH0L0GIC DESCRIPTION 

DIATOMACEOUS MUD 

Entire core is undisturbed. 

Major lithology: Diatomaceous mud, grayish olive green (10Y 4/2) to very 
dark grayish brown (2.5Y 3/2), homogeneous. Alternating faint color bands of 
greenish brown and brownish gray at Section 2, 22-67 and 117-138 cm; 
Section 3, 120-150 cm; Section 4, 0 -33 cm; Section 6, 110-150 cm. 

Minor lithology: Volcanic ash, dark gray (5Y 4/1), sandy. Section 6, 18-22 
cm. 

SMEAR SLIDE SUMMARY (%): 

3, 83 6, 20 6, 60 
D M D 

TEXTURE: 

Sand — 90 — 
Silt 50 10 40 
Clay 50 — 60 

COMPOSITION: 

Quartz 1 — 1 
Feldspar 1 1 — 
Mica 50 — — 
Clay — — 54 
Volcanic glass — 94 — 
Calcite/dolomite — Tr — 
Accessory minerals: 

Pyrite 3 5 — 
Nannofossils — — Tr 
Diatoms 30 — 30 
Radiolarians 5 — 10 
Sponge spicules 10 — 5 
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SITE 6 4 2 HOLE D CORE 1 OX CORED INTERVAL 1 5 5 3 . 1 - 1 5 6 2 . 8 mbsl: 2 6 7 . 1 0 - 2 7 6 . 8 0 mbsf 
B I O S T R A T . Z O N E / 

F O S S I L CHARACTER 

GRAPHIC 

L I T H O L O G Y 

I E 

LITHOLOGIC DESCRIPTION 

cc 

MUDDY DIATOM OOZE and MUDDY SILICEOUS OOZE 

Entire core is undeformed. 

Major lithology: Muddy diatom ooze and muddy siliceous ooze, grayish olive 
green (5GY 3/2) to dark olive gray (5Y 3/2), bioturbated and mottled, with 
pyritized burrows common throughout core. 

Minor lithology: Volcanic ash, gray (5Y 5/1), sandy and disseminated. 
Section 1, 5-8 cm; Section 4, 135-138 cm. 

SMEAR SLIDE SUMMARY (%): 

TEXTURE: 

Sand 
Silt 
Clay 

COMPOSITION: 

Quartz 
Feldspar 
Clay 
Volcanic glass 
Accessory minerals 
Glauconite 
Pyrite 
Diatoms 
Radiolarians 
Sponge spicules 
Silicoflagellates 

1, 7 
M 

50 
20 
30 

1 
28 
50 
— 1 
— 10 

5 
5 

— 

1, 85 
D 

55 
45 

1 
— 44 
— — — — 40 
10 
5 

— 

2, 80 
D 

60 
40 

— 34 
— Tr 

— — 50 
10 
5 
1 

3, 100 
D 

50 
50 

— 49 
— — — — 25 
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5 

10 

4, 137 
M 
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10 
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— 1 

— 

6, 110 
D 
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LITH0L0GIC DESCRIPTION 

SILICEOUS MUD and GLAUCONITE-RICH PYROCLASTIC SAND and SANDY 
MUD 

Entire core is undeformed. 

Major lithologies: 
a. Siliceous mud, dark olive gray (5Y 3/2), moderately bioturbated. Section 
1, 0 -78 and 87 -88 cm. 
b. Glauconite-rich pyroclastic sandstone, black (5Y 2.5/1), well lithified, with 
horizontal and low-angle cross-stratification. Section 1, 94 -104 cm. 
c. Glauconite-rich sand, olive gray (5Y 5/2), composed of reworked pyro-
clastics. Section 1, 104-136 cm. 
d. Glauconite-rich sand and sandy mud, dusky yellow green (5GY 3/2), 
composed of moderately bioturbated pyroclastics. Section 1, 136 cm, to 
Section 2, 128 cm. Sharp-based, upward-fining sequence above Section 2, 
56 cm. 

A MAJOR UNCONFORMITY OCCURS AT SECTION 1, 94 CM. 

Minor lithologies: 
a. Volcanic ash, dark gray (5Y 4/1) to very dark gray (5Y 3/1). Section 1, 
78 -87 and 88 -94 cm. 
b. Sandy mud, white (2.5Y 8/2), with gradational color change downcore. 
Section 2, 128-132 cm. 
c. Volcaniclastic sand, grayish green (5GY 5/2), moderately bioturbated and 
strongly altered. CC, 0 -32 cm. 

SMEAR SLIDE SUMMARY (%): 

1, 43 1, 85 1, 92 1, 107 2, 127 
D M M D M 

TEXTURE: 

Sand — 80 80 20 — 
Silt 15 20 20 20 2 
Clay 85 — — 60 98 

COMPOSITION: 

Quartz — — — 20 1 
Feldspar — — 1 — — 
Clay 85 90 94 55 98 
Accessory minerals — — — 5 1 
Pyrite — 10 5 — — 
Goethite — — — 20 — 
Diatoms 10 Tr — — — 
Radiolarians 2 — — — — 
Sponge spicules 3 — — — — 
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LITH0L0GIC DESCRIPTION 

GLAUCONITE-RICH PYROCLASTIC SAND and SANDY MUD 

Entire core is undeformed. 

Major lithologies: 
a. Volcaniclastic sand, grayish green (5GY 5/2). Strongly altered, 
fine-grained, moderately bioturbated and mottled, reworked sand. 
b. Volcaniclastic muds and glauconite-rich volcaniclastic silts, pale yellow 
green (5Y 7/2) and grayish green (5G 7/2) to greenish gray (5GY 5/1), 
respectively. Cyclic sequences of thin (2-10 cm thick) basal mud, coarsening 
upward into thicker (20-50 cm thick) silts. Commonly bioturbated at the 
silt/mud contact, and some show brownish yellow green, limonitic tops of 
silts. Section 5, 0 -36, 38-68 , 68-90, 90-120, 120-144 cm; Section 6, 0 -39, 
39 -68 , 68-120, and 120-140 cm; Section 6, 140 cm, to Section 7, 10 cm. 

Minor lithology: Sandy mud, dark reddish gray (10R 4/1), strongly altered, 
volcaniclastic, and fine grained. Section 4, 66 -74 cm. 

SMEAR SLIDE SUMMARY (%): 

1,50 1,135 2 , 3 3 3 , 7 2 6 , 2 0 6 ,100 
M D M D D D 

TEXTURE: 

Sand 3 3 10 — — 10 
Silt — — — 5 2 2 
Clay 97 97 90 95 98 88 

COMPOSITION: 

Quartz 1 2 — — — 5 
Feldspar 1 1 10 5 2 5 
Clay 97 97 90 95 88 88 
Accessory minerals 1 Tr — — — 2 
Glauconite Tr — — — — — 
Zeolite — — — — 10 — 
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SITE 642 

SITE 642 HOLE D CORE 13X CORED INTERVAL 1582 .2 -1591 .8 mbsl; 296 .20 -305 .80 mbsf 
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LITH0L0GIC DESCRIPTION 

GLAUCONITE-RICH VOLCANICLASTIC SANDY MUD 

Entire core is undeformed. 

Major lithologies: 
a. Glauconite-rich volcaniclastic sandy mud, greenish gray (5GY 6/1), 
moderately bioturbated and mottled. Section 1 to Section 2, 105 cm. 
b. Glauconite-rich volcaniclastic sandy mud, very dark gray (5Y 4/1 to 5Y 
3/1), with abundant small patches of zeolite. Section 2, 105 cm, to CC. 

Minor lithology: Volcanic ash, light gray (10YR 7/1) to gray (10YR 6/1), 
completely recrystallized to clay. Section 5, 32 -36 cm. 

SMEAR SLIDE SUMMARY (%): 

2, 21 2, 78 2, 122 4, 76 5, 35 
D M D D M 

TEXTURE: 

Sand 1 1 — — — 
Silt 10 2 12 10 6 
Clay 89 97 88 90 94 

COMPOSITION: 

Feldspar 11 3 2 10 1 
Clay 89 97 88 90 94 
Accessory minerals: 

Zeolite — — 10 — 5 
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LITHOLOGIC DESCRIPTION 

VOLCANICLASTIC SANDY MUD 

Moderate disturbance in Section 1, 0 -15 cm. Remainder of core is 
undeformed. 

Major lithology: Volcaniclastic sandy mud, very dark gray (5Y 3/1), locally 
rich in glauconite, containing some clays and zeolites. Section 1 to CC, 
33 cm. 

Minor lithologies: 
a. Basalt fragments, weathered and limonitic. Basalt is phenocryst-free, 
slightly vesicular (1-2%). CC, 33 -40 cm. 
b. Basalt fragment, gray, vesicular, and strongly altered, with all mafic 
minerals replaced by smectites, some plagioclases replaced by zeolites. CC, 
4 0 - 5 0 cm. 

SMEAR SLIDE SUMMARY (%): 

1, 25 1, 73 1, 127 2, 100 
D M M D 

TEXTURE: 

Sand — — — 1 
Silt 10 5 1 20 
Clay 90 95 99 79 

COMPOSITION: 

Quartz — — — 5 
Feldspar 5 5 1 15 
Clay 88 75 99 80 
Accessory minerals: 

Pyrite 2 — — — 
Zeolite 5 20 — — 
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CORE/SECTION 15X-1 15X-CC 16-1 16-CC 17-1 17-2 17-CC 

UNIT S3 

-315 .4 - 316.1 MBSF 642D-15X-1 (0 cm) TO 16X-1 (24 cm) 

CONGLOMERATE, PARTLY OXIDIZED, SUBROUNDED TO 
ROUNDED PEBBLES. Pebbles are <30 cm in size. Components: 
vesicular, fine-grained basalt, aphyric, sparsely vesicular, phyric basalt; 
pale green coarse-grained basalt, fine-grained basalt with chilled 
margin and pockets filled by pale green tuff; carbonaceous tuff, light 
brown basaltic lapillistone; quartzofeldspathic biotite gneiss; slate, 
biotite rich; pyrite rich, fine-grained sediment. 

UNIT S4 

-316 .5 - 317.1 MBSF 642D-17X-1 (20 cm) TO 17X-1 (80 cm) 

TUFF, LAPILLI TUFF, AND LAPILLISTONE. Color is dark red to dark 
red brown, with basaltic scoria, red brown tuff, brownish yellow pumice, 
feldspar, coarse-grained basalt. 

UNIDENTIFIED DRILLING RUBBLE 

- 3 1 7 . 1 - 328 MBSF 642D-17X-1 (80 cm) TO 19N-2 (25 cm) 
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CORE/SECTION 18-1 18-CC 19-1 19"2 2 0 1 

UNIT S5(?) 

-328-329 MBSF 642D-19N-2 (25 cm) TO 19N-2 (130 cm) 

FINE-GRAINED BASALTIC VITRIC TUFF. Dark red brown to yellowish 
red brown fine-grained basaltic vitric tuff, median clast size <0.1 mm, 
containing angular to round fragments. Few subunits with gradational 
contacts, and horizontal bedding. 

UNIDENTIFIED DRILLING RUBBLE 

- 3 2 9 - 329.9 MBSF 642D-19N-2 (130 cm) TO 20N-1 (47 cm) 

PSEUDOTACHYLITE. Drilling induced alteration. 
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CORE/SECTION 

UNIT S3 

-320.0—330.0 MBSF 642E-2W-3 (18 cm) TO 4R-1 (31 cm) 

CONGLOMERATE, PARTLY OXIDIZED, SUBROUNDED TO 
ROUNDED PEBBLES. Pebbles are < 30 cm in size. Components: 
vesicular, fine-grained basalt, aphyric, sparsely vesicular, phyric basalt; 
pale green coarse-grained basalt, fine-grained basalt with chilled 
margin and pockets filled by pale green tuff; carbonaceous tuff, light 

_ brown basaltic lapillistone; quartzofeldspathic biotite gneiss; slate, 
biotite rich; pyrite rich, fine-grained sediment. 

UNIT S4 

-330.0-336.9 MBSF 642E-4R-1 (31 cm) TO 5R-2 (46 cm) 

TUFF, LAPILLI TUFF, AND LAPILLISTONE. Color is dark red to dark 
red brown, with basaltic scoria, red brown tuff, brownish yellow pumice, 

- feldspar, coarse-grained basalt. 

UNIT F1 

336.9-339.2 MBSF 642E-5R-2 (46 cm) TO 5R-3 (129 cm) 

HIGHLY ALTERED, SPARSELY PLAGIOCLASE, PHYRIC GRAY 
GREEN BASALT FLOW. Moderately vesicular, but locally nonvesicular, 
coated with yellow limonite and filled with red clay. Hairline cracks 
throughout. 

- THIN SECTION DESCRIPTION 

642E-5R-3 (Piece 8, 61-63 cm): virtually completely altered to 
smectites and iddingsite; relict variolitic groundmass. 

UNIT S5 

339.2-339.4 MBSF 642E-5R-3 (129 cm) TO 5R-3 (150 cm) 

FINE-GRAINED BASALTIC VITRIC TUFF. Dark red brown to yellowish 
red brown fine-grained basaltic vitric tuff, median clast size < 0.1 mm, 

_ containing angular to round fragments. Few subunits with gradational 
contacts, and horizontal bedding. 

UNIDENTIFIED DRILLING RUBBLE 

339.4-354.3 MBSF 642E-6R-1 (0 cm) TO 6R-2 (105 cm) 
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CORE/SECTION 

UNIT F2 

_ 354.3-359.5 MBSF 6 4 2 E - 7 R - 1 (5 cm) TO 7 R - 2 (111 cm) 

- F INE-GRAINED, APHYRIC, BLACK TO DARK GRAY BASALTIC 
_ FLOW. Highly vesicular and strongly altered groundmass, with vesicles 

unfilled but coated with white (zeolites?) and/or with pale green 
smecti te (celadonite?). 

- THIN SECTION DESCRIPTION 

6 4 2 E - 7 R - 1 (Piece 8, 3 6 - 3 8 cm): iddingsitized o l ; plag, cpx, and 
- variolitic groundmass thoroughly altered. 

UNIT S6 

- 359.5-360.0 MBSF 6 4 2 E - 7 R - 2 (111 cm) TO 7 R - 2 (123 cm) 

UNIFORMLY DARK RED BROWN, FINE-GRAINED TUFF. Top and 
- bottom contacts not recovered. 

UNIT F3 

360.0-366.0 MBSF 6 4 2 E - 7 R - 2 (123 cm) TO 9 R - 1 (22 cm) 

FINE-GRAINED, APHYRIC, BLACK TO DARK GRAY BASALTIC 
FLOW. As F2, except vesicles have only beige smectite(?) or 

- l imonite-coated rims, and alteration to base to pale gray green color. 

UNIT D1 

- 366.0-375.4 MBSF 6 4 2 E - 9 R - 1 (22 cm) TO 10R-1 (4 cm) 

FINE-GRAINED, SPARSELY PHYRIC, DARK GRAY BASALT. Moder­
ately to sparsely vesicular. Vesicles filled with calcite and dark green 

_ smectite rims, or open. Some light gray green smectite and fine dark 
green smectite alteration in groundmass. Native copper present in 
9 R - 1 , Piece 5b. 1 0 R - 1 , Piece 1, contains smectite-r ich zone that may 

- be a chilled margin or zone of tectonic shear. 
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CORE/SECTION 

UNIT S7 

379.2-379.7 MBSF 642E-10R-1 (140 cm) TO 10R-1 (150 cm) 

. HIGHLY ALTERED, CRYSTAL-BEARING TUFF. Dark olive gray, possi­
bly tectonic, at contact to overlying unit; pale brown, highly fragmented 

~" away from contact. 

UNIT D3 

379.7-381.0 MBSF 642E-1OR-2 (0 cm) TO 10R-2 (137 cm) 

- FINE-GRAINED, SPARSELY OLIVINE PHYRIC BASALT. Very fine­
grained smectite-rich zone at 8-10 cm, possibly an inclined chilled 
margin or tectonic shear zone. Sparsely vesicular, with green smectite 
and calcite fillings. Subparallel, dark streaking (flow fabric) throughout 

_ unit. 

UNIT F4 

381.0-386.6 MBSF 642E-10R-3 (0 cm) TO 12R-1 (20 cm) 

FINE-GRAINED, APHYRIC TO SPARSELY PHYRIC GRAY BASALT 
FLOW. Highly to sparsely vesicular with vesicles filled with calcite and 
dark green smectite. Some alteration to smectite(?) along fractures. 
Native copper blebs within vesicle fillings. Some weak development of 
streaky lamination. 

THIN SECTION DESCRIPTION 

_ 642E-11R-2 (Piece 2A, 55-57 cm): 45% plag, 30% cpx, 1 % 
iddingsite; 3-4% opaques; 20% intersertal smectite. 

UNIT F5 

386.6-392.2 MBSF 642E-12R-1 (20 cm) TO 12R-1 (68 cm) 

VERY FINE-GRAINED, APHYRIC BLACK BASALT FLOW. Locally 
- massive, but generally brecciated and highly altered to clay minerals. 

" THIN SECTION DESCRIPTION 

642E-12R-1 (29-30 cm): aphyric; 10% iddingsite, 40% smectite after 
plag; 40% strongly altered cpx, 3% opaques, 7% intersertal smectite. 

