2. SITES 552-553!

Shipboard Scientific Party?

HOLE 552

Date occupied: 31 July 1981

Date departed: 3 August 1981

Time on hole: 69 hr., 10 min.

Position (latitude; longitude): 56°02.56'N; 23°13.88'W
Water depth (sea level; corrected m, echo-sounding): 2301
Water depth (rig floor; corrected m, echo-sounding): 2311
Bottom felt (m, drill pipe): 2315

Penetration (m): 314

Number of cores: 25

Total length of cored section (m): 237.5

Total core recovered (m): 79.19

Core recovery (%): 36

Oldest sediment cored:
Depth sub-bottom (m): 282.7
Nature: Ferruginous diatomaceous claystone
Age: early Eocene
Measured velocity (km/s): 1.72

Basement:
Depth sub-bottom (m): 282.7
Nature: Basalt
Velocity range (km/s): 3.1-3.5

Principal results: See Chapter 1, Introduction and Explanatory Notes.

HOLE 552A

Date occupied: 4 August 1981

Date departed: 7 August 1981

Time on hole: 72 hr., 3 min.

Position (latitude; longitude): 56°02.56'N; 23°13.88'W
Water depth (sea level; corrected m, echo-sounding): 2301
Water depth (rig floor; corrected m, echo-sounding): 2311
Bottom felt (m, drill pipe): 2311
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Penetration (m): 183.5

Number of cores: 38

Total length of cored section (m): 183.5
Total core recovered (m): 182.98

Core recovery (%): 99.7

Oldest sediment cored:
Depth sub-bottom (m): 183.5
Nature: Glauconitic nannofossil chalk, biosiliceous marlstone
Age: middle Eocene
Measured velocity (km/s): 1.55

Principal results: See Chapter 1, Introduction and Explanatory Notes.

HOLE 553

Date occupied: 7 August 1981

Date departed: 8 August 1981

Time on hole: 10 hr., 56 min.

Position (latitude; longitude): 56°05.32'N; 23°20.61'W
Water depth (sea level; corrected m, echo-sounding): 2329
Water depth (rig floor; corrected m, echo-sounding): 2339
Bottom felt (m, drill pipe): 2339

Penetration (m): 9

Number of cores: |

Total length of cored section (m): 9

Total core recovered (m): 8.33

Core recovery (%): 90

Oldest sediment cored:
Depth sub-bottom (m): 9
Nature: Nannofossil-foraminifer ooze and marl
Age: late Pleistocene
Measured velocity (km/s): 1.72

Principal results: See Chapter 1, Introduction and Explanatory Notes.

HOLE 553A

Date occupied: 10 August 1981

Date departed: 25 August 1981

Time on hole: 191.47 hr.

Position (latitude; longitude): 56°05.32'N; 23°20.61'W
Water depth (sea level; corrected m, echo-sounding): 2329
Water depth (rig floor; corrected m, echo-sounding): 2339
Bottom felt (m, drill pipe): 2339

Penetration (m): 682.5

Number of cores: 59

Total length of cored section (m): 531.5

Total core recovered (m): 288.97

Core recovery ("o): 54.4
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Oldest sediment cored:
Depth sub-bottom (m): 499.35
Nature: Tuffaceous mudstone
Age: late Paleocene/early Eocene
Measured velocity (km/s): 1.7

Basement:
Depth sub-bottom (m): 499.35
Nature: Basalt
Velocity range (km/s): 3.5-6.0

HOLE 5538

Date occupied: 26 August 1981

Date departed: 26 August 1981

Time on hole: 14.23 hr.

Position (latitude; longitude): 56°05.32'N: 23°20.61'W
Water depth (sea level; corrected m, echo-sounding): 2328
Water depth (rig floor; corrected m, echo-sounding): 2338
Bottom felt (m, drill pipe): 2338

Penetration (m): 33.5

Number of cores: 4

Total length of cored section (m): 33.5

Total core recovered (m): 33.23

Core recovery (%): 99.2

Oldest sediment cored:
Depth sub-bottom (m): 285
Nature: Nanno-foram ooze
Age: Pleistocene
Measured velocity (km/s): 1.7

BACKGROUND AND OBJECTIVES

The Rockall Plateau is the only major microconti-
nent (Figs. 1, 2, and 3) in the North Atlantic Ocean. It
is a topographically isolated and shallow area whose
principal relief consists of a series of shallow banks part-
ly surrounding the Hatton-Rockall Basin. The shallow-
est banks are the Rockall Bank, Hatton Bank, and Ed-
oras Bank. To the east, west, and southwest, the Plateau
is bounded by steep margins, but to the north the mar-
gins are ill-defined and merge with the eastern part of
the Iceland-Faeroes Ridge.

Regional Geology

Many geological and geophysical studies relevant to
the structure and evolution of the Rockall Plateau have
been done since Bullard et al. (1965) postulated a conti-
nental composition. Deep seismic refraction profiles have
given continental seismic velocities and mantle depths
of 33 and 22 km beneath the Rockall Bank and Hatton-
Rockall Basin (Scrutton, 1970, 1972; Scrutton and Rob-
erts, 1971). Based on these data, gravity modeling has
confirmed earlier suggestions that the whole plateau is a
microcontinent (Bullard et al., 1965; Roberts, 1970, 1971).
More recent geophysical and geochemical evidence of
continental crust beneath the thick Tertiary lavas of the
Faeroes may indicate a more northward extension of the
Rockall Plateau (Bott et al., 1971; Casten 1973; Bott et
al., 1974; Bott, pers. comm., 1981; Bott, Saxov, et al.,
1983). Laxfordian and Grenvillian granulites dredged
and drilled on the Rockall Bank have proved the pres-
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Figure 1. Northeast Atlantic bathymetry showing site locations.

ence of continental rocks previously inferred from geo-
chemical evidence (Moorbath and Welke, 1969; Rob-
erts, et al., 1972, 1973; Miller et al., 1973). Studies of
the planated intrusive complex around Rockall Island sug-
gest phases of igneous activity at 52 + 9 and 81 + 3 m.y.
ago (Roberts, et al., 1973). Dredge hauls on the north-
ern flank of Hatton Bank have vielded lower Tertiary
arkosic conglomerates (Watts, et al., 1975).

West of the Rockall Plateau, the oldest oceanic crust
adjoining the margin is, from the identification of mag-
netic Anomaly -24B (Fig. 3), 52 m.y in age (Vogt et
al., 1969; Ruddiman, 1972; Laughton, 1971; Vogt and
Avery, 1974; Roberts, 1975; Roberts et al., 1979). The
age of the oceanic basement abutting the southwest mar-
gin (Fig. 3) is 73 m.y., by the position there of Anomaly
-32. (Vogt et al., 1971; Vogt and Avery, 1974; Roberts,
1975; Jones and Roberts, 1975; Roberts et al., 1979).
Early-Late Cretaceous oceanic crust probably underlies
the Rockall Trough (Roberts, 1975; Jones and Roberts,
1975; Kristoffersen, 1978; Roberts et al., 1981).

Syntheses of the plate tectonic evolution of the North
Atlantic based on these data have demonstrated that
three distinct phases of rifting and spreading have struc-
turally isolated the Rockall Plateau (Vogt et al., 1969;
Le Pichon et al., 1972; Laughton, Berggren et al., 1972;
Olivet et al., 1974; Roberts, 1975; Kristoffersen, 1978;
Kristoffersen and Talwani, 1978; Srivastava, 1978). The
first phase in post-Albian-Late Cretaceous time(?) opened
the Rockall Trough following Late Jurassic-Early Creta-
ceous rifting (Roberts, 1975; Roberts et al., 1982; Rob-
erts et al., 1983). By Anomaly 31-32 time (Anomaly -33



SITES 552-553

r++ Normal fault
——e  Hi

g Lof)muctural axis .

coooo Basin axis

++4 O g

~“4 Erosion surface

----- Change in basement
OH Outer high

— 108=2
&

A / L L 1

53° L
27 26° 25° 24

19° 18 7 16° 15°

Figure 2. Main structural elements of the Rockall Plateau and Trough (from Roberts, 1975).

according to Kristoffersen, 1978), spreading had ceased
in the Rockall Trough, and the spreading axis had shift-
ed westward to open the Labrador Sea, thereby spread-
ing the Greenland-Rockall Plate away from North Amer-
ica. Spreading may have begun earlier in the southern
Labrador Sea than in the north (Srivastava, 1978). This
rifting and spreading phase was responsible for the crea-
tion of the Gibbs Fracture Zone and the east-west trans-
form fault now marked by the prominent scarp along
the southwest margin of Rockall Plateau (Le Pichon et
al., 1972; Olivet et al., 1974; Vogt and Avery, 1974; Rob-
erts, 1975; Roberts et al., 1979). In this area the adja-
cent oceanic magnetic anomalies are truncated at the
base of the scarp and young westward from Anomaly
-32, close to Rockall Plateau to Anomaly -24 at 25°30'W
(Roberts, 1975; Jones and Roberts, 1975) (Figs. 2 and 3).

The formation of this right-angled segment of the
margin clearly predates the adjacent northeast-south-
west trending part of the margin to the north, drilled
during Legs 48 and 81, where the identification of Anom-
aly -24B indicates spreading began 52 m.y. ago. (Rob-
erts, 1975; Roberts et al., 1979). Spreading in the Labra-
dor Sea was arguably contemporaneous with the rifting
between Greenland and Rockall Plateau that initially
structured the northeast-southwest trending part of the

margin. The rifting was accompanied by voluminous
eruption of basic lava flows now exposed in east Green-
land and the Faeroes (Noe-Nygaard, 1976; Brooks, 1973;
Rasmussen, and Noe-Nygaard, 1969). Discrepancies in the
fit between Greenland and the Rockall Plateau as well as
some weak evidence of linear anomalies predating
Anomaly 24B have been cited as evidence for the accre-
tion of about 60 km of oceanic crust prior to Anomaly
24B (Laughton, 1971). Nonetheless, active seafloor
spreading between Greenland and Rockall Plateau had
certainly begun out along the line of Reykjanes Ridge
by 52 m.y. ago, representing the third phase that com-
pleted the isolation of the Rockall Plateau. Spreading
continued in the Labrador Sea until about 40 m.y. ago.
On the Reykjanes Ridge, spreading decelerated from I
cm/yr. between 52 and 38 m.y. ago to 0.7 cm/yr. be-
tween 38 and 10 m.y. ago, accelerating to the present
rate of 1.1 cm/yr. at 10 m.y. ago (Vogt et al., 1969; Vogt
and Avery, 1974).

During most of the last 52 m.y., sedimentation pro-
cesses on the flanks of the Reykjanes Ridge, in the Ice-
land Basin, and on the Rockall Plateau have been domi-
nantly influenced by bottom currents associated with the
outflow and subsequent mixing of Norwegian Sea Water
across the various sills in the Iceland-Faeroes Ridge (Jones
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et al., 1970; Ruddiman, 1972; Roberts, 1975). The onset
of the influence of bottom currents in the region is
marked by the prominent reflector R4 of Eocene-Oligo-
cene age (Roberts, 1975). The post-Eocene sediments
have been fashioned into a series of prominent sediment
drifts in the Gardar Drift along the west margin of the
Iceland Basin and the Hatton Drift on the west margin
of the Rockall Plateau (Ruddiman, 1972; Roberts, 1975)
that are related to the outflow of Norwegian Sea Water
across the Iceland-Faeroes Ridge into the North Atlan-
tic. Although the main body of the ridge may not have
subsided below sea level until mid-Miocene time (Vogt,
1972; Talwani, Udintsev et al., 1976; Thiede, 1980; De-
trick et al., 1977; van Hinte, 1979), there is a possibility
that some of the deeper sills such as the Denmark Strait
and Faeroe Bank Channel may have subsided earlier (Ro-
berts et al., 1983; Bott et al., in press). However, global
sea level changes coupled to the opening of connections
to the Arctic Ocean via the Greenland Sea may have
been contributory factors.

In the context of this regional geological history, the
Leg 81 drilling on the west margin of Rockall Plateau
was intended to specifically examine the transition from
rifting to spreading as well as the paleoceanographic his-
tory of the region.

Geological Setting and Problems of Sites 552 and 553

The west margin of the Rockall Plateau (Figs. 2 and
4) consists of the shallow Hatton and Edoras Banks
flanked westward by a gentle slope broken in part by a
discontinuous linear northeast-southwest trending ridge
(Roberts, 1975). Regional studies (Roberts, et al., 1979)
show that the west margin is characterized by a series of
northeasterly trending troughs that generally trend sub-
parallel to the adjacent Anomaly -24B. The most promi-
nent of these, the Edoras Basin, lies at the foot of the
west slope of Hatton and Edoras banks and can be traced
along much of the length of the west margin. Ocean-
ward, the Edoras Basin is separated from the oldest
ocean crust by a linear ridge or outer high that varies in
relief and prominence.

During Leg 48, Sites 403 and 404 were drilled in the
Edoras Basin (Figs. 1 and 5) but penetrated only the
sedimentary section above the main unconformity rec-
ognized on the seismic profiles. Above this unconformi-
ty, two seismic sequences are present (Fig. 5) and com-
prise a relatively transparent sequence separated by a
prominent reflector from a well-bedded sequence below.
In brief summary the transparent sequence above corre-
sponds to the early Miocene-Recent foraminifer-nan-
nofossil ooze and marls of the Hatton Drift, the under-
lying reflector to a tuff slightly older than Anomaly 24B
age, and the well-bedded interval below the tuff to a
westward thickening sequence of volcaniclastics that pre-
date Anomaly 24B and thus the onset of spreading (Mon-
tadert, Roberts et al., 1979; Roberts et al., 1979).

Present below the main seismic unconformity defin-
ing the base of the volcaniclastic sequence is an unusual
sequence of strong oceanward dipping reflectors, some
1 to 3 s in thickness. On some seismic profiles across the

SITES 552-553

margin, these reflectors apparently flatten with depth
(Figs. 5 and 6) but on others they diverge. In both cases,
the reflectors seem to terminate against the outer high.
Based on interval velocity data, the sequence is estimated
to be between 2.5 and 7 km thick.

The margin thus does not show the classical tilted
fault block topography documented on the margins of
Biscay and Galicia (De Charpal et al., 1978), and a dif-
ferent mechanism is required to explain the origin of the
dipping reflectors.

Establishing the origin of these reflectors has become
especially important in view of their hitherto unrecog-
nized widespread occurrence on many passive margins.
On the conjugate margin of East Greenland, a mirror
image of the dipping reflectors of west Rockall Plateau
is present (Featherstone, et al., 1976; Roberts, unpub.).
Farther north, similar sets of reflectors occur northwest
of the Faeroes and, in the Norwegian Sea, on the Lofo-
ten Margin, the Véring Plateau, and in the Mdre Basin
(Talwani, Udintsev et al., 1974; Hinz, 1981; Talwani et
al., 1981; Mutter et al., 1982). Elsewhere similar sets of
reflectors have been observed off eastern North Ameri-
ca (Grow, et al., 1980), southwest Africa (Gerard, et al.,
1981), Antarctica (Hinz, 1981); India (Hinz, 1981), and
off southern Australia (Keene, pers. comm.).

Despite the widespread occurrence and obvious im-
portance of the dipping reflectors, information on their
age and origin is scant. Drilling off southwest Africa
and the Vdring Plateau has penetrated basalt ostensibly
at the top of the sequence (Gerard et al., 1981; Talwa-
ni, Udintsev et al., 1974) but in south Australia, where
the sequence is exposed in the Otway Basin and can be
mapped seismically offshore, they are known to consist
of sediments and volcaniclastics (Gleadow and Duddy,
1980; Duddy, in press). At Site 404, the conglomerate
cored at total depth may represent the top of the se-
quence and Watts, et al. (1975) have dredged arkosic
sandstones from an outcrop of the reflectors north of
Hatton Bank.

Despite their obvious global importance, there has
been no firm agreement as to their origin, composition,
or age. One hypothesis considers that they comprise a
sequence of lavas and pyroclastics intercalated with sed-
iments derived by rapid erosion of nearby volcanic and
metamorphic terrains; voluminous extrusion and depo-
sition took place subaerially or in shallow marine condi-
tions on rifting continental crust (Roberts et al., 1979).
Another hypothesis considers that the reflectors com-
prise a sequence of subaerial lava flows formed by sub-
aerial seafloor spreading in a manner akin to the thick
oceanic crust of Iceland (Palmason, 1979; Talwani et
al., 1981). In terms of this hypothesis, the crust between
Anomaly -24B and the Hatton-Edoras Bank would be
entirely oceanic in origin. These hypotheses have obvi-
ous implications for the position of the continent/ocean
boundary and in turn for the early structural evolution
of not only this but also other ocean basins. It should
be noted that oceanward dipping intrabasement reflec-
tors can also be seen in the undisputed oceanic crust
west of the outer high. However, these reflectors are
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Figure 4. Bathymetry of Sites 552, 553, 554, and 555, Rockall Plateau (Sites 403, 404, 405, and 406 are also shown).

more impersistent in character. Testing the origin of the
dipping reflectors was thus the prime objective of Sites
552 ands 553.

The position of Sites 552 and 553 on the Hatton Drift
that trends along the west margin of Rockall Plateau al-
so allowed examination of the influence of changing
ocean circulation and climate on deposition. The drift is
thought to have been deposited under the influence of
bottom currents flowing northeastward against the slope.
Bottom water at the sites lies above the southward-flow-
ing North Atlantic Deep Water that fills the deeper part
of the Iceland Basin and mantles the Reykjanes Ridge,
but on the Hatton Drift it may represent Labrador Sea
Water mixed with Norwegian Sea Water that has trav-
eled down the Rockall Trough (Ruddiman, 1972; Rob-
erts, 1975). Use of the hydraulic piston corer to give
complete sedimentary section and in turn a complete ox-

36

ygen isotope, biostratigraphic, and lithologic record for
the Miocene-Recent sequence would provide important
new high resolution data at a high latitude site in the
North Atlantic. Specifically, the data would help docu-
ment the transition from the nonglacial to the glacial
state and the evolution of North Atlantic circulation in
response to global circulation changes and the history of
water exchange between the Norwegian Sea and the North
Atlantic Ocean. In view of evidence of erosion and non-
deposition at Sites 403 and 404, recovery of a complete
Eocene-Oligocene sequence was less assured but, if pres-
ent, would provide a valuable record of climatic changes
across this important boundary.

Location of Sites 552 and 553

The choice of Sites 552 and 553 was made from re-
gional multichannel seismic surveys made by the Insti-
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Figure 6. True-scale section across the Edoras Basin.

tute of Oceanographic Sciences (U.K.) and the Institut
Francais du Pétrole supplemented by single-channel seis-
mic profiles made by Lamont-Doherty Geological Ob-
servatory. Site 552 was located near Site 404 where an
apparent offlap might allow penetration of an older part
of the dipping reflector sequence. Since only shallow
single-bit penetration was needed to reach the top of the
sequence, results at Site 552 would help determine wheth-
er a re-entry cone would be required at Site 553 to achieve
deep penetration of the dipping reflector sequence.

In summary, the objectives of Sites 552 and 553 were
as follows:

1. To determine the age, composition, and origin of
the dipping reflectors: Shoreside geochemical studies (viz.,

(km)

strontium isotope ratios) would contribute to establish-
ing the presence of oceanic crust or stretched continen-
tal crust beneath the sequence.

2. Subsidence of the margin during rifting and early
spreading: Definition of the subsidence history of the
sites using quantitative paleobathymetric data would con-
tribute to the problem of crustal attenuation and origin
posed by the models of McKenzie (1978) and Royden et
al. (1980). Heat-flow measurements were planned at all
sites.

3. Paleoceanography: The sites were to examine the
evolution of Quaternary and Tertiary climate and ocean
circulation. In particular the consequences of subsidence
of the Iceland-Faeroes Ridge as well as the transition
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from the nonglacial to the glacial state were of interest.

4. Diagenesis: The study was intended to examine
the diagenetic history of the volcaniclastic section and
the maturation of organic matter in relation to rapidly
changing thermal conditions on the young margin.

5. Paleomagnetism: Correlation of the Tertiary and
Quaternary magnetic reversal history with biostratigraph-
ic data in continuously cored sections was a prime ob-
jective. The magnetostratigraphy may provide the only
chronological guide in the comparatively barren Eocene-
Paleocene sequences.

6. Logging: Correlation of the electric logs with seis-
mic reflection data and lithological logs. Construction
of synthetic seismograms to understand the origin of
the dipping reflectors was to be an integral part of the
study.

SITE APPROACH AND DRILLING OPERATIONS

Site 552

Glomar Challenger departed Southampton at 1230
BST, 27 July, in calm weather. No geophysical gear was
streamed while in transit from Southampton to the shelf
edge. The shelf edge south of Ireland was crossed at
1327Z, 29 July, when the seismic gear and magnetome-
ter were streamed. Course was then set 307° for Site
552.

Site 552 was neared at 1515Z, 31 July, on course 307°.
At 1642Z, 31 July, course was set to 317° and speed re-
duced to 150 rpm to run along the control multichannel
profile IPOD 76-8 crossing through the site. The site
was passed at about 1816Z but course was maintained
to obtain a good crossing. At 1831Z, course was set to
316° and speed reduced to 140 rpm to return across the
site. Course was adjusted to 133° at 1845Z and 162° at
1858Z to converge with the site (Fig. 7). The beacon was
dropped at 19087 and geophysical gear recovered at 1917Z
when Glomar Challenger began positioning and maneu-
vering to the beacon. The final position of the site
(Fig. 7) lay about 0.9 n. mi. southeast of old Site 404
and within about 0.35 n. mi. east of SP 15450 on line
IPOD 76-8. The uncorrected depth was 2307 m which
corrected to 2285 or 2245 m according to the Matthews
(1939) and H.O. (1980) tables. Depths corrected to rig
floor were 2301 and 2311 m, respectively.

At 2018Z, the bottom-hole assembly was made up
and pipe started to run in hole. Preparations to spud be-
gan at 0307-0330Z. The first core was a water core, but
the second at 0438Z cut a 3.5 m core of mud. The mud-
line was taken at 2315 m. Drilling commenced by wash-
ing down to 51.0 m subsea where drill barrel and ship
motion measurements were made. A heat flow measure-
ment was taken after cutting Core 2. The interval from
60.5 to 117.5 m was washed and a second heat flow
measurement taken after cutting core 3. Continuous cor-
ing then began with variable recovery (see Table 1). A
third heat flow measurement was taken after Core 6.
Continuous coring continued. A fourth heat flow mea-
surement was planned after Core 8 but was precluded by
the recovery of chert in stiff Eocene marls in Core 8.
Continuous coring then continued with generally poor
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recovery in calcareous tuffs. Slow drilling at Core 21
suggested a plugged bit, and a 5 m core was cut prior
to an attempt to clear the bit. Inspection of the core
showed however that basalt, cored in the last section
and core catcher, was the likely cause of the slow drill-
ing. Core 22 also cut 1.80 m of basalt. Cores 23 to 24
were cut with poor recovery. Throughout the day, weath-
er conditions had deteriorated steadily, and helm assist-
ance was required to maintain position. By 0600Z, winds
gusting to 50 mph were observed with occasional rolls of
9°. Because of the unfavorable weather and difficulty in
maintaining position, pipe was pulled out of the hole at
0648Z and the mudline cleared at 0839Z; Hole 552 was
then abandoned.

Poor weather conditions continued overnight but by
0736Z, 4 August, had moderated sufficiently to allow
positioning in automatic mode. The bottom-hole assem-
bly was made up for HPC, and pipe was run in hole at
2297.0 m between 0848Z and 1533Z, 4 August. The HPC
was picked up between 1750Z and 1839Z preparatory to
taking the first 9.5 m HPC core. The first attempt using
the old Matthew’s tables to determine the depth below
seafloor failed to cut a core. Between 1920 and 1940Z,
the vessel drifted off position by 120 ft. Between 1940
and 2020Z repeated attempts were made to seat the
HPC tool, but it proved impossible to achieve full pres-
surization. At 2020Z, the tool was pulled to check the
cause of the problem. Apparently the pins had sheared
before the tool seated. The pins were replaced and at
2112Z, the pressure again failed to build up again, ap-
parently as a result of shearing of the pins on the way
down. At 2126Z, the tool was returned to the drill floor,
and it was found that the pins were not sheared. On run-
ning in the tool, no pressure build-up was observed, but
the shear pin on the overshot was apparently sheared
and no core was cut. Some difficulty was found in re-
trieving the tool and, at 2309Z, 4 August, the 9.5 m core
barrel was found to be broken at both the outer body
link and the piston rod. At 2325Z, a collet was run in to
latch into the collet head sub to offer a seat for the bar-
rel. At 2356Z, it was found that the collet had not re-
leased. During these operations, it was found that a col-
let-head sub had been inadvertently used instead of the
HPC seal sub, thus explaining the difficulty in seating
the HPC core barrel. At 2356Z, attempts to core were
abandoned, and the pipe was pulled to replace the collet
head subs with the HPC seal sub. The drill floor was
reached at 0445Z and after changing to the HPC seal
sub, pipe was run in hole at 0530Z, 5 August. Because
of the damage sustained to the 9.5 m core barrel a 4.5 m
barrel had to be used, thus doubling the time required to
HPC the Neogene and Recent section. No core was cut
at the mudline depth predicted from the old Matthew’s
tables, but the second core was cut at 2311.0 m (in exact
agreement with the value predicted from the new tables)
and gave a 4.0 m core of yellow brown clayey ooze at
1345Z, 5 August. Continuous HPC coring began, using
the orientation device throughout. Although there were
several failures, about 80% of the cores were oriented
successfully. Recovery was excellent, averaging 99%, and
only two or three cores exhibited significant disturbance.
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Figure 7. Approach of Glomar Challenger to Sites 552 and 553 showing location of seismic reflection profiles.
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Table 1. Coring summary, Sites 552, 553.

Depth from Depth below
Diite drill floor seafloor Length Length
(August  Time (m) (m) cored recovered Percent
Core 1981) (Z)y Top Bottom Top Bottom (m) (m) recovered
Hole 552
1 | 0513  2315.0-2318.5 0.0-3.5 3.50 3.45 98
HI 1 0818  2318.5-2366.0 3.5-51.0 ‘Was 0.02
2 1 0912  2366.0-2375.5 51.0-60.5 9.5 1.13 12
H2 1 1200 2375.5-2423.0 60.5-108.0 Wash 0.13
3 1 1307  2423.0-2432.5 108.0-117.5 9.5 9.05 95
4 1 1516  2432.5-2442.0 117.5-127.0 9.5 6.05 64
5 1 1613 2442.0-2451.5  127.0-136.5 9.5 6.61 69
6 1 1715 2451.5-2461.0  136.5-146.0 9.5 5.63 59
7 i 1937  2461.0-2470.5  146.0-155.5 9.5 5.41 57
8 1 2043 2470.5-24B0.0  155.5-165.0 9.5 5.51 58
9 1 2151  2480.0-2489.5  165.0-174.5 9.5 7.28 77
10 | 2308  2489.5-2499.0 174.5-184.0 9.5 0.2 0.1
11 2 0016  2499.0-2508.5  184.0-193.5 9.5 0.0 0
12 2 0224  2508.5-2518.0  193.5-203.0 9.5 9.72 100
13 2 0351 2518.0-2527.5 203.0-212.5 9.5 1.47 17
14 2 0415  2527.5-2537.0 212.5-222.0 9.5 492 52
15 2 0615  2537.0-2546.5  222.0-231.5 9.5 1.34 14
16 2 0815  2546.5-2556.0  231.5-241.0 9.5 1.01 10.6
17 2 1002  2556.0-2565.5  241.0-250.5 9.5 0.44 0.5
18 2 1136  2565.5-2575.0  250.5-260.0 9.5 2,31 24
19 2 1239 2575.0-2584.5 260.0-269.5 9.5 0.05 1
20 2 1353 2584.5-2594.0  269.5-279.0 9.5 0.0 0
21 2 1547  2594.0-2599.0  279.0-284.0 5.0 4.01 80
22 2 1921  2599.0-2603.5  284.0-288.5 4.5 1.80 49
23 3 0057  2603.5-2613.0  288.5-298.0 9.5 1.80 19
24 3 0340  2613.0-2622.0  298.0-307.0 9.0 0.0 0
25 3 0925  2622.0-2629.0  307.0-314.0 7.0 0.0 0
219.0 79.19 36.2
Hole 552A
X 5 1300 2313.0-2318.0 0.0-5.0
| - | 1354  2311.0-2315.0 0.0-4.0 4.0 4.08 102
2 5 1545  2315.0-2320.0 4.0-9.0 5.0 5.14 103
3 5 1640  2320.0-2325.0 9.0-14.0 5.0 5.10 102
4 5 1739 2325.0-2330.0 14.0-19.0 5.0 5.03 100
5 5 1840  2330.0-2335.0 19.0-24.0 5.0 5.17 103
6 L 1935 2335.0-2340.0 24.0-29.0 5.0 4.79 95
7 5 2023 2340.0-2345.0 29.0-34.0 5.0 4.80 96
8 5 2124  2345.0-2350.0 34.0-39.0 5.0 5.20 104
9 5 2215 2350.0-2355.0 39.0-44.0 5.0 4.95 9
10 5 2314  2355.0-2360.0 44.0-49.0 5.0 5.17 103
11 6 0007 2360.0-2365.0 49.0-54.0 5.0 5.12 102
12 6 0110  2365.0-2370.0 54.0-59.0 5.0 4.94 9
13 6 0203  2370.0-2373.0 59.0-62.0 3.0 2.87 96
14 6 0255  2373.0-2378.0 62.0-67.0 5.0 4.90 98
15 6 0346  2378.0-2383.0 67.0-72.0 5.0 4.93 9
16 6 0440  2383.0-2388.0 72.0-77.0 5.0 5.16 103
17 6 0538  2388.0-2393.0 77.0-82.0 5.0 5.15 103
18 6 0632  2393.0-2398.0 82.0-87.0 5.0 5.03 101
19 6 0758  2398.0-2403.0 87.0-92.0 5.0 4.77 95
20 6 0951  2403.0-2406.0 92.0-95.0 3.0 3.48 110
21 6 1044  2406.0-2410.0 95.0-99.0 4.0 3.95 99
22 6 1138 2410.0-2415.0 99.0-104.0 5.0 427 85
23 6 1237  2415.0-2419.5  104.0-108.5 4.5 4.46 99
24 6 1337 2419.5-2424.5 108.5-113.5 5.0 4.72 94
25 6 1553  2424.5-2429.5  113.5-118.5 5.0 473 94
26 6 1642  2429.5-2434.5  118.5-123.5 5.0 4.95 99
27 6 1734 2434.5-2439.5  123.5-128.5 5.0 4.89 98
28 6 1858  2439.5-2444.5  128.5-133.5 5.0 5.10 102
29 6 2010  2444.5-2449.5  133.5-138.5 5.0 5.07 101
30 6 2045  2449.5-2454.5  138.5-143.5 5.0 5.12 102
31 6 2144 2454,5-2459.5 143.5-148.5 5.0 4.86 97
32 6 2235  2459.5-2464.5  148.5-153.5 5.0 5.13 103
33 6 2340  2464.5-2469.5  153.5-158.5 5.0 4,96 99
34 7 0044  2469.5-2474.5  158.5-163.5 5.0 5.07 101
35 7 0135  2474.5-2479.5  163.5-168.5 5.0 5.18 104
36 7 0226  2479.5-2484.5  168.5-173.5 5.0 5.11 102
37 T 0317 2484.5-2489.5 173.5-178.5 5.0 4.70 95
38 7 0409  2489.5-2494.5  178.5-183.5 5.0 4.92 99
183.5 182.79 99.7




Table 1. (Continued).

Depth from Depth below
Date drill floor seafloor Length Length
(August  Time (m) (m) cored recovered Percent
Core 1981) (Z) Top Bottom Top Bottom (m) (m) recovered
Hole 553
1 7 2351 2339-2348 0-9.5 9.0 8.33 92.5
Hole 553A
1 11 0058  2404.5-2414.0 65.5-75.0 9.5 5.88 62
2 11 0414  2442.5-2452.0  103.5-113.0 9.5 9.64 101
3 11 0810  2490.0-2499.5  151.0-160.5 9.5 9.73 102
4 11 1129  2518.5-2528.0  179.5-189.0 9.5 9.49 99
5 11 1283  2528.0-2537.5  189.0-198.5 9.5 9.10 9%
6 11 1454  2537.5-2547.0  198.5-208.0 9.5 B.04 85
7 11 1603  2547.0-2556.5  208.0-217.5 9.5 8.19 86
8 11 1708  2556.5-2566.0  217.5-227.0 9.5 4.96 52
9 11 1803  2566.0-2575.5  227.0-236.5 9.5 8.40 88
10 11 1900  2575.5-2585.0  236.5-246.0 9.5 9.73 102
11 11 1959  2585.0-2594.5  246.0-255.5 9.5 8.40 88
12 11 2110 2594.5-2604.0  255.5-265.0 9.5 6.43 68
13 11 2226  2664.0-2613.5  265.0-274.5 9.5 3.50 37
14 11 2333 2613.5-2623.0  274.5-284.0 9.5 9.53 100
15 12 0110  2623.0-2632.5  284.0-293.5 9.5 5.84 61
16 12 0215  2632.5-2642.0  293.5-303.0 9.5 0.61 06
17 12 0351  2642.0-2651.5  303.0-312.5 9.5 0.70 07
18 12 0502  2651.5-2661.0  312.5-322.0 9.5 2.9 29
19 12 0611  2661.0-2670.5  322.0-331.5 9.5 6.23 66
20 12 0710  2670.5-2680.0  331.5-341.0 9.5 9.03 95
21 12 0810  2680.0-2689.5  341.0-350.5 9.5 6.50 68
22 12 0912  2689.5-2699.0  350.5-360.0 9.5 9.18 97
23 12 1015 2699.0-2708.5  360.0-369.5 9.5 6.53 69
24 12 1117 2708.5-2718.0  369.5-379.0 9.5 3.05 32
25 12 1238 2718.0-2727.5  379.0-388.5 9.5 3.00 31.5
26 12 1341  2727.5-2737.0  388.5-398.0 9.5 2.47 26
27 12 1444  2737.0-2746.5  398.0-407.5 9.5 8.40 88
28 12 1554  2746.5-2756.0  407.5-417.0 9.5 0.14 1
29 12 1656  2756.0-2765.5  417.0-426.5 9.5 0.08 0.5
30 12 1754  2765.5-2775.0  426.5-436.0 9.5 0.00 0
31 12 1909  2775.0-2784.5  436.0-445.5 9.5 0.05 5
32 12 2020 2784.5-2794.0  445.5-455.0 9.5 0.10 0.1
33 12 2159  2794.0-2803.5  455.0-464.5 9.5 0.00 0
34 12 2354  2803.5-2813.0  464.5-474.0 9.5 0.85 9
35 13 0129  2813.0-2822.5  474.0-483.5 9.5 1.24 13
36 13 0236  2822.5-2832.0  483.5-493.0 9.5 4.30 45
37 13 0403  2832.0-2841.5  493.0-502.5 9.5 6.64 70
38 13 0622  2841.5-2851.0  502.5-512.0 9.5 2.40 25
39 13 0822  2851.0-2860.5  512.0-521.5 9.5 1.38 14
40 13 1154  2860.5-2870.0  521.5-531.0 9.5 5.24 55
41 13 1356  2870.0-2879.5  531.0-540.5 9.5 2.90 24
42 13 1545  2879.5-2889.0  540.5-550.0 9.5 3.55 37
43 13 1911 2889.0-2898.5  550.0-559.5 9.5 6.25 66
44 14 1919  2898.5-2901.0  559.5-562.0 2.5 343 136
45 14 2342 2901.0-2910.5  562.0-571.5 9.5 7.02 74
46 15 0333 2910.5-2919.5  571.5-580.5 9.0 7.37 77
47 2 0017  2919.5-2926.5  580.5-587.5 7.0 5.36 56
48 22 0427  2926.5-2935.5  587.5-296.5 9.0 8.20 86
49 22 0916  2935.5-2944.5  596.5-605.5 9.0 799 84
50 22 1205  2944.5-2953.5  605.5-614.5 9.0 3.60 38
51 22 1440  2953.5-2957.0 614.5-618.0 3.5 3.08 BB
52 22 1737 2957.0-2962.5 618.0-623.5 5.5 4.28 78
53 22 2037  2962.5-2971.5  623.5-632.5 9.0 4.47 49
54 23 0010  2971.5-2980.5  632.5-641.5 9.0 5.90 65
55 23 0402  2980.5-2989.5  641.5-650.5 9.0 6.86 72
56 23 0646  2989.5-2998.5  650.5-659.5 9.0 2.83 31
57 23 0902  2998.5-3007.5  659.5-668.5 9.0 1.06 11
58 23 1613 3007.5-3012.0 668.5-673.0 4.5 2.68 59
59 23 3012 3012.0-3021.5  673.0-682.5 9.5 4.4 46
531.5 288.97 54
Hole 553B
1 26 1120  2338.0-2342.5 0.0-4.5 4.5 4.62 100
2 26 1240  2337.5-2347.0 0.0-9.5 9.5 9.42 9
3 26 1400  2347.0-2356.5 9.5-19.0 9.5 9.71 102
4 26 1500  2356.5-2366.0 19.0-28.5 9.5 9.48 99
335 33.23 99.2
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Coring was continued to sample the Miocene-Eocene
contact near 170 m. This was successfully cut in Core
37, and a final Core 38 was cut at 0409Z, 7 August,
before we began to pull out of the hole at 0515Z,
7 August. The mudline was cleared at 0533Z and at
1051Z, 7 August, the vessel was secured for departure to
Site 553.

Error in Core Depths, Site 552

Shipboard and subsequent shoreside correlation of
the results of Holes 552 and 552A show a discrepancy of
between 8.5 and 12.5 m in the depth of a prominent
marker horizon observed in cores from both holes. The
cause of the discrepancy is probably a miscount in drill
barrel lengths while washing Site 552. No correction has
been made to the core depths listed in Table 1. However,
all users are asked to add 12.5 m to depths at Site 552 to
ensure precise correlation.

Site 553

Although Site 552 was prematurely abandoned be-
cause of bad weather, basalt was encountered at total
depth. Shipboard correlation of seismic reflectors with
the lithologic log using interval velocities and physical
properties data suggested that the basalt probably caused
the topmost flat-lying reflector above the dipping reflec-
tor sequence. This reflector could be followed with some
confidence to Site 553, although it is thought to be dis-
placed by a small fault. This interpretation indicated the
possibility that the basalt causing the flat-lying reflector
would be found again at Site 553. Analysis of the seis-
mic data suggested that at least 100 m of basalt might be
present at this site, thus precluding the possibility of
penetration of the dipping reflectors below in a single-
bit hole. In view of this and the prevailing poor weather
conditions, it was decided to set the re-entry cone at Site
553 to ensure penetration of the dipping reflectors and
achievement of the main objective of the leg. In view of
the complete recovery of a Pliocene-Pleistocene section
at Hole 552A and its great importance for high latitude
paleoenvironment studies, it was decided to again HPC
the uppermost 110 m of the section encompassing the
Pliocene-Pleistocene.

Site 553 was located at SP 15460 on IOS Line IPOD
76-8 close to the intersection of 10S Line 76-5 and ap-
proximately 4 n.mi. northwest of Site 552.

After completing Site 552 at 1051Z, 7 August, Glo-
mar Challenger departed for Site 553. No geophysical
gear was streamed for the brief transit, and navigation
was done entirely by LORAN-C at a speed of 5 knots.
Careful intercomparison of LORAN-C and satellite fix-
es while on position at Site 552 had confirmed the excel-
lent repeatability of the LORAN-C fixes, which differed
systematically from the satellite fixes by only 0.1 to
0.05 n. mi.

On crossing the site at 1205Z, 7 August, a long life
beacon was dropped, and Glomar Challenger began po-
sitioning and maneuvering to the beacon. At 1245Z, it
was found that the beacon signal was too weak and a
second beacon was deployed at 1316Z. Glomar Chal-
lenger began positioning in automatic mode at 1348Z
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and preparing to run pipe. Predicted water depths for
the site were 2329 m (BRF)-(Matthew’s tables) and 2339 m
(H.D., 1980). At 1945Z, pipe was run in to 2319.5 m.
The bumper subs were picked up between 1945Z and
2030Z preparatory to spudding. Between 2030Z and
2050Z, operations were suspended because 40 mph winds
and heavy seas resulted in excursions of as much as
200 ft. Site 553 was finally spudded at 2315Z. The first
core at 2341.5 m was water, but the second attempt cut a
core at 2348.0 m although the liner was shattered. A sec-
ond mudline core was cut between 2315 and 2400Z, 8
August. Drill pipe motion measurements were made be-
tween 0000 and 0118Z, 9 August, and then the hole was
washed to 59.5 m subsea in 18 min. to determine the
casing depth for the re-entry cone. Tripping the drill
string began at 0240Z and the mudline was cleared at
0312Z; the bit reached the drill floor at 1007Z, termi-
nating the pilot Hole 553.

Assembly of the re-entry cone began at 1130Z, 9 Au-
gust, and was completed at 1800Z. Preparations for keel-
hauling were completed by 2100Z. However, in view of
deteriorating weather conditions and a poor forecast,
this operation was deferred pending an improvement.
By 0600Z, 10 August, weather had moderated sufficiently
for keelhauling to begin. Unfortunately, when the pick
up line was released, a crossbar holding one of the hang
off cables broke so that the re-entry cone was left hang-
ing, off axis, beneath the ship. Attempts to recover the
cone began at 0720Z, and it was successfully brought on
board at 1045Z thanks to the efforts of the drilling crew
and seamen. The ship had been allowed to drift off sta-
tion during this difficult operation. During the period
1045-1400Z, the cone was re-rigged and the ship re-
turned to the site. At 1400Z, operations were suspended
pending passage of another storm. The weather had
moderated by 0630Z, 11 August, when the cone was keel-
hauled again. This operation was completed by 0718Z
and 54.6 m of casing were made up between 0820 and
1220Z. The bottom-hole assembly was made up be-
tween 1200 and 1230Z, and the cone plus casing was run
in hole at 15227 in moderately calm conditions.

Hole 553A was spudded at 0058Z, 12 August. Casing
was washed to 54.62 m before spot coring to 179.5 m.
Heat flow measurements were taken with cores at 75.0,
143.0, and 160.5 m. Continuous coring began at 179.5 m
with a further heat flow measurement being made at
198.5 m. The unconformity between the Miocene and
the Eocene was cut in Core 12 at 255.5 m. Drilling and
coring through the Eocene tuffs, tuffaceous sandstones,
and mudstones yielded particularly poor recovery in
Cores 28 to 35, possibly as a result of interbeds of lithi-
fied sandstones and softer sediment. Drill pipe motion
measurements were made while cutting Core 34. How-
ever, recovery improved in the last cores (36 and 37) and
above the basalt cut in Core 37 at 500 m. Cores 38 to 43
were in basalt.

After cutting Core 43, the pipe became stuck; several
wiper runs were required to clear the hole. As the core
diameter had decreased to 5.6 cm, it was decided to
change bits and, after circulating 40 barrels of 80 vis 9.4
gel mud and 20 barrels of GUAR, pipe was pulled out



of the hole at 2100Z. The mudline was cleared at 2203Z,
13 August, and the rig floor reached at 0126Z, 14 Au-
gust. A new bottom-hole assembly was made up and
pipe run in hole to 2329.0 m by 0630Z when prepara-
tions began to run in the re-entry tool. The tool mal-
functioned because of a broken cable that required re-
heading. This was completed by 1000Z, The tool located
the cone at 1115Z and after several attempts, Hole 553A
was successfully re-entered at 1245Z, 14 August. Pipe
was run at 1405Z and coring began again at 1710Z.

During the evening, the operations manager was noti-
fied that his wife had been hospitalized. Attempts were
made through the AMVER system and shore radio to
locate ships that might convey him to the United King-
dom but to no avail. The situation was also discussed
via ham patch with DSDP. It was decided to leave Hole
553A immediately to steam to Limerick, Ireland, in or-
der to transfer the operations manager ashore and to
pick up his replacement. After cutting Core 46, pipe was
pulled out of the hole at 0505Z and Glomar Challenger
secured for departure to Limerick at 0930Z, 15 August.
Loophead, off Limerick, was reached at 1525Z, on 17
August.

Glomar Challenger set course to return to Hole 553A
at 1530Z, 17 August. The return passage to the site was
delayed for more than 24 hr. by 40 knot headwinds and
16 ft. seas encountered throughout 19 August. Signals
from the beacon at Hole 553 A were picked up at 2020Z,
20 August, and Glomar Challenger began positioning
and maneuvering to the beacon at 2025Z. Pipe was run
in hole with a new F94CK bit at 2155Z. The re-entry
tool was run in at 0442Z. The first re-entry attempt was
made at 0647Z, 21 August, and was unsuccessful al-
though it appeared from the rig floor tachometer that
the pipe might have hit the cone. In subsequent re-entry
attempts, only two reflectors could be clearly seen, and
it is possible that the third reflector may have been dam-
aged at that time. A second re-entry attempt between
0825Z and 1157Z was unsuccessful.

The third attempt successfully stabbed the cone at
1438Z, 21 August. After pulling out the re-entry hole,
pipe was run in the hole with some sticking above the
basalt. The first core, 47, was cut between 2200Z, 21
August and 0017Z, 22 August, in basalt. Continuous
coring proceeded throughout 24 August and the morn-
ing of 25 August with drilling rates varying between 2.86
and 5.87 m hr—1. At 0902Z, 25 August, the ten joints of
knobby drill pipe were set back for replacement by 5 in.
pipe prior to a DBMI and IDSS run. A 4.5 m core (Core
58) was cut to balance the new connections, but at 1110Z
the pipe was found to be plugged; it was cleared at 1145Z.
Fifty-two barrels of gel and twenty barrels of GUAR
were spotted to clean the hole. After cutting Core 59,
pump pressures indicated that the bit had been released
accidentally—the cause may have been activation of the
hydraulic release mechanism by the high pump pressures
needed to unplug the bit. After discussing the feasibility
of fishing for the bit, we agreed to carry out the logging
program to assess whether the desired scientific objec-
tive had been met and to follow with the HPC program.
During this time it was also intended to consider care-
fully the feasibility of fishing for the bit.
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Between 2115Z and 2230Z, 23 August, the hole was
flushed with 50 barrels of gel and 40 barrels of GUAR
and a further 75 barrels of gel were displaced in the
hole. Pipe was pulled back to 2822 m between 2230 and
2400Z. In logging the hole, it was agreed to keep the
whole bottom-hole assembly in the hole. Relevant depths
were: casing shoe: 57.0 m; drill pipe: 127.0 m; BHA
length: 114.27 m.

Logging preparations continued from 0000-0355Z,
24 August, when the combined sonic-gamma-caliper tool
was run in hole. Bottom was found at 3012.5 m, indicat-
ing little sloughing of sediment downhole. However, ex-
cessive noise was recorded on the sonic log, possibly a
result of the bare calipers dragging on the basalt. The
sonic combination tool was withdrawn from the hole
and rerun (1000-1430Z) without centralizers in combi-
nation with the dual induction and gamma logs. Good
logs were recorded from the latter, but the noise prob-
lem remained on the sonic. The density-neutron gamma
combination was made up between 1430 and 1545Z, but
the density tool was found to be unserviceable. The den-
sity tool was rechecked, and the cable head changed be-
tween 1600Z and 1845Z without effect. Meanwhile, new
pads had been mounted on the sonic centralizers and
the sonic-gamma-caliper tool was run successfully be-
tween 1845 and 2245Z. The “noise” encountered previ-
ously may have been the natural rapid and great varia-
tion in velocity within and between the basalt flows. As
the density log was still inoperable, the temperature log
was run between 2245 and 2400Z, 25 August, pending
attempts to repair the density tool by the electronic tech-
nicians. The temperature log run was successful, and the
recorded total depth of 2991.6 m indicated little infill of
the hole. Since the density log was still inoperable, a
gamma-neutron combination run was made at 0245Z,
25 August, and completed successfully by 0715Z. Suc-
cessful repairs in the density tool had been made in the
interim thanks to the diligent efforts of the technicians,
and the gamma-density-neutron logging run was suc-
cessfully made between 0905 and 1230Z, 25 August, thus
completing the logging program in Hole 553A. Logging
equipment was set down between 1230 and 1310Z and
pipe pulled back to the mudline, thus completing Hole
553A.

Hole 553B

After clearing the mudline and picking up the Bowen
sub, the collet was run-in prior to starting to HPC. Hole
553B was offset some 100 ft. north of Hole 553A. Be-
tween 1500 and 1700Z the 9.5 m VLPHC was made up
and first shot at 1700Z. The barrel pulled hard out of the
collet, and the seals were apparently leaking. Inspection
of the HPC on deck indicated that it did not scope. Be-
tween 1700 and 1815Z, the HPC was run in hole again.
This time the tool did not pressure up and line pulls in
excess of 11,000 Ibs. failed to unseat the tool. Eventu-
ally the sandline parted 250 ft. from the rope socket, re-
sulting in the loss of about 3500 ft. of sand line and re-
quiring a complete trip. The rig floor was reached at
0000Z, 26 August. Considerable force was required to
dislodge the collet head sub from the HPC barrel. On
inspection, it was found that two deep gouges in the col-
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let space had kept the collet from seating the final 2 in.
A new HPC seal sub was made up and pipe run in hole
again by 0630Z. The first barrel was shot at 0700Z but
came out of the hole with the bottom part of the tool
missing. A second 9.5 m barrel was rigged and a first
core cut at 0915Z, 26 August. As this core failed to es-
tablish the mudline, a second core was cut after pulling
back one joint but it yielded only water. A third attempt
to cut a mudline core at 1120Z was finally successful,
yielding a 4.62 m core. To adjust lengths, the drill pipe
was pulled back and Core 2 was cut between 2337.5 and
2347.0 m, yielding a third core also at or just below the
mudline. After these diversions, continuous HPC began
in earnest. However, as Core 5 was being cut at 1536Z,
26 August, the barrel could not be unseated. Attempts
to unseat the barrel by pulling on the sand line failed,
and the overshot pin sheared at 1630Z. In an attempt to
free the barrel, jars and sinkers were rigged on the sand
line and two attempts were made to loosen and retrieve
the barrel. Both failed and at 1900Z, 26 August, pipe
was pulled clear of the mudline, thus completing Hole
553B. Subsequent investigation showed that the core bar-
rel had jammed in the bit disconnect but the cause re-
mains unknown. The rig floor was reached at 2335Z
and secured by 0134Z, 27 August, when Glomar Chal-
lenger departed for Site 554.

During these unfortunate events, full consideration
had been given to fishing for the bit. In view of the lack
of suitable tools on board and the impact of a prolonged
fishing operation on an already delayed program, it was
decided to abandon the operation. In the case of the
HPC program, the same time consideration did not jus-
tify a further attempt that would require at least 24 hr. It
was therefore decided to proceed to Site 554 to continue
with the drilling program.

SEDIMENT LITHOLOGY

Site 552

The section drilled to 282.7 m at Site 552 can be di-
vided into four principal sedimentary units, distinguished
from each other on the basis of composition, texture,
and sedimentary structures. Units II and IV are further
subdivided into two and four subunits, respectively. The
lithologic divisions are summarized in Table 2 and
Figure 8. The sub-bottom depths for Units I, II, III,
and the top of IVa are taken from Hole 552A data rath-
er than from the Hole 552 depths, which are approxi-
mately 12.5 m too shallow as a result of operational er-
rors (see Operations section). Hole 552 was washed to
108.0 m, whereas Hole 552A was hydraulically piston
cored to 183.5 m. The two holes have been treated to-
gether. Smear slide data are given in Appendix A to this
chapter.

Unit I: Cores 552-1 and 552A-1 to 552A-9 (0 to 44 m
sub-bottom, 44 m thick). Age: Quaternary to late Plio-
cene.

This uppermost unit is characterized by alternating
beds of foraminiferal-nannofossil ooze and calcareous
marls and mud and extends from the seafloor to a depth
of 44 m. The base of this unit is defined by the lower-
most marl, which is also the base of high magnetic in-
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tensity in the sediments. This unit was continuously cored
using the HPC, resulting in almost 100% recovery. Most
of the cores were undisturbed, thus excellently preserv-
ing the detailed sedimentology of the unit. Preliminary
analysis of the sediments recovered at this hole suggest
that the section represents the most complete Pliocene-
Pleistocene record recovered to date at a high latitude
North Atlantic location.

One of the most striking characteristics of these sedi-
ments is their cyclicity of color and carbonate content
(Fig. 9). The color cycles are clearly coupled with car-
bonate content (on board CaCQO; bomb analyses), the
lighter shade correlating with high carbonate values. The
calcareous oozes in general have a sharp base and then
grade up into the overlying marl and calcareous mud.
The marl and calcareous mud layers are various shades
of olive gray and brown (5Y 4/2 and 10YR 5/3) and rep-
resent glacial periods, whereas the calcareous oozes are
shades of white and light gray (N9 and 5Y 7/1) and rep-
resent the interglacials (Zimmerman et al., this volume).
The only exception to this repetitious sequence is a 3 cm
thick vitric ash layer at 23 m (Section 5-3) consisting of
dark glass with minor feldspar crystals and light glass.
This layer possibly arises from a large eruption on Ice-
land and can be correlated with the ash found at Site
404 at 28 m. In several cycles the boundary between the
layers is gradational with bioturbation causing a mot-
tled zone averaging 10 cm in thickness. Burrowing also
occurs within the layers but is less distinct because of
their homogenous initial composition. Laminated sedi-
ment is rare in this subunit; however, thin beds (1 to
5 cm) of foraminiferal ooze, nannofossil ooze, forami-
niferal mud, and silty mud occur in both parts of the cy-
cles. This variation in lithology reflects the differing ra-
tios of foraminifers: nannofossils: terrigenous clay-silt
and may be the result of winnowing by bottom currents.

The bulk of the noncarbonate component is either
clay minerals or coarser terrigenous particles. The de-
tailed composition is listed in Appendix A and in the
results of X-ray diffraction analyses. The XRD data from
bulk samples clearly distinguish the cycles on the basis
of clay mineralogy. The clay that is present in the cal-
careous oozes is predominately smectite whereas in the
marls and muds the clay minerals illite, kaolinite, and
chlorite dominate with a smaller proportion of smectite.
Detrital quartz and feldspar are also present throughout
the unit, although they are more abundant in the marls
and muds than in the calcareous oozes. Cobbles, peb-
bles, granules, and sand-size terrigenous particles are
common throughout, and their abundance distinguishes
these sediments from the underlying unit. The larger
particles are rock fragments of a wide range of litholo-
gies (igneous, metamorphic, and sedimentary) whereas
the sand particles are either quartz, feldspar, heavy min-
erals, or mica. The pebbles and the few cobbles sampled
are dropstones and many are well faceted, indicating
abrasion during ice transport.

Minor particles in the coarse fraction (greater than 62
um) include rare radiolarians, diatoms, opaline sponge
spicules, benthic foraminifers, ostracods, echinoid spines,
and fish debris. The echinoid spines are of the irregular
variety belonging to sediment-burrowing species; these



Table 2. Lithologic units, Site 552.

SITES 552-553

Sub-bottom depth
_ (m)
Unit Lithology 552 552A

Thickness rate

Sedimentation
Core-Section

{m) (m/m.y.) Age Hole 552 Hole 552A

1 Foram-nanno ooze 0-7
interbedded with
foram-nanno marl and
calcareous mud.
Terrigenous dropstones
common; volcanic ash
layer present.

Ila Foram-nanno ooze and
nanno ooze with minor
biosiliceous nanno
ooze and nanno-foram
ooze; becomes chalk
below 142 m in Hole
552A.

Ib Glauconitic nanno-
foram chalk,

111 Foram-nanno chalk
with Mn nodules at
base and clasts from
underlying unit.

IvVa Nanno chalk, zeolitic
mudstone, biosiliceous
mudstone, minor
volcanic tuff, spiculi-
ferous foram-nanno
chalk. Calcareous
porcellanite and chert
at base.

IVb Calcareous biosiliceous
tuff and vitric tuff.
Minor glauconitic
spiculite, tuffaceous
biosiliceous chalk,
biosiliceous tuff and
mudstone.

IVe Glauconitic nanno
chalk, biosiliceous
marlstone and siliceous
mudstone. Minor
calcareous biosiliceous
claystone, calcareous
diatomite, calcareous
porcellanite and
volcanic tuff.

vd Ferruginous diatoma-
ceous claystone.

0-44.00

7-155.50 44.,0-168.50

155.50-160.40  168.50-172.90

Absent 172.90-174.20

160.40-193.50  174.20-183.50

193.50-241.00

241.00-282.30

282.30-282.70

v Basalt 282.70-314.00

44,00 14

126.50 2506

33.10 48

47.50 48

41.30 48

31.30+

Quaternary 1-1 to 1-1 10 9,CC
to late 1.CC

Pliocene

late Pliocene  2-1 to 9,CCto
to mid 7,CC 35,CC
Miocene

4.40 6 middle
Miocene
1.30 <l early

Oligocene

8-1 to 8-
4,45 cm

36-1, to 36-
3, 140 cm
36-3, 140 cm
to 37-1, 75
cm

middle 8-4, 45 37-1, 75 cm
Eocene cm to to 38
11,CC

early Eocene 12-1, to

16,CC

17-1 1o
21-3, 30
cm

early Eocene

0.40 48 early Eocene  21-3, 30
cm to
21-3, 70
cm
21-3, 70

cm to 25

probably
early Eocene

are probably responsible for at least part of the biotur-
bation in this unit.

The sediment in this unit is unlithified, although some
diagenesis has occurred. In particular some darker ol-
ive-colored layers contain authigenic pyrite concentra-
tions, minor amounts of glauconite, and rhombs of au-
thigenic dolomite.

The cyclical nature of these sediments is clearly re-
flected in the carbonate content. The carbonate (CaCOj;)
content fluctuates between the extreme values of 4 to
8% for the mud and 80 to 92% for most of the calcare-
ous oozes. The variation in carbonate represents a local
combination of factors: productivity of calcareous orga-
nisms and dilution by noncalcareous sediment. Dissolu-
tion after deposition is probably not significant here.

One of the most fascinating features of these sedi-
ments is the abruptness with which the cycles begin at
about 2.5 m.y. ago. Preliminary examination of carbon-

ate curves from the Caribbean (HPC Site 502) indicate
that climatic cycles extend back through the early late
Miocene. Although the curve for the North Atlantic sug-
gests cyclic phenomenon prior to 2.5 m.y. ago, the sig-
nal is weak; carbonate content fluctuates in a very nar-
row range around 90%.

From the point of initiation of the cyclical sedimen-
tation to about 1.4 m.y. ago, the Hole 552A data show
a high amplitude glacial signal of short duration with
long intervening periods of high rates of carbonate de-
position. During this time, therefore, Northern Hemi-
sphere glaciation may have been intense but of short
duration.

For the time period of the Brunhes to the present, the
North Atlantic carbonate and equatorial Pacific oxygen
isotope curves (core V28-239, Shackleton and Opdyke,
1976) may be directly correlated with the Hole 552A
curve (Zimmerman et al., this volume), indicating that
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Figure 8. Lithologic and biostratigraphic summary of Holes 552 and 552A. Depths in Hole 552 have been
adjusted downward by 12.5 m to correlate with Hole 552A (see Operations summary for details).

the climatic behavior of the world ocean and that of the
North Atlantic are linked. The relatively small offsets in
peaks are probably effects of varying rates of deposition
(more likely in the North Atlantic) and disturbance be-
tween sections of the HPC.

Climatic events appear to be the predominant forcing
function for both carbonate and isotope fluctuations in
oceanic sediment of the Quaternary (Cline and Hays,
1976). In HPC cores from Hole 552A we have for the
first time, a high resolution record of the history of
these fluctuations in the North Atlantic Ocean.

Unit II: Core 552-2 to Sample 552-8-4, 45 cm,; Sam-
ples 552A-9,CC to 552A-36-3, 140 cm (44 to 172.9 m
sub-bottom, 128.9 m thick). Age: late Pliocene-middle
Miocene.

Subunit ITa: Section 552-2-1 to Sample 552-7,CC; Sam-
ples 552A-9,CC to 552A-35,CC (44 to 168.5 m sub-bot-
tom). Age: late Pliocene-middle Miocene.