UNIT S8 

392.2-392.4 MBSF 642E-12R-1 (68 cm) TO 12R-1 (69 cm) 

DARK BROWN TUFF LAYER WITH POCKET FILLINGS OF VITRIC 
TUFFS IN THE UNDERLYING BRECCIA. Contains cuneiform shards 
replaced by pale to dark green secondary minerals. 

UNIT F6 

392.4-395.8 MBSF 642E-12R-1 (69 cm) TO 12R-1 (130 cm) 

FINE-GRAINED, GLASSY, APHYRIC, BLACK BASALT FLOW. 
Moderately vesicular, filled with dark green smectite with subordinate 
calcite. 

UNIT D1 UNIT D2 

366.0-375.4 MBSF 642E-9R-1 (22 cm) TO 10R-1 (4 cm) 375.4-379.2 MBSF 642E-10R-1 (4 cm) TO 10R-1 (137 cm) 

FINE-GRAINED, SPARSELY PHYRIC, DARK GRAY BASALT. Moder- FINE-GRAINED, APHYRIC, DARK GRAY BASALT. Moderately 
ately to sparsely vesicular. Vesicles filled with calcite and dark green vesicular, with vesicles filled by calcite, or rimmed by dark green or 
smectite rims, or open. Some light gray green smectite and fine dark dark brown smectite. Iddingsite pseudomorphs after olivine locally 
green smectite alteration in groundmass. Native copper present in glomeroporphyritic. 10R-1, Piece 2, contains smectite-rich zones that 
9R-1, Piece 5b. 10R-1, Piece 1, contains smectite-rich zone that may may be a chilled margin or zone of tectonic shear, 
be a chilled margin or zone of tectonic shear. 

THIN SECTION DESCRIPTION 

642E-10R-1 (Piece 7, 47-49 cm): 50% plag, 15% cpx, 3% opaques, 
<5% altered ol, 15% altered groundmass and glass. Intergranular, 
subophitic, variolitic. 
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CORE/SECTION 

UNIT S9 

401.5-402.0 MBSF 642E-14R-1 (80 cm) TO 14R-1 (107 cm) 

DUSKY GREEN TO BROWN VITRIC TUFF. Contains fresh and 
altered vesicular and pumiceous shards. 

UNIT F8 

. 402.0-403.3 MBSF 642E-14R-1 (107 cm) TO 14R-1 (136 cm) 

- FINE- TO MEDIUM-GRAINED, APHYRIC TO SPARSELY PHYRIC, 
_ GRAY, BASALT FLOW. As F7, except that the plagioclase phenocrysts 

become more common lower in the flow, along with an increase in 
- grain size. 

THIN SECTION DESCRIPTION 

- 642E-14R-1 (Piece 19, 128-130 cm): 10% plag phenocrysts. 
Groundmass: 30% partly altered plag, <10% altered ol, 25% partly 

~ altered cpx, 3% opaques, 20% interstitial smectite. 
Intergranular-intersertal, subophitic. 

UNIT F9 

_ 403.3-406.3 MBSF 642E-14R-1 (136 cm) TO 15R-1 (93 cm) 

MEDIUM-GRAINED, SPARSELY PHYRIC, GRAY BASALT FLOW. 
- Sparsely vesicular with smectite coatings and some calcite fills. 

Plagioclase and olivine phenocrysts form 1 % - 2% and are < 1.0 mm 
in diameter. 

UNIT F11 

- 406.3-411.4 MBSF 642E-15R-2(93 cm)TO 15R-4 (106 cm) 

MEDIUM-GRAINED, PLAGIOCLASE PHYRIC, GRAY BASALT 
FLOW. Nonvesicular and has light gray to white feldspar phenocrysts. 
Minor bleaching of groundmass, some fracturing filled with dark green 

_ smectite and calcite. Common dark green smectite patch alteration. 

- THIN SECTION DESCRIPTIONS 

642E-15R-2 (Piece 3A, 15-18 cm): aphyric. 5% hematite after 
olivine; 40% partly altered plag, 40% partly altered cpx, 5% other 

_ opaques; 5% interstitial smectite. Intergranular, subophitic. 

642E-15R-2 (Piece 9, 73-76 cm): 50% plag, 40% cpx, 5% opaques, 
- 5% altered glass. 

642E-15R-4 (103-106 cm): 2% plag phenocrysts. Groundmass: 30% 
plag, 20% cpx, 5% iddingsite, 2% opaques, 40% intergranular 
smectite. 

UNIT F12 

411.4-413.2 MBSF 642E-15R-4 (106 cm) TO 15R-5 (45 cm) 

MEDIUM-GRAINED, MODERATELY OLIVINE PHYRIC, GRAY BASALT 
FLOW. 0.5-0.75 mm diameter olivine phenocrysts, iddingsitized and 
smectite-rich. Highly vesicular at flow top breccia, with lower vesicles 
containing calcite and some green smectite. Smectite patch alteration 
throughout groundmass. Slightly more vesicular at flow base. 

THIN SECTION DESCRIPTION 

642E-15R-5 (Piece 1, 9-12 cm): < 1 % plag phenocrysts. 
Groundmass: 35% partly altered plag, 35% partly altered cpx, 7% 
iddingsite, 5% opaques. Smectite replacing mesostasis and crystals. 

UNIT F7 THIN SECTION DESCRIPTIONS 

395.8-401.5 MBSF 642E-13R-1 (0 cm) TO 14R-1 (80 cm) 642E-13R-1 (Piece 13B, 91-95 cm): 10% plag phenocrysts. 
Groundmass: 50% plag; 20% cpx; 5% opaques; <1%iddingsite; 

FINE-GRAINED, APHYRIC TO SPARSELY PHYRIC, GRAY BASALT 10-12% interstitial smectite. 
FLOW. Moderate vesicularity, vesicles filled with dark green smectite, 
some calcite, some coalescence of vesicles to irregular shapes. 642E-13R-1 (94-97 cm): 5% plag phenocrysts. Groundmass: 45% 
Euhedral plagioclase phenocrysts. Some local subhorizontal streaking plag, 25% cpx, 5% opaques, 20% interstitial smectite, 
(flow fabric) defined by smectite-rich bands. 

642E-14R-1 (Piece 7, 39-43 cm): 15% glomerophyric plag. 
Groundmass: 35% plag, 20% cpx, 3% opaques, 25% interstitial 
smectite. Intersertal. 
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CORE/SECTION 

THIN SECTION DESCRIPTIONS 

642E-15R-5 (Piece 10, 129-131 cm): Phenocrysts: < 1 % 
iddingsitized ol, < 1 % prismatic plag. Groundmass: 10% ol, 25% cpx, 
35% plag, 2% opaques, all thoroughly altered; >20% intergranular 
smectite. 

642E-16R-1 (22-24 cm): Medium-grained domains: 40% plag, 45% 
- cpx, 5% opaques, 10% smectite. Fine-grained domains: 35% plag, 5% 

cpx, 5% opaques, 55% clays after mesostasis. Sharp boundaries 
between domains. 
642E-16R-1 (Piece 4, 32-34 cm): Medium-grained domains: 35% 
plag, 20% cpx, 5% iddingsitized ol, 10% opaques, 30% clay. 

_ Fine-grained domains: 45% plag, 2% cpx, 8% opaques, 45% altered 
mesostasis. Sharp boundaries between domains. 

642E-16R-1 (Piece 5A, 49-53 cm): Phenocrysts: 2% plag, 4% cpx. 
~ Groundmass: 40% partly altered plag, 40% partly altered cpx, 5% 

opaques, 10% altered mesostasis. 
UNIT S9A 

418.0-418.3 MBSF NOT RECOVERED 
UNIT F16 

418.3-420.7 MBSF 642E-16R-2 (123 cm) TO 16R-3 (100 cm) 

FINE-GRAINED, MODERATELY OLIVINE-PLAGIOCLASE PHYRIC, 
GRAY BASALT FLOW. Plagioclase phenocrysts are up to 4.0 mm 
long and olivines up to 0.7 mm in diameter. Highly to moderately 
vesicular with calcite, dark green smectite and zeolite fills. 

_ THIN SECTION DESCRIPTION 

642E-16R-3 (Piece 5, 91-93 cm): < 1 % plag phenocrysts. 
- Groundmass: 40% plag, 35% cpx, 5% opaques, 25% altered 

mesostasis and ol(?). 
UNIT F17 

420.7-439.2 MBSF 642E-16R-3 (100 cm) TO 18R-4 (150 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Flow base not 
recovered. Thick (>2.0 m) reddened gray to brownish gray highly 

- vesicular flow top, containing reddish iddingsitized olivines, and green 
smectite or calcite filled vesicles. Vesicularity decreases to moderate or 
sparsely vesicular downsection, predominantly dark green smectite 

- fills. Development of subhorizontal laminar streaking (flow fabric) below 
17R-2, 113 cm, seen as continuous and discontinuous smectite-rich 
laminae, some reddening from the iddingsitization of olivines. Some 
massive zones, e.g. 17R-4. Native copper disseminated throughout 
groundmass or within vesicles. 
THIN SECTION DESCRIPTIONS 

642E-16R-3 (Piece 10, 116-117 cm): < 1 % plag, <2% altered ol 
phenocrysts. Groundmass: 40% plag, 30% cpx, 4% opaques, <10% 
altered ol, >10% altered mesostasis. 
642E-17R-1 (104-106 cm): 40% plag, 35% cpx, 5% opaques, 20% 
altered ol and mesostasis. Weakly pilotaxitic. 
642E-17R-2 (Piece 15, 105-109 cm): 30% plag, 40% cpx, 5% altered 
ol, 7% opaques, >15% altered mesostasis. 
642E-17R-3 (Piece 6, 70-72 cm): <2% glomerophyric plag, 45% 
plag, 35% cpx, <5% opaques, <7% altered ol, <2% altered 
mesostasis. 
642E-18R-2 (Piece 11B, 27-29 cm): 40% plag, 40% cpx, 5% altered 
ol, 5% opaques, 10% altered mesostasis. 
642E-18R-3 (Piece 1B, 72-75 cm): < 1 % altered ol and < 1 % plag 
phenocrysts. 45% plag, 35% cpx, 8% ol, <10% altered mesostasis. 
Intergranular-intersertal. Subophitic. 
642E-18R-4 (37-39 cm): 42% plag, 38% cpx, 12% altered ol, 8% 
opaques. Pilotaxitic. 

UNIT F13 UNIT F15 

413.2-414.0 MBSF 642E-15R-5 (45 cm) TO 15R-5 (122 cm) 414.0-418.0 MBSF 642E-15R-5 (122 cm)TO 16R-2 (123 cm) 

MEDIUM- TO FINE-GRAINED, MODERATELY PLAGIOCLASE + MEDIUM-GRAINED, APHYRIC, GRAY BASALT FLOW. Weakly red-
OLIVINE PHYRIC BASALT FLOW. Vesicular throughout, almost all dened, highly vesicular near flow top, moderate to sparse below, 
vesicles open but some are filled with calcite and thin dark green Calcite, zeolite, green smectite fills in vesicles. Dark green smectite 
smectite rims. spotting or irregular patches throughout the groundmass. 
THIN SECTION DESCRIPTION _ . „ » „ . , . , - , „ „ < ™ ^ „ „ D . „ „ H ™ , „ 

Contacts at 16R-1, 17 to 16R-1, 23 and 16R-1, 44 to 16R-1, 56 mark 
642E-15R-5 (105-112 cm): 5% glomerophyric plag. Groundmass: contact between fine-grained basaH enclave within F15. Parts of 
50% plag, 25% cpx, 7% altered ol, 5% opaques, 10% intergranular ? ■ « * * # 3 a n? # 5 a n d a " # 4 * ? fine-grain* Upper contact shows 
smectite intimate complex mixing zone. Mostly open highly vesicular basal 50 

cm. 
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UNITF17 

- 420.7-439.2 MBSF 642E-16R-3 (100 cm) TO 18R-4 (150 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Flow base not 
- recovered. Thick (>2.0 m) reddened gray to brownish gray highly 
_ vesicular flow top, containing reddish iddingsitized olivines, and green 

smectite or calcite filled vesicles. Vesicularity decreases to moderate or 
sparsely vesicular downsection, predominantly dark green smectite 

_ fills. Development of subhorizontal laminar streaking (flow fabric) below 
17R-2, 113 cm, seen as continuous and discontinuous smectite-rich 
laminae, some reddening from the iddingsitization of olivines. Some 

- massive zones, e.g. 17R-4. Native copper disseminated throughout 
groundmass or within vesicles. 

THIN SECTION DESCRIPTIONS 

■ 642E-16R-3 (Piece 10, 116-117 cm): < 1 % plag, <2% altered ol 
- phenocrysts. Groundmass: 40% plag, 30% cpx, 4% opaques, <10% 

altered ol, >10% altered mesostasis. 

- 642E-17R-1 (104-106 cm): 40% plag, 35% cpx, 5% opaques, 20% 
altered ol and mesostasis. Weakly pilotaxitic. 

- 642E-17R-2 (Piece 15, 105-109 cm): 30% plag, 40% cpx, 5% altered 
ol, 7% opaques, >15% altered mesostasis. 

642E-17R-3 (Piece 6, 70-72 cm): <2% glomerophyric plag, 45% 
plag, 35% cpx, <5% opaques, <7% altered ol, <2% altered 

_ mesostasis. 

" 642E-18R-2 (Piece 11B, 27-29 cm): 40% plag, 40% cpx, 5% altered 
_ ol, 5% opaques, 10% altered mesostasis. 

" 642E-18R-3 (Piece 1B, 72-75 cm): < 1 % altered ol and < 1 % plag 
- phenocrysts. 45% plag, 35% cpx, 8% ol, <10% altered mesostasis. 

Intergranular-intersertal. Subophitic. 

- 642E-18R-4 (37-39 cm): 42% plag, 38% cpx, 12% altered ol, 8% 
opaques. Pilotaxitic. 

UNIT S9B 

J 439.2-439.2 MBSF NOT RECOVERED 

UNIT F18 

439.2-447.0 MBSF 642E-18R-5 (0 cm) TO 19R-4 (137 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Light reddish 
brown, highly vesicular flow top, grading to brownish gray and gray. As 
F17 with some subhorizontal fracturing < 1.0 mm wide filled with 
smectite. Generally weak streaking fabric in central flow. Disseminated 
copper present. Basal contact with S10 is irregular and quenched. 
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UNIT F18 

. 439.2-447.0 MBSF 642E-18R-5 (0 cm) TO 19R-4 (137 cm) 

~ FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Light reddish 
brown, highly vesicular flow top, grading to brownish gray and gray. As 
F17 with some subhorizontal fracturing < 1.0 mm wide filled with 
smectite. Generally weak streaking fabric in central flow. Disseminated 
copper present. Basal contact with S10 is irregular and quenched. 

~ THIN SECTION DESCRIPTIONS 

642E-19R-1 (Piece 4C, 42-44 cm): <2% plag phenocrysts. 35% 
plag, 35% cpx, 10% altered ol, <5% opaques, >10 altered 
mesostasis. Intergranular-intersertal. Subophitic. 

642E-19R-2 (Piece 3, 99-102 cm): 1% glomerophyric plag. 40% 
plag, 40% cpx, <5% altered ol, 2% opaques, 10% altered mesostasis. 

- Intersertal, subophitic. 

642E-19R-4 (9-10 cm): > 1 % zoned plag phenocrysts. 40% plag, 
- 40% cpx, 10% altered ol, 5% opaques, 5% smectite patches. 

Subophitic. 

UNITS10 

447.0-450.1 MBSF 642E-19R-4 (137 cm) TO 19R-5 (20 cm) 

DARK BROWN TO GRAY GREEN, WELL-SORTED VITRIC TUFF. 
Contains accretionary lapilli and rounded clasts of brown to fine red 
tuff. Pale green smectite present in pore spaces. Very few fresh 
shards. Pocket infilling of scoriaceous material, top to F19. 

UNITF19 

450.1^157.4 MBSF 642E-19R-5 (20 cm) TO 20R-4 (104 cm) 

FINE-GRAINED, APHYRIC, DARK GRAY BASALT FLOW. Flow base 
- not recovered. Highly vesicular at flow top, dark greenish gray from 

smectite alteration. Local coalescence of vesicles to up to 25% of rock 
volume, filled with dark green smectite. Toward base, from 20R^4, 30 

- cm down to base of recovery, streaky (flow fabric) laminations present, 
accompanied by elongate green smectite-filled vesicles. [Unrelated 
rubble at 642E-20R-1 (0-9 cm)] 

THIN SECTION DESCRIPTIONS 

642E-19R-5 (45-48 cm): 40% plag, 30% cpx, <5% ol, 10% opaques, 
10% mesostasis; all altered to variable extents. Brecciated. 

642E-20R-2 (Piece 3C, 84-87 cm): 40% plag, 40% cpx, 5% 
opaques, 5% altered mesostasis. All minerals strongly altered. 

642E-20R-3 (Piece 1C, 64-67 cm): 40% plag, 40% cpx, 5% 
opaques, 5% altered mesostasis; all strongly altered. 
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CORE/SECTION 

UNIT F19 THIN SECTION DESCRIPTIONS 

450.1-457.4 MBSF 642E-19R-5 (20 cm) TO 20R-4 (104 cm) 642E-19R-5 (45-48 cm): 40% plag, 30% cpx, <5% ol, 10% opaques, 
10% mesostasis; all altered to variable extents. Brecciated. 