This subunit consists of relatively uniform foraminif-
eral-nannofossil ooze (chalk) and nannofossil ooze (chalk)
over its entire interval (44 to 168.5 m sub-bottom). The
subunit has a minor (about 10%) but persistent compo-
nent of biogenic silica from sponges, radiolarians, and
diatoms. The dominant color is bluish white (5B 9/1)
and white (5Y 8/1). There are faint color cycles at th
top of this subunit in Cores 552A-10 and 11 (44 to
55 m), but there is no variation in detrital input or mag-
netic intensity, and the carbonate content remains at
more than 90% throughout the subunit. This is in con-
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trast to the fluctuating carbonate content in the overly-
ing sequence. The base of this subunit is gradational
with an increase in abundance of foraminifers and grad-
ually increasing occurrences of glauconite. The base lies
within the middle Miocene (NN9) Zone in Hole 552A
but coincides with a hiatus between the late (NN10) Mi-
ocene and middle (NN6) Miocene in Hole 552.

Laminations are abundant in Cores 552A-11 to 29
but are rare or absent in the base of the subunit (Cores
552A-30 to 36). The laminations are recognized by color
(light bluish gray, 5B 7/1, and light greenish gray, 5G
8/1) and only rarely were compositional or textural vari-
ations observed (Fig. 10). Some of the laminae (Cores
552A-14 and 18) are sandy (foraminifer-rich) and may
represent current winnowing of the sediment. Bioturba-
tion is minor to moderate throughout but is insufficient
to destroy the laminations. In Core 552A-26 large bur-
rows with a diameter of 1 cm are present which are in-
filled with sediment from a layer 1 m above.

Besides planktonic foraminifers the coarse fraction
contains rare benthic foraminifers, ostracods, echinoid
spines, fish debris, and trace amounts of volcanic glass.
A few dropstones were present in Cores 552A-10 and 11.
Bulk X-ray diffraction (XRD) analyses show, besides bi-
ogenic calcite, minor amounts of detrital quartz and
smectite.

The most important diagenetic alteration in this sub-
unit is the transition from calcareous ooze to chalk. The
first appearance of chalk laminae (less than 1 ¢cm thick)
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Figure 10. Light bluish-gray to light greenish-gray laminae characteris-
tic of Subunit [Ia (Sample 552A-23-2, 70-110 cm).

occurs in Section 552A-25-1 at a depth of 114 m and be-
low this depth chalk becomes more common. Below 142 m

920

Figure 9. Sharp transition from calcareous mud to foram-nanno ooze

(Sample 552A-7-2, 70-90 cm). Similar contacts characterize the (Se"ﬁon;s S;A'30'3) most of the sediment could be COI}-
glacial-interglacial transitions throughout the Pliocene-Pleistocene sidered lithified enough to be termed chalk. The chalk is
section. formed by compaction and the precipitation of calcite

both as a cement and as overgrowths on nannofossils.
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Another diagenetic effect in this subunit is the com-
mon occurrence of authigenic pyrite generally associ-
ated with burrows. The pyrite forms black or greenish
halos around the larger burrows and has infilled other
burrows.

Subunit IIb: Section 552-8-1 to Sample 552-8-4, 45 cm;
Section 552A-36-1 to Sample 552A-36-3, 140 cm (168.5
to 172.9 m sub-bottom). Age: middle Miocene.

When compared with the overlying sequence this ba-
sal subunit is richer in foraminifers, lacks laminations,
and contains abundant glauconite. The subunit is only
4.4 m thick but represents a distinct subfacies in this pe-
lagic unit. The top of this subunit is 3 m below a brief
hiatus in Hole 552A, but coincides with the hiatus in
Hole 552. The base is also defined by a significant un-
conformity (Fig. 11). The lithology grades from a nan-
nofossil-foraminiferal chalk down into a glauconitic fo-
raminiferal chalk with minor biosiliceous chalk. The col-
or is white (10YR 8/1), becoming yellowish gray (5Y
8/1) and dark olive gray (5Y 3/2) as the glauconite con-
tent increases. The subunit is well burrowed throughout,
giving the sediments a mottled appearance.

The carbonate content decreases from 94% at the top
to 53% at the base, reflecting the increase in glauconite
and biogenic silica (predominately sponge spicules with
some radiolarians). There are minor amounts of feld-
spar, light-colored volcanic glass, benthic foraminifers,
ostracods, echinoid spines, and fish debris.

There are three possible origins for the Miocene glau-
conites at this site and at Site 553, as discussed by Mor-
ton et al. (this volume):

1. Derivation by reworking of Eocene glauconite.

2. Glauconite formation taking place during the Mi-
ocene, but in relatively shallow water, with subsequent
transportation to the present site of deposition.

3. Glauconite formation taking place during the Mi-
ocene in deep water, without significant input from else-
where.

The dating of the glauconite as middle Miocene (15.8
+ 0.8 m.y. ago at Site 552 and 16.2 + 0.9 m.y. ago at
Site 553) and the difference in chemistry between the
Eocene and Miocene glauconites (Morton et al., this
volume) argues strongly against the first alternative. The
absence of shallow water benthic foraminifers in the sub-
unit (Murray, this volume) argues against the second. It
is therefore considered that the Miocene glauconites at
Sites 552 and 553 are of deep water origin, developed in
response to periods of slow or nondeposition during the
early and middle Miocene related to strong bottom-wa-
ter currents.

Unit III: Samples 552A4-36-3, 140 cm to 552A-37-1,
75 cm; absent in Hole 552 (172.9 to 174.2 m sub-bot-
tom, 1.3 m thick). Age: early Oligocene.

This unit is bounded by hiatuses and represents a
condensed section of Oligocene-late Eocene sediments.
The absence of this unit in Hole 552 may reflect me-
chanical removal by the drilling, since it is a relatively
soft chalk with more lithified strata above and below.
Alternatively the Oligocene may be laterally discontinu-
ous on an irregular Eocene surface. In the HPC Hole
552A the entire unit was sampled.
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The unit consists of a foraminiferal-nannofossil chalk
grading down into a chalk containing intact, and bro-
ken, manganese nodules (Fig. 12) together with angular
clasts (up to 5 mm) of the underlying unit. The chalk is
colored pale yellow (5Y 7/3) to very pale brown (10YR
8/3) with burrow mottling in its lower part.

The upper contact is sharp but uneven, with glauco-
nitic sediment burrowed in from the overlying unit. The
burrows are up to 3 cm in diameter. The exact position
of the underlying contact is less distinct as a result of in-
tense burrowing and abundance of eroded mud clasts
(Fig. 13).

The manganese nodules contain nuclei of lithified Eo-
cene volcanogenic sediment (Despraires et al., this vol-
ume) and probably represent a period of relatively slow
deposition, but the occurrence of NP22 both above and
below the nodule suggests it formed in a relatively short
time.

The carbonate content of the upper part of this unit
is 88% but is less in the lower part where manganese
nodules and lithoclasts are more common. Also in the
coarse fraction are minor amounts of sponge spicules,
and fish teeth. Benthic foraminifers are more abundant
than in the overlying units.

Unit IV: Samples 552-8-4, 45 cm to 552-21-3, 70 cm;
Section 552A-37-1 to Core 38 (160.4 to 282.7 m sub-bot-
tom, 122.3 m thick [Hole 552 depths]). Age: middle to
early Eocene.

This unit is characterized by the accumulation of bio-
genic silica and volcaniclastic sediment in a relatively
shallow-water marine environment and overlies basalt.
There is a noticeable scarcity of terrigenous detritus
throughout. It can be subdivided into four subunits based
on the relative abundances of biogenic silica and volca-
niclastic particles as well as sediment texture. Because of
relatively poor recovery the boundaries between the sub-
units are only approximately located.

Subunit IVa: Samples 552-8-4, 45 cm to 552-11,CC;
Sample 552A-37-1, 75 cm to total depth (160.4-193.5 m
sub-bottom). Age: middle Eocene.

This subunit is approximately 15 m thick and consists
of zeolitic mudstone, biosiliceous mudstone, spiculite,
porcellanite, and chert. There is a minor amount of chalk
and volcanic tuff. The upper 9 m of this subunit was
completely recovered by HPC, and sedimentary struc-
tures are beautifully preserved. The lower part of the
section, however, was poorly sampled by rotary drilling
because of the presence of chert. The base of the sub-
unit is defined by the lowermost occurrence of chert.
The principal color of the subunit is various shades of
brown and olive (2.5Y 8/4, 2.5Y 7/4, 2.5Y 6/4, 2.5Y
3/2, and 10YR 5/4).

The carbonate content varies from zero in the zeolite
mudstone to 25% in the biosiliceous layers and over
60% in the chalks. The most abundant particles are nan-
nofossils and sponge spicules with a large variety of mi-
nor particles: radiolarians, diatoms, foraminifers, mol-
lusk fragments, fecal pellets, basaltic glass, feldspar, heavy
minerals (augite, iddingsite), and clay minerals. XRD
analyses have enabled a distinction to be made between
one clay mineral suite at the top of the subunit and an-
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Figure 11. Contact between glauconitic chalk of Subunit IIb (mid Miocene) and foraminifer-nannofossil
chalk of Unit III (Oligocene) (Sample 552A-36-3, 4 cm).

other below. The upper suite, just below the unconform-
ity, contains a concentration of smectite with illite and
kaolinite, which may represent terrigenous detritus. Be-
low is a suite consisting of smectite and illite (perhaps
glauconite) which may be authigenic. The smectite could
be from the devitrification of the volcanic glass. The
following authigenic phases are also present: zeolite (cli-

noptilolite), calcite, opal-CT, quartz and minor pyrite,
and dolomite.

The sedimentary structures include vertical and hori-
zontal burrows (Zoophycus, Chondrites, and others),
fine-scale laminae, lenticular bedding, and ripple-drift
cross-lamination. There is also a fairly high proportion
of mud intraclasts. Some thin (I cm) beds of almost
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Figure 12. Manganese nodule and clasts in condensed sequence of Unit III (Sample 552A-

37-1, 0-30 cm).

pure sponge spicules may be the result of winnowing by
bottom currents.

The diagenesis of this subunit is quite complex. The
upper part has two unusual diagenetic features which
may be associated with the unconformity. The first is
the development of features which resemble stylolites in
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the mudstone and between the mudstone and chalk lay-
ers. These may, in fact, be fractures and bedding planes
along which manganese oxide has precipitated. The sec-
ond is the formation of euhedral quartz crystals and au-
thigenic carbonate as fracture fillings in the mudstone.
Both these features require further study. Diagenesis is
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Figure 13. Contact between Units III and 1V showing burrowing, clasts, and soft-sediment defor-

mation (Sample 552A-37-1, 60-90 cm).

also evident in the volcanic ash near the unconformity.
It has lithified to form a tuff and the glass has devitri-
fied with the formation of zeolites and possibly opal.

The porcellanite and chert occurs in Cores 552-9 and
10 near the base of the unit. The chert is bedded and
probably represents silicified sponge spicule layers and
tuffaceous interbeds.

Subunit IVb: Section 552-12-1 to Sample 552-16,CC
(193.5 to 241.0 m sub-bottom). Age: early Eocene.

This subunit is 47.5 m thick and consists primarily of
volcanogenic sediments with some biogenic calcareous
and siliceous input. It is distinguished from the units
above and below by the abundance of volcanic ash and
lapilli, the well-preserved biogenic silica, and the lack of
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chert. The color of this unit is a distinct olive black (5Y
2/1) to brownish black (5YR 2/1), becoming more olive
gray (5Y 3/2, 5Y 4/1) towards the base.

The principal lithologies are vitric volcanic ash, cal-
careous and biosiliceous volcanic ash, glauconitic spicu-
lite, tuffaceous biosiliceous chalk, and biosiliceous tuff-
aceous mudstone. Truly pyroclastic layers of ash are rare
since most of the ash is mixed with biogenic material.
The carbonate content of these lithologies is generally
less than 15% but is variable depending on the nanno-
fossil and foraminiferal input. Sponge spicules are again
the most abundant form of biogenic silica. The volcanic
glass is of basaltic composition and is frequently unal-
tered; lapilli up to 10 mm in size are common. Detrital
quartz is very rare in these sediments but augite, id-
dingsite, and feldspar occur commonly and are less
abundant in the ash layers than in the surrounding sedi-
ment.

The sediments are generally well bedded with sharp
contacts; laminated sediment is common. Ripple-drift
cross-laminae are present in a few silty layers. The
amount of bioturbation varies through the unit from in-
tense to minor with distinct reaction rims present around
some burrows. The presence of intraclasts, small micro-
faults, and some contorted bedding suggests some syn-
depositional instability on the seafloor.

Below Core 552-14 (213 m) the sediments become
more lithified as a result of silicification and calcifica-
tion.

Subunit IVc: Section 552-17-1 to Sample 552-21-3,
30 cm (241 to 282.3 m sub-bottom). Age: early Eocene.

Between Cores 552-17 and 18 there is a gradual change
to a less volcaniclastic group of lithologies. Calcareous
and biosiliceous mudstones and claystones become dom-
inant with a relatively minor tuffaceous component.
The colors vary from dark gray (10YR 4/1) to shades of
greenish gray (5GY 6/1). Minor lithologies are glauco-
nitic nannofossil chalk, biosiliceous marlstone, calcare-
ous diatomite and porcellanite. The base of this subunit
is defined by the top of the reddish ferruginous layer
above the basalt.

Sedimentary structures are similar to the previous sub-
unit and include burrows, slump folds, microfaults, lam-
inations and intraclasts.

In the coarse fraction, benthic foraminifers are rela-
tively abundant together with ostracods, echinoid spines,
and bryozoan and gastropod fragments. The dominant
biogenic particles are still sponge spicules and nanno-
fossils with lesser amounts of planktonic foraminifers,
radiolarians, and diatoms. Heavy minerals are less abun-
dant than in Subunit IVb. Clay is relatively abundant in
this subunit and XRD analyses show it to be a well-crys-
tallized smectite, probably derived from diagenetic al-
teration of volcanic ash. The XRD analyses also show
that some of the claystones are silicified by opal-CT
(disordered cristobalite).

Subunit IVd: Samples 552-21-3, 30 cm to 552-21-3,
70 em (282.3 to 282.7 m sub-bottom). Age: early
Eocene.

This subunit consists of 45 cm of ferruginous diato-
maceous claystone overlying the basalt at this site. It is
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dark reddish brown (10YR 4/2) in color and consists of
calcite, opal-CT, well-crystallized smectite (saponite), and
iron oxide with rare volcanic glass, zeolite and pyrite. It
contains nannofossils, diatoms and sponge spicules. The
biogenic opal has been recrystallized to opal-CT. This
layer is well lithified by silica and carbonate cements
and contains no obvious sedimentary structures.

The presence of marine organisms directly above the
basalt suggests that the flow was submarine as does a
small pebble exhibiting chilling which may be a small
pillow (Fig. 14). This subunit is an oxidized layer that is
probably related to the alteration of the basalt. Whether
this alteration and cementation occurred at high or low
temperatures is unknown. Heat from the cooling flow
may have aided the recrystallization of the biogenic opal
in this layer. In the immediately overlying layers, the bi-
ogenic opal is still X-ray amorphous and isotropic.

Site 553

The sequence drilled at Site 553 has been divided into
five lithological units; I to IV are composed of sedi-
ments and V consists of igneous rocks. Units II and IV
are further subdivided into two and six sub-units respec-
tively (Table 3; Fig. 15). The units and subunits recog-
nized on a lithological basis can also be recognized on
the sonic-gamma logs (Fig. 16), although some bounda-
ries show slight depth discrepancies (up to 5 m). The
core depths and lithological descriptions of the units are
summarized in Table 3 and the smear slide data in
Appendix B.

Unit I: Core 553-1; Section 553B-1-1 to Sample
553B-4,CC (0-60 m sub-bottom). Age: Quaternary to
late Pliocene.

Unit I is characterized by cyclic sedimentation, with
alternations of foraminiferal or nannofossil-foraminif-
eral oozes with mud or calcareous mud. The calcareous
oozes have sharp lower contacts (although bioturbation
locally obliterates the contact) and grade upwards through
marl into the calcareous muds or muds. The cored inter-
val is unfortunately intensely disturbed by drilling, which
caused difficulty in recognition of individual cycles.

Nevertheless, the site yielded additional information
on the character of the cycles and, in particular, the re-
lationships of dropstone occurrence to sediment type.
In Hole 552 dropstones appeared to be equally common
in the calcareous (interglacial) sediments as in the terrig-
enous (glacial) sediments, but at Hole 553B this was not
the case: dropstones were conspicuous only in the terrig-
enous part of the cycle. The definition of the cycles was
also better at Hole 553B (although drilling disturbance
has obliterated several contacts); burrowing at the base
of cycles in Hole 552A regularly caused mottling and
partial homogenization over a 10 cm zone. This has oc-
curred to a lesser extent in Hole 553B, possibly because
of the higher sedimentation rate.

The cycles are not only defined on a compositional
basis, but also on color and texture. The calcareous sed-
iments are pale, ranging from white (2.5Y 8/2, 5Y 8/1),
through bluish white (5B 9/1), to light gray (2.5Y 7/2,
5Y 7/1, N8), whereas the muds are in shades of brown,
olive or dark gray: light olive brown (2.5Y 5/4) and ol-
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Figure 14. Contact between Subunit [Vd and underlying basalt (Sam-
ple 552-21-3, 45-85 cm).

ive gray (5Y 5/2) predominate. Texturally the calcareous
sediments are sands or sandy muds as a result of their
high foraminifer content; the muds are dominantly clay-
grade but contain common coarse granule, gravel, or
cobble-sized clasts. These dropstones are variable in com-
position, faceted quartzites, amphibolites, and slate be-
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ing the most common. One clast of marl proved to con-
tain nannofossils indicative of a Maestrichtian age, and
in one mud unit in Cores 1 and 2 abundant clasts of
pumice were found. Sand (quartz, feldspar, heavy min-
erals, and mica) is common throughout, but is again
more abundant in the mud and calcareous mud horizons.

Carbonate content fluctuates widely throughout the
unit, with low values (5-20%) for the terrigenous layers,
high values (70-85%) for the oozes, and intermediate
values for the transitional sediment types (e.g., marls).
The carbonate variations reflect both changes in pro-
ductivity and terrigenous input; dissolution effects are
probably minor.

Minor components of the sediments include diatoms,
radiolarians, and sponge spicules, according to smear
slide data. Diagenesis has played only a minor role in
these sediments; no lithification was discernible, but au-
thigenic pyrite is sometimes associated with burrows,
causing the development of bluish gray mottling.

Unit II: Section 553A-1-1 to Sample 553A-8-3, 13 cm
(60-221.8 m sub-bottom). Age: late Pliocene to middle
Miocene.

Subunit Ila: Core 553A-1 to Sample 553A-7,CC (60-
217.50 m sub-bottom). Age: late Pliocene to middle
Miocene.

Subunit Ila is dominated by pelagic biogenic calcare-
ous sediments, largely nannofossil and foraminiferal nan-
nofossil oozes and chalks, locally becoming more fora-
minifer-rich. Sponge spicules, diatoms, and radiolarians
are minor but conspicuous constituents; echinoid spines,
ostracods, and fish bones and teeth occur rarely. Car-
bonate content is consistently about 90%.

The base of the subunit is marked by the appearance
of glauconite, and the top by the presence of more ter-
rigenous sand and clay interbeds. Unfortunately, the ex-
act position of this boundary is unknown because of the
absence of cores over the pertinent interval: Hole 553B
reached total depth at 28.50 m sub-bottom, still well
within Unit I, and the first core in Hole 553A was taken
at 65.50 m, within Unit II. No logs could be run over
the interval. However, the late Pliocene (NN16) age for
Core 553A-1 suggests that the top of this core may not
lie far below the boundary: extrapolation from the sedi-
mentation-rate curve indicates a position close to 60 m
subsea.

The sediment color varies from white (N9, 5Y 8/1) to
bluish white (5B9/1), and very light gray (N8), and the
texture ranges through mud and sandy mud to muddy
sand, depending on foraminifer content. Laminae are
fairly common throughout and are picked out by light
gray (5Y 7/1), white (10YR 8/1, 5Y 8/1, 5Y 8/2), and
light greenish gray (5GY 8/1) colors, but are apparent-
ly unrelated to textural or mineralogical variations. Bio-
turbation occurs throughout, although rarely intensely
enough to destroy laminae. Burrows are often picked
out by a light gray (N7) color, related to the presence of
pyrite.

The only major diagenetic process to have operated is
the burial-depth controlled transformation of ooze to
chalk. Chalk interbeds first appear in Core 553A-4 (188 m)
although ooze still persists to the base of Core 6 (208.0 m).
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Table 3. Lithologic units, Site 553.

Sub-bottom Sedimentation
depth Thickness rate Core-Section
Unit Lithology (m) (m) (m/m.y.) Age Hole 553A  Hole 553B
I Alternations of nanno-foram ooze, c. 60 30 Quaternary 1-1 to
nanno-foram marl, calcareous mud, to late 4,CC
and mud. Dropstones common in Pliocene
mud and calcareous mud.
Ila Nanno ocoze and foram-nanno ooze c. 60-217.50 c. 155 6 late 1-1to
grading to chalk towards base Pliocene to  7,CC
mid-
Miocene
b Glauconitic foram chalk 217.50-221.80 4.30 middle to 8-1 to 8-3,
early 130 cm
Miocene
1 Nanno-foram chalk with iron 221.80-234.80 13.00 <1 early 8-3, 130
smectite nodule at base Miocene to  c¢m to 9-6,
late 30 cm
Oligocene
IVa Biosiliceous nanno-foram chalk 234.80-240.32 5.52 8 middle 9-6, 30 cm
Eocene to 10-3, 82
cm
IVb  Voleanic tuff interbedded with 240.32-261.50 21.18 15 middle to 10-3, 82
zeolitic/biosiliceous nanno-foram early cm to 12-4
chalk; highly glauconitic mudstone Eocene
at base.
IVe Volcanic tuff interbedded with 261.50-388.70 127.20 55 early 12-5 to 26-
mudstone and marly mudstone Eocene 1, 20 cm
IVd  Micaceous sandstone with calcite 75.95 55 late 26-1, 20
cement 388.70-464.65 Paleocene cm to 34-
1, 15 cm
Ive Lapilli wff 464.65-479.50 14.85 55 early 34-1, 15
Eocene cm to
late 35,CC
Paleocene
Ivf Tuffaceous mudstone with minor 479.50-499.35 19.85 55 early 36-1 to 37-
tuff interbeds Eocene 5,35 cm
late
Paleocene
v Basalt 499.35-682.50 183 + early 37-5, 35
Eocene cm to 59
late
Paleocene

This increase in lithification is shown on the sonic log,
with a steady decrease in traveltime beginning at 161 m
sub-bottom, immediately below Core 3.

Subunit ITb: Section 553A-8-1 through Sample 553 A-
8-3, 130 cm (217.5-221.8 m sub-bottom). Age: middle
Miocene.

This subunit is primarily distinguished from the over-
lying sediments by the appearance of glauconite grains;
foraminifers are also more abundant. The base of the
unit is marked by a sharp, burrowed contact with the
underlying nannofossil-foraminiferal chalk. The lower
surface is marked by an unconformity, with NN2-4 miss-
ing (see Biostratigraphy section).

The principal characteristic of the subunit is the down-
ward gradual increase in glauconite content, from 1 to
2% at the top to around 15 to 20% at the base. Subse-
quently, the lithology grades downward from foraminif-
eral chalk and nannofossil-foraminiferal chalk to glau-
conitic-foraminiferal chalk, in association with a grad-
ual color change from bluish white (5B 9/1) through light
greenish gray (5GY 8/1) to greenish gray (5G 8/1). Bio-
genic silica, mainly sponge spicules, is also more con-
spicuous toward the base. The increase in glauconite
and biogenic silica corresponds with a decline in car-
bonate content, which decreases to 51% at the base of
the unit. The subunit is lithologically identical to Sub-
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unit IIb at Site 552 and the comments made on the gene-
sis of the glauconite at that site hold here also.

Unit III: Section 553A-8-3, 130 cm through Sample
553A4-9-6, 30 cm (221.8-234.8 m sub-bottom). Age: ear-
ly Miocene-late Oligocene.

This unit consists essentially of nannofossil forami-
niferal chalk with a downward increase in abundance of
palagonitized ash. The top of the unit is picked at the
sharp, burrowed contact with the highly glauconitic mid-
dle Miocene; the base is picked at the first downhole dis-
appearance of iron-smectite nodules. Both upper and
lower surfaces are marked unconformities, with NN2-4
missing above and NP17-24 missing below.

The dominant lithology of the unit is nannofossil fo-
raminiferal chalk, but palagonitized ash becomes more
common downwards, largely as disseminated particles.
The absence of direct ash fall units and the gradual down-
ward increase in palagonite abundance suggests that the
grains may be reworked from the underlying Eocene. In
the basal 45 cm, iron-smectite nodules up to 5 cm in di-
ameter occur, as well as dendritic manganese staining of
the sediment. Biogenic silica (mainly sponge spicules),
fish remains, and micronodules also occur in this sec-
tion, probably suggesting a period of slow deposition.
Carbonate content is consistently around 80% for the
unit.
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The sediment color varies from light greenish gray
(5GY 8/1) to white (5Y 8/2). Laminations of greenish
gray (5G 8/1) occur in the upper part of the unit, and
the lower part is extensively burrowed. The burrows are
mainly horizontal (Zoophycus, Chondrites, etc.), and
the fills are lighter in color than the surrounding sedi-
ment, generally in shades of white (5Y 8/1, 2.5Y 8/2).

Unit IV: Samples 553A-9-6, 30 cm to 553A-37-5, 35 cm
(234.80-499.35 m sub-bottom). Age: early to middle
Eocene.

This unit is dominated by the presence of volcanic
tuff and lapilli, although the background sediment type
varies widely, from biosiliceous nannofossil-foraminif-
eral chalk and zeolitic nannofossil-foraminiferal chalk
to mudstone, sandy mudstone, and sandstone. The back-
ground sediment type defines the six subunits into which
the unit can be divided.

The upper limit of the unit is marked by the down-
ward disappearance of iron-smectite nodules and the in-
crease in the ratio of biogenic silica to calcium carbon-
ate. The base is defined by the top of the basaltic flow
sequence.

Subunit I'Va: Samples 553A4-9-6, 30 cm to 10-3, 82 cm
(234.80-240.32 m sub-bottom). Age: middle Eocene.

Subunit IVa essentially consists of biosiliceous nan-
nofossil-foraminiferal chalk. Both upper and lower lim-
its are unconformities, the boundaries being marked by
burrowing. NP17-24 is missing above, and the underly-
ing hiatus comprises at least all of NP15. The sediments
range from pale brown (10Y 8/4) to pale yellow (2.5Y
8/4 and 2.5Y 7/4), with pale olive mottles (10Y 6/2) lo-
cally. This mottling results from the presence of pala-
gonitized ash in minor amounts.

The dominant components of the sediment are fora-
minifers and nannofossils, with common sponge spic-
ules and minor radiolarians and diatoms. Volcanic glass,
partly palagonitized, is a minor constituent. Detrital grains
and zeolites are absent; the clay mineral suite is con-
fined to smectite. Carbonate content is close to 70%.

The only visible sedimentary structures are burrows,
which are abundant throughout; they are mainly hori-
zontal (Zoophycus, Chondrites) and are generally paler
than the surrounding sediment, being mainly white (2.5Y
8/2 and 10Y 8/2). The absence of soft sediment defor-
mation structures, scours, and crossbedding and the ab-
sence of macrofossils suggests that this subunit was prob-
ably deposited in quieter and deeper waters than the un-
derlying sediments and probably in outer shelf depths.

Subunit IVb; Sample 553A 10-3, 82 cm to Section
553A 12-4 (240.32 m to 261.50 m sub-bottom). Age:
early-middle Eocene.

This subunit is dominated by volcanic tuff beds, which
occur throughout the subunit, reworked into and inter-
bedded with zeolitic nannofossil foraminiferal chalk. A
thinly bedded sequence of slightly silicified tuffs ap-
pears at the very top of the subunit, at the contact with
the unconformity below middle Eocene biosiliceous nan-
nofossil-foraminiferal chalk (Fig. 17).

In the lower part of the subunit there are tuffaceous,
highly glauconitic mudstones, the latter defining the base
of the subunit. This level is close to the level above which
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Figure 17. Unconformable contact between middle Eocene biosiliceous

nannofossil-foraminiferal chalk and thinly bedded slightly silici-
fied tuffs (Sample 553A-10-3, 77-110 cm).
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epidote and amphibole disappear from the heavy miner-
al assemblage.

The volcanic tuffs are generally fine-grained, although
scattered lapilli-size clasts occur in several units. The
tuffs are essentially vitric and of basaltic composition.
Alteration of the tuffs is relatively minor. Several tuff
units show grading, but intense bioturbation has caused
partial homogenization, destroying many original sedi-
mentary structures, The tuffs are generally greenish black
(5GY 2/1, 5G 2/1), dark olive gray (5Y 3/2), or dark
greenish gray (5G 4/1), but the tuffs present higher in
the sequences are higher in color (light olive brown,
2.5Y 7/4). Lapilli are generally light olive (10Y 5/4) pa-
lagonitized glass.

The background sediments are nannofossil-forami-
niferal chalks, often with a high zeolite (clinoptilolite)
and biogenic silica (largely spicules) content, but the in-
tense burrowing and mixing with the volcanogenic sedi-
ments have produced many transitional sediment types.
The nannofossil-foraminiferal chalks range from pale
yellow (5Y 7/4) through light olive brown (2.5Y 6/4) to
olive (5Y 5/3).

As already mentioned, burrows are extremely com-
mon, mainly horizontal (Zoophycus, Chondrites); some
excellent examples of echinoid feeding burrows are pres-
ent. Macrofossils are rare in the upper part of the sub-
unit but become more abundant in Core 13, where ser-
pulid worms, gastropods, bryozoans, and in situ bi-
valves occur.

The occurrence of scours, cross-laminations, and soft
sediment deformation (slumps, microfaults, and sedi-
mentary dykes) suggests a higher energy environment
and higher sedimentation rates than the overlying unit.

The heavy minerals in this unit are confined to augite
and iddingsite, indicating derivation from a basaltic land-
mass and suggesting a correlation of this subunit (and
the overlying one) with the entire Unit IV section at Site
552. The clay mineral suite is confined to smectite: car-
bonate content varies from 47% in the chalks to less
than 1% in the tuffs.

Subunit IVc: Section 12-5 to Sample 26-1, 20 ¢m
(261.50-388.70 m sub-bottom). Age: early Eocene.

This subunit is characterized by a greater amount of
volcanogenic material than the overlying sediments, and
by a difference in the background sediment: nannofos-
sil-foraminiferal chalk disappears and is replaced by sandy
mudstone, with the first appearance of common detrital
quartz. A change in the heavy mineral suite, to an epi-
dote-hornblende association, also takes place close to
this level. The lower boundary is marked by the vertical
disappearance of volcanogenic sediment and change to
sandstone.

The tuffs are generally fine- to medium-grained, al-
though scattered lapilli occur throughout and in several
cases are sufficiently abundant for the units to be termed
lapilli tuffs. Tuffs are generally greenish black (5GY
2/1, 5G 2/1) grading to olive gray (5Y 4/1), and many
display fining-upward tendencies, although burrowing
often obscures this trend. Volcanic glasses are of basic
and intermediate compositions. The lapilli show a wide
range of lithology, from palagonitized glass (greenish
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black, 5G 2/1), to basalt (black N9 to dark olive gray
5Y 3/2), reddened basalt (dusky red 2.5YR 3/2) and,
most common, vesicular pumice (olive gray 5Y 4/1).
The frequency of tuff-lapilli beds is variable, with two
maxima: one in Cores 12 to 16 (characterized by thick
tuff-lapilli units) and another near the base (Cores 21 to
26) marked by abundant relatively thin tuffs with occa-
sional thick lapilli units. Zeolites are often associated
with these tuff units: clinoptilolite, chabazite, analcite,
and phillipsite have been recognized in smears and by
XRD.

The background sediment is also highly tuffaceous,
probably through reworking of tuff units and bioturba-
tion. Nevertheless, they are essentially terrigenous mud-
stones and sandy mudstones, with a gradual downward
increase in sand content.

Heavy minerals are abundant, particularly hornblende
and epidote; first-cycle derivation from the metamor-
phic basement of South Greenland seems likely. Clay
minerals group as 100% smectite in tuff beds and as il-
lite-smectite-kaolinite in the terrigenous sediments, the
former representing alteration products of volcanic glass
and the latter the detrital suite. Disseminated carbona-
ceous material occurs throughout, often concentrated in
laminae. The carbonate content is low, invariably less
than 4%, except in concretionary horizons.

Foraminifers, calcareous nannofossils, diatoms, and
spicules are rare, but the macrofauna is often abundant,
particularly bivalves, gastropods, and serpulids. Bivalves
are generally thin-shelled, but in Core 19 thick-shelled
oysters are present, suggesting higher energy conditions
and/or closer proximity to shore.

Burrowing is often extensive, horizontal burrows (Zoo-
phycus, Chondrites) still the most common, and echi-
noid feeding burrows were noted. Burrows are often py-
ritized or calcite-cemented, and calcite concretions also
occur frequently at the bases of graded volcanic units.

Scouring, cross-laminae, and intraclasts provide evi-
dence for fairly strong current activity, and the common
occurrence of slumps testifies to the rapid sedimentation
rate. The sediments probably accumulated in an inner-
shelf environment, possibly becoming brackish at times.

Subunit IVd: Sample 553A-26-1, 20 cm to 553A-34-1,
15 cm (388.70-464.65 m sub-bottom). Age: early Eo-
cene/late Paleocene.

Subunit IVd consists largely of feldspathic, micaceous,
slightly tuffaceous sandstones, which in the lower part
of the subunit are commonly calcite-cemented. These
concretionary horizons caused the poor core recovery
from Cores 27 to 33. The top of the unit is marked by
the sudden decrease in abundance of tuff beds, and the
base by the reappearance of volcanogenic material. The
sandstones are highly micaceous (up to 15%) and highly
feldspathic (quartz:feldspar being approximately 60:40);
they possess identical heavy mineral and clay mineral as-
semblages compared to those of the overlying subunit.
The nontuffaceous sandstones are light gray (N6); those
with some tuffaceous content are greenish black (5GY
2/1). Little evidence of sedimentary structures can be
found in the meager pieces of core recovered, but some
show extensive burrowing. In view of the coarse-grained



nature of the sediment, the subunit is perhaps best re-
garded as the culmination of the coarsening downward
trend observed in Subunit Ve, and was probably depos-
ited in a similar environment.

Subunit I'Ve: Samples 553A-34-1, 15 cm to 553A-35,CC
(464.65-479.50 m sub-bottom). Age: early Eocene/late
Paleocene.

This subunit wholly consists of lapilli tuffs, the up-
per contact being marked by the change from calcite-ce-
mented sandstone and the lower by the appearance of
tuffaceous mudstone. The lapilli tuffs are not graded,
possibly because of bioturbation, although burrows are
not conspicuous. They are olive black in color (5Y 2/1),
although some horizons are calcite-cemented, and are
largely composed of basaltic lapilli up to 2 cm diameter,
some showing alteration haloes. The groundmass con-
sists largely of glass, partially altered to trioctahedral
smectites (saponite) and zeolites (analcite).

Subunit IVf: Sections 553A-36-1 to 553A-37-5, 35 cm
(479.50-499.35 m sub-bottom). Age: early Eocene/late
Paleocene.

This subunit is dominated by tuffaceous mudstone
with volcanic tuff and lapilli interbeds: its upper limit is
defined by the downhole appearance of tuffaceous mud-
stone, and its base by the top of the basalt flow sequences.

Tuffaceous mudstone is the most common lithology,
varying from very dark grayish brown (10YR 3/2) to
dark grayish brown (10YR 4/2) and brown (10YR 5/3).
Little quartz or feldspar is present, and the clay mineral
assemblage is limited to dioctahedral smectites. Dissem-
inated carbonaceous matter, pyrite framboids, and bio-
genic material, including diatoms, foraminifers, and cal-
careous nannofossils, are present.

Examination of smear slides reveals that the mud-
stone is practically wholly formed of altered volcanic
material, but it is so distinct from the interbedded tuffs
and lapilli that it is here termed tuffaceous mudstone.
Direct ash-fall volcanogenic sediments are a fairly mi-
nor constituent of the subunit, and rarely show grading,
possibly because of bioturbation. They are greenish black
in color (5GY 2/1, 5G 2/1) and are commonly of coarse
tuff or lapilli size. Basaltic glass is the most common la-
pilli type. Zeolites (clinoptilolite, chabazite, and anal-
cite) are commonly associated with the tuffs.

The subunit is extensively burrowed throughout, with
several burrow margins showing alteration to palagonite
and pyrite. Burrows are generally horizontal. There is
little evidence of current activity: where the sediments
have not been thoroughly bioturbated, fine laminations
occur, indicating a quiet, possibly lagoonal, deposition-
al environment. The macrofauna consists of thin-shelled
bivalves, gastropods, and serpulids. Carbonate content
is again low (around 1%) except in calcite-cemented ho-
rizons which frequently occur in the tuff units.

At the base of the subunit, however, a very strongly
cross-bedded (up to 15°) coarser-grained sandy tuff unit
is developed, containing slump structures and a clast of
mudstone similar to those above (Fig. 18). This unit
may be a basal transgressive deposit overlying the ba-
salt. The contact with the underlying basalt is sharp,
and no reddening of the sediment has taken place, un-
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Figure 18. Strongly cross-bedded coarse sandy tuffs rest disconfor-
mably on subaerial basalt (Section 553A-37-5).
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like Site 552, suggesting either a different mode of em-
placement (subaerial rather than submarine) or the pres-
ence of a hiatus between basalt eruption and the deposi-
tion of the overlying sediment.

BASALT LITHOLOGY

Site 552

Hole 552 encountered iron-rich tholeiites below Eo-
cene sediments from 282.7 m below the seafloor (Sec-
tion 552-21-3) to 290.60 m (Core 552-23-2) and proba-
bly to total depth at 314 m. A single basalt flow was
present in the sampled section, which may be divided in-
to two subunits on a lithological basis.

Subunit Va: Section 552-21-3 to Sample 552-21,CC
(282.70 to 284.00 m sub-bottom).

This consists of relatively fine-grained, dark gray to
grayish black phyric vesicular basalt. One small pillow
was observed. Several plagioclase laths (up to 3 mm) are
visible in hand specimens. Vesicles up to 5 mm in diame-
ter are common (although less so than in Subunit Vb),
forming about 10% of the whole rock. They are largely
unfilled and have plagioclase laths fluxioned around them.

Thin sections show that the basalt consists of com-
mon labradorite and rare augite phenocrysts set in an
extremely altered groundmass composed of small pla-
gioclase laths and clay with abundant fine-grained
opaques scattered throughout. The plagioclase forms
two distinct grain-size populations. XRD indicates that
the clay is smectite (saponite) and the opaques are py-
rite. Well-crystallized saponite also occurs as a lining to
the vesicles but rarely wholly infills them.

Subunit Vb: Sections 552-22-1 to 23-2 (284.00 to
290.60 m sub-bottom).

This subunit is distinguished in hand specimen from
the overlying unit by its coarser grain and the presence
of infilled vesicles. The vesicles range up to 8 mm in di-
ameter and are abundant throughout the section, form-
ing up to 15% of the whole rock. Although large (up to
3 mm) plagioclase laths are visible in hand specimens,
thin sections show that the plagioclase does not form
two distinct grain-size populations as it did in the over-
lying subunit. The plagioclase is labradorite (Ang), and
the laths are frequently fluxioned around the vesicles.
Augite is again uncommon and only occurs in signif-
icant amounts in the thin section from Sample 22-2,
2 cm where it forms 5% of the whole rock. However, in
all sections, from this and the overlying unit, there is
abundant evidence of replacement of augite by clays, in-
dicating its original presence as a major phase. Opaques
are common, and up to 50% occur in crystals up to
0.5 mm in size which show the distinctive skeletal form
commonly displayed by ilmenite. However, in reflected
light the opaques show a brassy yellow color indicating
that they are composed of pyrite; it seems likely that
these are pseudomorphs after pyrite, possibly via an in-
termediate leucoxene stage. The groundmass is again
largely smectite which also infills vesicles. Fibrous cal-
cite occurs rarely as fracture fills.

This variation in lithology essentially results from the
more rapid cooling at the top of the basalt flow. Subunit

Va thus represents the fine-grained cooled margin and
Subunit Vb the main body of the flow. Alteration ap-
pears to become less intense lower in the flow and there-
fore is related to downward fluid migration.

Shallow-water extrusion of the basalt is suggested by
the marine origin of the overlying sediments and by the
presence of the small pillow.

Site 553

In Hole 553A, basalt was encountered at 499.35 m.
Below this depth a sequence of basaltic lava flows were
drilled and cored to total depth at 682.5 m (thickness
183.0 m), with an average recovery of 53.23%. The de-
scription of the lava flows given here is based primarily
on megascopic, thin section, and XRD studies made by
the shipboard scientists using additional data from the
downhole logs, paleomagnetic studies, and a prelimi-
nary petrographic description by Harrison and Merri-
man (pers. comm.). This account should be regarded as
very preliminary, and the reader is also referred to the
reports in this volume of full petrological and geochemi-
cal studies made ashore.

Basalt Lithostratigraphy

The sequence of basalts drilled and cored in Hole
553A has been divided into three subunits (Fig. 19A)
from the physical and magnetic properties data and the
downhole logs. No major petrographic differences are
apparent between the units. The principal differences
seem to relate to the presence or absence of sediments
between flows or the degree of development of weath-
ered scoriaceous tops to the flows, flow thickness, their
cooling history (revealed by differences in their magnetic
properties; see Krumsiek and Roberts, this volume), and
the degree of fracturing. In addition, ferri-celadonite and
the abundance of vesicle clasts varies downsection but
not apparently in relation to subunit boundaries.

Subunit Va: Cores 553A-37 to 44, thickness 61.0 m
(499.35 to 562.0 m sub-bottom).

The unit (Fig. 19A) consists primarily of a sequence
of tholeiitic basaltic lava flows characterized by scoria-
ceous or agglomeratic tops. Although nine flow units
were identified in the cored section, the resistivity log
suggests that as many as 12 flow units may be present.
Increased gamma response at the top of the flow units
may indicate tuffs, weathering, or possibly sediments.

An average lava flow is sketched in Figure 19A and
B. The upper part of the flow consists of a reddened or
purple gray scoriaceous vesicular basalt or basaltic ag-
glomerate that passes downward with a decrease in the
red color into a medium gray (N5) vesicular phyric ba-
salt in which vesicles are commonly lined with light
green (5G 5/2) celadonite or smectite. The scoriaceous
or agglomerate top consists of lithic angular to suban-
gular fragments of vesicular basalt commonly showing
fracturing, penetration, and corrosion by the deeply red-
dened groundmass, which consists of small angular lith-
ic fragments; open vesicles lined with celadonite are com-
mon in the groundmass. The reddening decreases down-
ward, and the contact with the underlying basalt is tran-
sitional. The underlying basalt surface is penetrated by
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the overlying groundmass of the agglomerate into which
fragments of the basalt have been incorporated. The ba-
salt is characterized by abundant open and infilled vesi-
cles but becomes massive and much less vesicular down-
ward. Abundant clasts of vesicular basalt, commonly
showing resorption rims, are present in both the overly-
ing vesicular and the underlying less-vesicular basalt.
The more massive parts of the flow show a well-devel-
oped cooling fabric that tends to be associated with a
decrease in vesicularity. The fabric is most commonly
horizontal to subhorizontal but is sometimes vertical or
inclined at a high angle. The latter sets are sometimes
sharply cut off by the horizontal fabric. Where best de-
veloped, the fabric is typically spaced at about 0.3 to 0.5
c¢m and commonly braided. In general, the fabric sharply
decreases as does groundmass grain size toward the base
of the unit, where the basalt again becomes more vesicular.
Shrinkage cracks occur sparsely in the massive basalt.
The basal part of the flow is characterized by the ap-
pearance of sparse large vesicles marking the start of a
downward increase in vesicle abundance and decrease in
size that merges with the basal aphanitic vesicular
chilled margin of the flow. In several flow units, the pro-
portion of phenocrysts increase toward the drilled mar-
gin, Trachytic textures are common.,

Vuggy and open vesicles occur throughout each lava
flow, varying in abundance as described above. Filled
vesicles typically have a black lining of smectite (Mg-
saponite) around a dusky green core of ferri-celadonite.
Vugs are also lined with smectite, which is intergrown
with the calcite and quartz crystals forming the center
of the vug. Sparse veins lined with smectite intergrown
with quartz and calcite are also present (Section 553A-
42-3) but show no evidence of displacement.

Two small pebbles of grayish green (5G 5/2) chert
containing ferri-celadonite in quartz and low cristobal-
ite were found in Section 553A-40-1. This silica also
contained minor amounts of native copper and may rep-
resent precipitation from cooling hydrothermal solutions.

Massive basalt

Base of flow

IZm

Figure 20. Correlation between logs and lithology in a single flow unit,
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Native copper is also present in vesicle fillings in Sample
553A-46-4, 58 cm.

Downhole logs through this interval are characterized
by seven prominent peaks in the gamma log. These lie
directly below the basal part of individual flows shown
by the SFLU log (Fig. 20). These high gamma zones also
correlate with low sonic velocities. Although recovery
was poor in these zones, correlation of the cored section
with the logs suggests that the high-gamma, low-sonic
zone possibly corresponds to the scoriaceous weathered
tops of the flow tuffs or unrecovered sediments above.
Typically, the flows, as in the other subunits, show a de-
crease in porosity down-flow with a sharp increase in
the vesicular zone above the base that is matched by an
increase in density and then a decrease towards the base
of the flow (Fig. 20). The resistivity log also shows di-
vergence of the ILD and ILR logs which may indicate
fracturing of the thicker flows. This is particularly so in
the case of Core 43 and reflects the obvious veining in
Sections 4 and 5.

Subunit Vb: Cores 553A-45 to 50, thickness 52.5 m
(562.0-614.5 m sub-bottom).

The subunit (Fig. 19) is defined on the basis of the
lower gamma response and the absence of prominent
peaks in the gamma curve. Magnetic measurements in-
dicate low susceptibilities and high intensities. Five lava
flows have been identified in the unit from the resistivity
log and four were recovered in the cores. Rarity of in-
creasing gamma response at the top of flows suggests
that sediments, tuffs, or weathered zones are sparse.
Flows within the unit are all tholeiitic. Glomerophyric
and trachytic textures are common throughout.

The top of the subunit is defined by the deeply red-
dened vitric tuff found in Section 553A-45-1. In its up-
per part, the tuff is predominantly composed of glass
with small lithic fragments. Vertical structures within
the tuff may be gas escape structures. Dark reddish gray
(10R 3/1) and dark reddish brown (SBG 3/2) laminae at
a millimeter scale are common. Grading is present

Hole 553A.



(Fig. 21) in the upper part of the tuff. Angular and
convoluted contacts are also present. The red color de-
creases downward to become very dark (N3) with sparse
red patches. The contact with the underlying basalt flow
is sharp, and the basalts is chilled, suggesting that the
tuff may be subaqueous. The underlying basalt is varie-
gated in color from weak red (2.5YR 4/2) to dark green-
ish gray (5GY 4/1). The latter occurs in irregular patch-
es or infilling vesicles and may be smectite or ferri-
celadonite. The groundmass is also deeply altered and
reddened. Below this thin (50 ¢cm) basalt is the grayish
red purple (SRP 4/2) to medium gray (N4) scoriaceous
agglomeratic top of the underlying lava flow. The vesic-
ular agglomerate consists of angular to subangular red-
dened fragments of vesicular basalt that are fractured as
well as penetrated and corroded by the reddened ground-
mass that consists of small angular to subrounded frag-
ments of vesicular basalt. The reddening decreases down-
ward and the contact with the underlying basalt is tran-
sitional, consisting of a fractured surface penetrated by
the groundmass of the overlying agglomerate.

Individual flows within Subunit Vb show comparable
lithologies to those of Subunit Vc. Below the scoria-
ceous agglomerate tops, vesicular (open and filled) me-
dium gray phyric basalts pass downward to sparsely ve-
sicular basalts. Within the uppermost part of the vesicu-
lar basalt are present spectacular flow structures that are
emphasized by flattening of the vesicles (Sample 553A-
45-3, 100-120 cm). Evidence of late stage viscous defor-
mation is shown by a small recumbent fold in Sample
553A-45-4, 95-105 cm. Vertical gas escape structures
(Fig. 22) are present in Core 4, Section 4. These struc-
tures consist of a zone of phyric medium gray basalt
with sparse vesicles in contact with highly vesicular ba-
salt. The phyric basalt decreases in grain size toward the
contact with the vesicular basalt, which is commonly
marked by a resorption rim.

Below the highly vesicular upper part of the flow,
vesicles become typically filled and less abundant. Small
vugs (up to 1 cm) infilled with chalcedony and calcite
and lined with black smectite are present. In that zone
horizontal and vertical foliation become abundant, com-
monly displaying sharply cross-cutting contacts (Fig. 23).
Toward the base of the flow, large open vuggy vesicles
become more abundant, and in the last 20-30 cm, vesi-
cles increase rapidly in abundance while rapidly decreas-
ing in size; gas escape structures are present (Fig. 24). In
this interval, vesicles show a strong vertical orientation,
and the lowermost part of the flow is commonly aphyric
and appears to be chilled. Large rounded fragments of
vesicular basalt (1 to 5 cm), often showing reaction (re-
sorption?) rims, occur commonly through each flow. A
reddened zone 10 cm thick (in Sample 553A-48-2, 15-25
c¢m) contains red mineral grains that may be iddingsite
or goethite-hematite. The lava flow in Cores 45 and 46
is nearly complete and is shown together with the resis-
tivity, sonic, and density-porosity logs in Figure 20.

It should be noted that a significant gamma response
is only rarely observed at the top of each flow in Unit
Vb compared to Va. One explanation is that a weathered
(i.e., clay-rich) zone is not always present at the top of

SITES §52-553

Figure 21. Hyaloclastite bed in Subunit Vb (Sample 553A-45-1, 20-50
cm). Glass and small lithic fragments comprise hyaloclastite and
are in sharp contact with the underlying basalt.
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100l— - _ Figure 23. Horizontal and vertical cooling fabric exhibiting sharp cross

cutting contacts. Small vugs lined with smectite and unfilled by
chalcedony and calcite are present (Sample 553A-46-2, 0-30 cm).

Figure 22. Strongly vesiculated basalt exhibiting vertical gas escape
structures (Sample 553A-46-4, 70-100 cm).
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Figure 24. Large near vertical gas escape structures developed toward
base of lava flow (Sample 553A-46-6, 20-50 cm).
each flow. Divergence between the ILD and ILM logs
indicates fracturing in the flow units. Minor horizontal _
and inclined (50-80°) fractures, the latter sometimes show- 40
ing evidence of d.lsp lacement (e.g., §ect10ns 553A_4§'3 Figure 25. Well-developed fracture vein unfilled with smectite and brec-
and 47-3), occur in several of the units. One 1-cm-wide ciated basalt; induration of vein is approximately 80° (Sample
fault in Core 553A-49-6 (Fig. 25), which is infilled by 553A-49-6, 0-40 cm).
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smectite around brecciated basalt clasts and affects the
scoriaceous top of the underlying flow, can be clearly
seen at 2941.0 m on the resistivity log.

Subunit Ve: Cores 553A-51 to 59, 68.0 m thickness.
(614.5 to 682.5 m total depth sub-bottom).

Subunit Vc is characterized by its stronger gamma re-
sponse and an increase in susceptibility and intensity of
magnetization with depth. Interpretation of the resistiv-
ity log suggests that 13 or 14 flows are present, and 14
were identified in the recovered core. In contrast to Sub-
unit Vb, individual flows are thinner (1-6 m) and are
characterized by more slickensided fracturing than Sub-
unit Vb. The top of the unit may correspond to the top
of the suite of dipping reflectors below the topmost re-
flector of the sequence. The flows are composed of tho-
leiitic basalts.

Individual flows typically consist of an upper grayish
red (SRY 4/2) to blackish red (SR 3/2) vesicular, scoria-
ceous agglomeratic basalt; vesicles are typically lined with
dark dusky green (5BG 3/2) or dark greenish gray (5GY
4/1). In the thicker more massive flows, vesicularity de-
creases as a typically strong foliation is developed. Hori-
zontal foliations are commonly spaced at 0.5 cm and
show streaking of pyroxenes. Vertical and steeply in-
clined foliation cross-cutting the horizontal set is com-
mon. In the thinner flow units, vesicles occur through-
out, increasing in abundance toward the base of the flow.
The basalt is commonly labradorite-augite glomerophyr-
ic. Fracturing associated with well-developed slicken-
sides is common throughout. The fractures are typically
inclined at between 30 and 80°. Slickensides, often asso-
ciated with fibrous pale olive (10Y 5/4) calcite, are in-
clined both parallel to and obliquely to the fault surfac-
es. Veins along the fractures are infilled with smectite
and calcite and occasionally brecciated basalt (e.g., Sec-
tion 553A-59-3). Vesicles within the flows are commonly
concentrated into thin bands (cm scale) that variously
show grading and inverse grading in vesicle size. These
bands show sharp contacts with a markedly less vesicu-
lar basalt in which en echelon lenticular veins of smec-
tite are common. Large clasts of vesicular lava showing
resorption rims occur sporadically throughout. Some
large vesicles are vuggy and infilled with quartz and cal-
cite.

Igneous Petrography

Forty-nine thin sections were made from the section
at Site 553. On a petrographical basis and from X-ray
mineralogy three major lithotypes can be identified: (1)
tholeiitic basalt, (2) lithic volcanic breccia (scoria), and (3)
vitric tuff.

1. Tholeiitic basalt. By far the most frequently en-
countered lithotype is the basalt, which shows little vari-
ation in composition over the entire section (except in its
degree of alteration, discussed later). The basalts are es-
sentially orthophyric-hypidiomorphic, but in a number
of cases there is a minor phenocryst phase, rarely ex-
ceeding 5% of the whole rock. Prismatic labradorite,
often zoned, up to 5 mm length, and subhedral augite,
up to 0.5 mm in length, both occur as phenocrysts (less
than 1 mm), and then very rarely, being confined to
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three flow units only (11, 17, 18). In most cases the phe-
nocrysts are nucleated (glomerophyric texture); individ-
ual crystals often display strained extinction or even frac-
turing. In several flow units the proportion of pheno-
crysts increases toward the base (excluding the chilled
lower margin), suggesting the operation of a differential
settling mechanism.

The groundmass of the unaltered basalt is essential-
ly composed of plagioclase (Ansg ;) laths, augite (Mgy;_47
Fej;7_5Cas3_36), and magnesium pigeonite (Mgs,Fe;4Ca,,)
subhedra and magnetite euhedra (Harrison and Merri-
man, this volume): grain size varies considerably de-
pending on the position of the sample in the flow. In the
finer-grained chilled margins, plagioclase rarely exceeds
0.03 mm, and augite and titanomagnetite 0.01 mm, but
in the main mass of the flow plagioclase reaches 0.4 mm,
augite 0.15 mm, and titanomagnetite 0.2 mm. Evidence
for the order of crystallization is often ambiguous; pla-
gioclase and augite probably crystallized almost simul-
taneously, with titanomagnetite slightly later. Minor late
stage interstitial phases are glass (now completely al-
tered to smectite), quartz, and K-feldspar. In several flow
units (11, 12, 13, 14, 17) green brown fibrous hornblende
mantles and partially replaces augite, and shows late stage
reaction during crystallization.

The general paucity of olivine both as a phenocryst
and groundmass phase, and the absence of analcime
and nepheline, indicates that the basalts are of tholeiitic
type, although several characteristic features of tholeiites
are lacking, for example exsolution lamellae in the clino-
pyroxene. Further shore-based work on the petrography
and phase chemistry are required for formal nomencla-
ture.

Groundmass textures are mainly a result of the habits
of the plagioclase. Most sections reveal trachytic or sub-
trachytic texture, and several from chilled margins reveal
a variolitic arrangement of the laths, indicating rapid
crystallization (e.g., Sample 553A-50-3, 3-26 cm). Some
basalts, particularly those higher in the sequence, dis-
play distinct textural and mineralogical variations over
small distances; boundaries between two distinct areas
may be both sharp and gradational in the same section
(e.g., Samples 553A-40-2, 55 cm and 41-1, 112 cm). These
variations appear to be the result of incorporation of
earlier formed basaltic material into the flow, with par-
tial remelting and homogenization along the margins of
the “xenoliths.”

Most of the basalts are vesicular to some extent, al-
though vesicles are considerably more abundant toward
the top and at the very base of flow units. Vesicles are
either partially or completely infilled with well-crystal-
lized smectite, toward the top of flow units celadonite
may also be developed, often infilling vesicles rimmed
with smectite. Celadonite development is obviously a
later stage phenomenon than smectite.

Most of the basalts show alteration features to some
extent: in all cases glass and olivine are completely ar-
gillized, olivine pseudomorphs often being mantled by
opaques. An unidentified reddish mineral is also often
associated with the olivine pseudomorphs and may be
either iddingsite or a ferric-oxide phase (goethite-hema-



tite). Toward the top and in the chilled base of flow units
more advanced alteration occurs. Both augite and pla-
gioclase are visibly affected, augite more extensively than
plagioclase, with the development of poorly crystallized
smectite. The opaque phase also shows some alteration,
developing reddish margins (goethite-hematite). Second-
ary opaque development (of uncertain mineralogy)
characterizes the most highly altered basalts and is dis-
seminated through the smectite phase.

Veins were encountered in two basalt sections, one
consisting of length-fast chalcedony and pseudo-oolitic
and dendritic goethite, the other of fibrous radiating
calcite.

2. Lithic volcanic breccia. Five thin sections (Sam-
ples 553A-43-1, 62 cm; 45-4, 20 cm; 47-4, 101 cm; 55-2,
77 cm; and 67-1, 60 cm) are characterized by the pres-
ence of large angular fragments of altered basalt partial-
ly cemented by authigenic clays of subaerial(?) origin.
The basalt fragments are commonly vesicular and con-
sist largely of relatively small (0.05 mm) plagioclase laths
set in a groundmass which is either wholly opaque or
composed of smectite (well-crystallized saponite) with
abundant disseminated finely divided opaque minerals.
Plagioclase laths often display a variolitic habit, sug-
gesting that the clasts are derived mainly from rapidly
cooled basaltic lava.

The absence of glass or palagonite in, and of sedi-
ment interbedded with, the breccia strongly suggests that
the breccia did not form in the submarine environment
but rather by in situ fragmentation in a subaerial envi-
ronment.

3. Vitric tuffs. Two sections (Samples 553A-45-1, 43
cm and 56-1, 73 cm) are characterized by an abundance
of volcanic glass shards. The shards consists of brown
basaltic glass and are often elongate and streaked out,
although many display typical shard morphology. There
is no suggestion of welding.

In Sample 553A-45-1, 43 cm, the vitric material is
dominant (90%) with only minor lithic grains of basal-
tic affinity (plagioclase laths set in an opaque ground-
mass) and of plagioclase crystals, but Sample 553A-56-1,
73 cm contains a higher proportion of lithic material,
some of which may be related to the scoriaceous top of
the underlying lava flow.

Alteration of the tuffs is minor although develop-
ment of authigenic smectite (iron-rich beidellite and non-
tronite) and hematite has occurred. This is in sharp con-
trast to the volcanogenic material in the overlying ma-
rine sediments (see Sediment Lithology), where most of
the glass has altered to glauconite or saponite. This is
strongly suggestive of a subaerial origin for the tuffs de-
scribed here and is in accord with the subaerial origin of
the basalts, although a subaqueous origin cannot be to-
tally excluded in the grounds of chemical alteration.

Basalt Alteration—Preliminary Results

Two stages of alteration occur in the basalt recovered
in Hole 553A, Cores 38 to 46.

1. Hydrothermal alteration, developed in a subma-
rine environment or more probably in relation to the lat-
est stage of consolidation of magma. Secondary prod-
ucts such as quartz, calcite, and clay minerals line or
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wholly infill vesicles or fractures. Quartz is the main
component, with minor low cristobalite in two pieces of
“chert” located at the top of the Core 40, and, with cal-
cite, of the fracture infilling in Sample 553A-42-2, 20-24
cm. Calcite infills vesicles, lined with black clay materi-
al, mostly in the vesicular upper part of the basalt flow.
Ferri-celadonite occurs only in vesicles and its abundance
decreases from top to bottom in the basalt flow. It is as
well crystallized as a mica, and its habit is different from
the ferri-celadonite which has been reported from oce-
anic basalts (Kempe, 1976). Well crystallized black and
green smectites (Mg-saponites) are widespread in the ba-
salt flow, mostly in the middle to lower part and infill
vesicles and fractures. These preliminary observations do
not show a change in the chemical composition of smec-
tites with color. Paleotemperature estimates obtained by
oxygen isotope analyses of the clay minerals indicates
that crystallization was at about 100°C for the Mg-sa-
ponite and 40°C for the celadonite (Desprairies et al.,
this volume).