FINE-GRAINED, APHYRIC, DARK GRAY BASALT FLOW. Flow base 
not recovered. Highly vesicular at flow top, dark greenish gray from 642E-20R-2 (Piece 3C, 84-87 cm): 40% plag, 40% cpx, 5% 
smectite alteration. Local coalescence of vesicles to up to 25% of rock opaques, 5% altered mesostasis. All minerals strongly altered, 
volume, filled with dark green smectite. Toward base, from 20R-4, 30 642E-20R-3 (Piece 1C, 64-67 cm): 40% plag, 40% cpx 5% 
cm down to base of recovery, streaky (flow fabric) laminations present, opaques, 5% altered mesostasis; all strongly altered, 
accompanied by elongate green smectite-filled vesicles. [Unrelated 

_. UNITS10A 

" 457.4-458.2 MBSF NOT RECOVERED 
UNIT F20 

458.2-463.0 MBSF 642E-20R-4 (104 cm) TO 20R-4 (120 cm) 

- MEDIUM-GRAINED MODERATELY PLAGIOCLASE-OLIVINE PHYR-
IC, GRAY TO DARK GRAY BASALT FLOW. Highly vesicular, mostly 
dark green smectite filled vesicles with minor calcite and zeolite, 
grading to sparsely vesicular in lower section. Dark green gray smec-

- tite filled hairline fracturing. Some inclination of vesicles streaming in 
center of flow. 

UNIT F20A 

- 463.0-466.2 MBSF 642E-21R-1 (38 cm) TO 21R-3 (48 cm) 

AS F20. [Unrelated rubble of volcaniclastic sediment at 642E-21R-1 
- (0-38 cm)] 

UNIT F21 

466.2-468.9 MBSF 642E-21R-3 (48 cm) TO 21R-5 (61 cm) 

MEDIUM-GRAINED, MODERATELY PHYRIC, DARK GRAY BASALT 
FLOW. Very dark gray to black highly vesicular flow top, red-veined 
and brecciated. Vesicles filled lower in flow by dark green smectite. 
2.0-4.0 mm long plagioclase laths and < 3.0 mm olivines present. 
Predominantly subvertical or steeply inclined smectite filled veining. 

UNIT F22 

- 468.9-473.2 MBSF 642E-21R-5 (61 cm) TO 22R-3 (86 cm) 

MEDIUM-GRAINED, SPARSELY TO MODERATELY 
- OLIVINE-PLAGIOCLASE PHYRIC, GRAY BASALT FLOW. Euhedral 

olivines and plagioclase laths < 3.0 mm diameter. Moderately vesicu­
lar, filled with dark green smectite. Steeply inclined fracturing filled with 
smectite. Subhorizontal elliptical vesicles at 22R-2, 60 to 62 cm. 

THIN SECTION DESCRIPTIONS 

- 642E-22R-1 (Piece 4, 26-28 cm): 2% plag phenocrysts, 40% plag, 
_ 35% cpx, 10% opaques, 13% altered mesostasis. 

642E-22R-2 (Piece 1,9-10 cm): 10% plag phenocrysts. 
Groundmass: 40% plag, 25% cpx, 5% opaques, 20% altered 
mesostasis. 

642E-22R-3 (Piece 1B, 44-45 cm): 10% plag phenocrysts. 
Groundmass: 40% plag, 30% cpx, 10% altered ol, 5% opaques, 5% 
altered mesostasis. Intergranular, subophitic. 
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§ § § £ g c = 
g g I -S .2 I .2 UNITF23 

1 I I I I •« I J I I i « I * 
s 8 1 ^ jj> J fe*l w 2 " § I I I " 5 1 =5 473.2-477.1 MBSF 642E-22R-3 (86 cm) TO 22R-6 (20 cm) 
1 » 1 1 I I a 1 1 ■- I " * ! g I " I IS I tt I 1 § | * I | § | " | "E g MEDIUM-GRAINED, SPARSELY OLIVINE PLAGIOCLASE PHYRIC, 
■ I f | | | 1 i I I ? i S | j H I | S « I I 1 1 « * f 5 1 z * f 11 G R A Y BASALT FLOW. Highly vesicular flow top, smectite rimmed or 

cm | 2 1 2 = § 8 | s | 1 ! | 2 1 j ! i | ! 8 ! ! ] ! i I I f I S I •" ~ l unfilled at top, decreasing to moderate or nonvesicular in lower flow. 
0- , J L * " * ^ ° ° * < ^ u o 6 < . o o « < £ « o ! S 5 < s: o o <S< E u h e d r a | iddingsitized olivines and tabular plagioclase 0.3-0.5 mm 

\°j t Q I . . [7] Y~a\ f 171 f r * n H I f T | H I E j H n ~| diameter. Vesicular base. 
1 ° a t { a 1 *.*• f | 2 «q J 1 O o " THIN SECTION DESCRIPTIONS 

1 ' T j I ' o i | 1 I t . | &P, 
I .• D b ^ . I | „ | -^sr _ 642E-22R-4 (Piece 6, 104-107 cm): 10% plag phenocrysts. 

a a i = = Q '„ | 2 GJ Groundmass: 35% plag, 35% cpx, 10% opaques, 10% altered 
/-v_ 1A n A I . „ | n ^ r I 311 / S * J - mesostasis. Equigranular. 
n | ' | 2 ° c | ' I 2 ; • ; / ' Hrf) ' 642E-22R-5 (Piece 5, 79-81 cm): 10% plag phenocrysts. 

a \ a ° D " ^ i / * I 3 ]«£( f A _ Groundmass: 35% plag, 35% cpx, > 5% opaques, < 15% altered 
I (JLj ° S y I 0 I S ; \f^\ I / \ mesostasis. 

_ 1 2 / f I o 3 L 3 * J__ I b h ^ . L_\ _ UNITS11 
T I h 3 I | r^-\ O 0 I § 0S>Q 

D D • z n ° | B 4 ° ' t a o?° " 477.1 MBSF 642E-22R-6 (20 cm) TO 22R-6 (21 cm) 
50- , □ I ^ -___/ | \ j [•■• o ° " 

^ I 1B | r—j A I ] | '—S 2 ' * S 3 , DARK RED BROWN TUFF, basaltic vitiric. 

P t i p I 4A a I x ' 3A nT t i 5 • I t . 4 * f 
. W 1 • 3 D ^ | | y i a p i S - UNIT F24 

3A I R| =~) 4 B a . f [ „ ] „ | „ ?\\ | J L ! i " 477.1-480.5 MBSF 642E-22R-6 (21 cm) TO 23R-1 (73 cm) 
i ^ r m - i ^ 4A i s 6 ! " ! T « D 

j t e'.« t p ^ , b / J ^ j b J 3 O I _ - MEDIUM-GRAINED OLIVINE PHYRIC, GRAY BASALT FLOW. Red-
- j z> •'» ' I ° I s " ^ ^ T D /TT A ! 4 f v J X " * l dened brown gray highly vesicular flow top, iddingsitized olivines 

r j = » | o l 4 B n 7 , ' j * T [J "~^ ~"H - common. Vesicles filled with green smectite and some calcite. Some 
I 3 <H1 * _ I ^~t ! |- i LJ- . patch smectite alteration, steeply inclined 2.0 mm wide fracturing and 

3 B \ I ffTo 51 t r X A ' 8 • ' t I 1 ** ^ ^ brecciation at 23R-1, 17-34 cm. 

] ° 4 *1 ' ' t ' ° 9 (X t 5 ' * 5 3 ^ " ™ I N S E C T I 0 N DESCRIPTIONS 
100- j ' " I _ I 5 D > i • * _ rrC) t 

• ' ° T | < ] A 6 ^ / T 642E-22R-6 (Piece 7, 77-88 cm): Phenocrysts: <5% altered ol, 
I a y=^ L_J -v. I 10 ".* I "~~ x ^ 7 ^ ~ t " <10% plag. Groundmass: 40% plag, 30% cpx, <5% altered ol, >5% 
\ i (" A M o ^ ^—-' £__1 h °oo. _ opaques, 5% altered mesostasis. Subophitic. 

5 • • j f" I A I ^ - ~rn t ' ^ z — 
H 111; 6 • ] | I -—- 11 C I n J 1 T => rT7\ A - 642E-23R-1 (Piece 2,66-69 cm): 3% glomerophyric plag, 30% plag, 

3 C \ ° | 6 A PTJ t l \ / lL ' ^ X l *~ 8 WiJ T - 30% cpx, 7% opaques, 30% altered mesostasis. 

- 1 ' 6 B l i ^ ! r?i x ' ,„ ! 12--T j LT * * , - ' _ UNITS12 

| — i I 1 3 I ^ 9 < 0 ^ „ 480.5-482.7 MBSF 642E-23R-1 (73 cm) TO 23R-2 (125 cm) 
7[! jt 7 •- t ! 7M • J ^ ioo t ^ 

~ 1 | ' I 6B „ x ^ < \ y\z - GREEN TO RED BROWN OR OLIVE BROWN TUFF. Median grain y 11 ^=<, /\z _ diameter of 0.15 mm, with some fragments of finer grained differenti-

12 L^_y / J ated tuffs and some medium sorted basaltic tuffs. Irregular bedding 
22-4 22-5 22-6 23-1 23-2 features. 

CORE/SECTION " ^ l 

UNIT F25 
482.7-485.8 MBSF 642E-23R-2 (125 cm) TO 23R-3 (126 cm) 

UNIT F22 THIN SECTION DESCRIPTIONS 
FINE-GRAINED, APHYRIC TO MODERATELY OLIVINE-

468.9-473.2 MBSF 642E-21R-5 (61 cm) TO 22R-3 (86 cm) 642E-22R-1 (Piece 4, 26-28 cm): 2% plag phenocrysts, 40% plag, PLAGIOCLASE PHYRIC BASALT FLOW. Moderate vesicularity, but 
35% cpx, 10% opaques, 13% altered mesostasis. variable and locally highly vesicular, some breccia zones. Vesicles filled 

MEDIUM-GRAINED, SPARSELY TO MODERATELY B 4- ,F „ n , , „ , „ . „ , „ . „ „ m - 1 f l o / n. . _ . w i t h d a r k &een smectite, locally calcite. 
OLIVINE-PLAGIOCLASE PHYRIC, GRAY BASALT FLOW. Euhedral P r n u n l m ^ 2 5 ? ! & ^ £ r ™ J ^ t o ^ T H 
olivines and plagioclase laths < 3.0 mm diameter. Moderately vesicu- m S S h f ' T H , N S E C T I O N D E S C R I P T I 0 N 

lar, filled with dark green smectite. Steeply inclined fracturing filled with 
smectite. Subhorizontal elliptical vesicles at 22R-2, 60 to 62 cm. 642E-22R-3 (Piece 1B, 44-45 cm): 10% plag phenocrysts. 642E-23R-3 (Piece 10, 47-49 cm): <2% plag phenocrysts. 40% 

Groundmass: 40% plag, 30% cpx, 10% altered ol, 5% opaques, 5% Plag, 30% cpx, >5% altered ol, 5% opaques, >10% altered 
altered mesostasis. Intergranular, subophitic. mesostasis. Brecciated. 
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UNIT S14 

- 489.6 MBSF 642E-24R-1 (27 cm) TO 24R-1 (30 cm) 

VERY DARK BROWN TUFF. 

UNIT F27 

489.6-495.2 MBSF 642E-24R-1 (30 cm) TO 25R-3 (79 cm) 

. FINE-GRAINED, APHYRIC GRAY BASALT FLOW. Locally micro-
brecciated flow top, with some pale green smectite-filled fractures. 

- Most vesicles are dark green smectite filled. Moderately vesicular 
toward center of flow. Some rare rounded cognate xenoliths of highly 
vesicular, fine-grained aphyric gray basalt present. Fine basal breccia 

~ at 25R-3, 76-79 cm. [Unrelated rubble at 642E-25R-1 (0-12 cm)] 

- THIN SECTION DESCRIPTIONS 

642E-24R-2 (Piece 2B, 56-58 cm): Phenocrysts: 2% glomerophyric 
~ plag, 1% cpx. Groundmass: 35% plag, 10% cpx, 5% opaques, 47% 

altered mesostasis and cognate xenolith. 

~ 642E-25R-1 (Piece 5A, 35-37 cm): 4% oscillatory zoned plag 
phenocrysts, 40% plag, 40% cpx, both somewhat altered. 5% 
opaques, 11 % altered mesostasis. 

UNIT S15 

495.2-495.8 MBSF 642E-25R-3 (79 cm) TO 25R-3 (84 cm) 

_ VERY DARK BROWN TUFF. Tuff has lithic fragments of overlying 
breccia. Some slightly altered shards, light green and more vesicular, 
black. 

UNIT F28 

495.8-511.0 MBSF 642E-25R-3 (79 cm)TO 27R-2 (35 cm) 

" FINE-GRAINED, PLAGIOCLASE PHYRIC GRAY BASALT FLOW. 
Moderately to highly vesicular at flow top, streamed and coalesced. 
Some fracturing, sub-vertical. Streaking (flow fabric) from 26R-4, 95 
cm, downsection, locally inclined, mainly subhorizontal. Xenolithic. 

—' 70 cm thick dark gray to dark brownish gray basal breccia. 

UNITF25 UNITS13 

482.7-485.8 MBSF 642E-23R-2 (125 cm) TO 23R-3 (126 cm) 485.8-486.3 MBSF 642E-23R-3 (126 cm) TO 23R-3 (127 cm) 

FINE-GRAINED, APHYRIC TO MODERATELY OLIVINE- DARK BROWN, FINE-GRAINED TUFF. Rounded lapilli of fine grained 
PLAGIOCLASE PHYRIC BASALT FLOW. Moderate vesicularity, but tuff. Contacts with adjacent units not recovered. 
variable and locally highly vesicular, some breccia zones. Vesicles filled 
with dark green smectite, locally calcite. UNIT F26 

THIN SECTION DESCRIPTION 486.3-489.6 MBSF 642E-23R-3 (127 cm) TO 24R-1 (27 cm) 

642E-23R-3 (Piece 10, 47-49 cm): <2% plag phenocrysts. 40% S ^ C T T C ' , ^ M ^ 1 * 0 U T E : P L A G I ? C I : A S E . v 
plag, 30% cpx, >5% altered ol, 5% opaques, >10% altered P H Y R I C B A S A L T F L 0 W - Moderate vesicularity, vesicles filled with 
mesostasis. Brecciated. d a r k 9 r e e n s m e c , i t e -
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CORE/SECTION 

UNIT F28 

495.8-511.0 MBSF 642E-25R-3 (79 cm) TO 27R-2 (35 cm) 

FINE-GRAINED, PLAGIOCLASE PHYRIC GRAY BASALT FLOW. 
Moderately to highly vesicular at flow top, streamed and coalesced. 
Some fracturing, subvertical. Streaking (flow fabric) from 26R-4, 95 
cm, downsection, locally inclined, mainly subhorizontal. Xenolithic. 
70 cm thick dark gray to dark brownish gray basal breccia. 

UNITS16 

511.0-511.5 MBSF 642E-27R-2 (35 cm) TO 27R-2 (64 cm) 

DARK RED BROWN TO PURPLE TUFFS AND SANDY TUFFS. 
Subhorizontally layered. Contains pebbles of basaltic breccia, some 
zones with fresh glass. 

UNIT F29 

511.5-521.2 MBSF 642E-27R-2 (64 cm) TO 28R-3 (117 cm) 

FINE GRAINED, MODERATELY PLAGIOCLASE PHYRIC, DARK 
GRAY BASALT FLOW. Reddened scoriaceous breccia flow top, with 
vesicularity decreasing downsection, some streaming and coalescence 
of dark green smectite filled vesicles. Well developed streaking (flow 
fabric) from 28R-1, 0 cm, downward. True inclination of fabric locally 
up to 45 degrees. Rare xenoliths, basal vesicular zone, breccia and 
contact with S17 well preserved. 

THIN SECTION DESCRIPTIONS 

642E-27R-3 (Piece 14, 15-19 cm): 1% plag phenocrysts, 40% 
groundmass plag, 5% cpx, 14% altered mesostasis, 40% altered 
material of a cognate xenolith. 

642E-27R-4 (Piece 8A, 66-68 cm): 10% plag phenocrysts. 35% 
plag, 5% cpx, 2% ol, 5% opaques in groundmass. 43% altered 
mesostasis. Intersertal. 

642E-27R-5 (Piece 1, 11-15 cm): Phenocrysts; 12% plag, 2% cpx. 
Groundmass: 45% plag, 35% cpx, 3% opaques. 3% altered 
mesostasis. Intersertal to subophitic. 
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CORE/SECTION => 

UNIT F29 

- 511.5-521.2 MBSF 642E-27R-2 (64 cm) TO 28R-3 (117 cm) 

FINE GRAINED, MODERATELY PLAGIOCLASE PHYRIC, DARK 
GRAY BASALT FLOW. Reddened scoriaceous breccia flow top, with 
vesicularity decreasing downsection, some streaming and coalescence 
of dark green smectite filled vesicles. Well developed streaking (flow 
fabric) from 28R-1, 0 cm, downward. True inclination of fabric locally 

_ up to 45 degrees. Rare xenoliths, basal vesicular zone, breccia and 
contact with S17 well preserved. 