2. Subaerial weathering occurs in volcanogenic sedi-
ments interbedded with the lava flows. XRD analyses
show, both in the matrix and in the rock fragments, pri-
mary minerals (augite, feldspars, magnetite-ilmenite) and
secondary products (hematite, ferri-celadonite, diocto-
hedral and trioctahedral smectites). Some of the latter
(ferri-celadonite, trioctahedral smectite (i.e., well-crys-
tallized Mg-saponite) are apparently inherited from the
previous “hydrothermal” stage. However, hematite and
a part of the smectite (dioctahedral smectites, i.e., non-
tronite) are poorly crystallized. This, together with a
larger amount of ‘“amorphous” matter, suggests sub-
aerial weathering. This weathering would then be super-
imposed on the earlier hydrothermal stage.

BIOSTRATIGRAPHY

Site 552

Hole 552 was spot-cored to a depth of 108 m, and
continuously rotary drilled and cored to a total depth of
314 m below seafloor. Hole 552A was continuously pis-
ton cored to a total depth of 183.5 m. The late Neogene
and the early Eocene units represent apparently contin-
uous deposition. The transition from preglacial to fully
glacial conditions in the Northern Hemisphere is record-
ed in Hole 552A, and it occurred approximately 2.4-2.5
m.y. ago. The whole glacial sequence appears to be com-
plete, although Core 6 was severely disturbed and not
suitable for analysis. Periods of glacial conditions in the
Northern Hemisphere are recorded as marls and inter-
glacial conditions as oozes. The marls are to a large ex-
tent composed of material of continental origin, thus re-
flecting the transport of this material by icebergs or pos-
sibly, sea-ice, to the oceanic location of Site 552. The
alternating climatic and depositional regimes during late
Pliocene and Pleistocene times have profoundly affected
the abundance and preservation of the microfossil as-
semblages, phenomena which are discussed at length in
other places in this volume.

Throughout the Neogene sequence deposition took
place at depths similar to that of the present-day sea-
floor (2301 m).
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Not surprisingly, the HPC-cored Hole 552A recov-
ered a more complete sequence across the Miocene-Eo-
cene transition. Approximately half a meter of Oligo-
cene nannofossil-foraminifer chalk was recorded in the
lowermost part of Core 36. A big manganese nodule
was found in the top part of Section 552A-37-1. This
nodule rests on a mixture of nannofossil-foraminifer
chalk and zeolitic mudstones that show severely disturbed
stratigraphic relationships.

The only well-established biostratigraphic assignment
in Section 552A-37-1 comes from a thin (about 2 c¢cm)
bed of chalk within the zeolitic mudstone at the bottom
of the section. This chalk contains coccoliths referable
to Zone NP15 (CP13b Chiasmolithus gigas Subzone)
(Okada and Bukry, 1980). This is the only definite sedi-
ment of NP15 age recorded during Leg 81. In the upper
part of Section 37-2 the biostratigraphic relationships
become ordered again, indicating Zone NP14. Hole 552A
ends in sediment of NP14 age, whereas the oldest sedi-
ments in Hole 552 appear to be close to the NP10/NP11
boundary.

Calcareous Nannofossils

Hole 552

Neogene

Core 552-1 was retrieved from the mudline. Sample
552-1,CC shows a late Pleistocene nannofossil assem-
blage lacking Pseudoemiliania lacunosa, thus placing
this sample in Zone NN20 or 21; the assignment is un-
certain because of the difficulty of determining the pres-
ence or absence of Emiliania huxleyi using light micro-
scope techniques.

The NN15/NN16 boundary is present between 48 and
100 cm in Core 2-1.

Continuous coring was performed from Core 3, 108
m down to Core 25 at 314 m. Core 21 is the lowermost
core containing nannofossils. The Neogene/Paleogene
boundary coincides with a marked change in lithology
in Core 8.

Zone NNI11 of the upper Miocene encompasses the
interval from Sample 552-3-1, 11 cm down to 7-2, 20 cm.
Discoaster quinqueramus was observed in all investigated
samples in that interval. Rare specimens of Amaurolith-
us primus and A. tricorniculatus were observed in Sam-
ple 552-4,CC, which indicates that this sample is of Mes-
sinian age (late late Miocene). Dropstones were found in
the top of Core 7. The sediments adjacent to these errat-
ics contain Pliocene (Discoaster tamalis, Ceratolithus ru-
gosus) contaminants. The first occurrence of Discoaster
berggrenii occurs between Samples 552 7-2, 20 cm and
552-7-4, 19 cm. The NN10/NN11 boundary thus occurs
between those two samples. Sample 7,CC shows a dis-
coaster association indicative of Zone NN10: Discoaster
bellus, D. calcaris, D. loeblichii, D. pentaradiatus, and
D. prepentaradiatus.

Samples 552-8-1, 110 cm and 8-2, 21 cm show essen-
tially identical assemblages, with presence of taxa such
as Cyclicargolithus abisectus, C. floridanus, Coccoli-
thus miopelagicus, and Discoaster exilis. The last two

68

species become extinct within Zone NN8 (Bukry, 1973).
According to Muller (1981) the first two become extinct
in Zone NN6. Furthermore, Sphenolithus heteromor-
phus is not observed, thus suggesting that these two
samples belong to Zone NN6. The last occurrence of S.
heteromorphus is between 552-8-2, 21 ¢m and 8-3, 20
cm, indicating the NN5/NN6 boundary. Zone NNS is
present down to 552-8-4, 40 cm, based on the presence
of 8. heteromorphus and absence of Helicosphaera am-
pliaperta. A hiatus of approximately 25 m.y. duration is
present in 552-8-4, 40 cm, which separates the overlying
middle Miocene sediments from the middle Eocene sed-
iments underneath the unconformity.

Paleogene

The Paleogene sediments in Cores 552-8 through 21
are predominantly of early Eocene (NP11 through NP14)
age and show poorly preserved assemblages with abun-
dant nannofossil fragments. The central area cross struc-
tures in the chiasmoliths are, for example, commonly
completely dissolved. A sample taken from immediately
below the unconformity (Sample 552-8-4, 45 ¢cm) con-
tains common or abundant Cyclicargolithus pseudo-
gammation, Chiasmolithus expansus, and Reticulofe-
nestra umbilica, which suggest that this sample belongs
to Zone NP16 (the CP14a Discoaster bifax Subzone of
Bukry, 1973; Okada and Bukry, 1980). Sample 8,CC
does not contain Reticulofenestra umbilica (R. dictoy-
oda is abundant), but the discoaster association in this
sample (Discoaster keupperi, D. nonaradiatus, D. sub-
lodoensis), and the presence of Nannofetrina cristata,
indicates Zone NP14. Discoaster septemradiatus and D.
keupperi were observed in 9,CC. The presence of the
former taxon suggests that this sample may be referred
to NP14 (Muller, 1979). Discoaster distinctus, D. sublo-
doensis and N. cristata are present in 10,CC, again indi-
cating Zone NP14 (Bukry, 1973; Romein, 1979).

No sediments were recovered from Core 11.

The last occurrence of Tribrachiatus orthostylus, which
defines the NP12/NP13 boundary, is in Section 14-2 be-
tween 28 and 56 cm. Zone NP13 is thus represented be-
tween 10,CC and 14-2. Discoaster lodoensis has its first
occurrence between 18-1, 81 cm and 18-2, 24 cm. This
datum event defines the NP11/NP12 boundary, which
implies that Zone NP12 is represented by the interval
between Sections 552-14-2 and 18-1. Within Zone NP12,
the first occurrence of reticulofenestrids (Section 15-1)
and the last occurrence of Toweius occultatus (Section
16-1) were observed. Basalt was encountered in Sample
21-3, 65 cm. In Sample 21-3, 39 cm the first occurrence
of Tribrachiatus orthostylus was observed. This event
closely approximates the NP10/NP11 boundary (e.g.,
Okada and Thierstein, 1979). In Samples 552 21-3, 60
cm T, orthostylus was not observed, whereas Ellipsoli-
thus macellus, not present higher in the sequence, oc-
curs. Since the last occurrence of the latter species and
the first occurrence of the former species are, at most,
separated by one core in any hole drilled in the Rockall
area (Leg 48, Sites 403, 404; Leg 81, Sites 552, 553, 554,
555), this may suggest that we are observing the true
first occurrence of T. orthostylus in Sample 552-21-3,



39 cm. Consequently, the few tens of centimeters of sed-
iments lying on top of the basalts are probably very
close to the NP10/NP11 boundary.

Preservation is generally poor, primarily because of
partial dissolution but to a lesser extent because of sec-
ondary overgrowth of calcite, in the lower Eocene part
of Hole 552. It is particularly evident in the interval be-
tween Cores 19 and 21, where the frequency of cocco-
liths is also low. In fact, the frequency is so low below
Core 14 that it is very difficult to make estimates of rela-
tive abundances of the various taxonomic components.

Hole 5524

Neogene

Cores 1 through 7 represent the Pleistocene. The Pli-
ocene/Pleistocene boundary is placed at the extinction
level of D. brouweri. The late Pleistocene stratigraphy is
excellently resolved by the oxygen isotope stages (see
Zimmerman et al., this volume). However, the last oc-
currence of Pseudoemiliania lacunosa (the NN19/NN20
boundary) is in Section 552A-2-3 between 49 and 60 cm.
A small gephyrocapsid species, approximately 1 to 3 ym
in length, shows a bloom in Sample 552A-4,CC; possi-
bly indicating Gartner’s (1977) “small Gephyrocapsa
Zone.” Gartner suggested that the upper boundary of
that zone falls within the Jaramillo paleomagnetic event
(0.91-0.97 m.y. ago). Calcidiscus macintyrei has its last
occurrence between 70 and 90 cm in Section 552A-7-1.

The whole sequence of late Pliocene discoaster ex-
tinctions is represented in Hole 552A: Discoaster brou-
weri (plus its triradiate form), D. pentaradiatus, D. sur-
culus and D. tamalis.

Last Zonal (Core-Section,
Taxon occurrence boundary level in cm)
Discoaster LO NNI18/NN19  B-1, 30 to 8-1, 40
brouweri
D. pentaradiatus LO NN17/NN18  9-2, 120 to 9-3, 20
D. surculus LO NN16/NN17  9-3, 40 to 9-4, 10
D. tamalis LO — 10-1, 20 to 10-1, 90

Core 13 is disturbed and was therefore neglected for
biostratigraphical purposes. Reticulofenestra pseudoum-
bilica s.str. drastically decreases in abundance at the very
top of Core 14, although stray specimens were observed
in higher cores. The fact that Discoaster tamalis is pres-
ent in the top part of Core 14, but not further down, in-
dicates that the drastic decrease of R. pseudoumbilica
probably represents the extinction level of this species
(see Backman and Shackleton, 1983), and hence the
NNI15/NN16 boundary, with the few specimens in the
higher cores being reworked.

Amaurolithus primus and Discoaster asymmetricus co-
occur in Sample 552A-16,CC, indicating that this sam-
ple belongs to Zone NN14. Zone NN13 is indicated in
Sample 18,CC by the presence of Ceratolithus rugosus.
Ceratolithus acutus is present in Sample 22,CC. Accord-
ing to Haq and Berggren (1978) this species has its first
occurrence within Zone NN12. Since its last occurrence
approximates to the NNI2/NNI13 boundary, Sample

SITES 552-553

22,CC may be placed within Zone NN12. Very rare and
poorly preserved specimens of Discoaster quinqueramus
are present in Sample 552A-26,CC, but this species is
common in 27,CC, placing the NN11/NN12 boundary
between 26,CC and 27,CC. This further implies that
the Miocene/Pliocene boundary can be placed between
26,CC-27,CC and 22,CC. Zone NN11 is identified down
to Sample 32,CC.

Samples 33,CC and 34,CC both belong to Zone NN10,
because of the presence of Discoaster bellus, D. loebli-
chii, D. neohamatus, and D. pseudovariabilis.

Sample 35,CC is assigned to Zone NN7, which is
based on the presence of Discoaster kugleri and Cocco-
lithus miopelagicus, and the absence of Cyclicargolithus
abisectus and C. floridanus. The middle Miocene Zone
NN7 is represented from 552A-35,CC to the hiatus at
552A-36-3, 139 cm.

The Neogene-Paleogene Transition and the Paleogene

A clear lithologic change occurs in Core 552A-36-3,
139 cm. The coccoliths at 130 cm are dominated by
Coccolithus pelagicus, but they also show a fairly diver-
sified discoaster association, including Discoaster bollii,
D. exilis, D. kugleri, and D. moorei; thus placing this
sample in Zone NN7. An entirely different assemblage
characterizes the 141 cm level, with abundant Zygrhab-
lithus bijugatus, Coccolithus pelagicus, and Cyclicargo-
lithus abisectus, and common Chiasmolithus altus, Dic-
tyococcites bisectus, and D. hesslandii. Two specimens
of Sphenolithus distentus were observed. Cyclicargo-
lithus abisectus has its first evolutionary appearance at
the NP23/NP24 boundary according to Muller (1979),
and since S. distentus is also present the 141 cm level
represents Zone NP24. This indicates the presence of a
hiatus at the 139 ¢cm level encompassing approximately
12 m.y.

Considerable lithological changes and signs of inten-
sive burrowing characterize the Paleogene sediments, es-
pecially in Sections 552A-36-3 and 37-1. The investiga-
tion of a series of closely spaced samples (5 to 20 cm
apart) in Sections 36-3 and 4, 37-1 and 2 clearly depict a
highly disordered stratigraphic sequence. Samples in Sec-
tions 36-3, 36-4, and 36,CC mainly give Oligocene ages
(Zones NP21(?), NP22(?), NP23, and NP24). Samples
in Sections 37-1 and 2, down to the 66 cm level, contain
a mixture of Eocene and Oligocene coccoliths. It is not
considered meaningful to establish an ordered stratigra-
phy in the above-mentioned samples. Apart from the
Oligocene taxa mentioned above, major elements in the
disordered sequences are: Chiasmolithus expansus, C.
oamaruensis, C. solitus, Cruciplacolithus delus, Cycli-
cargolithus floridanus, Discoaster bifax, D. distinctus,
D. kuepperi, D. sublodoensis, Ericsonia fenestrata, He-
licosphaera bramlettei, Isthmolithus recurvus, Reticulo-
fenestra daviesi, R. hillae, and R. umbilica. It is note-
worthy that one sample in 552A-37-1, 138 cm shows
coccoliths characteristic of Zone NP15, which is the on-
ly definite NP15 encountered in the Leg 81 material.
Chiasmolithus gigas and Nannotetrina alata are present
in that sample, thus indicating the (CP13b) C. gigas
Subzone of Okada and Bukry (1980), i.e., the middle
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part of Zone NP15. Zone NP14 is represented from
Samples 552A-37-2, 66 cm down to 38,CC; Discoaster
sublodoensis and Nannotetrina cristata are present in
most samples investigated in this interval.

A severely corroded specimen of Discoaster barbadi-
ensis was observed from the sedimentary nucleus of a
relatively large manganese nodule (Sample 552A 37-1,
20 cm).

Planktonic Foraminifers

Hole 552

Core-catcher 1 was the only Pleistocene sample taken
in Hole 552. The diagnostic planktonic foraminifers in
Sample 552-1,CC are Globorotalia truncatulinoides, G.
inflata, G. hirsuta, Neogloboquadrina pachyderma (left
coiled), and Globigerina bulloides cariacoensis.

Core-catcher 2 is from the upper Pliocene (N217).
The diagnostic planktonic foraminifers include Neoglo-
boquadrina atlantica and Globorotalia puncticulata, both
of which become extinct in the late Pliocene. Sample
552-3,CC appears to be from the lower Pliocene-upper
Miocene interval, but there is nothing definitive on which
to assign a specific age. The Neogloboquadrina plex-
us overwhelms the planktonic foraminiferal population,
whereas Globorotalia puncticulata, G. margaritae, and
G. conoidea are absent.

Core-catchers 4 and 5 appear to be from the upper
Miocene because of the presence of Globorotalia con-
oidea, which is characteristic of the upper Miocene in
the Rockall area (see Hole 552A). The coiling change in
the Neogloboquadrina plexus from left coiled above to
right coiled below occurs between Samples 6,CC and
7,CC. At or below the coiling change the diversity of
the planktonic foraminifers increases and more warm-
water species appear, such as Globigerinoides obliquus,
G. quadrilobatus, Sphaeroidinellopsis seminulina, and
Globigerinopsis aquasrayensis.

Core-catcher 8 may be in the middle Eocene because
Globigerina eocaena, Acarinina sp. cf. A. spinuloinfia-
ta, and Pseudohastigerina sp. cf. B micra are present.
However, from Sample 9,CC to the lowest foraminiferal
sample in Core 21, Section 2 the age of the sediments
appears to be early Eocene. This age assignment is based
on the occurrence of Pseudohastigerina wilcoxensis, Aca-
rinina sp. cf. A. broedermanni, A. pseudotopilensis, A.
sp. cf. A. soldadoensis, Globigerina patagonica, and
Globorotalia sp. cf. G. lensiformis.

Hole 5524

The Pleistocene section can be separated from the
Pliocene on the basis of planktonic foraminifers, and it
can be divided into an upper and lower part. In general
the Pleistocene in this hole can be characterized by the
dominance of Neogloboquadrina pachyderma (in the
broad sense), the abundance of left-coiled N. pachyder-
ma, the presence of Globorotalia inflata, and a quite
variable population of Globigerina bulloides with sev-
eral named “subspecies” or forms. The upper part of
the Pleistocene can be distinguished by the general pres-
ence of large, well-developed Globorotalia truncatuli-
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noides. This species is absent in the lower part of the
Pleistocene section.

The Pliocene in Sample 552A-9,CC is distinguished
by the absence of Globorotalia inflata and by the pres-
ence of its ancestor G. puncticulata. Sample 9,CC also
contains the last occurrence of Neogloboguadrina atlan-
tica, a strong if not dominant component of the plank-
tonic foraminiferal assemblage through most of the up-
per Miocene and Pliocene. The Pliocene planktonic fo-
raminiferal assemblage is noteworthy for its apparent
stability and lack of diversity. Going down the section
the Pliocene assemblages can be characterized thus: at
the top of the Pliocene, Globorotalia crassaformis (rare)
with sporadic occurrences of G. crassula and G. praehir-
suta are characteristic (probably broadly equivalent to
Blow’s N21). Globorotalia crassaformis, G. crassula, and
G. praehirsuta apparently do not occur in the lowest up-
per Pliocene (upper N19).

The top of lower Pliocene can be defined, using plank-
tonic foraminifers, on the first downhole encounter of
Globorotalia margaritae (within N19 of Blow and PL2
[top] of Berggren). There is a short concurrent range
zone of G. margaritae and G. puncticulata between Sam-
ples 552A-16,CC and 19,CC, below which G. puncticu-
lata is not found. The lower limit of the Pliocene cannot
be defined yet on the basis of planktonic foraminifers.
Globorotalia margaritae may range down into what must
be the upper Miocene (N17) in core-catchers 25, 26, 30,
and 31. However, the possibility that some of these
forms are those of the ancestor form Globorotalia ci-
baoensis cannot be excluded. The only species that may
possibly be useful in delimiting the top of the Miocene
is Globorotalia conoidea, which does not appear to
range into the Pliocene in this area. In this regard it is
pointed out that the first definite downhole occurrence
of G. conoidea is in Sample 23,CC. Therefore, Sample
23,CC possibly represents the top of the Miocene based
on planktonic foraminifers.

The planktonic foraminiferal assemblages in the up-
per part of the upper Miocene (N17) are just as stable
and lacking in diversity as the overlying Pliocene assem-
blages. The only new and consistently present additions
to the assemblage appear to be Globorotalia acostaensis
and Globigerina parabulloides. Globorotalia cibaoensis
and G. conoidea occur sporadically and in low abun-
dances throughout most of the upper Miocene. Globo-
rotalia conoidea, however, makes its highest consistent
appearance in core-catcher 28 and is found through
34,CC. The lowest reasonably certain appearance of G.
cibaoensis is in 31,CC. The coiling change in the Neo-
globoquadrina plexus occurs between Samples 32,CC
and 33,CC.

Tentatively Sample 552A-35,CC is considered to be at
the base of the upper Miocene (N16). This is based on
the presence and abundance of Neogloboquadrina cf.
acostaensis and N. continuosa, with perhaps some N.
cf. atlantica and N. dutertrei humerosa. Sample 35,CC
also contains G. panda, G. mayori, G. challengeri, and
G. miozea miozea all of which do not occur higher than
the middle Miocene. Therefore, it appears that Sample
35,CC contains a reworked and mixed upper and middle



Miocene assemblage. Furthermore, there is definite re-
working in Sample 36,CC where the great bulk of the
planktonic foraminiferal specimens are of middle Mio-
cene age. Sample 36,CC also contains Globigerina angi-
poroides which is diagnostic of late Eocene and Oligo-
cene age. The middle Miocene faunal components of
Sample 36,CC include Globorotalia panda, G. miozea
miozea, G. fohsi peripheroronda, Globorotaloides va-
riabilis, Globoguadrina dehiscens, Sphaeroidinellopsis
seminulina, Globigerina wood, G. pseudociperoensis, G.
parabulloides, Globigerinoides obliquus, and G. cf. sub-
quadratus, suggesting a zonal range of N9 to N12,

Samples 37,CC and 38,CC were barren of planktonic
foraminifers.

Benthic Foraminifers

Hole 552

The Neogene is represented by Samples 552-1,CC to
7,CC. All are characterized by a Planulina wuellerstorfi
fauna which includes Cibicidoides kullenbergi, Oridor-
salis umbonatus, and Epistominella exigua. In the early
Pliocene and late Miocene (2,CC to 6,CC) additional
forms include Globocassidulina subglobosa, Laticarini-
na pauperata, and Brizalina subaenariensis. In 3,CC and
4,CC Bulimina alazanensis and Ehrenbergina serrata
are present. All these assemblages are characteristic of
North Atlantic Deep Water at lower mesobathyal depths,
i.e., similar to the present site depth (2301 m). The
planktonic:benthic ratio is 99:1 or 98:2, and the plank-
tonic tests are large.

Within Core 8 there is a major hiatus between the
late Miocene above and the middle Eocene below.

The middle Eocene is represented by Samples 552-
8,CC to 10,CC. Preservation is poor to moderate in
8,CC, poor in 9,CC, and moderate in 10,CC. Dissolu-
tion has affected these assemblages; there has been al-
most total loss in 9,CC, and in 8,CC and 10,CC the
planktonic:benthic ratio (37:63 in each case) has proba-
bly been changed through preferential loss of plankton-
ic tests. Nevertheless, benthic diversity is high in 8,CC
(e<20) and moderate in 10,CC (oc14).

Sample 552-8,CC is dominated by Nodosaria spp. and
Cibicidoides spp., and although these forms are present
in 10,CC the dominant species are Oridorsalis ecuador-
ensis and Alabamina wilcoxensis. By analogy with Hole
552A, this represents a depth greater than 700 m.

The early Eocene assemblages also have poor to mod-
erate preservation. The planktonic:benthic ratio varies
from 38:62 to 65:35. If these are true ratios, i.e., unaf-
fected by dissolution modification, they would indicate
some degree of isolation from the open ocean. The ben-
thic assemblages are strongly dominated by Anomali-
noides howelli (20%), and this suggests shelf sea depths,
probably middle shelf (75-100 m). The moderate diver-
sity values of o<12-14 are in accordance with this and
show the salinity to be normal. There are a few rare oc-
currences of Elphidium hiltermanni and Protelphidium
sp., which are indicative of not too distant brackish
waters.
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Hole 552A

The Neogene section, from the topmost Pleistocene
(Core 1) to the middle Miocene (Core 36), is character-
ized by the Planulina wuellerstorfi fauna, including among
others Osangularia umbonifera, Epistominella exigua,
Oridorsalis umbonatus, Cibicidoides kullenbergi, and
Melonis spp.

Two kinds of faunal differentiation can be observed:
(1) the strong decrease in abundance of some species
(Stilostomella spp., Bulimina alazanensis) from late Mi-
ocene peaks, and the disappearance of others (Globo-
cassidulina subglobosa, Ehrenbergina serrata, E. trigo-
na, and Brizalina subaenariensis) within Cores 10 and 9
at the onset of “glacial” conditions. Cassidulina teretis
is present only in the “glacial” late Pliocene part of the
section. (2) The quantitative composition of the fauna
undergoes strong fluctuations, which occur more or less
regularly beginning at least in the late Miocene (Core
30). The amplitude of these fluctuations increase in Cores
10 (“pre-glacial” late Pliocene) and 9 (*“‘glacial” late Pli-
ocene) without showing a distinct reaction to the first
occurrence of ice-rafted sediments at the base of Core 9.
A further increase in the amplitude of faunal fluctua-
tions, and an increase in cycle length, occurs in the late
Pleistocene (Core 3).

The diversity of the benthic fauna is very high in
Sample 552A-1,CC (o<30) and is generally high (ec20-
24) throughout the Neogene. However, there are some
lower values. In Cores 2,CC, 3,CC, 4,CC, and 9,CC,
the low values may be indicative of some instability in
the bottom water related to the glacial-interglacial cy-
cles. There is no obvious explanation for the lower val-
ues in 28,CC and 30,CC, but those of 35,CC and 36-2,
100 cm probably reflect the establishment of the new
fauna above the hiatus. The high diversity of 1,CC re-
flects the presence of fragile species which are normally
destroyed fairly early in diagenesis.

The planktonic:benthic ratio is 99:1 throughout and
indicates open ocean conditions. The presence of the
Planulina wuellerstorfi fauna suggests the existence of
North Atlantic Deep Water and depths greater than
1500 m. The general rarity of Sigmoilopsis schiumber-
geri indicates depths greater than 2200 m, while the
presence of Epistominella exigua in abundances of less
than 20% (except in 4,CC; 26%) suggests depths of less
than 2900 m.

There is a major hiatus in Core 36 between the mid-
dle Miocene and the late Oligocene and in Core 37 be-
tween the latter and the middle Eocene.

The late Oligocene assemblages bear some similarity
with those of the middle Miocene. The dominant groups
are Nodosaria-Stilostomella spp., Gyroidinoides spp.,
Globocassidulina subglobosa, and Osangularia spp. Al-
so present are Oridorsalis umbonatus, O. ecuadorensis,
Bulimina alazanensis, and Spiroplectammina spectabi-
lis. This is clearly a bathyal assemblage and may repre-
sent a depth of at least 1500 m. The planktonic:benthic
ratio is high and the benthic diversity is moderate to
high (oc13-24).
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The middle Eocene assemblages, like those of Site
552, have undergone dissolution, and this has probably
modified the planktonic: benthic ratio to a greater or
lesser extent. The preservation of the benthic forms is
generally moderate to good but is poor in Samples
552A-37-2, 137 cm; 37,CC; 38-1, 62 cm; and 38,CC.
The assemblages have the following species in common:
Nodosaria-Stilostomella spp., Gyroidinoides spp., Ala-
bamina wilcoxensis, Pullenia quingueloba, and Lentic-
ulina spp. Samples 552A-37-1, 65 and 137 cm also have
Spiroplectammina spectabilis, Nuttallides truempyi, Gave-
linella semicribrata, and Trifarina cuneata. This sug-
gests epibathyal depths greater than 700 m (cf. Site 116,
Berggren and Aubert, 1976). Nuttallides truempyi ex-
tends down to Sample 552A-37,CC and probably the re-
mainder of this section is epibathyal. The diversity val-
ues are moderate, o<11-13.

Samples 552A-37-1, 65 and 137 c¢cm have essentially
the same fauna as Sample 552-8,CC although the depth
of recovery is not exactly the same: at Hole 552, 165 m;
at Hole 552A, about 174 m (see Operations).

The thin Paleogene succession of Holes 552 and 552A
is not only condensed but also reveals the rapid subsi-
dence which was taking place here.

Diatoms

Hole 552

Rare to common diatoms occur in lower Eocene
through upper Pliocene sediments at Site 552. Preserva-
tion is poor to good, with Eocene sediments generally
being dominated by robust forms. Index species are rare,
and thus age control throughout the Neogene of Hole
552 is poor.

Core 1 contains rare nondiagnostic fragments. Core 2
is correlated with the Nitzschia jouseae Zone represented
in Cores 552A-10 through 16. This age assignment is
supported by the presence of Thalassiosira convexa var.
aspinosa and Thalassiosira oestrupii. Nitzschia jouseae
is presumed to be ecologically excluded from this sam-
ple.

The occurrence of 7. convexa var. aspinosa and Tha-
lassiosira miocenica without T, oestrupii allow the place-
ment of Cores 3 through 4-2 into the late Miocene por-
tion of the Thalassiosira convexa Zone. The base of this
zone coincides with a dissolution interval which is rec-
ognized at all sites. In Hole 552 this dissolution interval
occurs from Cores 4 through 9. One specimen of Tri-
ceratium castelliferum was observed in Sample 552-8,CC,
suggesting an Eocene age.

Few moderately preserved Eocene diatoms are pres-
ent in Cores 10 and 12 (Core 11 had no recovery). The
presence of T. castelliferum and Stephanopyxis gruno-
wii without the Pyrgupyxis, Trinacria, and Screptroneis
groups which locally are common within sediments as-
signed by nannofossils control (see Hole 553A) to the
early Eocene suggest a different environment of deposi-
tion or a different age. The common occurrence of sev-
eral species of Arachnoidiscus as well as abundant radi-
olarians and sponge spicules within these samples sug-
gest an outer shelf environment.
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Except for Cores 14 and 21, all other samples exam-
ined are barren of diatoms. Cores 14 and 21 are late Pa-
leocene-early Eocene in age based on the occurrence of
Pyrgupyxis prolongata, Trinacria pileolus, Trinacria ex-
cavata, T. excavata var. tetragona, Rhizosolenia inter-
posita, and Screptroneis sp. Numerous varieties of Ste-
phanopyxis are common throughout this interval.

Hole 5524

Cores 1 and 2 contain a well-preserved diatom assem-
blage, including such species as Pseudoeunotia doliolus,
Rhizosolenia bergonii, Hemidiscus cuneiformis, Thalas-
siosira oestrupii, and Nitzschia panduriformis. These sam-
ples are assigned to the Pleistocene Pseudoeunotia do-
liolus Zone.