THIN SECTION DESCRIPTIONS 

642E-27R-3 (Piece 14, 15-19 cm): 1% plag phenocrysts, 40% 
_ groundmass plag, 5% cpx, 14% altered mesostasis, 40% altered 

material of a cognate xenolith. 

642E-27R-4 (Piece 8A, 66-68 cm): 10% plag phenocrysts. 35% 
plag, 5% cpx, 2% ol, 5% opaques in groundmass. 43% altered 
mesostasis. Intersertal. 

642E-27R-5 (Piece 1, 11-15 cm): Phenocrysts: 12% plag, 2% cpx. 
Groundmass: 45% plag, 35% cpx, 3% opaques. 3% altered 
mesostasis. Intersertal to subophitic. 

UNIT S17 

- 521.2-522.7 MBSF 642E-28R-3 (117 cm) TO 28R-3 (140 cm) 

DARK BROWN TO BROWN SANDY BASALTIC VITRIC TUFF. Pale 
green spotting. Uniform shards slightly vesicular. 

UNIT F30 

522.7-523.2 MBSF 642E-28R-3 (140 cm) TO 28R-4 (16 cm) 

MEDIUM- TO FINE-GRAINED, APHYRIC BLACK BASALT. Fine 
grained and vesicular upper flow. Vesicles rimmed with green smectite, 
none filled. Crystallinity grades into medium grade lower in flow. 

UNIT F31 

- 523.3-524.2 MBSF 642E-28R-4 (16 cm) TO 28R-4 (53 cm) 

MEDIUM-GRAINED APHYRIC, BLACK BASALT FLOW. Grades from 
glassy, highly vesicular flow top rapidly into mediun-grain size. Open 
vesicles are coated with green smectite. 

UNIT F32 

524.2-525.0 MBSF 642E-28R-4 (53 cm) TO 28R-4 (110 cm) 

ASF31. 

UNIT F33 

525.0-526.9 MBSF 642E-28R-4 (110 cm) TO 28R-5 (42 cm) 

AS F31. 
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UNIT F33 

- 525.0-526.9 MBSF 642E-28R-4 (110 cm) TO 28R-5 (42 cm) 

ASF31. 

UNIT F34 

526.9-530.2 MBSF 642E-29R-1 (0 cm) TO 29R-1 (103 cm) 

AS F31. Noticeable high content of iddingsitized olivine (<10%). 

UNIT F35 

_ 530.2-533.7 MBSF 642E-29R-1 (103 cm) TO 29R-2 (150 cm) 

' ASF31. 

THIN SECTION DESCRIPTION 

642E-29R-2 (33-35 cm): 3% plag phenocrysts. Groundmass: 35% 
plag, 30% cpx, 7% opaques, 25% altered mesostasis. 

UNIT F36 

533.7-546.3 MBSF 642E-30R-1 (0 cm) TO 30R-6 (135 cm) 

- FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Flow top not 
_ recovered. Locally highly vesicular at top of unit, but missing upper­

most vesicular zone. Streamed vesicularity overlies thick streaky (flow 
laminated) section. Xenolithic and fractured with dark green smectite 

_ predominant in veins. 

THIN SECTION DESCRIPTION 

642E-30R-1 (24-26 cm): Phenocrysts: < 1 % plag, trace cpx. 
Groundmass: 40% plag, 35% cpx, 5% opaques, 19% altered 

- mesostasis. 
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CORE/SECTION 3 ° ~ 5 3 ° " 6 3 1"1 3 1 " 2 3 1 " 3 3 1 " 4 3 1 C C 

UNIT F36 

- 533.7-546.3 MBSF 642E-30R-1 (0 cm) TO 30R-6 (135 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Flow top not 
recovered. Locally highly vesicular at top of unit, but missing upper-

_ most vesicular zone. Streamed vesicularity overlies thick streaky (flow 
laminated) section. Xenolithic and fractured with dark green smectite 
predominant in veins. 

THIN SECTION DESCRIPTION 

642E-30R-1 (24-26 cm): Phenocrysts: < 1 % plag, trace cpx. 
Groundmass: 40% plag, 35% cpx, 5% opaques, 19% altered 
mesostasis. 

UNIT S17A 

~ 546.3-546.4 MBSF 642E-31R-1 (0 cm) TO 31R-1 (4 cm) 

BASALTIC VITRIC TUFF IN PLACE AS RUBBLE. Forms top of flow 
unit F37. 

UNIT F37 

546.4-556.0 MBSF 642E-31R-1 (4 cm) TO 31R-CC (22 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Flow base not 
recovered. Reddened through upper section. As F36, with streaking 

~ fabric wrapping and deflected by abundant xenoliths. 
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32-1 32-2 323 33-1 33-2 33-3 33-4 
CORE/SECTION 

UNIT F37A 

- 556.0-565.6 MBSF 642E-32R-1 (27 cm) to 33R-1 (136 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Flow base and 
- flow top recovered. As F36 and F37, with streaking fabric wrapping 
_ and deflected by abundant xenoliths. Local cross-hatching of poorly 

developed fabric. 

THIN SECTION DESCRIPTION 

- 642E-32R-1 (89-91 cm): Phenocrysts: < 1 % plag, < 1 % cpx. 
_ Groundmass: 45% plag, 40% cpx, 5% opaques, 9% altered 

mesostasis. 

UNITS18 

- 565.6-565.7 MBSF 642E-33R-1 (136 cm) TO 33R-1 (138 cm) 

DARK RED BROWN TUFF. 

UNIT F38 

565.7-572.6 MBSF 642E-33R-1 (138 cm) TO 33R-5 (134 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Flow base not 
recovered. Reddened vesicular flow top. Patch smectite alteration 
throughout groundmass, some blue green smectite (celadonite?) vesi­
cle filling. Olivine iddingsitized throughout. 

THIN SECTION DESCRIPTION 

642E-33R-2 (Piece 6, 54-56 cm): 35% plag, 30% cpx, 5% opaques, 
10% iddingsite, 20% altered variolitic mesostasis. 
Intergranular-intersertal, subophitic. 
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33-5 34-1 35-1 35-2 35-3 35-4 35-5 
CORE/SECTION 

UNIT F38 

565.7-572.6 MBSF 642E-33R-1 (138 cm) TO 33R-5 (134 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Flow base not 
recovered. Reddened vesicular flow top. Patch smectite alteration 
throughout groundmass, some blue green smectite (celadonite?) vesi-

- cle filling. Olivine iddingsitized throughout. 

THIN SECTION DESCRIPTION 

642E-33R-2 (Piece 6, 54-56 cm): 35% plag, 30% cpx, 5% opaques, 
10% iddingsite, 20% altered variolitic mesostasis. 
Intergranular-intersertal, subophitic. 

UNIT S18A 

- 572.6-573.2 MBSF 642E-34R-1 (0 cm) TO 34R-1 (18 cm) 

BASALTIC VITRIC TUFF. As rubble in place. 

UNIT F39 

- 573.2-584.1 MBSF 642E-34R-1 (18 cm) TO 35R-2 (106 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT. Flow base missing. 
Weakly reddened, highly vesicular upper section, locally brecciated. 

- Streamed and coalesced vesicular zone. Subparallel, subhorizontal 
streaking (flow fabric) with tightening of fabric toward base of section. 
Iddingsitization gives reddish hue to streaks. Slight increase in vesicu-
larity at base, highly vesicular base missing. 

UNIT S19 

- 584.1-584.3 MBSF 642E-35R-2 (106 cm) TO 35R-2 (114 cm) 

BRICK RED BROWN, UPWARD-FINING TUFF SEQUENCES. Three 
cycles, fresh glass at base of middle sequence. Basaltic fragment at 
base. 

UNIT F40 

584.3-586.8 MBSF 642E-35R-2 (114 cm) TO 35R-3 (137 cm) 

MEDIUM-GRAINED, MODERATELY PLAGIOCLASE PHYRIC 
BASALT. Reddish dark gray mottled with dark green smectitic 
alteration, moderately vesicular with some vesicles elongated or 

~ collapsed. Vertical openings into base of flow with smectite and breccia 
fillings. 

J THIN SECTION DESCRIPTION 

642E-35R-2 (Piece 9, 125-128 cm): 35% plag, 30% cpx, 2% ol, 8% 
opaques, 20% altered variolitic mesostasis. 

UNIT F41 

586.8-589.7 MBSF 642E-35R-3 (137 cm) TO 35R-4 (115 cm) 

AS F40 with reddish gray groundmass color. 

UNIT F42 

589.7-591.4 MBSF 642E-35R-4 (115 cm) TO 36R-1 (4 cm) 

AS F40, with reddish dark gray, fine-grained flow top. 
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CORE/SECTION 

UNIT F43 

- 591.4-594.0 MBSF 642E-36R-1 (4 cm) TO 36R-2 (52 cm) 

MEDIUM-GRAINED GRAY BASALT FLOW. Purplish gray vesicular 
flow top, with vesicularity up to 15%. Rare phenocrysts of plagioclase 

_ and olivine(?) completely altered to secondary minerals. Some vesicles 
filled with dark green smectite and/or pale green celadonite. 

_ THIN SECTION DESCRIPTIONS 

642E-36R-1 (28-30 cm): 35% plag, 35% cpx, 3% altered ol, 10% 
- opaques, 17% altered mesostasis. Intergranular to intersertal. 

642E-36R-2 (Piece 4, 38-40 cm): Phenocrysts: 15% plag, 3% cpx. 
- Groundmass: 5% plag, 3% cpx, 6% ol, 15% cryptocrystalline, 35% 

Fe-oxide-stained altered mesostasis, 18% clays. 

UNIT F44 

594.0-601.6 MBSF 642E-36R-2 (52 cm) TO 37R-1 (112 cm) 

AS F43. With black to purple basal vesicular zones. Contact 
preserved. 

THIN SECTION DESCRIPTION 

- 642E-36R-3 (16-18 cm): 48% plag, 22% cpx, 10% ol, 1% opaques, 
19% altered mesostasis. 

UNIT F45 

601.6-607.4 MBSF 642E-37R-1 (112 cm) TO 37R-2 (82 cm) 

MEDIUM-GRAINED, APHYRIC, GRAY BASALT FLOW. Vesicular, with 
vesicles filled with calcite and/or zeolite. Locally light green smectite 

- (?celadonite). 

UNIT S19A 

607.4-607.5 MBSF NOT RECOVERED 

UNIT F46 

-" 607.5-614.6 MBSF 642E-38R-1 (0 cm) TO 38R-3 (150 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Flow top not 
recovered. Sparsely vesicular throughout, except for highly vesicular 
flow base (38R-3, 140-145 cm). Vesicles filled with green smectite 
and/or calcite, subhorizontally elongated at 38R-3, 120-140 cm. Sub-
horizontal spaced streaking (flow lamination) gives way to massive 
base below 38R-3, 90 cm. Rounded xenoliths of vesicular, gray, 
aphyric basalt throughout. Steeply inclined or vertical fine smectite 
filled veins, narrow breccia zone at 38R-2, 32-50 cm. Fresh plagio­
clase laths are locally aligned, accompanied by fresh anhedral clino-
pyroxene, and smectite/iddingsite pseudomorphs after olivine. 
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CORE/SECTION 

UNITS19B q 
m 

617.7-618.5 MBSF NOT RECOVERED os 

UNIT F47A 

618.5-625.6 MBSF 642E-39R-1 (0 cm) TO 39R-1 (5 cm) 

AS F47. 

UNIT S19C 

625.6-625.9 MBSF NOT RECOVERED 

UNIT F48 

- 625.9-631.6 MBSF 642E-40R-1 (0 cm) TO 40R-2 (40 cm) 
FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Flow top not 
recovered. Moderately to sparsely vesicular throughout, with green 
smectite and/or calcite filling. Subhorizontal spaced streaking (flow 

_ fabric) down to 40R-1, 100 cm. Fine fracturing 75-90 cm, with calcite 
and smectite filled veins near base of flow. 

UNIT S20 

631.6-631.7 MBSF 642E-40R-2 (40 cm) TO 40R-2 (46 cm) 

DARK RED BROWN TUFF. Contains irregular vesicular fragments 
from the underlying flow. 

UNIT F49 

631.7-636.6 MBSF 642E-40R-2 (46 cm) TO 40R-3 (134 cm) 

- FINE-GRAINED, APHYRIC, GRAY BASALT FLOW WITH REDDENED 
FLOW TOP. Flow base not recovered. Moderately to sparsely vesicular 
throughout with smectite and locally calcite filling; some vesicles flat-

- tened toward base. Horizontal spaced streaking (flow fabric) below 
40R-3, 85 cm, locally chaotic. Some subvertical hairline fracturing is 
smectite filled, one example 4 mm at wide, 40R-3, 30-85 cm. 

UNIT 49A 

636.6-640.8 MBSF 642E-41R-1 (0 cm) TO 41R-1 (103 cm) 

_ AS F49. 

UNIT F50 

640.8-645.0 MBSF 642E-41R-1 (103 cm) TO 41R-3 (85 cm) 

FINE-GRAINED, SPARSELY PLAGIOCLASE PHYRIC, GRAY BASALT 
FLOW. Scoriaceous, highly vesicular reddened flow top, moderately 
vesicular to vesicular gray center and base. Dark green smectite filled 
vertical or irregularly "streamed" vesicle trains. Subhorizontal streaking 
(flow fabric) between 41 R-3, 0-62 cm. Several subvertical or steeply 
inclined smectite filled fine fractures. 

THIN SECTION DESCRIPTION 

642E-41R-1 (Piece 8, 115-117 cm): < 1 % plag phenocrysts. 20% 
plag, 5% cpx, 15% opaques, 5% ol, 55% altered groundmass and 
mesostasis. Intergranular to intersertal. 

UNIT F46 UNIT F47 

607.5-614.6 MBSF 642E-38R-1 (0 cm) TO 38R-3 (150 cm) 614.6-617.7 MBSF 642E-38R^4 (0 cm) TO 38R-4 (100 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Flow top not FINE-GRAINED, APHYRIC BASALT FLOW. Flow base and probably 
recovered. Sparsely vesicular throughout, except for highly vesicular center not recovered. Upper part scoriaceous and brecciated, red to 
flow base (38R-3, 140-145 cm). Vesicles filled with green smectite purplish gray, highly vesicular and gray below, vesicles rimmed or 
and/or calcite, subhorizontally elongated at 38R-3, 120-140 cm. Sub- smectite filled. Olivine completely iddingsitized, abundant Fe oxides, 
horizontal spaced streaking (flow lamination) gives way to massive 
base below 38R-3, 90 cm. Rounded xenoliths of vesicular, gray, 
aphyric basalt throughout. Steeply inclined or vertical fine smectite 
filled veins, narrow breccia zone at 38R-2, 32-50 cm. Fresh plagio-
clase laths are locally aligned, accompanied by fresh anhedral clino-
pyroxene, and smectite/iddingsite pseudomorphs after olivine. 
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CORE/SECTION 

UNIT F50 

640.8-645.0 MBSF 642E-41R-1 (103 cm) TO 41R-3 (85 cm) 

FINE-GRAINED, SPARSELY PLAGIOCLASE PHYRIC, GRAY BASALT 
FLOW. Scoriaceous, highly vesicular reddened flow top, moderately 
vesicular to vesicular gray center and base. Dark green smectite filled 

—i vertical or irregularly "streamed" vesicle trains. Subhorizontal streaking 
(flow fabric) between 41 R-3, 0-62 cm. Several subvertical or steeply 
inclined smectite filled fine fractures. 

THIN SECTION DESCRIPTION 

- 642E-41R-1 (Piece 8, 115-117 cm): < 1 % plag phenocrysts. 20% 
plag, 5% cpx, 15% opaques, 5% ol, 55% altered groundmass and 
mesostasis. Intergranular to intersertal. 

UNIT F51 

~ 645.0-649.5 MBSF 642E-41R-3 (85 cm) TO 42R-1 (48 cm) 

FINE-GRAINED, SPARSELY PLAGIOCLASE PHYRIC, GRAY 
BASALT FLOW. Flow base not recovered. Sparsely vesicular to 
vesicular, green smectite and calcite filled vesicles. Subhorizontal 

_ streaking (flow fabric) between 41R-4, 55 cm, and 42R-1, 48 cm. 
Some fine (<1 mm) subvertical fracturing with smectite filling. 

UNIT S21 

649.5-650.4 MBSF 642E-42R-1 (49 cm) TO 42R-1 (121 cm) 

BASALTIC VITRIC TUFF. Dark brown, dark gray brown, grayish red 
brown, brownish green, well sorted, upward-fining sequence at 42R-1, 
49-62 cm; variable content of lapilli of differentiated composition: 
heterogeneous tuff, pale green vitric tuff, yellowish brown, crystal rich 
tuff, fragments of accretionary lapilli. 

UNIT F52 

650.4-662.5 MBSF 642E-42R-1 (121 cm) TO 42R-3 (29 cm) 

- FINE-GRAINED, APHYRIC, DARK GRAY BASALT FLOW. Flow base 
not recovered. Moderately to sparsely vesicular, upper section vesicles 
open or rimmed with pale green smectite, lower section filled with dark 

- green smectite. Between 42R-2, 66-102 cm, steeply inclined sigmoidal 
tension gash arrays suggest shear motion approximately parallel to 
flow fabric. 

UNIT S21A 

662.5-663.4 MBSF NOT RECOVERED 

UNIT F52A 

663.4-672.0 MBSF NOT RECOVERED 

UNITS21B 

672.0-672.2 MBSF NOT RECOVERED 

UNIT F52B 

672.2-676.1 MBSF NOT RECOVERED 
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CORE/SECTION 

UNIT S22 

- 676.1-677.1 MBSF 642E-45R-1 (0 cm) TO 45R-1 (78 cm) 

THREE UPWARD-FINING SEQUENCES OF DARK BROWN TUFF. 
Contains fresh black shards in the top sequence, and gray-green lapilli 
in the middle. 45R-1, 27-78 cm, dark brown tuff mixed with vesicular 
blocks of top of underlying flow. 

UNIT F53 

- 677.1-691.6 MBSF 642E-45R-1 (78 cm) TO 46R-4 (48 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Dark gray 
scoriaceous flow top breccia with pale green coating of vesicles. Highly 

_ vesicular lower top, vesicles locally streamed and filled with dark green 
smectite. Thick central section streaky with well developed flow fabric, 
locally random with tightening of fabric toward base accompanied by 

_ some subhorizontal elongation of vesicles. Rounded xenoliths of 
vesicular basalt occur sporadically throughout the unit. Steeply inclined 
smectite and calcite filled fractures common. Gray to reddish gray 

- basal breccia with reddish brown, fine-grained tuffaceous(?) matrix. 

THIN SECTION DESCRIPTIONS 

- 642E-45R-4 (Piece 3, 118-120 cm): 35% plag, 35% cpx, 10% altered 
ol, 10% opaques, 10% altered mesostasis. Intersertal to intergranular, 
subophitic. 

- 642E-45R-5 (Piece 1C, 15-17 cm): 45% plag, 35% cpx, <10% 
altered ol, 5% opaques, 5% altered mesostasis. Intersertal to 
intergranular, subophitic. 
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UNIT F53 

. 677.1-691.6 MBSF 6 4 2 E - 4 5 R - 1 (78 cm) TO 4 6 R - 4 (48 cm) 

~~ FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Dark gray 
scoriaceous flow top breccia with pale green coating of vesicles. Highly 
vesicular lower top, vesicles locally streamed and filled with dark green 
smectite. Thick central section streaky with well developed flow fabric, 
locally random with tightening of fabric toward base accompanied by 
some subhorizontal elongation of vesicles. Rounded xenoliths of 
vesicular basalt occur sporadically throughout the unit. Steeply inclined 
smectite and calcite filled fractures common. Gray to reddish gray 

- basal breccia with reddish brown, f ine-grained tuffaceous(?) matrix. 

UNIT S22A 

691.6-691.7 MBSF 6 4 2 E - 4 7 R - 1 (0 cm) TO 4 7 R - 1 (2 cm) 

_ DARK B R O W N BASALTIC TUFF. 

UNIT F54 

691.7-697.6 MBSF 6 4 2 E - 4 7 R - 1 (2 cm) TO 4 7 R - 1 (136 cm) 

- F INE-GRAINED, APHYRIC, GRAY BASALTIC FLOW. Moderate 
vesicularity, decreasing in central section. Streaky flow fabric in the 
f low center. Drilling terminated with jammed bit. 

UNIT F55 

697.6-703.9 MBSF 6 4 2 E - 4 7 R - 1 (137 cm) TO 4 7 R - 1 (149 cm) 

FRAGMENTS OF FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. 

UNIT S23 

703.9-704.0 MBSF 

6 4 2 E - ^ 7 R - 1 (136-137 cm) AND 4 7 R - 1 (149 -150 cm) 

DARK B R O W N TUFF. 

UNIT F56 

704.0-712.9 MBSF 6 4 2 E - 4 8 R - 1 (0 cm) TO 5 0 R - 2 (32 cm) 
FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Vesicles are 
smectite fi l led, and elongate at base. Streaky flow fabric is chaotic in 
upper section, subhorizontal in lower. Subvertical fracturing. Some 
reddening of fragments at base of unit. 

UNIT S24 

712.9-713.4 MBSF 6 4 2 E - 5 0 R - 2 (32 cm) TO 5 0 R - 2 (70 cm) 

DARK BROWN VITRIC, BASALTIC TUFF. Contains platy, vesicular, 
glass shards, some fresh, as well as cl inopyroxene and feldspar; 
median shard diameter 0.2 mm. 
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CORE/SECTION 

UNIT F57 

- 713.4-717.4 MBSF 642E-51R-1 (0 cm) TO 51R-1 (35 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Massive, sparsely 
vesicular. Vertical to subvertical fracture set. 

UNIT F57A 

717.4-726.3 MBSF 642E-52R-1 (0 cm) TO 52R-4 (109 cm) 

_ FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Reddened vesicu­
lar flow top breccia, with moderate to highly vesicular basal section, 
but mostly nonvesicular or sparsely vesicular, filled with dark green 

- smectite or rare calcite. Streaky flow fabric well developed below 
52R-2, 80 cm. Local fine subvertical fracturing. A series of continuous, 
subvertical arcuate veins, maximum width 4 mm with smectite filling 

- between 52R-1, 0 cm, and 52R-2, 50 cm. Rounded vesicular 
xenoliths, 0.5-1.5 cm diameter, occur sporadically throughout unit, and 
are locally wrapped by flow fabric. 

UNIT S25 

~ 726.3-726.5 MBSF 642E-52R^1 (109 cm) 

DARK RED BROWN, HOMOGENEOUS, BASALTIC, VITRIC TUFF. 

Present only as matrix between breccia clasts in flow top and base. 

UNIT F58 

726.5-732.3 MBSF 642E-52R-4 (109 cm) TO 53R-3 (128 cm) 
FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Reddened, highly 
vesicular basalt breccia with fine tuff matrix overlying thick (2.0 m) 
highly vesicular streamed and coalesced zone, vesicles with dark 
green smectite fillings. 2.8 m thick recovery of subhorizontally streaked 
(flow fabric) central zone, carrying few elongate vesicles subparallel to 
fabric. Rare, rounded, vesicular, aphyric, gray basalt xenoliths through­
out unit, vertical fracturing and smectite veining occupies partings up to 

_ 1.0 mm wide, some subparallel to flow fabric. 
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UNIT F58 

- 726.5-732.3 MBSF 642E-52R-4 (109 cm) TO 53R-3 (128 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Reddened, highly 
vesicular basalt breccia with fine tuff matrix overlying thick (2.0 m) 
highly vesicular streamed and coalesced zone, vesicles with dark 
green smectite fillings. 2.8 m thick recovery of subhorizontally streaked 
(flow fabric) central zone, carrying few elongate vesicles subparallel to 

_ fabric. Rare, rounded, vesicular, aphyric, gray basalt xenoliths through­
out unit, vertical fracturing and smectite veining occupies partings up to 
1.0 mm wide, some subparallel to flow fabric. 

UNIT S25A 

- 732.3-732.5 MBSF NOT RECOVERED 

UNIT F58A 

- 732.5-739.0 MBSF 642E-54R-1 (0 cm) TO 54R-2 (62 cm) 

~ AS F58. 

UNIT S26 

739.0-739.5 MBSF 642E-54R-2 (62 cm) TO 54R-2 (110 cm) 

. RED-BROWN, BASALTIC, VITRIC TUFF. Subhorizontal bedding 
common, with at least one upward-fining sequence (54R-2, 67-74 
cm). Sandy interval overlies zone of lapilli-sized clasts and basal 
breccia. Some pocket infilling of underlying basalt flow top. 

UNIT F59 

_ 739.5-748.2 MBSF 642E-54R-2 (110 cm) TO 54R-^(120 cm) 

" FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Reddened flow 
- top breccia with highly vesicular "streamed" upper zone, overlying 

moderately to sparsely vesicular unit. Most vesicles filled by dark green 
smectite, rare calcite, and some zeolite, especially Pieces 11A and B. 

- Shallowly inclined (20 degrees) or subhorizontal streaky flow fabric 
through central and basal section except for highly vesicular base. 
Weak flattening/truncation of vesicles by fabric. Rare rounded, highly 
vesicular basalt xenoliths. 

UNIT 59A 

748.2-753.3 MBSF 642E-55R-1 (0 cm) TO 55R-2 (85 cm) 

AS F59. 
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UNIT 59A 

. 748.2-753.3 MBSF 642E-55R-1 (0 cm) TO 55R-2 (85 cm) 

~ AS F59. 
UNIT S27 

753.3-753.4 MBSF 642E-55R-2 (85 cm) TO 55R-2 (88 cm) 

- BASALTIC VITRIC TUFF. Uniformly dark red brown, pocket fillings of 
underlying flow top down to 55R-2, 143 cm. 

UNIT F60 

753.4-758.7 MBSF 642E-55R-2 (88 cm) TO 57R-1 (128 cm) 

- FINE-GRAINED, APHYRIC, GRAY BASALT FLOWS. Central section 
_ possibly not recovered. Reddened and scoriaceous flow top breccia 

overlying moderately vesicular zone with dark green smectite fillings. 
Some entrainment of vesicles into inclined zones in lower sections. No 

- streaked flow fabric recognized, but suspect from drilling logs that 
much of the central zone may be missing. Rare xenoliths are present, 
along with a few fine smectite filled fractures. 

UNIT S28 

758.7-758.8 MBSF 642E-57R-1 (128 cm) TO 57R-1 (130 cm) 

- DARK RED BROWN BASALTIC, VITRIC TUFF. Uniformly grained. 
Extends down to pocket fillings of underlying flow at 57R-2, 50 cm. 

UNIT F61 

758.8-771.3 MBSF 642E-57R-1 (130 cm) TO 58R-5 (90 cm) 

- FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. A 2.0 m thick red 
scoriaceous and highly vesicular breccia flow top containing some 
vesicles with smectite fills. Moderately vesicular for most of the unit, 
with local collapsed and/or filled vesicles deformed into sigmoidal 

- shapes, aligned into en echelon arrays. Toward the base are several 
steeply inclined to vertical smectite-filled fractures along with some 
complex braided partings. Rounded and subrounded, vesicular, aphyric 

-J xenoliths occur locally. 
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UNIT F61 

758.8-771.3 MBSF 642E-57R-1 (130 cm) TO 58R-5 (90 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. A 2.0 m thick red 
scoriaceous and highly vesicular breccia flow top containing some 
vesicles with smectite fills. Moderately vesicular for most of the unit, 
with local collapsed and/or filled vesicles deformed into sigmoidal 
shapes, aligned into en echelon arrays. Toward the base are several 
steeply inclined to vertical smectite-filled fractures along with some 
complex braided partings. Rounded and subrounded, vesicular, aphyric 
xenoliths occur locally. 

UNIT F62 

771.3-782.1 MBSF 642E-59R-1 (0 cm) TO 59R-4 (30 cm) 

FINE-GRAINED, APHYRIC, BASALT FLOW. Flow base not 
recovered. Reddened flow top breccia, carrying vesicular fragments up 
to 5 cm in diameter, overlying sparsely vesicular unit, with vesicles 
filled with green smectite. Upper streaky flow fabric subhorizontal but 
locally chaotic toward lowest recovered section. Rare xenoliths. Much 
fracturing and subvertical partings toward base with dark green smec­
tite and celadonite(?) fillings. 
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CORE/SECTION 

UNIT F63 

782.1-785.4 MBSF 642E-60R-1 (0 cm) TO 60R-2 (133 cm) 

FINE-GRAINED, APHYRIC BASALT FLOW. Flow top and base not 
recovered. Weakly red gray at top of unit over moderately vesicular 
zone, displaying coalescence of vesicles, alignment and preservation 
of interconnecting channels in locally intensely vesicular zones. 
Well-developed streaking fabric 60R-2, 60-120 cm. Some vertical 
fracturing in Piece 9A. 

UNIT F63A 

785.4-789.9 MBSF NOT RECOVERED 

UNIT S28A 

789.9-790.0 MBSF NOT RECOVERED 

UNIT F64 

790.0-798.5 MBSF 642E-61R-1 (0 cm) TO 61R-2 (128 cm) 

FINE-GRAINED, APHYRIC BASALT FLOW. Gray and dark gray 
highly vesicular flow top breccia, with some pale green smectite 
alteration. Moderately to highly vesicular, dark green smectite-filled 
"streamed" upper section, sparsely vesicular below 61 R-1,110 cm. 
Subparallel to flattened vesicles. Abundant highly vesicular, aphyric 
basalt xenoliths present, especially at 61 R-1, 70-100 cm. 

UNIT S28B 

798.5-798.6 MBSF NOT RECOVERED 

UNIT F65 

798.6-801.5 MBSF 642E-61R-2 (128 cm) TO 61 R-2 (132 cm) 

MEDIUM-GRAINED, APHYRIC, DARK GRAY BASALT FLOW. 
Vesicular, with average grain sizes ranging between 2.0 and 8.0 mm in 
diameter; vesicles mostly dark green smectite filled, some with pale 
green cores. 

UNIT F65A 

801.5-803.5 MBSF NOT RECOVERED 

UNIT F65B 

803.5-805.5 MBSF 642E-62R-1 (0 cm) TO 62R-1 (17 cm) 

UNIT F66 

805.5-607.5 MBSF 642E-62R-1 (17 cm) TO 62R-1 (135 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Weakly reddened 
to gray unit, highly vesicular, ranging from upper zones of green 
smectite rims to complete fills in lower zones. No streaky flow fabric 
recognized, but some local mixed turbulent(?) zones in Pieces 14, 17, 
and 18. 
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CORE/SECTION 

UNIT F67 

807.5-818.0 MBSF 642E-63R-1 (0 cm) TO 64R-4 (103 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Reddened vesicu­
lar breccia flow top overlying sparsely vesicular unit. Narrow vesicular 
base, carrying flattened vesicles in several bands, 64R-4, 53 to 103 
cm. Well recovered streaky flow fabric section, with a zone of randomly 
orientated fabric at 64R-1, 25-54 cm. Several subvertical fractures 
filled with green smectite with some calcite, locally offsetting flow 
fabric. Native copper as disseminated blebs in groundmass and in 
lower veins, along with trace of unidentified metallic mineral. 

THIN SECTION DESCRIPTION 

642E-63R-2 (Piece 1C, 102-103 cm): 4% plag phenocrysts. 40% 
plag, 40% cpx, 5% altered ol, 5% altered mesostasis, 10% opaques. 
Intersertal to intergranular, subophitic. 
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CORE/SECTION 

UNIT F68 

818.0-820.8 MBSF 642E-64R-4 (103 cm) TO 64R-5 (10 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Reddened, highly 
vesicular unit, underlying fine breccia top (3 cm thick), with unfilled 
vesicles, or with partly filled vesicles containing green smectite and/or 
calcite. Size of vesicles decreases toward base. Sharp basal contact 
with F69. 

THIN SECTION DESCRIPTION 

642E-64R-4 (Piece 1B, 117-119 cm): 40% plag, 35% cpx, 5% 
altered ol, 5% opaques, 10% altered variolitic mesostasis. Strongly 
altered. Intersertal to subophitic. 

UNIT F69 

820.8-822.7 MBSF 642E-64R-5 (10 cm) TO 65R-1 (0 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Reddened and 
vesicular top. As F68, except for well defined alternating zones of 
varying vesicle size. Vesicles in breccia zone are pale green and 
smectite filled. 

UNIT F70 

822.7-826.6 MBSF 642E-65R-1 (0 cm) TO 65R-1 (64 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Flow base not 
recovered. Highly vesicular toward top, ranging down to sparsely 
vesicular in bottom section. Pale gray green smectite filled with some 
Fe oxide staining around vesicles and subvertical fine fracturing. 
Narrow streaky flow fabric zone at 65R-1, 46-64 cm. 

UNIT S29 

826.6 MBSF 642E-65R-1 (64 cm) 

FINE-GRAINED, DARK RED BROWN TUFF. Coating on vesicular top 
of F71. 

UNIT F71 

826.6-829.2 MBSF 642E-65R-1 (64 cm) TO 65R-1 (112 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT. Flow base possibly not 
fully recovered. Highly vesicular, brown gray breccia pebbles at top 
with moderate vesicularity toward center and base. Some vesicle 
coalescence into streaks. 

UNIT F72 

829.2-840.5 MBSF 642E-65R-1 (112 cm) TO 66R-4 (67 cm) 

FINE-GRAINED, SPARSELY PLAGIOCLASE PHYRIC, GRAY BASALT. 
Brown to purplish gray vesicular flow top breccia (<1.0 m thick), 
vesicles showing pale green smectite rims. Moderately to sparsely 
vesicular below. Plagioclase phenocrysts 1.0-2.0 mm in diameter 
throughout. Well developed streaky flow fabric between 66R-1, 75 cm, 
and 66R-4, 67 cm, except for massive zone at 66R-3, 30-90 cm. 
Fracturing common, celadonite(?) forms part of vein fill in 66R-4, 
Piece 6. Copper in vein at 66R-2, 23 cm. 
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UNIT F75 

847.9-851.0 MBSF 642E-68R-1 (6 cm) TO 68R-1 (100 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Flow top and flow 
base not recovered. Vesicularity ranges from highly vesicular in top 
half of section to moderate from 68R-1, 42 cm, downward. Some 
coalescence and streaming in upper section, dark green smectite fills 
throughout. Complex subvertical fracturing in Piece 17. Weak, diffuse 
streaking (flow fabric) developing below 68R-1, 42 cm. 