The interval from the last occurrence of Nitzschia
Jjouseae to the first occurrence of P doliolus, which de-
fines the Nitzschia marina Zone, is found in Core 3
through Core 10, Section 2. The diatom slides examined
within the main part of this zone (Cores 3 to 8) contain
a distinct dissolution interval composed of ice-rafted de-
tritus. The extinction of Thalassiosira convexa s. ampl.
in Core 9 indicates that this interval is in the lower por-
tion of the Nitzschia marina Zone and is late Pliocene in
age.

Sections 552A-10-2 through 16-4 contain common,
moderately to well-preserved diatoms. This interval is
assigned to the Pliocene Nifzschia jouseae Zone based
on the presence of N. jouseae. The extinction of Nirz-
schia cylindrica in Section 552A-17-1 supports this age
assignment. The assemblage throughout this interval is
dominated by Thalassionema nitzschioides and Thalas-
siothrix longissima. Other species present include Nitz-
schia reinholdii, Nitzschia fossilis, Coscinodiscus no-
dulifer, Thalassiosira leptopus, Thalassiosira convexa s.
ampl., Thalassiosira oestrupii, and Hemidiscus cunei-
Sformis.

The interval from Sample 552A-16,CC through Core
28 is placed in the Thalassiosira convexa Zone based on
the occurrence of T. convexa, N. cylindrica, and Rhizo-
solenia barboi. The first occurrence of Thalassiosira oes-
trupii, which is slightly younger than the Miocene/Plio-
cene boundary (5.3 m.y. ago), occurs in Core 21. Also
supporting this boundary placement are the extinctions
of Thalassiosira miocenica in Core 22 and Thalassiosira
nativa in Core 21.

Cores 29 and 30 are assigned to Subzone b of the
Nitzschia miocenica Zone of Burckle (1972, 1977) based
on the presence of Thalassiosira praeconvexa below the
first occurrence of Thalassiosira convexa and Thalas-
siosira miocenica. The interval of dissolution, which co-
incides with the base of this zone at all sites, occurs in
Core 31 through Core 37, Section 2. Fragments of Ac-
tinocyclus ingens in Sample 552A-36-3, 30-32 cm sug-
gest a middle Miocene age.

Core 37, Section 3 through Core 38 are Eocene in
age, and contain an assemblage similar to that found in
Cores 552-10 through 12. Additional species observed
include Melosira clavegirea, Pterotheca danica, and Tri-
ceratium sp. Sponge spicules are common throughout
this interval.



Radiolarians

Site 552 presented moderately well-preserved, fairly
abundant radiolarian assemblages from the Quaternary,
Pliocene, upper Miocene and Eocene.

In the upper Pliocene and Pleistocene, Cores 552-1
and 552A-1 through 11, radiolarians are poorly preserved,
rare, and diluted with nonbiogenic components. Many
samples in this interval are barren of siliceous fossils.
The only age-diagnostic event observed was the extinc-
tion of Stylatractus universus (0.425 m.y ago, Morley
and Shackleton, 1978) between Samples 552A-1-3, 53-
54 cm and 552A-2-2, 122-124 cm.,

Radiolarians are more abundant and better preserved
in the lower Pliocene to upper Miocene Core 552-2
through Core 6, Section 4 and Core 552A-10 through
Core 31, Section 1. The last occurrence of Stichocorys
peregrina occurs between Samples 552A-13,CC and
552A-14-1, 30-31 cm. This datum appears lower than
expected, and the species is very rare at the top of this
range. The evolutionary transition of S. delmontensis to
S. peregrina happens between Samples 552A-29-3, 54-55
c¢m and 30,CC.

Below the evolutionary transition of S. delmontensis
to S. peregrina, there is an interval of approximately 30 m
(Cores 552-7 through 9, and Sections 552A-31-3, through
37-1), in which radiolarians are all or nearly all dis-
solved. The shallow-water Eocene sediments of the re-
maining cores contain rare to common radiolarians di-
luted with large sponge spicules. Lophocyrtis norve-
giensis, Pterocodon ampla, and Phormocyrtis striata
striata are common components of the middle Eocene
assemblage in Cores 552-10 and 552A-37 through 38.
Cores 552-12 through 21 contain fewer radiolarians but
in Section 552-18-2, there are some rather corroded tests
that appear to be lower Eocene forms Amphicraspedum
murrayanum and Pterocodon lex, and Sample 552-21-3,
47-49 cm contains the lower Eocene species Buryella
tetradica.

Dinoflagellates

The dinoflagellate stratigraphy of the Eocene of Hole
552 was studied by Brown and Downie (this volume):
their results are summarized here. The dinoflagellate zo-
nation used is that devised by Costa and Downie (1979).

Core 18 contains Dracodinium condylos and is re-
ferrable to Zone II. Cores 14 to 16 contain assemblages
dominated by Polysphaeridium zohari, equating with
Zone III. Core 13 is barren of palynomorphs. Core 12 is
marked by the first occurrence of Homotryblium oce-
anicum and is therefore referred to Zone IV. Cores 8 and
9 are barren of palynomorphs.

Throughout Zones II to IV the percentages of pollen
and spores never exceed 35%, and terrestrial organic de-
bris is very sparse, indicating that during this time the
shoreline was relatively distant.

Site 553

Pleistocene sediments were recovered in the mudline
core (Hole 553) and the four HPC cores of Hole 553B
(28.5 m). Glacial-interglacial contrasts are evident from
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the alternations of nannofossil-foraminifer oozes and
darker marls. However, severe drilling disturbance of
most of these cores has degraded their biostratigraphic
value. Discontinuous rotary drilling (Hole 553A) recov-
ered Pliocene (65.5 to 113 m) and late Miocene (151.0 to
160.5 m) sediments. Continuous coring commenced be-
low 179.5 m. The mid to late Miocene boundary was
reached at 200 m (Core 6), the mid to early Miocene
boundary at 221.75 m (Core 8), and the early Miocene
to late Oligocene boundary at 231.6 m, within Core 9.
This Neogene section, however, is incomplete since most
of the early Miocene is absent, and represented by a hia-
tus in Core 8.

Calcareous microfossils are usually abundant and are
moderately well preserved in the Neogene sequence of
nannofossil-foraminifer oozes. Siliceous microfossils, on
the other hand, have been dissolved to various degrees,
with radiolarians being somewhat less susceptible than
diatoms: radiolarians are absent from Cores 4 and 5 on-
ly, whereas diatoms are missing or too poorly preserved
for diagnosis from Cores 2 through 6. In the short sec-
tion of mid-Miocene glauconitic foraminifer oozes and
early Miocene nannofossil-foraminifer chalk (Cores 8
and 9, principally) preservation and abundance improves
somewhat. Benthic foraminifers indicate that depth of
deposition throughout the Neogene took place at depths
very close to the actual depth of this site (2329 m).

The 3.25-m-thick section of upper Oligocene fora-
minifer oozes is rich in moderately well-preserved cal-
careous and siliceous microfossils and was probably de-
posited in an environment that continued into the ear-
ly Miocene. Manganese nodules and stains at the base
of this section, perhaps indicative of an incipient hard
ground, suggest that initial sedimentation may have been
slow.

A major unconformity encompassing the entire early
Oligocene, late Eocene, and part of the middle Eocene
occurs at 234.8 m (Section 553-9-6). The thin interval
(6 m) of middle Eocene sediment may have been depos-
ited in depths greater than 750 m. In these sediments, si-
liceous biogenic debris is found in great abundance and
the planktonic foraminiferal fauna is almost monospeci-
fic. A lesser unconformity separates the upper middle
Eocene from the lower middle Eocene at 240.5 m (Sec-
tion 553-10-3), which is characterized by poorly devel-
oped planktonic foraminiferal faunas, abundant but most-
ly poorly preserved biogenic silica, a great increase in
volcanogenic sediments, and a decrease in the depth of
deposition to probably 100-180 m by Core 553-11,CC.
Sediments in Cores 553-14 to 25 contain a rich macro-
fauna of bivalves, gastropods, bryozoans, echinoids, and
serpulids. In the early Eocene and late Paleocene mud-
stones, radiolarians, and planktonic foraminifers are
absent, diatoms are rare or altered beyond recognition,
and calcareous nannofossils are absent or poorly pre-
served. Benthic foraminifers in the interval above the
basalt to 11,CC indicate a migration of the shoreline
seaward, resulting in brackish lagoons or estuaries. At
times of reduced sedimentation, the sea transgressed
landward, resulting in an increase in depth to around
100 m, but throughout much of the early Eocene sedi-

73



SITES 552-553

mentation and subsidence more or less kept pace with
one another.

Calcareous Nannofossils

Hole 553

One core was retrieved from Hole 553, the core catcher
sample from which contains an assemblage indicative of
Zones NN20-NN21. Pseudoemiliania lacunosa is miss-
ing in this sample (1,CC).

Hole 5534

Major Unconformities

Thirty-seven cores were retrieved from the sedimenta-
ry sequence overlying the basalts in Hole 553A. The Ne-
ogene is represented in Cores 1 through 9-4, 90 cm. The
nannofossils indicate the presence of an unconformity
encompassing a major part of the early Miocene within
Core 8-3. The Miocene/Oligocene boundary is present
in 9-4. Sediments of late Oligocene age (primarily NP25)
are represented in Cores 9-4, -5, and -6. A major hiatus
occurs in Core 9-6 between 25 and 35 cm (25 cm: NP25,
late Oligocene; 35 cm: NP16, middle Eocene). Anoth-
er Paleogene unconformity occurs between Core 10-3,
100 cm (NP16, upper part of middle Eocene) and the
130 cm level in the same section (NP14: lower part of
middle Eocene). Cores 11 through 24 are all of early Eo-
cene age (NP14 to NP10). Only 4.5 cm of sediment sep-
arates the base of NP12 from the base of NP11, indicat-
ing a hiatus. Samples 24,CC through 36,CC are barren.
Core 37 probably represents the early Eocene (Zone
NP10), although a late Paleocene assignment cannot be
excluded.

Neogene

A sample from Sample 553A-1,CC shows a late Plio-
cene (NN16) nannofossil assemblage with abundant Dic-
tyococcites productus, common Coccolithus pelagicus,
rare Discoaster pentaradiatus and D. surculus, and an
absence of Reficulofenestra pseuodumbilica. Core 2 is
also referred to Zone NN16, again with Dictyococites
productus and Coccolithus pelagicus as dominant forms,
but with the addition of Calcidiscus leptoporus as a
common member of the assemblage. The very rare spec-
imens of R. pseudoumbilica observed are considered to
represent reworking. Sample 553A-3,CC shows a rela-
tively sparse late Miocene (NN11) assemblage, composed
of approximately ten species, in contrast to the fairly di-
versified early Pliocene assemblage in Core 2 (17-19
species). Discoaster quingueramus is present in Core 3,
indicating Zone NN11. The presence of Discoaster de-
corus indicates, however, that Sample 3,CC probably is
very close to the NN11/NN12 boundary.

Continuous coring began with Core 4. Cores 4 through
7 are of late and middle Miocene ages. Dictyococcites
perplexus is the dominant taxon in Cores 4 and 5,
whereas Reticulofenestra pseudoumbilica, Coccolithus pe-
lagicus, and D. perplexus are common to abundant in
Cores 6 and 7. The central opening size among the spec-
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imens of R. pseudoumbilica are in general compara-
tively small (implying thick collars) in these cores. Sam-
ple 4,CC is placed in NN10 on the presence of Discoas-
ter bellus and D. neohamatus (no D. quinqueramus).
The assemblage in 5,CC is essentially the same as in
4,CC and is therefore referred to Zone NN10. Coccoli-
thus miopelagicus and Helicosphaera intermedia are
present in 6,CC. The latter form has its last occurrence
at the top of Zone NN7. Since Cyclicargolithus abisec-
tus and C. floridanus are not present, Sample 6,CC is
referred to Zone NN7. In 7,CC C. abisectus and C. flo-
ridanus are present, and Sphenolithus heteromorphus is
absent, which suggests Zone NN6 (see Miiller, 1981).
Two samples in Core 8, Section 3 (83 cm and 125 c¢cm)
contain S. heteromorphus, thereby indicating Zone NNS5.

The glauconite content gradually increases in Section
8-3 toward a maximum at 130 cm. The sediments at
125 cm, 5 cm above the lithological change, belong to
NN5. At 135 cm the nannofossils are represented by
abundant Cyclicargolithus floridanus, common Zygrhab-
lithus bijugatus, few Coccolithus pelagicus, Helicosphae-
ra obliqua, Triquetrorhabdulus carinatus, and rare Chi-
asmolithus altus and Pyrocyclus orangensis: an assem-
blage indicative of earliest Miocene times (NN1-NN2).
The diatom and radiolarian biostratigraphy of Hole 553A
indicates that the sequence immediately below the un-
conformity in Sample 553A-8-3, 130 cm should be re-
ferred to Zone NN1. The last appearance of Dictyococ-
cites bisectus closely approximates to the NP25/NN1
boundary at high latitudes (Bukry, 1973) (see Site 552).
That extinction event occurs in Section 9-4 between 5
and 15 cm, thus placing the Oligocene/Miocene bound-
ary at this level.

Paleogene

A major hiatus occurs in Section 9-6 between 25 and
35 cm. The 25-cm level contains abundant Cyclicargo-
lithus abisectus, C. floridanus, Coccolithus pelagicus,
common Dictyococcites bisectus, Reticulofenestra daviesi,
few Helicosphaera euphratis, Discoaster deflandrei and
rare Chiasmolithus altus, Helicosphaera intermedia, Sphe-
nolithus moriformis, Pyrocyclus inversus, and Zygrhab-
lithus bijugatus. According to Miiller (1979, see also Site
552) Cyclicargolithus abisectus has its first occurrence
close to the NP23/NP24 boundary, which suggests that
the 25-cm level in Section 9-6 may be referred to either
Zone NP25 or NP24, although an uppermost NP23 as-
signment cannot be excluded.

The upper middle Eocene is present in Section 9-6
from 35 cm to 10-3, 70 cm. Chiasmolithus nitidus and
C. solitus are abundant in this unit. Reticulofenestra
dictyoda, R. umbilica, Rhabdosphaera tenuis, and Cy-
clicargolithus floridanus are common members of the
assemblages. Other taxa in the middle Eocene section
are Chiasmolithus expansus, C. grandis, Coccolithus eo-
pelagicus, Discoaster barbadiensis, D. bifax, D. deflan-
drei, D. nodifer, Helicosphaera dinesenii, Neococcolithes
dubius, Pontosphaera obliquipons, Pyrocyclus inversus,
Reticulofenestra minuta, Sphenolithus moriformis, S.
spiniger, and Zygrhablithus bijugatus. The presence of



Discoaster bifax strongly suggests that this unit can be
referred to NP16 and CP14a of Okada and Bukry, 1890
(the Discoaster bifax subzone).

The distinct lithologic change in Sample 553A-10-3,
100 cm is associated with a hiatus encompassing NP15.
Zone NP14 is present in Section 10-3 from 130 c¢m to
10,CC. Approximately 20-25 species were observed in
the 12 samples investigated from Zone NP14, including
Discoaster distinctus, D. keupperi, D. nonradiatus, D.
septemradiatus, D. sublodoensis, Helicosphaera lopho-
ta, Lophdolithus mochlophorus, and Nannotetrina cris-
tata. Zone NP13 is represented in a short interval in
Core 11; Sample 11-1, 10 cm to 11-2, 40 cm, which shows
an early Eocene assemblage lacking Discoaster sublodo-
ensis and Tribrachiatus orthostylus.

Discoaster lodoensis and Tribrachiatus orthostylus co-
occur from Sample 11-2, 80 cm to 11,CC, thus indicat-
ing Zone NP12. Sample 12-1, 26 cm does not contain
D. lodoensis, but has T. orthostylus, implying that this
sample belongs to Zone NP11. Tribrachiatus orthosty-
lus has its first occurrence in 12-1 at the 74 cm level. El-
lipsolithus macellus and Chiasmolithus bidens have their
last occurrence in 12,CC. Rare specimens of Tribrachi-
atus contortus are present in 14,CC, which indicates
Zone NP10 for this level. The rarity with which 7. con-
tortus occurs in Leg 81 material makes the last occur-
rence of this species unsuitable for determination of the
NP10/NP11 boundary. Instead, the first occurrence of
T. orthostylus is chosen to define the NP10/NP11
boundary, which places this boundary in Sample 553A
12-1, 74 cm.

Coccoliths are not present from Sample 15-3, 90 cm
to 21,CC. A second barren interval is present from 24,CC
to 36,CC. These barren intervals are separated by three
cores (22-24) containing coccoliths. Tribrachiatus nun-
nii was observed in several samples between 22-1, 33 cm
and 24-1, 60 cm. Furthermore, Rhomboaster cuspis is
present between 22-1, 33 cm and 23-1, 106 cm. The co-
occurrence of these taxa suggests that these three cores
can be referred to the lowermost part of Zone NPI10,
and hence to the lowermost part of the lower Eocene.

Coccolith-bearing sediments are present from the top
of Core 37 to Sample 553A 37-4, 116 cm. The basalt-
sediment contact occurs at Sample 37-5, 35 cm. Among
the coccoliths present in Core 37 are Chiasmolithus bi-
dens, Discoaster mediosus, and Discoaster multiradia-
tus. The coccolith assemblage in Core 37 does not pro-
vide an unambiguous indication as to whether this core
should be referred to NP10 or NP9. The extinction of
fasciculiths occurs in the top part of NP9, but this ge-
nus is not represented in Site 553. Despite this no posi-
tive evidence exists as to whether or not the NP10/NP9
boundary, and hence the Eocene/Paleocene boundary,
is reached in Core 37.

Hole 553B

Four cores were retrieved from Hole 553B, two of
which were raised from the mudline. Cores 1 and 2 be-
long to Zones NN20/NN21, but it was not possible to
distinguish the two zones using the light microscope tech-
niques available on board. Most of Cores 3 and 4 are as-
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signed to Zone NN19 because of the presence of Pseu-
doemiliania lacunosa. The extinction of this species oc-
curs in Section 553B-3-2 between 75 and 85 cm. The last
occurrence of P lacunosa is dated at 485 thousand years
ago (Thierstein et al., 1977). The late Pleistocene sedi-
mentation rate is approximately 2.8 cm/1000 yr. in Hole
553B using the P lacunosa datum, which is conceivably
higher than that found in Hole 552A (2.1 cm/1000 yr.),
using the same datum.

Except for P. lacunosa in Cores 3 and 4, the following
taxa were observed: Calcidiscus leptoporus, Coccolithus
pelagicus (large with bridge spanning the central area
opening; smaller forms with a closed central area were
comparatively rare), C. radiatus, Dictyococcites produc-
tus, Emiliania huxleyi(?), Gephyrocapsa oceanica, Ge-
phyrocapsa sp., Helicosphaera carteri, H. inversa, Pon-
tosphaera japonica, P. jonesi, Rhabdosphaera clavigera,
and Syracosphaera sp.

Minor amounts of reworked nannofossils were ob-
served in all samples. Late Cretaceous forms are most
common. A dropstone in Section 2-6 at 30 cm contains
some poorly preserved Maestrichtian nannofossils.

Planktonic Foraminifers

Hole 553

Hole 553 is represented by a mudline sample and is
Pleistocene in age based on the occurrence of Globoro-
talia truncatulinoides and abundant Neogloboquadrina
pachyderma. Sample 553-1,CC is thought to be of mid-
dle to late Pleistocene age because in this area G. frun-
catulinoides makes its first appearance in the middle
part of the Pleistocene.

Hole 553A4

In Hole 553A, Sample 553-1,CC is from the upper
Pliocene based on the occurrence of Neogloboquadrina
atlantica, Globorotalia puncticulata, G. crassaformis, G.
crassula, and G. praehirsuta. Sample 2,CC is early Plio-
cene in age based on the co-occurrence of Globorotalia
margitae and G. puncticulata. Sample 3,CC is from within
the lower part of the range of the left-coiled N. atlanti-
ca. The occurrence of G. conoidea (= G. conomiozea of
Poore and Berggren, 1975) suggests a late Miocene age
for the sample although there is little else definitive in
the assemblage to suggest a specific age. Samples 4,CC
and 5,CC are probably late Miocene (N16) in age based
on the abundance of Neogloboguadrina acostaensis and
N. continuosa. Samples 553A-6,CC and 7-1 through
7-5, 70-72 cm are from an interval of overlap in the
ranges of N. acostaensis and G. mayeri. The ranges of
these two taxa have not been known to overlap and the
top or extinction of G. mayeri is generally accepted as
defining the top of N14, whereas the first evolutionary
occurrence of N. acostaensis is accepted as defining the
base of N16. Poore and Berggren (1975) also recognized
this zone of overlap in this area, but they attributed it to
reworking of middle Miocene sediments during the ear-
ly part of late Miocene time. However there is no evi-
dence of reworking. Furthermore, the coiling directions
of the N. acostaensis/N. atlantica plexus in this interval
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are random in contrast to the coiling directions of right
and left which occur throughout the rest of the upper
Miocene and Pliocene, suggesting a different, older strati-
graphic interval. Finally N. acostaensis and N. atlanti-
ca in this interval differ from the rest of the overlying
plexus in having more finely perforated tests and show
an evolutionary series into Globorotalia challengeri
(Kennett and Srinivasan, 1983). It is therefore suggested
that the top of G. mayeri in this area, and specifically at
Sites 552 and 553, may be more stable than the “evolu-
tionary first occurrence” of N. acostaensis. On that ba-
sis Samples 6,CC through 7-5, 70-72 cm are no younger
than Zone N14 and are therefore middle Miocene in
age.

Samples 553A-7-6, 70-72 cm and 7,CC are middle
Miocene in age based on the occurrence of Orbulina
suturalis, G. miozea miozea, G panda, Globigerina dru-
ryi, and Globigerinoides subgquadratus. Sample 553A-
8,CC is early Miocene, N4 in age, based on the occur-
rence of Globoguadrina dehiscens dehiscens, G. dehis-
cens praedehiscens, Globorotalia cf. pseudokugleri, and
Catapsydrax dissimilis.

Sample 9,CC contains an almost monospecific fauna
of Globigerina eocaena. However, two small individuals
of Acarinina cf. spinuloinflata restrict the age of this
sample to the middle Eocene. Most of the underlying
core-catcher samples are barren of planktonic foramini-
fers. Of the samples that are not barren (11,CC and
20,CC through 26,CC), the planktonic foraminiferal fau-
nas are all extremely sparse (except for 11,CC) and con-
sist only of Globigerina linaperta, G. patagonica, and
G. cf. eocaena. The trace presence of A. soldadoensis in
11,CC suggests an early Eocene age for this stratigraph-
ic interval, i.e., from 553A-10,CC to 26,CC.

Hole 553B

Samples 553B-1,CC through 4,CC are all of middle
to late Pleistocene age, based on the occurrence of Glo-
borotalia truncatulinoides and Neogloboquadrina pachy-
derma,

Benthic Foraminifers

Hole 553

The Neogene assemblages are similar to one another
and are characterized by the association of Planulina
wuellerstorfi, Cibicidoides kullenbergi, Oridorsalis um-
bonatus, and Epistominella exigua. The single Pleisto-
cene sample (Sample 553-1,CC) contains Hoeglundina
elegans and Triloculina frigida not seen lower in the suc-
cession. The pre-glacial section contains Globocassidu-
lina subglobosa, Laticarinina pauperata, Ehrenbergina
trigona, E. serrata, Bulimina alazanensis, B. striata, Uvi-
gerina compressa, Brizalina subaenariensis, and Sipho-
textularia catenata.

The diversity ranges from ec11 to 23. Although there
are some fluctuations, there is overall an increase in di-
versity from the early Miocene to the Pleistocene.

The planktonic:benthic ratio is generally 99:1, and
the lowest value is 96:4 in the early Miocene. These val-
ues show the existence of open ocean conditions. The
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Planulina wuellerstorfi fauna is indicative of North At-
lantic Deep Water and depths greater than 1500 m. The
sporadic occurrence of Sigmoilopsis schiumbergeri sug-
gests depths greater than 2200 m, and the low abun-
dance of Epistominella exigua suggests depths of less
than 2900 m. These two species are present in Samples
553A-2,CC to 7,CC (back to the middle Miocene). The
early Miocene (Samples 553A-8,CC, 9-1, 99 cm, and
9-2, 99 cm) lack Planulina wuellerstorfi. Epistominella
exigua is rare in Sample 553A-9-2, 99 cm and may still
be taken as indicating depths of less than 2900 m. Other
possible depth indicators include Bulimina alazanensis
and Oridorsalis umbonatus, both of which have an up-
per limit of about 1500 m. Thus, the depth of the early
Miocene could have been in the range 1500-2900 m.

One feature of interest in Sample 553A-5,CC is that
the majority of the foraminifers, both planktonic and
benthic, are size-sorted and very small. It is clear that
they have been winnowed from elsewhere and deposited
here, and indeed this level is a contourite deposit of the
Hatton Drift.

The Paleogene succession is condensed and there is a
major hiatus between the late Oligocene and the middle
Eocene.

Samples 553A-9-5, 5 cm and 553A-9-6, 19 ¢cm are
from the late Oligocene. Their assemblages closely re-
semble those of the overlying early Miocene especially
in the presence of Bulimina alazanensis, Globocassidu-
lina subglobosa, Gyroidinoides spp., Melonis barleea-
nus, Nodosaria-Stilostomella spp., Oridorsalis umbo-
natus, O. ecuadorensis, Pullenia bulloides, P. osloensis,
Spiroplectammina spectabilis, and Cibicidoides kullen-
bergi. The diversity is oc10-20 and the planktonic:ben-
thic ratio is 99:1. These are, therefore, interpreted as
representing water depths of at least 1500 m.

The middle Eocene assemblages can be divided into
two groups. Samples 553A-9-6, 51 cm to 10-3, 66 cm
have a planktonic:benthic ratio of 99:1 and benthic di-
versity of «<14-20. The dominant forms are Nodosaria-
Stilostomella spp. and Gyroidinoides spp., with the fol-
lowing species common in some samples: Oridorsalis
ecuadorensis, Cibicidoides spp., Alabamina wilcoxensis
and Nonion cf. N. olssoni. Small individuals of Nuttal-
lides truempyi are also present. This suggests epibathyal
depths greater than 700 m.

Samples 553A-10-3, 135 cm to 10,CC have plankton-
ic:benthic ratios of 64:36 to 0:100. Certainly the latter
value is the result of preferential dissolution of the plank-
tonic tests. Preservation of benthic forms is good in Sam-
ples 553A-10-3, 135 cm and 10-4, 14 cm and moderate
to poor down to 10,CC. Diversity varies from o5 to 10,
and these values may also be influenced by dissolution.
The assemblages are dominated by Nodosaria-Stilosto-
mella spp., Bulimina parisiensis, Alabamina wilcoxensis
and Osangularia spp. Small Nuttallides truempyi are
common in 10,CC. Thus, if the dissolution effects are
taken into consideration, these assemblages are like those
described above and may also represent depths greater
than 700 m.

The early Eocene assemblages, Sample 553A-11-2, 80
cm to the deepest fossiliferous Sample 553A-37-2, 28



cm, represent much shallower water. Samples 553A-11-
2, 80 cm to 12-4, 33 cm are characterized by moderately
preserved, moderately diverse (e<9-16) assemblages in
which the dominant species are Anomalinoides howelli,
A. danica, Gaudryina hiltermanni, and Lenticulina spp.
Subsidiary species include Bolivinopsis adamsi and Ci-
bicidoides spp. Pulsiphonina prima is rare, This is a mid
to outer shelf assemblage at depths of 75 to 200 m. The
planktonic:benthic ratios of 75:25 to 23:77 are in agree-
ment with this and show some degree of isolation from
open ocean waters. The salinity was normal.

Sample 553A-12,CC is a hard agglomerate which yield-
ed only a few Bolivinopsis adamsi and Globocassidulina
subglobosa. Sample 13,CC has a moderately diverse fau-
na (o 11) dominated by Lenticulina spp., Cibicides sp.,
and Bolivinopsis adamsi. There are no planktonic forms
present. This is considered to represent inner to mid-
shelf depths of 50-100 m and waters of normal salini-
ty. The associated macrofauna includes bryozoans, mol-
lusk shell with clionid borings, and spines of echinoids.
Sample 553A-14,CC is probably also from this environ-
ment, but only a sparse fauna was recovered (4nomali-
noides howelli, A. nobilis, and Gyroidinoides angus-
tiumblica).

Sample 553A-15,CC, a hard agglomerate, could not
be broken down. Samples 16,CC and 17,CC have very
sparse faunas. Sample 18,CC has a slightly brackish as-
semblage of Anomalinoides howelli, Nonion laeve, El-
phidium hiltermanni, and Pararotalia curryi. The diver-
sity is <4 and no planktonic forms are present. Sample
19,CC has a sparse brackish assemblage of similar com-
position but with Protelphidium sp. also present. Lig-
nitic wood is present in this sample. These two samples
represent estuarine or lagoonal conditions.

Sample 20,CC has a moderately diverse assemblage
(e 11) of Nodosaria spp., Epistominella vitrea, and Prae-
globobulimina ovata indicative of inner-shelf conditions
(depth less than 75 m). The salinity was normal and the
substrate muddy. The planktonic:benthic ratio is 5:95,
suggesting considerable isolation from open oceanic wa-
ters. Sample 21,CC has a sparse inner-shelf fauna. Sam-
ples 22,CC to 25,CC have assemblages dominated by
Nodosaria spp., Alabamina obtusa, Lenticulina spp.,
Cibicidoides alleni, and Praeglobobulimina ovata. Di-
versity is o3 to 11. The low value is that of 22,CC which
contains Cribrostomoides sp. in 30% abundance. Sam-
ples 553A-22,CC and 23,CC are thought to represent in-
ner shelf conditions, generally of normal salinity, but
22,CC may be slight brackish (salinity 30-32%e). Sam-
ples 553A-24,CC and 25,CC are mid-shelf, 75-150 m,
and of normal salinity.