UNIT F76 

851.0-856.6 MBSF 642E-68R-1 (100 cm) TO 68R-2 (60 cm) 

MEDIUM-GRAINED, APHYRIC BASALT FLOW. Red gray throughout, 
except for gray at very base. Moderate to highly vesicular, either 
rimmed or filled with dark green smectite, some smectite patch 
alteration, which does not exceed 5%. Iddingsitized olivine. 

UNIT F77 

856.6-864.1 MBSF 642E-68R-2 (60 cm) TO 68R-2 (150 cm) 

MEDIUM-GRAINED, APHYRIC BASALT FLOW. Purplish gray at top, 
grading down to gray at base. Moderately vesicular throughout. Vesi­
cles mostly unfilled, but rimmed with green smectite, locally blue-green 
celadonite. 

UNIT F78 

864.1-870.6 MBSF 642E-69R-1 (0 cm) TO 69R-2 (120 cm) 

MEDIUM-GRAINED, APHYRIC BASALT FLOW. Reddened through 
top of section, moderately vesicular, with smectite rimmed vesicles in 
upper 78 cm. Nonvesicular central zone. Lower 120 cm is moderately 
vesicular and has dark green smectite fillings. Iddingsitization of 
olivines extensive, smectitic patchy alterations. Copper disseminated 
through groundmass, or concentrated as blebs in smectite veins in 
subvertical partings. Sharp basal contact of flow between highly 
vesicular basalt and tuff S31. 

UNIT S31 

870.6-871.6 MBSF 642E-69R-2 (120 cm) TO 69R-2 (125 cm) 

DARK RED BROWN TUFF. Crystal, lithic, vitric tuff, containing 
aegirine-augite feldspar crystals, mica, and quartz. Contacts with F78 
and F79 recovered. 

UNIT F79 

871.2-874.3 MBSF 642E-69R-2 (125 cm) TO 70R-1 (88 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Highly vesicular 
gray flow top of collapsed vesicles with green smectite matrix. Moder­
ately vesicular coalesced and streamed vesicle zone, filled with dark 
green smectite. Single example of zeolite fill at 69R-3, 126 cm, and 
vesicle flattening between 70R-1, 40 and 50 cm. Basal increase in 
vesicularity, some streaming and irregular flow pattern. Streaky flow 
fabric well developed in central zone, tightly spaced toward base. 

UNIT S30 UNIT F74 

840.5-840.6 MBSF 642E-67R-1 (0 cm) TO 67R-1 (5 cm) 844.0-847.9 MBSF 642E-67R-1 (81 cm) TO 68R-1 (6 cm) 

DARK RED BROWN LITHIC TUFF. Contains some vesicular basaltic MEDIUM-GRAINED, APHYRIC, DARK GRAY BASALT FLOW. As 
clasts, =5 2 mm diameter, without vitric clasts. Contains clasts of F73, except for moderate vesicularity at 67R-2, 25-75 cm, and 
quartz, mica and clinopyroxene. celadonite(?) filling in vesicles at 67R-2, 25 cm. 

UNIT F73 THIN SECTION DESCRIPTIONS 

840.6-844.0 MBSF 642E-67R-1 (5 cm) TO 67R-1 (81 cm) 642E-67R-1 (Piece 26, 121-123 cm): 45% plag, 35% cpx, 5% altered 
ol, 5% opaques, 10% altered mesostasis. Strongly altered. Intersertal 

MEDIUM-GRAINED, APHYRIC, DARK GRAY BASALT FLOW. Weakly to subophitic. 
reddened to dark gray, vesicular throughout, and locally coalesced. 
Vesicles unfilled or with green smectite rims. 642E-67R-2 (Piece 12, 52-54 cm): 40% plag, 25% cpx, 2% altered 

ol, 3% opaques, 30% altered mesostasis. Intersertal. 
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CORE/SECTION 

UNIT F79 

871.6-874.3 MBSF 642E-69R-2 (125 cm) TO 70R-1 (88 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Highly vesicular 
gray flow top of collapsed vesicles with green smectite matrix. Moder­
ately vesicular coalesced and streamed vesicle zone, filled with dark 
green smectite. Single example of zeolite fill at 69R-3, 126 cm, and 
vesicle flattening between 70R-1, 40 and 50 cm. Basal increase in 
vesicularity, some streaming and irregular flow pattern. Streaky flow 
fabric well developed in central zone, tightly spaced toward base. 

UNIT F80 

874.3-880.3 MBSF 642E-70R-1 (88 cm) TO 70R-2 (99 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Possibly missing 
center and base. Reddened vesicular flow top, with streamed, 
coalesced, collapsed vesicles containing dark green smectite fill. 
Low-angle, inclined streaking (flow fabric) dies out to massive section 
form at base of recovery. 

UNIT F81 

880.3-886.2 MBSF 642E-71R-1 (0 cm) TO 71R-2 (56 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Top and central 
flow not recovered. Sparsely vesicular except for lowest 50 cm, moder­
ately to highly vesicular, filled with green smectite throughout. 
Flattened vesicles subparallel to fabric at 71 R-2, 47-50 cm. Streaky 
flow fabric well developed from top of recovery almost to base, 
generally shallowly inclined. Basal contact with S32 shows slight 
purplish-gray alteration. 

UNIT S32 

886.2 MBSF 642E-71 R-2 (56 cm) TO 71 R-2 (58 cm) 

RED BROWN, VITRIC, BASALTIC TUFF. Contains vesicular, cuniform 
shards, including 10% palagonitic black glass. <5% lithic fragments 
comprised of basaltic clasts from the underlying flow, as well as 2% 
feldspar and traces of quartz grains. 

UNIT F82 

886.2-891.2 MBSF 642E-71R-2 (58 cm) TO 72R-1 (71 cm) 

FINE-GRAINED, APHYRIC, BASALT FLOW. Isolated purple coloration 
at top of unit. Vesicular smectite filled zone, becoming sparse and not 
streamed with depth. In lowest 90 cm of flow, increasing vesicularity, 
then development of polymictic breccia of vesicular fragments of mixed 
base and underlying flow top. Streaking (flow fabric) well developed, 
sub-horizontally inclined for much of unit, with discrete chaotic zone. 
Several subrounded vesicular, aphyric basalt xenoliths present. Local 
vertical/subvertical fracture sets toward base of flow. 
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CORE/SECT.ON ?2"1 ?2"2 7 3 1 73"2 73"3 73"4 7 4 1 

UNIT F82 

886.2-891.2 MBSF 642E-71R-2 (58 cm) TO 72R-1 (71 cm) 

FINE-GRAINED, APHYRIC, BASALT FLOW. Isolated purple coloration 
at top of unit. Vesicular smectite filled zone, becoming sparse and not 
streamed with depth. In lowest 90 cm of flow, increasing vesicularity, 
then development of polymictic breccia of vesicular fragments of mixed 
base and underlying flow top. Streaking (flow fabric) well developed, 
sub-horizontally inclined for much of unit, with discrete chaotic zone. 
Several subrounded vesicular, aphyric basalt xenoliths present. Local 
vertical/subvertical fracture sets toward base of flow. 

UNIT F83 

891.2-894.0 MBSF 642E-72R-1 (71 cm) TO 72R-2 (124 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Flow base not 
recovered. Slightly reddened flow top breccia, with dark green smectite 
matrix, to highly vesicular blocks. Moderately vesicular and gray at 
base of unit, some local streaming of green smectite filled vesicles. 
Few xenoliths, iddingsitized olivine. 

UNIT F84 

894.0-908.2 MBSF 642E-73R-1 (0 cm) TO 74R-6 (72 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Base not 
recovered. Highly vesicular and brecciated top, with slight purple 
coloration. Vesicles with predominantly dark green smectite and 
subordinate calcite fillings. Zone of calcite veining and cavity fill in 
73R-1, 107-135 cm. Excellent section of streaky flow fabric, including 
chaotic zone, 74R-1, 75 cm to 74R-3, 85 cm. Lowest 70 cm of unit 
unstreaked and increasingly vesicular and xenolith rich. Xenoliths 
common throughout flow, abundant in chaotic fabric zone. 

THIN SECTION DESCRIPTION 

642E-73R-2 (Piece 7, 103-105 cm): 2% plag phenocrysts. 40% plag, 
40% cpx, 5% altered ol, 5% opaques, 10% altered mesostasis. 
Intersertal-intergranular, subophitic. 
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UNIT F84 

894.0-908.2 MBSF 642E-73R-1 (0 cm) TO 74R-6 (72 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Base not 
recovered. Highly vesicular and brecciated top, with slight purple 
coloration. Vesicles with predominantly dark green smectite and 
subordinate calcite fillings. Zone of calcite veining and cavity fill in 
73R-1, 107-135 cm. Excellent section of streaky flow fabric, including 
chaotic zone, 74R-1, 75 cm to 74R-3, 85 cm. Lowest 70 cm of unit 
unstreaked and increasingly vesicular and xenolith rich. Xenoliths 
common throughout flow, abundant in chaotic fabric zone. 

THIN SECTION DESCRIPTION 

642E-73R-2 (Piece 7, 103-105 cm): 2% plag phenocrysts. 40% plag, 
40% cpx, 5% altered ol, 5% opaques, 10% altered mesostasis. 
Intersertal-intergranular, subophitic. 

UNIT F85 

908.2-911.2 MBSF 642E-74R-6 (72 cm) TO 75R-1 (38 cm) 

FINE-GRAINED, MODERATELY PLAGIOCLASE PHYRIC, GRAY 
BASALT FLOW. Reddened and vesicular rubbly basalt fragments 
throughout. Most vesicles filled with dark green smectite, few zeolites, 
some coalesced toward base(?). Plagioclase laths 0.6-0.8 mm in 
length, locally clustered and fresh. 

UNIT S33 

911.2 MBSF 642E-75R-1 (38 cm) TO 75R-1 (45 cm) 

VERY DARK BROWN TUFF. Contains white feldspar specks, 
containing lithics (basaltic), laminated redeposited(?) tuffs, quartz, 
feldspar, and possibly micas. Contact with F85 missing, with F86 
recovered. Pocket infilling down to 75R-1, 107 cm. 

UNIT F86 

911.2-918.2 MBSF 642E-75R-1 (45 cm) TO 75R-2 (150 cm) 

FINE-GRAINED, SPARSELY PLAGIOCLASE PHYRIC, GRAY BASALT 
FLOW. Base (and center?) not recovered. Reddish brown gray top 
breccia containing scoriaceous and highly vesicular fragments with tuff 
matrix and fill. 1% plagioclase phenocrysts =s 2 mm diameter. 
Moderate to highly vesicular throughout, all dark green smectite filled. 
Weakly developed streaky flow fabric. 
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CORE/SECTION 

UNIT F87 

. 918.2-923.5 MBSF 642E-76R-1 (0 cm) TO 76R-2 (75 cm) 

~ MEDIUM-GRAINED, APHYRIC, GRAY BASALT FLOW. Weakly red­
dened throughout, highly vesicular between 76R-1, 10 cm, and 76R-1, 
110 cm. Olivines iddingsitized. 
THIN SECTION DESCRIPTION 

_ 642E-76R-1 (76-78 cm): 21% plag, 3% cpx, 1% ol, 64% 
cryptocrystalline, 11% altered mesostasis. 

UNIT F88 

- 923.5-927.6 MBSF 642E-76R-2 (75 cm) TO 77R-1 (13 cm) 

~ MEDIUM-GRAINED, APHYRIC, GRAY BASALT FLOW. Slight 
reddening at top with iddingsitized olivines. Moderately vesicular with 
vesicles mostly filled or rimmed as above, elongated in 76R-2, Piece 
10. Minor fracturing. 

UNIT S34 

" 927.6-928.1 MBSF 642E-77R-1 (13 cm) TO 77R-1 (47 cm) 

DARK BROWN VITRIC TUFF. Mostly containing coarse ash particles, 
with larger clasts vitric and vesicular, black to pale green in color. 
Subhorizontal orientation of clasts, some collapsed pumice fragments. 
Contact with F89 recovered. 

UNIT F89 

928.1-935.9 MBSF 642E-77R-1 (47 cm) TO 77R-3 (150 cm) 

- FINE-GRAINED, APHYRIC TO SPARSELY PYROXENE-PLAGIO-
_ CLASE PHYRIC BASALT FLOW. Flow base and probably much of 

the center missing. Locally reddish brown flow top breccia of 
subrounded vesicular fragments, vesicles filled with light green and 

- medium green smectites: celadonite(?)/saponite. Sparsely vesicular 
lower section, with weak streaky flow fabric. Plagioclase phenocrysts 
tending to glomeroporphyritic. 

UNIT F90 

935.9-944.0 MBSF 642E-78R-1 (3 cm) TO 78R-3 (18 cm) 

FINE-GRAINED, SPARSELY PYROXENE-PLAGIOCLASE PHYRIC 
BASALT FLOW. Base and possibly much of center not recovered. 
Highly vesicular upper section, decreasing downward. Some irregular 
shaped and streamed vertically and collapsed, filled or partly filled with 
dark green smectite. Phenocrysts as in F89. Flow fabric streaking 
poorly developed but subhorizontal to base of recovery. Some rounded 
vesicular xenoliths, subvertical fracturing with green smectite filling. 
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CORE/SECTION 

UNIT F90 UNIT F91 

935.9-944.0 MBSF 642E-78R-1 (3 cm) TO 78R-3 (18 cm) 944.0-952.2 MBSF 642E-79R-1 (0 cm) TO 79R-1 (124 cm) 

FINE-GRAINED, SPARSELY PYROXENE-PLAGIOCLASE PHYRIC MIXED FINE-GRAINED AND MEDIUM-GRAINED, APHYRIC, GRAY 
BASALT FLOW. Base and possibly much of center not recovered. BASALT FLOW. Top probably not recovered. Fine-grained and 
Highly vesicular upper section, decreasing downward. Some irregular medium-grained basalt layers disposed in sharply defined bands, 
shaped and streamed vertically and collapsed, filled or partly filled with contrasting grain size and vesicularity: 20-40% in mediums, 3-10% in 
dark green smectite. Phenocrysts as in F89. Flow fabric streaking f i r ,es. Vesicles locally show strong elongation in fine bands and close 
poorly developed but subhorizontal to base of recovery. Some rounded t 0 b a s a l contact. Dark green smectite filling throughout. Base is dark 
vesicular xenoliths, subvertical fracturing with green smectite filling. 9ray t 0 d a r k reddened gray, highly vesicular to pumiceous 1 cm of 

glass. 

THIN SECTION DESCRIPTION 

642E-79R-1 (Piece 17, 90-92 cm): 40% plag, 35% cpx, 10% ol, 3% 
opaques, 10% variolitic groundmass, all slightly to thoroughly altered. 
Intersertal to intergranular. 

UNIT F92 

952.2-957.2 MBSF 642E-79R-1 (124 cm) TO 79R-2 (49 cm) 

MIXED FINE-GRAINED AND MEDIUM-GRAINED, APHYRIC, GRAY 
BASALT FLOW. Slightly reddened gray, internally layered/banded fine 
(lighter gray) and medium (darker gray) basalts of 1.0-22.0 cm width. 
Smaller vesicles in finer bands, some hairline veins cutting banding. 

UNIT S35 

957.2 MBSF 642E-79R-2 (49 cm) TO 79R-2 (50 cm) 

DARK RED BROWN, BASALTIC, VITRIC TUFF. Rather coarse, 
median diameter 0.5 mm. Spotted with dark shards of fresh glass. 

UNIT F93 

957.2-964.8 MBSF 642E-79R-2 (51 cm) TO 80R-1 (76 cm) 

MEDIUM-GRAINED, SPARSELY PLAGIOCLASE PHYRIC TO APHY­
RIC, GRAY BASALT FLOW. Purplish gray top to vesicular flow top 
breccia. Plagioclase phenocrysts s 2.0 mm. Trace pyroxene pheno­
crysts =£ 1.0 mm. Slightly vesicular center flow, vesicles filled with 
smectite. Dark gray basal breccia preserved. 

UNIT S36 

964.8 MBSF 642E-80R-1 (76 cm) TO 80R-1 (77 cm) 

DARK RED BROWN TUFF. Clast median diameter of 0.02 mm, much 
un recovered. 

UNIT F94 

964.8-970.4 MBSF 642E-80R-1 (77 cm) TO 80R-3 (24 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Base not 
recovered. Good flow top breccia down to 80R-2, 120 cm. Vesicular to 
moderately vesicular. 
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CORE/SECTION 

UNIT F94A UNIT F94B 

UNIT S37 

. 978.9 MBSF 642E-83R-1 (16 cm) TO 83R-1 (18 cm) 

RED BROWN BASALTIC, VITRIC TUFF. Subhorizontal orientation of 
clasts, 90% nonvesicular shards, 10% lithics of underlying basalt. 
Sparse plagioclase, clinopyroxene crystals, quartz grains. Erosional 
contact with F95 recovered. 

UNIT F95 
978.9-986.2 MBSF 642E-83R-1 (18 cm) TO 83R-1 (82 cm) 

MEDIUM-GRAINED, SPARSELY PHYRIC, GRAY BASALT. Purplish 
gray, strongly vertically veined and moderately vesicular. Plagioclase 
phenocrysts up to 2.0 mm in diameter, plus iddingsitized olivines < 0.5 

- mm. 

UNIT S38 

986.2 MBSF 642E-83R-1 (82 cm) 

DARK BROWN, LITHIC, VITRIC TUFF. Contains green patches and 
white feldspar(?) spotting. Arcuate and vesicular dark gray shards, few 
underlying basaltic lithic fragments, plagioclase crystals approximately 
0.6 mm in diameter. 

UNIT F96 

986.2-997.6 MBSF 642E-83R-1 (82 cm) TO 84R-1 (150 cm) 

FINE-GRAINED, SPARSELY PHYRIC, GRAY BASALT FLOW. Base 
not recovered. Moderately vesicular, purplish gray to gray brecciated 

- basalt top, < 1% plagioclase and clinopyroxene, locally 
glomeroporphyritic. Central/lower sections nonvesicular and streaked 
(flow fabric) within well-developed random orientation zone. 

UNIT F97 

997.6-1011.3 MBSF 642E-85R-1 (0 cm) TO 85R-5 (113 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Top and upper 
center flow not recovered. Recovery commences in chaotic laminar 
zone, abundantly xenolithic, cut by subvertical, en echelon, hairline 

- I fractures, and giving way to regular subhorizontal fabric. Disseminated 
copper blebs throughout groundmass and concentrated in vesicles. 
2-5% xenolithic with highly vesicular, aphyric gray basalt. Highly 
vesicular base, up to 35% vesicles at contact, streaking (flow fabric) 
becomes more diffuse and mottled from 85R-5, 0 cm, downward. 

970.4-974.5 MBSF 642E-80R-3 (24 cm) TO 81R-2 (125 cm) 974.5-978.9 MBSF 642E-81R-2 (125 cm) TO 83R-1 (16 cm) 

FINE-GRAINED, APHYRIC TO SPARSELY PLAGIOCLASE- FINE-GRAINED, SPARSELY PLAGIOCLASE-CLINOPYROXENE 
CLINOPYROXENE PHYRIC, GRAY BASALT FLOW. Top and base not PHYRIC, GRAY BASALT FLOW. Top and base not recovered, 
recovered. Vesicles and steeply inclined fractures filled by saponite. Vesicular to sparsely vesicular, with locally complex zones of streaming 

and interconnecting veins. Dark green and light green celadonite (?) 
THIN SECTION DESCRIPTION a n d s m e c t j t e fillings, Intra-unit breccia cemented by dark green 

smectite 82R-1, 24-50 cm. Some propagation of fractures from 
642E-81R-1 (Piece 3B, 60-62 cm): Phenocrysts: < 1 % plag, < 1 % vesicles. Streaking (flow fabric) laminations toward lowest sections, 
cpx. Groundmass: 40% plag, 35% cpx, 5% ol, 5% opaques, variably 
altered. 10% altered mesostasis. 
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CORE/SECTION 

UNIT F97 

997.6-1011.3 MBSF 642E-85R-1 (0 cm) TO 85R-5 (113 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Top and upper 
center flow not recovered. Recovery commences in chaotic laminar 
zone, abundantly xenolithic, cut by subvertical, en echelon, hairline 
fractures, and giving way to regular subhorizontal fabric. Disseminated 
copper blebs throughout groundmass and concentrated in vesicles. 
2-5% xenolithic with highly vesicular, aphyric gray basalt. Highly 
vesicular base, up to 35% vesicles at contact, streaking (flow fabric) 
becomes more diffuse and mottled from 85R-5, 0 cm, downward. 

UNIT S39 

1011.3-1011.6 MBSF 642E-85R-5 (113 cm) TO 85R-5 (134 cm) 

DARK RED BROWN, WELL SORTED, VITRIC, LITHIC TUFF. 
10-15% lapilli-sized basalt fragments, tachylitic, quenched and micro-
crystalline. Vitrics are vesicular angular or arcuate shards. Contact with 
F97 recovered, with F98 not recovered, quartz grains are present. 
Shards replaced by analcite. 

UNIT F98 

1011.6-1016.4 MBSF 642E-85R-6 (0 cm) TO 86R-2 (85 cm) 

MEDIUM-GRAINED, MODERATELY PLAGIOCLASE PHYRIC, GRAY 
BASALT FLOW. Vesicular to highly vesicular flow top, with coalesced 
vesicles and mixed green smectite-rich top. Smectite-rich alteration 
patches show weak subhorizontal alignment, especially between 
86R-1, 90 and 105 cm. Toward base, vesicles are larger and elongate 
at shallow angle to horizontal. Glassy base with plagioclase microlites, 
slightly reddened near base. 

UNIT S40 

1016.4-1016.7 MBSF 642E-86R-2 (85 cm) TO 86R-2 (101 cm) 

DARK RED (TOP) TO GRAY BROWN (BASE), VITRIC, LITHIC 
LAPILLI TUFF. Normally graded. Fragments are highly vesicular and 
show a continuous range from vitric to microcrystalline. Monolithologic. 
Shards are zeolitized. 

UNIT F99 

1016.7-1021.4 MBSF 642E-86R-2 (101 cm) TO 86R-3 (92 cm) 

MIXED MEDIUM-GRAINED AND FINE-GRAINED, SPARSELY 
PHYRIC, DARK GRAY BASALT FLOW. Very fine-grained within top 
10 cm, with brown smectite-lined vesicles. Central section is alternately 
banded medium-fine-grained basalts up to 3 cm wide. 2% volume 
plagioclase phenocrysts < 3.0 mm diameter. Fine network breccia 
veining at 86R-3, 5-20 cm. 

THIN SECTION DESCRIPTION 

642E-86R-3 (Piece 8, 73-75 cm): 40% plag, 30% cpx, 2% ol, 2% 
opaques, strongly altered. 26% altered variolitic mesostasis. 
Intergranular-intersertal, subophitic. 
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CORE/SECTION 
UNIT F99 UNIT F99A 1016.7-1021.4 MBSF 642E-86R-2 (101 cm) TO 86R-3 (92 cm) 1021.4-1024.5 MBSF 642E-86R-3 (92 cm) TO 86R-4 (51 cm) 

MIXED MEDIUM-GRAINED AND FINE-GRAINED, SPARSELY MIXED MEDIUM-GRAINED AND FINE-GRAINED, APHYRIC GRAY 
PHYRIC, DARK GRAY BASALT FLOW. Very fine-grained within top BASALT. Quenched top with plagioclase microlites < 0.25 mm. 
10 cm, with brown smectite-lined vesicles. Central section is alternately Identical banding of basalt grain-size variations to those F99, grading 
banded medium-fine-grained basalts up to 3 cm wide. 2% volume into wholly medium-grained in upper 50 cm. 
plagioclase phenocrysts < 3.0 mm diameter. Fine network breccia 
veining at 86R-3, 5-20 cm. UNIT F100 

THIN SECTION DESCRIPTION 1024.5-1028.7 MBSF 642E-87R-1 (0 cm) TO 87R-1 (100 cm) 

642E-86R-3 (Piece 8, 73-75 cm): 40% plag 30% cpx, 2% ol, 2% MEDIUM-GRAINED, APHYRIC GRAY BASALT. Glassy base with 
opaques, strongly aiterea. zb% anerea vanoimc mesostasis. plagioclase microlites < 0.20 mm. Moderate vesicularity, increasing 
Intergranular-mtersertal, subophitic. t o w

9
a r d b a s e L o c a | | y g | o m e r o p o r p h y r i t i c plagioclase. Local intra-unit 

brecciation in intensively vesicular zones 87R-1, 60-65 cm. 

UNIT S41 

- 1028.7-1028.8 MBSF 642E-87R-1 (100 cm) TO 87R-1 (108 cm) 

DARK RED BROWN BASALTIC, LITHIC, VITRIC TUFF. Ash clasts 
- (95%) are arcuate vitric shards, some pumice(?). 5% lithic tuff frag­

ments. Some feldspar crystals. Terrigenous clinopyroxene and quartz 
fragments. 

UNIT F101 

" 1028.8-1035.0 MBSF 642E-87R-1 (108 cm) TO 88R-1 (99 cm) 

FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Reddened vesi­
cular and fragmented basalt with pocket infills of red brown tuff in 

— upper section. Sparse vesicles filled with dark green smectite. Some 
weak streaking (flow fabric), discontinuous and closely spaced. Basal 
breccia 88R-1, 20-96 cm, without volcaniclastics. 

UNIT F102 

1035.0-1044.1 MBSF 642E-88R-1 (99 cm) TO 88R-2 (96 cm) 

_ FINE-GRAINED, APHYRIC, GRAY BASALT FLOW. Base not 
recovered. Purplish, moderately vesicular breccia flow top overlies 
subvertically streamed vesicular zone. Smectite filled vesicles with 
surrounding red oxidation and along hairline fractures. 

UNIT F103 

1044.1-1049.1 MBSF 642E-89R-1 (0 cm) TO 89R-2 (42 cm) 

~ FINE-GRAINED, GRAY BASALT FLOW. Aphyric to sparsely plagio­
clase phyric. Purplish gray flow top breccia, moderately vesicular, dark 
gray brown matrix without tuff. Zones of yellowish to orange red 
discoloration around vesicles and veins indicate hydrothermal(?) 
alteration. Plagioclase and olivine(?) phenocrysts in locally 

_ glomeroporphyritic clusters. Some filling of vesicles by smectite, but 
calcite and quartz common. A weak streaky (flow fabric) lamination 
develops toward the base of the unit. Vesicular base of flow. 

THIN SECTION DESCRIPTION 

- 642E-89R-1 (Piece 5, 50-52 cm): 40% plag, 40% cpx, 5% ol, 5% 
opaques, variably altered. 10% altered variolitic mesostasis. Intersertal. 
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89-2 90-1 90-2 90-3 91-1 91-2 91-3 
CORE/SECTION 

UNIT F103 

1044.1-1049.1 MBSF 642E-89R-1 (0 cm) TO 89R-2 (42 cm) 

FINE-GRAINED, GRAY BASALT FLOW. Aphyric to sparsely plagio-
clase phyric. Purplish gray flow top breccia, moderately vesicular, dark 
gray brown matrix without tuff. Zones of yellowish to orange red 
discoloration around vesicles and veins indicate hydrothermal(?) 
alteration. Plagioclase and olivine(?) phenocrysts in locally 
glomeroporphyritic clusters. Some filling of vesicles by smectite, but 
calcite and quartz common. A weak streaky (flow fabric) lamination 
develops toward the base of the unit. Vesicular base of flow. 

THIN SECTION DESCRIPTION 

642E-89R-1 (Piece 5, 50-52 cm): 40% plag, 40% cpx, 5% ol, 5% 
opaques, variably altered. 10% altered variolitic mesostasis. Intersertal. 

UNIT F103A 

1049.1-1057.2 MBSF 642E-90R-1 (0 cm) TO 90R-3 (119 cm) 

AS F103. 

UNIT F104 

1057.2-1062.0 MBSF 642E-90R-3 (119 cm) TO 90R-3 (125 cm) 

FINE-GRAINED, MODERATELY PLAGIOCLASE-CLINOPYROXENE 
PHYRIC, GRAY BASALT. Purplish gray breccia flow top, vesicular. 
Vesicles coated with blue green celadonite. Plagioclase is locally 
glomeroporphyritic. Some reddening along fractures and adjacent to 
vesicles. 

UNIT F104A 

1062.0-1068.1 MBSF 642E-91R-1 (0 cm) TO 91R-3 (27 cm) 

FINE-GRAINED, MODERATELY PLAGIOCLASE-CLINOPYROXENE 
PHYRIC, GRAY BASALT. Vesicles coated with blue green celadonite. 
Plagioclase is locally glomeroporphyritic. Flow center moderately 
vesicular. Some reddening along fractures and adjacent to vesicles, 
intense below 91R-2, 137 cm. Base of recovery extensively stained. 

UNIT S42 

1068.1 MBSF 642E-91R-3 (27 cm) TO 91R-3 (30 cm) 

LITHIC, VITRIC TUFF. Red brown or red clasts in green matrix, 
median grain size 0.4 mm, matrix unsupported, well sorted, 
comagmatic; (>70%) vesicular shards, some fresh, arcuate to 
scoriaceous lithics (<30%); vitric tuff, rounded, crystalline basalt. 
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CORE/SECTION 

UNIT F105 

1068.1-1086.8 MBSF 642E-92R-1 (0 cm) TO 94R-3 (117 cm) 

"MIXED" MEDIUM- AND FINE-GRAINED, APHYRIC BASALT FLOW. 
Flow base not recovered. Reddened, variably vesicular unit, locally 
subhorizontally mixed/banded, with either alternations in grain size or 
streaming. Toward center and base, unit becomes fine-grained, local 
development of streaky (flow fabric) texture. Coarse, moderately to 
highly vesicular at upper section, with calcite, dark green smectite, and 
red brown zeolite fillings. Some copper blebs in vesicles and along 
veins. Common alteration by red staining of groundmass around 
fractures and vesicles. Highly vesicular xenolith-rich zones, vesicles 
locally flattened and streamed, some development of sigmoidal 
shear-induced structures (94R-1, 127-130 cm). Base of flow is highly 
vesicular, calcite and/or green smectite filled vesicles. Sharp contact 
with S43 recovered. 
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UNIT F105 

1068.1-1086.8 MBSF 642E-92R-1 (0 cm) TO 94R-3 (117 cm) 

"MIXED" MEDIUM- AND FINE-GRAINED, APHYRIC BASALT FLOW. 
Flow base not recovered. Reddened, variably vesicular unit, locally 
subhorizontally mixed/banded, with either alternations in grain size or 
streaming. Toward center and base, unit becomes fine-grained, local 
development of streaky (flow fabric) texture. Coarse, moderately to 
highly vesicular at upper section, with calcite, dark green smectite, and 
red brown zeolite fillings. Some copper blebs in vesicles and along 
veins. Common alteration by red staining of groundmass around 
fractures and vesicles. Highly vesicular xenolith-rich zones, vesicles 
locally flattened and streamed, some development of sigmoidal 
shear-induced structures (94R-1, 127-130 cm). Base of flow is highly 
vesicular, calcite and/or green smectite filled vesicles. Sharp contact 
with S43 recovered. 

UNIT S43 

1086.8-1100.0 MBSF 642E-94R-3 (117 cm) TO 95R-2 (36 cm) 

DARK GREEN TO DARK GRAYISH BROWN, CRYSTAL VITRIC TUFF. 
Contains gradational contacts into quartz-mica-sandstone at 94R-4, 
12-26 cm; upward-fining sequences 94R-5, 72-95 cm, with 
conglomeratic erosional base, 94R-5, 55-72 cm. 94R-3, 127 cm, to 
94R-4, 140 cm, pumice altered but not collapsed. 94R-5, 95 cm, to 
95R-2, 38 cm; extremely variable in color from yellow brown to dusky 
red to purple to very dark gray; volcaniclastic, slightly sandy mudstone, 
finely laminated to complexly turbulently mixed, pumice abundant, 
collapsed; red quartz mica sandstone with gradational upper and lower 
boundaries at 95R-1, 110-140 cm. 
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UNITS43 UNIT F106 

1086.8-1100.0 MBSF 642E-94R-3 (117 cm) TO 95R-2 (36 cm) 1100.0-1111.0 MBSF 642E-95R-2 (36 cm) TO 97R-1 (115 cm) 

DARK GREEN TO DARK GRAYISH BROWN, CRYSTAL VITRIC TUFF. MIXED FRAGMENTS OF ALTERED GRAY GREEN GLASS AND 
Contains gradational contacts into quartz-mica-sandstone at 94R-4, FINE-GRAINED SPARSELY VESICULAR GRAY FLOW. Gray rock is 
12-26 cm; upward-fining sequences 94R-5, 72-95 cm, with rarely plagioclase phyric, moderately vesicular, with quartz and calcite 
conglomeratic erosional base, 94R-5, 55-72 cm. 94R-3, 127 cm, to fills, or open with pale green celadonite rims. Fine pyrite cores to 
94R-4, 140 cm, pumice altered but not collapsed. 94R-5, 95 cm, to smectite-rich zones. 
95R-2, 38 cm; extremely variable in color from yellow brown to dusky ncc^uiD-nnMc 
red to purple to very dark gray; volcaniclastic, slightly sandy mudstone, T H I N SECTION DESCRIPTIONS 
finely laminated to complexly turbulently mixed, pumice abundant, _ _ . „ , . « -,„, 
collapsed; red quartz mica sandstone with gradational upper and lower 642E-97R-1 (Piece 17, 54-56 cm): 2% plag microphenocrysts 7% 
boundaries at 95R-1 110-140 cm. swallowtailed plag. 91% altered quenched microhtes and mesostasis. 

Thoroughly altered. 

642E-97R-1 (100-102 cm): 2% glomerophyric plag in 98% perlitic 
glass. 