Samples 26,CC and 27,CC have sparse middle-shelf
assemblages. Samples 28,CC, 31,CC, 33,CC, and 34,CC
are barren, and 35,CC has a sparse fauna. Sample 36,CC
has an assemblage of low diversity («4) dominated by
Trochammina sp. (48%), Elphidium hiltermanni (17%),
and Anomalinoides acutus (13%). This represents a brack-
ish lagoonal tidal flat or marsh. A few shelf forms have
been transported in, e.g., Anomalinoides howelli, Prae-
globobulimina ovata. The lowest sample, Sample 553A-
37-2, 28 c¢cm, has a diversity of «6, no planktonic fora-
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minifers, and is dominated by Praeglobobulimina ova-
ta, Cancris subconicus, Anomalinoides howelli, and
Elphidium hiltermanni. It represents inner-shelf depths
less than 75 m and a salinity of 32-35%,.

Thus, the succession from the basalt to 11,CC repre-
sents a period when subsidence and sedimentation were
almost in equilibrium. When sedimentation was greater
than subsidence, the shoreline migrated seawards and
the area was occupied by brackish lagoons or estuaries.
At times of reduced sedimentation, the sea transgressed
landwards, bringing inner to outer shelf depths. Above
11,CC, sedimentation slowed down, and continued sub-
sidence caused a progressive deepening.

Diatoms

Hole 553

The single mudline core taken at Hole 553 contains
few well-preserved Pleistocene diatoms typical of the Pseu-
doeunotia doliolus Zone. Species present include P. do-
liolus, Rhizosolenia bergonii, Actinocyclus curvatulus,
Thalasiosira leptopus, and Coscinodiscus nodulifer.

Hole 5534

Cores 1 and 2 are placed in the early Pliocene Thalas-
siosira convexa Zone based on the presence of Thalas-
siosira convexa s. ampl. and Thalassiosira oestrupii. The
interval of dissolution present at the base of this zone
occurs in Cores 2 through 7-3. Sample 553A-7,CC
through Core 9 extend from the middle Miocene to the
middle to late Eocene. The interval from Samples
553A-7,CC to 8-3, 103 cm is assigned to the middle Mi-
ocene “Actinocyclus ingens Zone” based on the occur-
rence of A. ingens and Denticulopsis hyalina. Even
though diatoms are rare from Cores 8-4 to 9-3, it is pos-
sible to assign the interval of 9-1 to the earliest Miocene
on the basis of the rare to few occurrence of Rocella ge-
lida. The frequency of R. gelida increases downcore, be-
coming common in Core 9-3, which indicates that the
Oligocene/Miocene boundary is very close to this level.
Other species present within this section include Cosci-
nodiscus oligocenicus, Melosira architechuralis, Gonio-
thecium decoratum, and Liradiscus sp. Minor rework-
ing of Eocene species occurs throughout Cores 8 and 9.

Core 9, Section 4 and Core 10 contain rare to com-
mon middle Eocene diatoms. Age assignment is based
on the presence of Coscinodiscus oblongus, Brightwellia
cf. spiralis, and Pterotheca danica.

Core 11 is assigned a late Paleocene-early Eocene age
based on the occurrence of Trinacria pileolus, Rhizoso-
lenia interposita, Stephanopyxis cf. superba, Pterotheca
aculeifera, Trinacria excavata, Screptroneis sp. A., Tri-
nacria simulacrum, and Pyrgupyxis prolongata.

All samples examined below Core 11, with the excep-
tion of the following, are barren of diatoms. Samples
553A-18,CC, 21,CC, 22,CC, and 23,CC contain nondi-
agnostic diatom frustules in which the silica is replaced
by calcite; and Samples 553A-14,CC and 37-2, 28 cm
contain pyritized diatom frustules of Triceratium sp. and
Coscinodiscus sp.
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Hole 553B

Core 1 contains few moderately preserved diatoms typ-
ical of the Pseudoeunotia doliolus Zone. Cores 2 through
4 either contain nondiagnostic specimens or are com-
pletely barren of diatoms. Ice-rafted detritus is present
throughout this interval and is correlated to a similar in-
terval occurring within the Nitzschia marina Zone at
Hole 552A.

Radiolarians

Hole 553

Hole 553 is represented by a single mudline core in
which Quaternary radiolarians are common and moder-
ately well preserved.

Hole 553A

In the rotary drilled Hole 553A, radiolarians are com-
mon and moderately well preserved in the Pliocene and
upper Miocene Cores 553A-1 through 3, apparently dis-
solved in Cores 4 and 5, few and poorly preserved in the
middle Miocene Cores 6 to 8-3, and moderately well
preserved in the Oligocene through Eocene Core 8, Sec-
tion 4 to Core 11, Section 5.

Core 553A-1 contains a moderately well-preserved as-
semblage in which the presence of Stylatractus univer-
sus and absence of Stichocorys peregrina indicate an
age between 425,000 years ago and the late Pliocene. At
113 m, Core 553A-2 is placed in the upper Pliocene
Sphaeropyle langii Zone (Foreman, 1975) by the pres-
ence of S. langii, Stichocorys peregrina, and Didymo-
cyrtis tetrathalamus. Nearly equal numbers of §. pere-
grina and S. delmontensis in Sample 553A-3-2, 32-34
cm (163 m) indicate the proximity of this evolutionary
transition which marks the lower boundary of the S. pe-
regrina Zone. From 180 m, Hole 553A was continu-
ously cored, and Cores 4 and 5 are barren of siliceous
fossils except for rare fragments and sponge spicules.
Over most of the mid and low-latitude Atlantic, radio-
larians are not preserved at all in sediments younger
than mid-Miocene. This is apparently due to the change
from an Atlantic silica sink to a carbonate basin, per-
haps caused by the closing of the Tethys (Casey and Mc-
Millen, 1977), and/or the subsidence of the Iceland-
Faeroe Ridge in the middle Miocene. Where radiolari-
ans are preserved in the post mid-Miocene sediments of
the Atlantic, they often exhibit provincialism and are
difficult to fit into Riedel and Sanfilippo’s tropical zo-
nation. Preservation of radiolarians is generally thought
to be dependent on (1) productivity, (2) rapid burial,
and (3) availability of silica in the interstitial waters. It is
unclear which of these factors contribute to the preser-
vation of radiolarians in the late Miocene and Pliocene
sediments of this region.

Core 553A-6 contains rare and poorly preserved mid-
dle Miocene forms. Samples 553A-7-4, 119-121 ¢cm and
8-1, 62-63 cm are placed in the Diartus petterssoni Zone
(Riedel and Sanfilippo, 1978) because they appear to be
just above the evolutionary transition of Lithopera re-
nzae to L. neotera which happens at the top of the Dor-
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cadospyris alata Zone (Riedel and Sanfilippo, 1978). The
boundary event between the D. pefterssoni Zone and
the D. alata Zone does not occur here because artiscins
are poorly preserved and sparse in these assemblages;
however, Samples 553A-8-2, 48-49 cm and 8-3, 103-104
cm are placed in the D. alata Zone because L. renzae is
more abundant than L. neotera.

At least four or five radiolarian zones, nearly the en-
tire early Miocene, are missing between the bottom of
Section 553A-8-3 and the top of Section 553A-8-4. In
the top of Section 4, the radiolarians appear to be old-
er than the early Miocene Cyrtocapsella tetrapera Zone
(Riedel and Sanfilippo, 1978) because of the absence of
Stichocorys delmontensis and Cyrtocapsella tetrapera,
both of which are common in the samples above. It is
not possible with the species present to distinguish the
earliest Miocene from the Oligocene. Arfophormis gra-
cilis, which ranges through the Oligocene into the early
Miocene, is present in all samples examined between
Cores 553A-8-4 and 9-5.

No upper Eocene radiolarians were observed in Hole
553A. Below the Oligocene sediments of Sample 553A-
9-5, 102-103 c¢cm, Sample 553A-9,CC through Section
553A-10-2 contain a middle Eocene assemblage with:
Spongatractus pachystylus, Lithocyclia ocellus, Lamp-
tonium pennatum, L. obelix, Lophocyrtis biaurita, L.
norvegiensis, and Phormocyrtis striata striata. Samples
from Sections 553A-10-3 and 10-4 are barren of sili-
ceous fossils, but Sample 553A-10-5, 98-100 cm con-
tains a few radiolarians, including Pferocodon ampla
and the middle to upper Eocene forms Amphicraspe-
dum splendiarmatum and Lophocyrtis norvegiensis. A
fairly well-preserved lower Eocene fauna in samples from
Core 553A-11 includes Amphicraspedum prolixum, A.
murrayanum, Pterocodon ampla, and P. lex.

Hole 553B

The first two core catchers of Hole 553B at 4.5 and
9.5 m sub-bottom contain a few moderately well-pre-
served Quaternary radiolarians. These assemblages are
probably less than 425,000 years old since they appear
to be above the extinction of Stylatractus universus. In
the terrigenous clays of Samples 553B-3-5, 71-73 cm and
4,CC, radiolarians are completely dissolved, although
there are rare, partly dissolved specimens in the carbon-
ate sediments of 553B-3,CC.

Dinoflagellates

Hole 5534

Dinoflagellates from the lower Paleogene of Hole 553A
have been studied by Brown and Downie (this volume).
The results are summarized here, following the zonal
scheme of Costa and Downie (1979).

Cores 13 to 37, although containing many species,
lack the forms required to give a precise date to the sedi-
ments. However, the occurrence of Spinidinium (?)sp.
A. (Costa and Downie) from Cores 14 to 22 suggests an
assignment to Zone Ia or lower Ib (Costa and Downie,
1979), and Fibrocysta bipolage (which in Hole 555 is
continued to Zone Ial) occurs between Cores 14 and 37.



This suggests that Cores 13 to 37 are broadly referrable
to Zones Ia to Ib. The relatively low species diversity
and high content of pollen and spores suggests that an
estuarine environment prevailed for much of the deposi-
tional phase.

Cores 11 and 12 are much richer in dinoflagellate
cysts, both in terms of diversity and ratio to pollen and
spores, indicating a major change in environment, to
more open-shelf conditions, and the dominance of Ho-
motryblium tenuispinosum and increased abundance of
Impagilinium patulum in Core 11-1 indicates distinct
oceanic influences.

The occurrence of Dracodinium condylos in Sample
553-12-4, 110-112 cm indicates Zone II: the first ap-
pearance of Kisselovia edwardsii in Sample 553-11-1,
73-74 cm may indicate Zone III.

All samples above Core 11 were barren of palyno-
morphs.

ORGANIC GEOCHEMISTRY
Site 552

Introduction

The organic geochemistry for Leg 81 had two pur-
poses: to aid in the pollution-prevention and safety moni-
toring program, and to study the nature of organic mat-
ter in the sediments encountered. The sampling and anal-
ysis program was developed progressively through the
cruise to satisfy these aims, and instrumental techniques
will be described.

METHODS AND SAMPLING

Gases

Core gas pockets were sampled with an evacuated (vacutainer) tube
through the plastic core liner. This method has been described previ-
ously by Rullkétter (pers. comm., 1981), Claypool (1981), and Patton
(1981). The gas samples were analyzed on a Carle gas chromatograph
(thermal conductivity detector) for high concentration components
(air, methane, and CO,). Instrumental conditions were described by
Rullkotter (pers. comm., 1981) and remain the same. Normally this
instrument is calibrated only for C,, but for this leg it was also cali-
brated for air and CO,.

The C,-C¢ hydrocarbons of gas pockets were analyzed on a FID
instrument according to a trapping (—70°C) and valve injection sys-
tem described in detail by Rullkétter (pers. comm., 1981).

Table 4. Gas analyses, Site 552.
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Since only occasional gas pockets were encountered at Site 552, an
alternative method was developed for more complete monitoring of
the C,~C, hydrocarbons and CO,. Methods have been described by
Claypool (1981) and Shaefer (1978) for extracting or stripping the
light hydrocarbons from the sediments.

The method used on Leg 81 consisted of extracting the light hydro-
carbons and CO, from the interstitial waters squeezed from the cores.
Immediately after squeezing, the pore water was extracted with an
equal volume of helium (1:1) in a gas tight (“precision, pressure-lok™)
syringe. The pore water was extruded directly into the syringe, and af-
ter the helium had been added, the syringe was vigorously shaken and
allowed to stand for several minutes (10 min.) to allow hydrocarbons
to enter the gas phase. The C,-C, hydrocarbons will almost com-
pletely partition into the gas phase (Claypool, 1975). The gas phase
was analyzed for air, CO,, and the C,-C, hydrocarbons by direct
injection.

The lower limit of detection for the hydrocarbons is 0.1 ppm.
While this technique does not have the sensitivity of the methods
employed by Claypool (1981), Schaefer (1978), and Rullkdtter (pers.
comm., 1981), it was quite satisfactory in light of the goals and sedi-
mentary conditions of this leg. The sensitivity of this method is many
orders of magnitude greater than that necessary to detect potentially
hazardous levels of hydrocarbons, and it provides for rapid and con-
tinuous monitoring so that anomalous quantities of hydrocarbons
may be recognized.

Sediment Samples

Sediment samples were selected to study organic matter for trends
in consistent lithologies and differences in environmental settings and
to coincide with interstitial water samples. Sediment samples were dried
and the organic carbon and nitrogen determined. The carbon and ni-
trogen analysis is described by Rullkoétter et al. (1981).

Pyrolysis analysis of sedimentary organic matter was done by Rock-
Eval analysis; the method and theory are described fully by Patton (in
press), Clementz et al. (1979), and Espitali¢ et al. (1977).

Results

Gases

Results of gas analyses are shown in Table 4 and
Figure 26. There is no obvious trend in methane values
with depth. The methane values range from 2.2-9.3 ppm
(V/V) of gas extracted from the pore waters. This is on-
ly slightly above the atmospheric C; concentration. The
low organic matter content (0.01-0.17%) and highly ox-
idized nature of the sediments probably precludes activi-
ty of methane-producing bacteria (Claypool, 1981). The
methane observed could result from low-level decom-
position reactions (Whelan and Shunji, 1977; Schaefer,
1978; Claypool, 1981), with localized conditions within

Sub-bottom  Lithologic

Core-Section depth (m) unit Cy® (ppm) Cy (ppm) COy (%)  Air (%) Sample

552A-6-3 28.4 1 6.2 nd 0.20 35.2 Pore water
552A-12-3 58.5 11 3.7 nd 0.29 39.2 Pore water
552A-18-3 86.5 11 9.3 nd 0.33 48.6 Pore water
552A-24-2 111.5 I 8.6 nd 0.41 28.8 Pore water
552A-30-2 141.5 I1 2.6 0.33 41.0 Pore water
552-36-3 155.7 11 0.23 Pore water
552A-38-3 183.0 v 0.31 51.5 Pore water
552A-38-3 183.0 v (3.5 (0.12) 100.0 (Core gas)
552-9-4 185.7 v 0.19 374 Pore water
552-12-6 217.5 v 8.1 0.07 37.2 Pore water
552-16-1 247.5 v 2.8 0.04 45.0 Pore water
552-21-2 297.0 v 22 0.04 334 Pore water

AResults are vol./vol. basis in total gas extracted from an equal volume of pore water. Difference from 100%
results from use of helium as extraction gas. Blanks in data result from loss of sample.
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Figure 26. Methane-organic carbon and CO,-CaCO; analyses, Site 552.

the sediments accounting for the methane excursions to
higher concentrations.

The C,-C,4 hydrocarbons were present but could not
be quantified (0.2 ppm) at this site.

CO, appears to follow the pH and alkalinity trends
shown in the inorganic chemistry chapter (Gieskes et
al., this volume). The large decrease in pore water CO,
below 180 m is consistent with similar decreases in pore
water pH and alkalinity. The carbonate content of the
Miocene sediments decreases from 90 to 10% CaCO; at
this depth, and nannofossil oozes to chalks and more
lithified sediments grade into mudstones with volcanic
ash layers and finally to basalt. The removal of CaCO;
alkalinity and the utilization of CO, in neutralizing the
alkaline volcanogenic sediment probably accounts for
the removal of CO, in the deepest segment of the sedi-
mentary column. A similar trend was observed by Gies-
kes et al. (1979) in Rockall Plateau pore-water alkalinity.

Pyrolysis Analysis of Sediments (Rock-Eval)

Pyrolysis results are given in Table 5 and Figures 27,
28, and 29. The results are consistent with light hydro-
carbon and organic carbon data. There is very little or-
ganic matter preserved in this sedimentary column, and

Table 5. Pyrolysis (Rock-Eval) analysis of sediments, Site 552.

what is preserved is highly oxidized and immature. How-
ever, some interesting observations can be made from
the pyrolysis data, which complement our understand-
ing of the sedimentary environment. It should be noted
that the concentrations of hydrocarbons present are one
to two orders of magnitude lower than that considered
“poor” for hydrocarbon generation potential (i.e.,
2,500 ppm HC/g rock vs. 20-200 ppm HC/g rock).

Pleistocene Unit 1. In the alternating layers of muds
and oozes of the Pleistocene (Zone I) (Fig. 29) the oozes
(70-90% CaCO;) have smaller amounts of total hydro-
carbons than do the muds (20-40% CaCQO;). The oxy-
gen-carbon compounds are also somewhat lower in the
oozes. The data suggest very low organic production
with remnant organic matter being terrestrial or highly
oxidized or both.

The Pliocene and Miocene Subunit IIa ooze-chalk
interval (CaCOj3, 90%) shows a consistently low level of
total hydrocarbons and oxygen-carbon compounds and
is immature (avg. Tpa = 390°C). The organic matter is
Type 111, either terrestrial or highly oxidized or both.

Eocene Unit IV. These sediments show a 20-fold in-
crease in hydrocarbons compared to the overlying sedi-
ment, probably reflecting the shallow marine environ-

Petroleum Hydrogen Oxygen
Sample Organic Sy Sy Tmax S3 potential index index

(interval in cm) carbon (%) (mg HC/grock) (mg HC/g rock) (°C) (mg COy/g rock) (51+57) (52/83) (mg/gC) (mg/gC)
552-1-2, 144-146 0.07 0.036 — — 0.606 0.036 — — 8.66
552A-5-2, 100-101 0.04 0.068 0.029 — 0.877 0.097 0.03 0.725 21.93
552A-7-2, 8-9 0.01 tr 0.020 0.058 — 0.821 0.078 0.07 (5.8) 82.10
552A-8-2, 36-37 0.06 0.018 — — 0.714 0.018 —_ — 11.90
552A-10-1, 145-146 0.07 0.052 - — 0.624 0.052 - - 8.90
552-6-3, 112-114 0.05 0.04 - 385 0.447 0.04 —_ — 8.94
552A-36-1, 2-3 0.05 0.029 0.027 398 0.680 0.056 0.04 0.54 13.60

A B

552A-38-2, 47-48 0.17 0.250 0.019 395 550 1.739 0.269 0.01 0.112 10.23
552-9-4, 112-114 0.09 0.036 0.033 412 532 0.844 0.069 0.04 0.366 9.38
552-12-5, 118-120 0.06 0.172 0.072 407 550 0.411 0.244 0.18 1.20 6.85
552-16-1, 10-14 0.17 0.138 0.123 413 550 0.575 0.260 0.23 0.78 3.38
552-21-2, 131-133 0.13 0.146 0.165 420 550 0.581 0.311 0.28 1.27 4.47
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Figure 27. Sediment pyrolysis data (Rock-Eval), Site 552.

ment. The oxygen-carbon organic matter is at its maxi-
mum in Subunit IVa, then decreases somewhat through
Subunits IVb and IVd. While the organic matter can be
generally classified as Type III, terrestrial or highly oxi-
dized, an obvious trend toward Type 1l indicates a greater
proportion of marine organic matter or less weathering
(that is, shallower environment or higher sedimentation
rates).

The pyrolysis of kerogen in Unit IV yielded two S,
peaks indicating organic matter of differing maturity.
An example is shown in Figure 29. Extreme care has
been exercised in the analytical pyrolysis technique be-
cause of the high sensitivities (Rock-Eval settings: Attn:
X1 FID, X2 TC). All sample crucibles are heated with a
torch until they are “glowing red,” then carefully blanked
(run through 1-3 pyrolysis runs empty). The second S,
peak has only been observed in one sample from Unit
Iv.

Boutefeu (1976) has observed a shoulder on the S,
peak. However, in this case two distinct types of kerogen
may be observed because of the very low levels present.
The first type shows a gradual increase in maturity to
the bottom of Zone IV. The second type shows an ab-
normally high maturation (7, = 550°C), which could
be a contribution from reworked organic matter from
erosion of nearby land, e.g., the Mesozoic of East Green-
land (see Kaltenback et al., this volume) and deposition
in a shallow marine environment.

In summary, the organic content of Site 552 is ex-
tremely low and highly oxidized Type III. The pyrolysis
studies, however, suggest differences in the Pleistocene
(Unit I) and Eocene (Unit 1V) sedimentary environments.

Organic Carbon and Nitrogen

The results are given in Table 6. The low levels of or-
ganic matter have been discussed above (see also Kalten-
back et al., this volume).

Site 553

Gases

The interstitial water-gas-extraction method was im-
proved by experiment at Site 552. The detection limit
was improved by increasing sample size to 2 ml and by
changing the gas-liquid extraction ratio to 1:2. Although
analytical precision at these low levels is limited, hydro-
carbons (C;-C,) can be detected to about 0.01 ppm in
the gas extracted from pore water.

The results, including some core-gas data, are given
in Table 7. The sediment pore water yields decreased in
Sections 553-18-1, and 21-1, and there was an insuffi-
cient amount from which to extract gases. Core “vacu-
tainer” samples were taken but showed only “blank”
levels of hydrocarbons.

The hydrocarbon results are similar to those found
by Claypool (in press), using a “blender technique.”
The methane-ethane ratio averaged 14.8 for four sam-
ples, and the percentage of wetness C,-C,/C,;-C4 aver-
aged 17.3. This suggests an origin by chemical decom-
position rather than a biological source for these hydro-
carbons. However, this question of the source of
“base-line” levels of light hydrocarbons is still unan-
swered as (Hunt, 1979) suggests.

The CO; in the extracted gas from sediments shows a
trend similar to that observed at Site 552 and decreases
as carbonates decrease and volcaniclastics increase.

Sediments

Carbon and nitrogen analyses suggest that the sedi-
mentary organic matter at Site 553 is divided into three
general types (Table 8). The first group has an average
organic carbon content of 0.04% (0-0.08%) and an av-
erage C/N of 5 (0-9.3). It includes samples from Cores
4,7, 10, 11, and 18. Group two has an average organic
carbon content of about 0.3% (0.18-0.37%) and an av-
erage C/N of 19 (13.3-21.6), and includes samples from
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Figure 28. Pyrolysis S, versus S; plot of kerogen for principal lithologic units and subunits, Site 552.

Cores 21, 24, and 27. The third group has an average or-
ganic carbon value of 1.0% (0.76-1.10%) and an aver-
age C/N of 31 (29.17-32.08); it includes samples from
Cores 14, 22, 36, and 37. These groups can also be dis-
tinguished in Figure 30, which shows results of the py-
rolysis analyses of these samples.

Pyrolysis (Rock-Eval) analysis results are given in
Table 9A and Figures 30-32. The nature of the kerogen
present in sediments results from the source of the origi-
nal organic matter and the environment of deposition.
The three different classes of organic matter and the py-
rolysis results shown in Figures 30 and 31 suggest that
the complex organic matter preserves a record of differ-
ent source and sedimentary environments.

Miocene Subunit Ila: These nannofossil-foraminifer
chalks are similar to those of Site 552, showing low or-
ganic carbon, a similar C/N ratio, and a very low hy-
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drocarbon yield by pyrolysis. The organic matter is Type
III, either terrestrial or highly oxidized or both.

Eocene Subunit I'Va: These sediments are represented
by a sample from Section 553-10-2 and are similar to
corresponding sediments from Site 552; the organic con-
tent of this sample is very low, and yet it has the highest
oxygen index of the entire site (Fig. 30, Table 9). This
suggests an increase in the production of organic matter
which is exceptionally oxidized or humic.

Eocene Subunit IVb: The appearance of two S, peaks,
also observed at Site 552 in the Eocene, is seen more
dramatically at Site 553. Figure 32 shows pyrolysis anal-
yses of several samples from Site 553. The multiple peaks
suggest that the kerogen is a mix of different source ma-
terials. The source of the organic matter can be sapro-
pelic (algal or pollen), humic, or reworked. It can then
be altered chemically (oxidation), biologically, or ther-
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Figure 29. Pyrolysis analysis (Sample 552-16-1, 10-14 cm) Ishowing
two S, peaks, A and B, of different thermal maturation.

mally through burial or possibly by volcanic activity.
Figure 32A shows a pyrolysis analysis of the type ob-
served for this section. There appear to be two types of
kerogen of distinctly different maturation (S,,, 378°C,
Sy, 550°C). In summary Unit IVb is characterized by
low organic content and hydrocarbon yields, and highly
oxidized, probably reworked kerogen.

SITES 552-553

Eocene Subunit I'Vc: The sediment from Core 14 is a
carbonaceous mudstone. The pyrolysis analysis is shown
in Figure 32B. Note that the S;p peak with T, =
550°C had not stopped yielding hydrocarbons at 550°C
during a normal analysis. The set of rerun data (Table 9)
shows the effect of increasing pyrolysis time at 550°C
from 2 to 5 minutes. However, this change of instrumen-
tal conditions yielded results outside the ranges normal-
ly utilized in kerogen studies, and it was therefore aban-
doned.

The Core 14 sample suggests increased input of or-
ganic matter of Type III (humic). The sample from Core
18 shows only one S, peak indicating a highly terrestrial
origin, T« = 550°C, and only a trace (<0.01%) of
organic carbon content. The sample from Core 21 is
shown in Figure 32C. It has exceptionally high yields of
hydrocarbon and oxygen-carbon for its organic carbon
content (Fig. 30). The similarity of the pyrolysis S,
yields to Figure 32 is noteworthy. The sample from Core
22 is shown in Figures 30 and 32. This sample is from a
carbonaceous lamina and is Type III-humic. The setting
is shallow marine with a terrestrial or reworked source
of organic matter.

Samples from carbonaceous layers in Cores 24 and
27 (IVc and IVd) show kerogen pyrolysis similar to
Figure 32A, highly oxidized or reworked, and a bimodal
thermal maturation.

The sample from Core 36 (IVf) is from a carbona-
ceous mudstone and shows a striking Type I (algal) kero-
gen (Fig. 30). Its pyrolysis is shown in Figure 32C. The
hydrocarbon source potential of this sample is “good”
(Fig. 31). This would not be the case for a sample “nor-
mally” matured to this level. Figure 32 suggests the pos-
sibility of a mixture of several different kerogen types,
indicated by distinct shoulders of the peak. A minor
component of high maturity as observed in other sam-
ples could mask the true maturity of the major compo-
nent of the kerogen. Also, volcanic activity, and the oc-
currence of this sample only 15 m above the basalt, can-
not be ignored as possible causes.

Finally, a sample from the carbonaceous layer in Core
36 (IVf) shows a mix of two kerogen types (Fig. 32) and
is considered mature Type III humic.

In summary, the organic matter at Site 553 ranges
from very low to high (less than 0.01-1.1%) organic
carbon. Sedimentary conditions change from deep ma-
rine (Miocene) to shallow nearshore (Eocene). The kero-
gen source material changes from very minor highly oxi-
dized or terrestrial (Miocene) to carbonaceous sequenc-
es of “coaly,” terrestrial, and algal (oil-shale). Tissot
and Welte (1978) discussed the occurrence of oil shales
in association with coal layers being formed in bog and
lagoon environments. He also discusses the Eocene oc-
currence of Green River Type I oil shale and Messel
Type II shale. The kerogen in the Eocene sequence at
this site is probably a mix of all three types, having been
subjected to anaerobic conditions, rapid and slow sedi-
mentation under aerobic conditions, reworking caused
by bottom currents, and sea-level variations. The possi-
bility of rapid thermal maturation as a result of volcanic
conditions must also be considered. Detailed shore-based
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Table 6. Organic carbon and nitrogen data, Site 552.

C/N
ratio
. (14 Cmg)
ample Sample N Cyr H i CaCO3 bomb
designation (interval in cm) (%) (%f (%) 12 Norg (%)
A 552-1-2, 144-146 0.02 0.07 4.08 66
B 552-6-3, 112-114 0.01  0.05 5.83 83
c 552-9-4, 112-114 0.01 0.09 10.50 24
D 552-12-5, 118-120 0.02 0.06 3.50 8
E 552-16-1, 10-14 0.02  0.17 9.92 13
F 552-21-2, 131-133 0.02 0.13 7.58 19
G 552A-5-2, 100-101 0.02 0.04 2.23 44
H 552A-7-2, 8-9 0.02 tr - 26
I 552A-8-2, 36-37 0.01  0.06 7.00 87
J 552A-10-1, 145-146  0.01 0.07 8.17 87
K 552A-36-1, 2-3 0.01  0.05 5.83 90
L 552A-38-2, 47-48 0.01  0.17 19.83 21
Table 7. Gas analyses, Site 553.
Sample Air COy Cy Wetness (%)
(interval in m) (%) (M) € €3 ppm 1C4y nCy C1/Cy Cp-C4/C1-Cy Sample type
553 (mudline) 144-150 499 0.18 1.7 nd - — Pore water 1:1
extraction
Ethylene (7)
0.52
553-A-1-2 1000 0.10 4.1 026 032 — 5.2 13.9 Core—gas
553A-2-2 973 0.8 20 027 013 035 033 7.4 34, Core—gas
553A-4-4, 144-50 822 0.4 27 011 005 006 — 24.5 7.5 Pore water 1:2 (2/1)
extraction
553A-7-2, 144-150 51.4 014 26 021 — 007 0.05 12.4 12.7 Pore water 1:2 (g/1)
extraction
553A-11-2, 140-150 293 0.05 09 nd — - Pore water 1:12
extraction
553A-14-6, 140-150 58.7 0.10 nd — - Pore water 1:1
extraction
553A-18-1, 34 96.5 0.04 BLANK — - Core—sample
553A-21-1, 65 89.8 0.05 BLANK - — Core—sample
553A-24-1, 140-150 70.6  0.05 nd - — Pore water 1:1
extraction
553A-27-4, 140-150 49.8 0.04 nd - - Pore water 1:1
extraction
553A-37-5, 140-150 97.4 0.10 nd — — Pore water 1:1

Note: “Core gas”—vacutainer air blank (subtract from core gas HC samples only): C; = 2.12 ppm, C3 = 0.01, C3 = 0.20 ppm,
1C4 = —, nCq = 0.01, air = 98.7%, CO; = 0.06%.
aNot enough pore water for 1:2 extraction.

Table 8. Organic carbon and nitrogen data, Hole 553A.