UNIT F107 

1111.0-1114.0 MBSF 642E-97R-1 (115 cm) TO 97R-2 (38 cm) 

GLASSY, PURPLISH GRAY FLOW. Beautifully well developed perlitic 
texture. Deep purple, altered, glassy quenched margins with pale to 
dark green smectite-rich alteration zones throughout. Vesicles are 
smectite filled and disaggregated along smectitic fractures, locally 
tending to hyaloclastic. 

UNIT F108 

1114.0-1117.5 MBSF 642E-97R-2 (38 cm) TO 98R-1 (96 cm) 

GLASSY TO CRYPTOCRYSTALLINE FLOW. Aphyric. Glassy purple 
to green altered flow top and flow base margins, and smectite-rich 
patch alteration. Moderately vesicular, with calcite and/or smectite fills 
plus silica phase. Most streaked into prolate forms, rounded below 
97R-2, 114 cm, away from the flow margin. Rare blue rims to some 
open vesicles. Hyaloclastic base. 

UNIT F109 

1117.5-1119.0 MBSF 642E-98R-1 (96 cm) TO 98R-2 (97 cm) 

PARTLY DEVITRIFIED GLASSY FLOW. As F108, with precise flow 
boundaries difficult to identify within glassy marginal zone. Moderately 
vesicular, with weak attenuation into prolate shaped fabrics. Some 
vesicular geopetal structures (quartz over smectite) 98R-1, 113-127 
cm. Base of unit is black glassy rind. Perlitic texture throughout. 

THIN SECTION DESCRIPTIONS 

642E-98R-1 (Piece 14, 106-108 cm): < 1 % plag phenocrysts. 10% 
swallowtailed plag, 90% quenched groundmass. Strongly altered. 

642E-98R-2 (Piece 13, 62-64 cm): 2% glomerophyric plag, 98% light 
purplish brown perlite. 

UNIT F110 

1119.9-1122.0 MBSF 642E-98R-2 (97 cm) TO 99R-1 (10 cm) 

FRAGMENTS OF PURPLE BLACK, GLASSY BASALT FLOW. 
Perlitic texture throughout, altered green smectite-rich glass. Vesicular, 
with green halos around fractures and vesicles. 
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CORE/SECTION 

UNIT F110 

1119.9-1122.0 MBSF 642E-98R-2 (97 cm) TO 99R-1 (10 cm) 

FRAGMENTS OF PURPLE BLACK, GLASSY BASALT FLOW. 
Perlitic texture throughout, altered green smectite-rich glass. Vesicular, 
with green halos around fractures and vesicles. 

UNIT F111 

- 1122.0-1126.0 MBSF 642E-99R-1 (10 cm) TO 99R-1 (101 cm) 

PARTLY DEVITRIFIED GLASSY FLOW. Pale green. Intensely veined 
- and fractured, sparsely vesicular, with vesicles locally rimmed with pale 

blue silica phase. Perlitic fracturing throughout, quench texture (swal­
lowtail plagioclase) in thin section, brecciation toward base tending to 

~" hyaloclastite. 

THIN SECTION DESCRIPTION 

. 642E-99R-1 (50-51 cm): 3% plag phenocrysts, 25% aligned plag 
microlites, 72% altered microlites and glass. 

UNIT F112 

- 1126.0-1129.5 MBSF 642E-99R-1 (101 cm) TO 100R-1 (10 cm) 

PARTLY DEVITRIFIED GLASSY FLOW. Pale green, sparsely phyric. 
Highly altered, devitrified and locally brecciated, groundmass contain­
ing altered plagioclase needles. Altered phenocrysts of plagioclase, 
locally glomeroporphyritic, fresh clinopyroxene (possibly aegirine-
augite). Vesicles are calcite filled or coated with light blue silica phase; 
siderite(?) present along fractures and around some vesicles. Base of 
flow exhibits increasing preferred alignment of quenched acicular 
minerals. 

THIN SECTION DESCRIPTIONS 

- 642E-99R-2 (Piece 2, 20-22 cm): 3% plag phenocrysts. 20% plag 
_ microlites, 5% "trellis" opaques, 75% altered microlites and glass. 

642E-99R-3 (Piece 1, 13-15 cm): 15% swallowtail and skeletal plag, 
- 15% acicular pyroxene, 70% altered, devitrified mesostasis. Quench 

textures. 

UNIT F113 

1129.5-1132.7 MBSF 642E-100R-1 (10 cm) TO 100R-2 (18 cm) 

DEVITRIFIED GLASSY FLOW. Sparsely plagioclase phyric, gray to 
greenish gray. Sparsely to moderately vesicular, vesicles filled with 

- I dark green smectite, calcite, or coated with blueish silica phase. 
Plagioclase, olivine and clinopyroxene phenocrysts variously replaced 
by smectite. Local alignment of elongated minerals in groundmass. 
Intensely veined and locally brecciated. 

THIN SECTION DESCRIPTION 

642E-100R-1 (80-81 cm): 40% acicular plag, 3% acicular pyroxene, 
7% skeletal and very fine microlites, 50% altered groundmass. 

UNIT D4 

1132.7-1153.5 MBSF 642E-100R-2 (18 cm) TO 101R-2 (141 cm) 

FINE-GRAINED, SPARSELY TO MODERATELY PHYRIC, GRAY 
VOLCANIC ROCK. Fresh phenocrysts of plagioclase, some olivines, 
set in plagioclase-rich intersertal groundmass exhibiting locally good 
crystal alignment. Rare vesicles filled with smectite and pyrite. Veining 
(generally sub-vertical) with smectite, calcite, siderite and pyrite, 
possibly quartz in centers. 
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CORE/SECTION 

UNIT D4 UNIT F114 

1132.7-1153.5 MBSF 642E-100R-2 (18 cm) TO 101R-2 (141 cm) 1153.5-1155.0 MBSF 642E-102R-1 (0 cm) TO 102R-1 (42 cm) 

FINE-GRAINED, SPARSELY TO MODERATELY PHYRIC, GRAY DEVITRIFIED GLASSY FLOW. Very pale green to green. Highly 
VOLCANIC ROCK. Fresh phenocrysts of plagioclase, some olivines, altered, hydrothermally leached quenched unit. Altered glass through-
set in plagioclase-rich intersertal groundmass exhibiting locally good out with relict perlitic texture, sparse phenocrysts, vesicles lined or 
crystal alignment. Rare vesicles filled with smectite and pyrite. Veining filled with dark green smectite, pyrite, brown smectite, locally elongate 
(generally subvertical) with smectite, calcite, siderite and pyrite, and inclined, 
possibly quartz in centers. 

UNIT S44 

1155.0-1156.8 MBSF 642E-102R-1 (42 cm) TO 102R-1 (123 cm) 

UNIFORMLY FINE-GRAINED, GRAY CRYSTAL VITRIC TUFF 
(SANDY SANDSTONE). Median diameter, 20 microns; strongly altered 
to smectite-illitite-chlorite-zeolite-pyrite; fine illitic smectite thought to 
have been vitric. Xenoliths as quartz, light mica, brown mica, 
spherulitic glass, sphene, zircon. 

UNIT F115 

1156.8-1158.8 MBSF 642E-102R-1 (123 cm) TO 102R-2 (57 cm) 

PARTLY DEVITRIFIED GLASSY FLOW. Green, sparsely 
glomeroporphyritic. Vesicular, hydrated glass flow, with perlitic fracture 
texture. Alteration colors locally varying between dark green/black to 
pale gray green. Vesicles filled with calcite and/or siderite near flow 
top, dark green smectite below. Siderite/calcite veining. 

THIN SECTION DESCRIPTION 

642E-102R-2 (Piece 7, 26-28 cm): 5% glomerophyric plag, « 1 % 
skeletal pyrite, 95% cryptocrystalline. Basalt has been "bleached" 
white. 

UNIT S45 

1158.8-1158.9 MBSF 642E-102R-2 (57 cm) TO 102R-2 (62 cm) 

FINE-GRAINED, VERY DARK GRAY, CRYSTAL VITRIC TUFF 
(SANDY MUDSTONE). Strongly cemented, pumice, quartz, mica; 
alteration to clinoptilolite, illite, smectite, chlorite, pyrite. 

UNIT F116 

1158.9-1161.5 MBSF 642E-102R-2 (62 cm) TO 102R-2 (117 cm) 

CRYPTOCRYSTALLINE FLOW. Aphyric, gray to dark gray. Base is 
purple, glassy, with local alignment of plagioclase microlites. Moderate­
ly vesicular, with some fillings of opaline quartz and dark green 
smectite, other vesicles with smectite rims. Some pyrite in fractures 
and vesicles, and at basal contact. 

UNIT D5 

1161.5-1179.5 MBSF 642E-102R-2 (117 cm) TO 105R-4 (63 cm) 

MEDIUM-GRAINED, APHYRIC, GRAY BASALT. Uniform gray with 
rare plagioclase phenocrysts, some dark green smectitic patch 
alteration. Strongly fractured throughout, subvertical and steeply 
inclined, locally curvilinear and en echelon, with smectite, calcite, and 
pyrite common fillings. Hydrothermal veining at 105R-2, 40-60 cm, 
with adjacent pyrite concentration zone. Contacts with F116 and S46 
pyritized. 
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UNIT D5 

1161.5-1179.5 MBSF 642E-102R-2 (117 cm) TO 105R-4 (63 cm) 

MEDIUM-GRAINED, APHYRIC, GRAY BASALT. Uniform gray with 
rare plagioclase phenocrysts, some dark green smectitic patch 
alteration. Strongly fractured throughout, sub-vertical and steeply 
inclined, locally curvilinear and en echelon, with smectite, calcite, and 
pyrite common fillings. Hydrothermal veining at 105R-2, 40-60 cm, 
with adjacent pyrite concentration zone. Contacts with F116 and S46 
pyritized. 

UNIT S46 

1179.5-1182.3 MBSF 642E-105R-4 (63 cm) TO 105R-5 (38 cm) 

FINE-GRAINED, DARK GRAY VOLCANICLASTIC SEDIMENT. 
Lithologically identical to S45. 
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CORE/SECTION 

UNIT F117 UNITS47 

1182.3-1194.0 MBSF 642E-106R-1 (0 cm) TO 107R-1 (102 cm) 1194.0-1196.6 MBSF 642E-107R-1 (102 cm) TO 107R-2 (67 cm) 

GLASSY, PURPLISH GRAY BASALTIC FLOW. Moderately phyric. LIGHT TO DARK GRAY VOLCANICLASTIC MUDSTONE. Laminated, 
Altered, moderately to highly vesicular cryptocrystalline unit, displaying wispy to thinly bedded, with pinch and swell, lateral pinch outs, 
aligned microlites and locally clustered plagioclase phenocrysts. Vesi- Lamination dips at 10-30 degrees, grain size up to coarse silts. Some 
cles filled with opaline silica or zeolites, and weakly attenuated into carbonate veining, with some pyrite surface coatings on largest ash 
prolate shaped fabrics, some as geopetals. Color alteration to gray and clasts. Extensive alteration at recovered contact with D6. Lithologically, 
pale gray accompanies disaggregation of basalt. Pyrite in pockets, with upper part of ignimbrite unit S48. 
omoftito in i/oin fillc Rlaccn haoo at m 7 R _ 1 7fi_1 (\0 r-m 

UNIT D6 

1196.6-1198.0 MBSF 642E-107R-2 (67 cm) TO 107R-2 (137 cm) 

FINE-GRAINED SUBOPHITIC, GRAY, NONVESICULAR BASALT. 

THIN SECTION DESCRIPTION 

642E-107R-2 (Piece 11, 124-126 cm): < 1 % plag, 40% cpx, 5% 
pyrite and magnetite, 55% tachylite and altered glass. Hyalocrystalline. 

UNIT S48 

IGNIMBRITE FLOW UNIT 

1198.0-1203.0 MBSF 642E-107R-2 (137 cm) TO 108R-2 (47 cm) 

642E-107R-2 (137 cm) TO 107R-3 (70 cm) 

LIGHT GRAY TO MEDIUM GRAY VOLCANICLASTIC MUDSTONE. 
Lithologically identical to S45-S47; leucocratic gneiss with ragged 
edges at 107R-2, 143 cm. 

642E-107R-3 (70 cm) TO 107R-3 (138 cm) 

WELL SORTED, GRAY TO WHITE VITRIC TUFF. 

642E-107R-3 (138 cm) TO 108R-2 (50 cm) 

MASSIVE IGNIMBRITE UNIT, PUMICE AND XENOLITHS IN 
CRYSTAL-POOR ASH MATRIX. Pumice lapilli increase in abundance 
and size upward from 1 to 10% and from 1 to 20 mm respectively; 
xenoliths decrease in size (from 100 to 5 mm) and abundance (from 
50 to 3 vol.%) upward. Zonation of ignimbrite: 

5.8 cm fine-grained vitric ash at base 
90 cm of lithic breccia 
10 cm strongly eutaxitic, lithic-poor vitric tuff 

510 cm central zone, lithic-vitric tuff, eutaxitic texture 
70 cm crystal-vitric tuff, rich in strongly compacted, very dark 

gray pumice lapilli (primary welding?) 
20 cm fine-grained vitric ash 

Xenoliths: 70% perlitic lapilli, angular; 25% aphanitic lapilli and 
blocks; 5% crystalline felsic lapilli, quartz, and light mica; 
1 % volcaniclastic sediments. 

Alteration: smectite, clinoptilolite, phillipsite, silica-phases, illite, 
calcite, pyrite. 
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CORE/SECTION 

UNIT S48 642E-107R-3 (138 cm) TO 108R-2 (50 cm) 

IGNIMBRITE FLOW UNIT MASSIVE IGNIMBRITE UNIT, PUMICE AND XENOLITHS IN 
CRYSTAL-POOR ASH MATRIX. Pumice lapilli increase in abundance 

1198.0-1203.0 MBSF 642E-107R-2 (137 cm) TO 108R-2 (47 cm) and size upward from 1 to 10% and from 1 to 20 mm respectively; 
xenoliths decrease in size (from 100 to 5 mm) and abundance (from 

642E-107R-2 (137 cm) TO 107R-3 (70 cm) 50 to 3 vol.%) upward. Zonation of ignimbrite: 
5.8 cm fine-grained vitric ash at base 

LIGHT GRAY TO MEDIUM GRAY VOLCANICLASTIC MUDSTONE. 90 cm of lithic breccia 
Lithologically identical to S45-S47; leucocratic gneiss with ragged 10 cm strongly eutaxitic, lithic-poor vitric tuff 
edges at 107R-2, 143 cm. 510 cm central zone, lithic-vitric tuff, eutaxitic texture 

70 cm crystal-vitric tuff, rich in strongly compacted, very dark 
gray pumice lapilli (primary welding?) 

642E-107R-3 (70 cm) TO 107R-3 (138 cm) 20 cm fine-grained vitric ash 
Xenoliths: 70% perlitic lapilli, angular; 25% aphanitic lapilli and 

WELL SORTED, GRAY TO WHITE VITRIC TUFF. blocks; 5% crystalline felsic lapilli, quartz, and light mica; 
1 % volcaniclastic sediments. 

Alteration: smectite, clinoptilolite, phillipsite, silica-phases, illite, 
calcite, pyrite. 

UNIT F118 

1203.0-1209.5 MBSF 642E-108R-2 (47 cm) TO 108R-2 (150 cm) 

FINE-GRAINED, GRAY BASALT. Aphyric to sparsely portious, phyric, 
brecciated. Subordinate amounts of glassy perlitic pore space between 
clasts partly filled by tuff of overlying ignimbrite unit. Calcite abundant 
as vesicle or vein filling. 

THIN SECTION DESCRIPTION 

642E-108R-2 (Piece 12B, 95-97 cm): < 1 % plag (cordierite?) 
phenocrysts, 40% acicular plag, 5% opaques, 55% altered microlites 
and glass. 

UNIT F119 

1209.5-1212.0 MBSF 642E-109R-1 (0 cm) TO 109R-1 (43 cm) 

FINE-GRAINED, GRAY BASALT. Sparsely plagioclase 
glomeroporphyritic, vesicular (15%); becomes light gray, perlitic, toward 
base. 

UNIT F120 

1212.0-1214.2 MBSF 642E-109R-1 (43 cm) TO 109R-1 (60 cm) 

AS F119. Vesicles filled with calcite. 

UNIT S49 

1214.2-1216.0 MBSF 642E-109R-1 (60 cm) TO 109R-1 (132 cm) 

LIGHT TO MEDIUM GRAY VOLCANICLASTIC MUDSTONE. Identical 
to S45-S47. No fiamme, bedding on 0.1 mm scale, some isoclinal 
slump folds. 

UNIT F121 

1216.0-1219.0 MBSF 642E-109R-1 (132 cm) TO 109R-2 (112 cm) 

FINE-GRAINED TO CRYPTOCRYSTALLINE BASALT. Glomerophyric 
vesicles. Vesicular to sparsely vesicular; vesicles filled by dark green 
smectite; calcite; veins; pyrite disseminated but concentrated at 
vesicles. 

UNIT D7 

1219.0-? MBSF 642E-110R-1 (0 cm) TO 110R-1 (55 cm) 

END OF HOLE. GRAY, SUBOPHITIC, FINE-GRAINED BASALT. 
Nonvesicular, locally enriched in pyrite (5-7%). Elongated vesicles, 
subvertical, calcite-pyrite filled. 
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