C/N
ratio
- 14 Corg)
ple Sample N Cor H e, CaCO4 bomb

designation  (interval in cm) (%) (% (%) 12 Norg (%)
M 4-1, 125 0.01 0.06 7.00 91
N 7-2, 90-94 0.01 0.08 9.33 91
(0] 10-2, 25 0.01 0.01 1.17 71
P 11-2, 125 0.01 0.05 5.83 12
Q 14-5, 106 0.03 0.76 29.56 2
R 18-1, 128 0(tr)  0(tr) — —
S 21-1, 125 0.01 0.18 21.00 |
T 22-5, 104 0.04 1.09 31.79 —
U 24-1, 23 0.02 0.37 21.58 2
w 36-1, 114-116 0.04 1.10 32.08 1
X 27-4, 125-127 0.02 0.31 13.29 —
Y 37-4, 123-125 0.04 1.00 29.17 3
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Figure 30. Kerogen-type plot of sediments, Site 553.

studies are reported in this volume by Kaltenback et al.
(this volume).

Hole 553B

A series of samples (9) from the HPC in Hole 553B
were analyzed by pyrolysis (Rock-Eval) to determine if
there were distinguishable differences in the organic mat-
ter in glacial versus interglacial sediments. The results
are shown in Table 9B and Figures 33-35. The organic
carbon, CaCO;, and organic nitrogen contents were de-
termined on board and are shown in Table 10. The
amount of organic matter present in this sequence is low
(0.05-0.17% OC), although distinct differences are dis-
cernable between glacial and interglacial organic matter
by pyrolysis analysis within the precision of the method.

Figures 34 and 35 show the qualitative difference in
pyrolysis-analysis scans of glacial (a) and interglacial (b)
samples. This was first observed at Site 552 and initiated
this work. The “interglacial” organic matter (Fig. 34)
yields a small amount of hydrocarbons and is very im-
mature as expected. The “glacial” sample yields pyroly-
zable hydrocarbons through the entire maturity range

org

with a maximum at 550°C, indicating some very ma-
ture, possibly reworked organic matter.

There are several differences in organic matter sug-
gested by this study: the quantitative yield of hydrocar-
bons from glacial organic matter is greater than that
from interglacial organic matter (S, and S,, Fig. 34 and
Table 9B); the S,/S, ratio in glacial organic matter (see
Figs. 33, 34 and Table 9B) is three to eight times larger
than interglacial. While both types of organic matter
would be considered Type III (terrestrial) on a Van Kre-
velen diagram, their S,/S, ratios are distinct, and the
difference appears to increase with depth. Possible ex-
planations could be that the humic and reworked organ-
ic matter carried to the oceans during glacial periods is
more resistant to decomposition than the marine-type
organic matter produced during interglacial periods. Other
environmental factors, such as lower temperatures or
decreased biological activity, could also account for the
observed differences in organic matter.

The production index S;/S; + S, (Table 9B) may also
suggest that the organic matter of interglacial periods is
more easily converted to hydrocarbons. This suggests
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Table 9A. Pyrolysis (Rock-Eval) analysis of sediments, Hole 553A.

Organic (T Sz)ec Production  Approximate Hydrogen Oxygen
Sample carbon §; S —R S3 index source index index
(interval in cm) (%) (mg HC/g rock) (mg HC/grock) Peak A Peak B (mg COy/grock) (S1/81+53) (S2/83) (mg HC/g C) (mg CO4/g C) Remarks
41, 125 0.06 0.04 — - 0.53 — — — 883
7-2, 90-94 0.08 0.02 —_ -_ 0.79 - — —_ 988
10-2, 20 0.01 0.03 0.04 417 0.95 0.42 0.04 3% 9480
11-2, 125 0.05 0.29 0.05 378-550 1.26 0.86 0.04 96 2512
14-5, 106 0.76 0.27 0.98 422-550 0.80 0.22 1.22 129 106
18-1, 128 0 (tr) 0.19 0.12 550 0.92 0.61 0.13 — —
21-1, 125 0.18 0.21 2.23 529 1.32 0.08 1.70 1239 731
22-5, 104 1.09 0.28 1.23 408-550 0.56 0.19 2.20 113 51 Organic layer
241,23 0.37 0.33 0.67 423-550 1.15 0.18 0.58 181 310
274, 125-127 0.31 0.20 1.03 413-550 116 0.16 0.89 332 374
36-1, 114-116 1.10 0.16 8.94 550 0.44 0.02 355 813 23 Organic layer
37-4, 123-125 1.0 0.40 0.60 418-542 0.79 0.40 0.76 60 79
[reruns: changing Atf from 2 min.—5 min.]
10-2, 25 0.01 0.19 0.11 405 1.33 0.63 0.08 1130 13330
11-2, 125 0.05 0.53 0.47 367-550 1.37 0.53 0.34 936 2734
14-5, 106 0.76 0.80 2.27 418-550 1.13 0.26 2,00 299 149
18-1, 128 0 (tr) 0.61 0.37 550 1.16 0.61 0.33 — —
21-1, 125 0.18 0.15 2.96 533 1.80 0.05 1.64 1643 998
22-5, 104 1.09 0.52 2,45 412-550 0.94 0.18 2.70 223 86
24-1, 23 0.37 0.78 1.28 427-550 1.28 0.38 1.00 345 346
27-4, 125-127 0.31 0.42 2.01 427-550 1.44 0.17 1.43 649 465
36-1, 114-116 1.10 0.21 11.14 486-550 0.44 0.02 25.2 1013 40
Table 9B. Pyrolysis (Rock-Eval) analysis of sediments, Hole 553B.
52 . )
s, Production  Approximate Hydrogen Oxygen
Sample S S, (Tmax)"C S3 s1+5, THC it source index index
(interval in cm) (mg HC/g rock) (mg HC/grock) Peak A Peak B (mg CO;/g rock) grock  (81/5)1+85p) (52/83) mg HC/gC) (mg COy/g C) Remarks
1-1, 124-128 0.06 0.08 1.59 0.14 0.43 0.05 72 1446 Percent OC, 36% CaCOj3, mud
line
1-3, 10-14 0.08 0.05 1.57 0.13 0.62 0.03 7 2243 Percent OC, 81% CaCO3, inter-
glacial
1-3, 47-52 0.10 0.19 1.60 0.29 0.35 0.12 211 1778 Percent OC, 20% CaCO3, glacial
2-5, 80-83 0.04 0.09 300 1.41 0.13 0.31 0.06 53 829 Percent OC, 84% CaCOj, inter-
glacial
2-6, 105-108 0.18 0.25 500 1.39 0.43 0.42 0.18 417 2317 Percent OC, 8% CaCOj3, glacial
43, 92-96 0.11 0.06 1.16 0.17 0.65 0.05 120 2320 Percent OC, 79% CaCO3, inter-
glacial
43, 127-131 0.27 0.35 500 1.15 0.62 0.44 0.30 219 719 Percent OC, 12% CaCO3, glacial
4-6, 63-67 0.08 0.07 1.27 0.15 0.53 0.06 100 1814 Percent OC, 73% CaCOj, inter-
glacial
4-6, 108-111 0.17 0.39 550 0.87 0.56 0.30 0.45 325 725 Percent OC, 4% CaCOj3, glacial
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Figure 31. Sediment pyrolysis data, Hole 553.

that the interglacial organic matter at this site is primar-
ily marine, but it is highly degraded before preservation
in the sediments. This scenario is similar to the oceanic
sedimentation of organic matter described by Huc (1980).
These results may be applicable to the occurrence of
“terrestrial” “highly” oxidized organic matter found in
recent deep ocean sediments. The possibility of differen-
tiating between terrestrial and highly oxidized marine
organic matter is suggested by Figure 35.

The oxygen-containing organic compounds are quan-
titatively similar in glacial and interglacial organic mat-
ter and show a gradual decrease with depth in the sedi-
ments, an effect probably caused by the initial hydroly-
sis decomposition of organic matter (Huc, 1980).

~ Table 9B also shows that the oxygen-carbon pyrolysis
yield (S;) for sediments from the same depth, contain-
ing greatly varying amounts of carbonate, is approxi-
mately the same. This suggests that the S; pyrolysis peak
is not affected by carbonates, as some workers have
feared, because of the high S; values.

In summary there are clear differences in organic mat-
ter deposited in glacial versus interglacial sediments. It
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is possible that the difference is caused by higher terres-
trial input and preservation during glacial times in con-
trast to a “normal’ marine highly oxidized source of or-
ganic matter during interglacial periods. The possibility
of distinguishing between these sources will be the focus
of further shore-based research.

PHYSICAL PROPERTIES

Site 552

Physical properties measured on sediments and ba-
salts recovered in Hole 552 and on sediments penetrated
in Hole 552A include shear strength, compressional-wave
velocity, 2-minute GRAPE wet-bulk density, continuous
GRAPE wet-bulk density and wet-bulk density, wet wa-
ter content, and porosity by traditional gravimetric tech-
niques. The gravimetric measurements were carried out
in the shipboard chemistry laboratory. Shear-strength
measurements were made on soft undisturbed sediments
of HPC cores from Hole 552A down to 182.7 m in split
core liners. All measurements and calculations were made
as described in the Introduction and Explanatory Notes.
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Figure 32. Sediment pyrolysis analyses, Hole 553.
Table 10. Organic carbon and nitrogen data, Hole 553B.
C/N
ratio
14 Cory
Sample Sample N Cor H — % CaCOj3 bomb
designation  (interval incm) (%) (% (%) 12 Norg (%) Remarks
A 1-3, 10-14 0.01 0.07 8.2 81
B 1-3, 47-52 0.03 0.09 35 20
(o 1-1, 124-128 0.03 0.11 4.3 36
D 2-5, 80-83 0.02 0.17 9.9 84
E 2-6, 105-108 0.03 0.06 2.3 8
F 4-3, 92-96 0.01 0.05 5.8 79
G 4-3, 122-127 - —_ — — Lost
4-3, 127-131 0.04 0.16 4.7 12 Resample
H 4-6, 63-67 0.01 9.07 8.2 73
| 4-6, 108-111 0.03 0.12 4.7 4
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Figure 33. Pyrolysis S, versus S; of Hole 553B.
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Figure 34. Sediment pyrolysis data, Hole 553B.

All the data measured and calculated are given in Table
11 and plotted in Figure 36.

Main Results

Although core recovery in Hole 552 was very poor
and physical properties could be measured only sporadi-

cally, three different units can be depicted by their physi-
cal properties.

Unit A: Quaternary-Middle Eocene

Unit A, which covers lithologic Units I through IVa,
is characterized by sonic velocities of about 1.5 km/s
throughout and a correspondingly homogeneous acous-
tic impedance of around 2.8 [g(cm? 5)]10° (see Fig. 37,
Physical Properties summary chart, which appears in
the back pocket of this volume). The other physical prop-
erties measurements show no discernible trend.

Unit B: Early Eocene

Unit B, which overlies altered basalts at 282.7 m, in-
cludes lithologic Units IVb through IVd. Because of the
poor core recovery below 193 m and the bad drilling dis-
turbances of the sediments, only the measured sonic ve-
locities and the acoustic impedance are shown in the
summary chart. The velocities range between 1.6 and
2.3 km/s and are characteristic for a heterogeneous se-
quence of biosiliceous volcanic tuffs, tuffaceous chalks,
mudstones, and nannofossil chalk.

Unit C: Probably Early Eocene

The basalts penetrated below 282.7 m have sonic ve-
locities going up to 3.55 km/s. These relatively low ve-
locities are typical of altered basalts.
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Figure 35. Pyrolysis analyses, Hole 553B.
Site 553

Physical properties measured on sediments and ba-
salts recovered in Hole 553A include shear strength, com-
pressional-wave velocity, 2-minute GRAPE wet-bulk den-
sity, continuous GRAPE wet-bulk density and wet-bulk
density, wet water content, and porosity by gravimetric
techniques.

The gravimetric measurements were carried out in the
shipboard chemistry laboratory.

Shear-strength measurements were made on soft sedi-
ments in split liners down to a depth of 221.88 m. Be-
cause the recovered material was disturbed to a great ex-
tent, the measurements have not been plotted against
depth but the values are given in Table 12.

The sonic velocities were measured as described in
the Introduction and Explanatory Notes. These mea-
surements are summarized in Table 12 and shown in
Figure 37. The highest velocities were measured on mas-
sive basalts and range up to 6.00 km/s.

For the calculation of the wet-bulk density of the sed-
iments and the basalts by the 2-minute GRAPE tech-
nique, grain densities were calculated from the gravi-
metric determinations. The grain density values vary wide-
ly between 2.42 (volcaniclastic sediments) and 3.05 g/cm?
(massive basaltic lava flows).

For the determination of the wet-bulk density, the wet
water content, and the porosity of soft sediments by the
gravimetric technique, samples were taken with “Boyce-
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Cylinders” so that 2-minute GRAPE measurements could
be carried out on the same samples. From the firmer
sediments (mainly volcaniclastic sediments) and the ba-
salts, samples of 3 to 4 cm thickness were taken and
treated the same way.

Main Results

Seven lithological units can be distinguished accord-
ing to the physical properties. The boundaries between
the units correlate well with the lithological units given
in this site chapter.

The boundary between Unit A and B was drawn at
about 235 m. Unit A (Quaternary-early Miocene), which
includes sedimentological Units I to III, is characterized
by sonic velocities between 1.48 and 1.72 km/s, by po-
rosities as high as about 60%, and by acoustic imped-
ance values not exceeding 2.86 [g/(cm? s)]105. Unit B ex-
tending down to about 269.5 m shows approximately
the same sonic velocity values as Unit A but could be
defined by very high porosities (going up to 78%). This
unit includes lithologic Units IVa and IVb: volcanic tuffs
with interbeds of zeolitic-biosiliceous nannofossil-fora-
minifer chalk of early to late Eocene age.

The interval between 261.5 and 388 m, referred to as
Unit C, shows fluctuations in all the physical properties
determined (see Fig. 37, back pocket). The sonic veloci-
ties vary between 1.68 and 2.9 km/s and porosities de-
crease from 65.5 to 31.5%. These values reflect the
alternating sequence of tuffaceous layers and volcani-
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Table 11. Physical property data, Holes 552 and 552A.

Gravimetric
GRAPE Wet-
“Special” water Acoustic
wet-bulk density Wet content Impedance Vane
Depth in Sound velocity 2-min. count bulk (salt 105 shear

Sample hole | Beds _| Beds Temp. __(g/emd) densit; corr.) Porosity (E——) strength

(level in cm) (m) (km/s)  (km/s) (°C) || Beds | Beds (g/cm?) (%) () cm?s (g/cm?)
Hole 552
1-1, 122 1.22 19.0 1.86 44 .46
1-2, 121 27 1.4813 19.0 1.69 41.40 2.509
2-1, 60 51.60 1.462 19.0 1.66 38.86 2.433
3-1, %0 108.90 1.530 19.0 1.90 32.51 2,913
33,95 111.95 1.539 19.0 1.85 32.38 2.841
34, 88 113.38 1.559 19.0
3-5,72 114.75 19.0 1.94 29.27
41, 123 118.73 1.542 19.0 1.85 29.99 2.857
4-2, 96 119.96 1.508 19.0
4-3, 61 121.11 1.490 19.0 1.85 32.20 2,758
4-4, 90 122.90 1.492 19.0
5-2, 105 129.55 1.510 19.0 1.85 31.62 2,795
5-4, 120 132.70 19.0 1.81 33.73
5-5,43 133.43 1.516 19.0
61, 110 137.60 1.504 19.0
62, 101 139.01 19.0 1.79 ERN. 2
63,73 140.23 1.355 19.0
6-4, 81 141.81 19.0 1.79 32.76
7-1, 132 147.32 1.410 19.0 1.72 37.46 2,428
7-2, 135 148.75 1.562 19.0
7-3, 132 150.32 19.0 1.71 18.82
7-4, 56 151.06 1.515 19.0
8-2, 81 157.80 1.487 19.0 1.69 38.75 2.519
8-4, 75 160.75 1.524 19.0
9-1, 125 166.25 19.0 1.33 62.90
9-3, 43 168.43 19.0 1.37 61.00
9.3, 138 169.38 1.511 19.0
9-5, 106 172.06 1.534 19.0 1.59 44.96 2.441
12-1, 130 194.80 19.0 1.66 44.04
12-2, 104 196.04 1.499 19.0 2.05 25.90 3.073
12-3, 100 197.50 1.485 19.0 1.64 42.76 2.429
12-4, 127 199.27 1.595 19.0
12-5, 100 200.50 19.0 1.58 40.80
12-6, 132 202.32 1.586 18.0 1.56 40.25 2.474
12-7, 18 202.68 1.582 18.0
13-1, 120 204.20 2.049 2.144 18.0 1.57 3.221
14-1, 15 212.65 18.0 1.56 36.09 3.336
14-1, 95 213.45 2.303 18.0 1.67 3.837
14-2, 28 214.28 2.279 18.0 1.72 3.920
14-3, 141 216.91 1.654 2.021 18.0 1.63 2.701
14-4, 37 217.37 18.0 1.50 33.90 3.034
14, CC (16) 217.58 1.982 1.971 18.0 1.55 3.002
15-1, 40 222.40 18.0 1.57 3.096
15-1, 50 222.50 3.36 2.031 19.0
16-1, 67 232.17 2.113 2.788 19.0 1.47 31.48 3.115
17-1, 21 241.21 2.287 19.0 1.95 4.74 5.440
18-2, 75 252.75 1.585 19.0 1.56 27.73 3.561
21-1, 124 280.24 19.0 1.48 31.41 2.352
21-2, 105 281.55 1.489 2.280 19.0
21-3, 77 282.77 3.177 18.5 2.40 5.474
22-1, 20 284.20 3.087 3.546 18.5 2.61 8.301
22-1, 100 285.00 3.43 18.5 2.74 9.720
Hole 552A

1-2, 65 2.15 1.504 18.5 1.57 1.52 45.55 69.05 2.361 0.140
1-3, 85 3.85 1.320 18.5 1.61 1.58 42.05 66.46 2.119 0.210
2-2, 97 6.47 1.529 18.5 1.63 1.60 40.40 64,49 2.492 0.380
2-3, 58 7.58 1.484 18.5 1.54 1.55 44.42 68.92 2.279 0.230
3-2, 107 11.57 1.554 18.5 1.70 1.72 34.53 59.35 2.642 0.200
33,78 12.78 1.548 18.5 1.62 1.59 42.00 66.89 2.508 0.305
4-2, 58 16.08 1.489 18.5 1.65 1.62 39.50 64.03 2.457 0.245
4-3, 109 18.09 1.507 18.5 1.70 1.71 34,95 59.67 2.562 0.350
5-1, 68 19.68 1.455 18.5 1.63 1L.71 36.81 63.04 2372 0.300
5-3, 88 22.88 1.516 18.5 1.62 1.59 42.25 67.24 2.461 0.365
7-2, 37 30.87 1.512 18.5 1.72 .70 35.11 59.21 2.604
7-3, 138 33.38 1.529 18.5 1.61 1.54 43.07 66.23 2.462 0.410
8-1, 128 35.28 1.514 18.5 1.63 1.64 39.58 64.83 2.468 0.410
82,97 36.47 1.542 18.5 1.65 1.60 39.94 64.11 2.551 0.420
83, 119 38.19 1.473 18.5 1.67 1.72 35.29 60.60 2.467 0.460
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Table 11. (Continued).

Gravimetric
GRAPE Wet-
“Special” water Acoustic
wet-bulk density Wet content Impedance Vane
Depth in Sound velocity 2-min. count bulk (salt e 05 shear
Sample hole || Beds | Beds Temp. (g/cm3) densit COIT.) Porosity ( ) strength
(evelinem)  (m)  (km/s) (km/s) (°C) | Beds L Beds (g/cmd) (%) (%) em?s (2/cm?)
Hole 552A (Cont.)
9-1, 38 39.38 1.616 18.5 1.66 1.66 37.35 61.84 2.687 0.250
9-3, 88 42.88 1.550 18.5 1.70 1.68 36.39 61.09 2.641 0.570
10-1, 99 44.89 1.937 18.5 1.71 1.64 37.82 61.85 3.312 0.450
10-3, 128 48.28 1.507 18.5 1.63 1.57 41.54 65.03 2.462 0.280
11-2, 98 51.48 1.540 18.5 1.68 1.68 36.33 60.86 2.590 0.195
11-3, 139 53.39 1.524 18.5 1.70 1.68 35.37 59.46 2.591 0.230
12-3, 79 57.79 1.513 18.5 1.73 1.68 36.29 60.88 2.673 0.515
14-3, 98 65.98 1.519 18.5 1.82 177 31.43 55.51 2.769 0.115
15-2, 88 69.38 1.519 18.5 1.79 1.76 31.68 55.85 2.724 0.615
15-3, 99 70.99 1.531 18.5 1.82 1.71 33.82 57.87 2.786 0.600
16-3, 118 76.18 1.576 18.5 1.79 1.75 31.66 55.53 2.821 0.460
17-2, 99 79.18 1.570 18.5 1.81 1.75 30.86 53.93 2.842 0.700
18-2, 129 84,79 1.573 18.5 1.77 1.76 31.02 54.72 2.791 0.545
18-3, B8 85.88 1.534 18.5 1.75 1.76 31.73 55.74 2.685 0.450
19-2, 99 89.49 1.570 18.5 1.79 1.78 29.99 53.52 2.81 0.630
20-2, 109 94.59 1.531 18.5 1.85 1.81 29.02 52.48 2.832 0.745
21-3, 59 98.59 1.534 18.5 1.83 1.79 29.91 53.41 2.807 0.640
222, 139 101.89 1.567 18.5 1.86 1.81 29.18 52.76 2.910 0.715
23-1, 139 105.39 1.575 18.5 1.86 1.83 27.94 50.38 2.93 0.785
23-3, 49 107.49 1.574 18.5 1.82 1.76 31.61 55.66 2.86 0.630
24-2, 719 110.79 1.538 18.5 1.86 1.75 31.82 55.60 2.867 0.800
24-3, 139 102.89 1.555 18.5 1.78 1.73 32.72 56.71 2.7 0.630
251,99 114.49 1.510 18.5 1.84 1.75 31.44 54.89 2. 0.630
253,79 117.29 1.542 18.5 1.86 1.78 30.12 53.55 2.86 0.855
26-2, 99 120.99 1.534 18.5 1.82 1.76 31.36 55.13 2.719 0.680
27-1,99 124.49 1.486 18.5 1.77 1.73 33.90 56.78 2.63 0.520
27-3, 89 127.39 1.538 18.5 1.81 1.73 32.94 56.90 2.78 0.745
28-2, 58 130.58 1.530 18.5 1.80 1.72 33.02 56.85 2.754 0.580
29-2, 79 135.79 1.518 18.5 B - 1.71 33.94 58.10 2.66 0.750
30-2, 79 140,79 1.498 17.5 1.74 1.73 33.39 57.76 1.597 0.640
31-2, 89 145.89 1.525 17.5 1.76 1.717 32.14 56.73 2.69 0.700
32-2,99 150.99 1.535 18.5 1.74 1.77 33.62 59.39 2.67 0.860
33-2, 89 155.89 1.535 18.5 1.72 1.74 32.88 57.22 2.64 0.765
34-2, 99 160.99 1.529 18.5 1.71 1.68 34.89 58.69 2.64 0.550
35-2, 89 165.89 1.550 18.5 1.77 1.74 334 57.94 2,74 0.480
36-2, 79 170.79 1.541 18.5 1.70 1.68 36.42 61.15 2.615 0.865
36-3, 119 172.69 1.575 18.5 1.70 1.81 33.35 60.49 2.671 0.965
37 Could not be measured because of liner quality
38-1, 112 179.62 1.525
382, 90 180.90 1.522 ] No other measurements

Note: Heat conductivity at 21°C cal - X~ 3 cm®C s,

clastic sediments with varying contents of detrital terrig-
enous material.

Another break in the physical properties occurs at
about 406 m. The overlying sequence (Unit D) consists
of clastic sediments with an average porosity of about
50% and a water content of 27% in which we have a
fairly good core recovery. We interpret the underlying
sequence (Unit E) to be more porous but having the
same overall mineralogical composition. Core recovery
in this interval is very poor and only the more tightly
calcite cemented layers were recovered and hence mea-
sured.

Sonic velocities of these tightly calcite-cemented sili-
ceous sandstones range up to 4.6 km/s and porosities as
low as 10%. The high velocities cause high values in the
acoustic impedance of those layers which affects the in-
terpretation of the seismic profiles. Units D and E cor-
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relate with lithological Unit IVd, which is early Eocene
in age.

Samples of Unit F (about 465 to 499 m), comprising
mainly lapilli tuffs and tuffaceous mudstones of litho-
logic Units I'Ve and IVf (late Eocene), have sonic veloci-
ties of about 1.7 km/s and porosities up to 63%. Al-
though there are only a few measurements on samples
of that unit the lower boundary at 499 m is very well
established.

This boundary separates the volcaniclastic sedimen-
tary sequence from the top of the basaltic lava flows,
which are characterized by higher sonic velocities, grain
densities, and acoustic impedances, as well as by a sharp
decrease in porosities and water contents. The basalt se-
quence is divided into Units G1 and G2.

Within the different lava flows, three different rock
types can be distinguished by their physical properties:



1. Weathered and to a variable extent altered tops of
single lava flows—low velocities, high porosities, and
high water contents.

2. Vesicular layers of the different lava flows—inter-
mediate velocities, porosities, and water contents.

3. Massive basalt varieties with very high velocities
(greater than 5 and up to 6.0 km/s) and very low porosi-
ties and water contents.

Moreover, a very distinct boundary within the basalts
can be identified from the physical properties: below
603 m a sequence of lava flows was penetrated whose
sonic velocities are distinctly lower than those of the di-
rectly overlying massive lava flow.

This boundary may be the top of the dipping reflec-
tor sequence.

The physical properties measured on samples of Hole
553A correlate very well with the downhole measure-
ments; the correlation is obvious in the physical proper-
ties correlation chart.

SEDIMENT ACCUMULATION RATES

Site 552

The sedimentation rates for Holes 552 and 552A are
shown in Figure 38. It is apparent that there is an artifi-
cial depth difference between the two holes. Biostrati-
graphic data (Table 13) indicate that this discrepancy
may occur in the spot-cored interval of Hole 552 (ca. 3.5
to ca. 108.0 m). For this reason, the Neogene sedimenta-
tion rate for Hole 552 is not plotted.

Accumulation at Site 552 appears to be continuous
from the present to the late Miocene (about 6.0~6.5 m.y.
ago). The glacial sequence in Hole 552A, Cores 1 through
9 probably has a greater internal variation in accumula-
tion rates than that apparent from Figure 38. Backman
(this volume) and Baldauf (this volume) present a more
detailed account of the late Pliocene and Pleistocene
sedimentation rates. The available biostratigraphic in-
formation does not exclude the possibility of a number
of minor breaks in the Neogene record between approxi-
mately 6.5 and 13 m.y ago. The rate deduced in that in-
terval (0.6 cm/1000 yr.) may thus be too low. A major
hiatus separates the middle Miocene from the early Eo-
cene and has a duration of approximately 35 m.y. Traces
of late Oligocene and middle Eocene sediments are,
however, preserved at the level of the hiatus. The early
Eocene accumulation appears continuous and virtually
linear. It should be noted that the above sedimentation
rates have not been corrected for compaction.

Accumulation Rates

The accumulation rates of foraminifers, nannoplank-
tons, and noncalcareous sedimentary components have
been determined using a method developed by Shackle-
ton during Leg 74. For each time slice, average foramini-
fer-nannofossil ratios have been calculated, using physi-
cal properties data from the core together with observa-
tions on 35 core-catcher samples. At least double this
number of CaCO; bomb determinations and bulk-den-
sity measurements from lithologies compatible with the
sample from the core catcher have also been used in the
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calculation. The data tabulated in Table 14 have been
calculated as follows:

Column
A Average accumulation (cm/10° yr.)—the sedimentation
rate
B Average bulk density—GRAPE from the physical proper-
ties data
C Average dry weight in g/wet water content corrected
Column B x (100 — wet water content)
100
D Total accumulation g/cm?/10° yr.: Column A X
Column C
E Average percent CaCO,: from carbonate bomb data
F CaCOj; accumulation:
Column A x Column E
100
G Average percent, foram g/wet g: samples were weighed
wet, washed on a 63 um sieve, and the dry >63 um
fraction was weighed.
Weight of dry residue % 100
Weight of wet sediment
H Foram accumulation g/cm?/10° yr.:
Column A x Column B x Column G
100
1 Nanno accumulation g/cm?/10° yr: Column F —
Column H
J Non-CaCO; accumulation g/cm?/10° yr: Column D —
Column F

The accumulation rates are shown in Figure 39 and
Table 14. The slow sedimentation rates of the middle
Miocene and earlier part of the late Miocene are reflect-
ed in low accumulation rates of all components. Most
of the carbonate is contributed by the nannoflora. In
the later late Miocene and Pliocene there was a four-fold
increase in the sedimentation rate. Most of this is ac-
counted for by a great increase in the carbonate compo-
nent, but there is also a cyclic variation in the noncarbo-
nate component (cf. the total and CaCO, accumulation
curves, Fig. 39). There is a pronounced cyclic variation
in both the nannofossil and foraminifer components,
the two groups showing reciprocal changes in abundance.
The first glacial sediments occur in the Core 9 core catch-
er. A major change in the pattern of sediment accumu-
lation is shown at this level with a reduction in carbon-
ate deposition (by chance the core-catcher samples are
from interglacials). Although there is variation within
the Pleistocene, the CaCO; accumulation values are sig-
nificantly lower than those of the preglacial Pliocene
and late Miocene succession.

The interpretation of these results hinges on the rela-
tive importance of productivity rates of both nannofos-
sils and foraminifers (especially the planktonic foramin-
ifers) and sediment transport. It does not seem possible
to attribute all these variations to productivity differ-
ences. It is, however, clear that transport has played a
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310f,.] Note: In Hole 552 all depths below Core 1 are inconsistent with Hole
_ 552A because one drill-barrel length was miscounted in the
3@3%0 washed interval: 12,5 m should be added to all depths.

Figure 36. Physical properties summary chart, Holes 552, 552A.
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Figure 36. (Continued).
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Table 12. Physical property data, Hole 553A.

Gravimetric
guee v
wet-tfuplfl density WaEF i
Sound velocit 2-min. count et Son I ipedance Ve
Depth in ¥ ol bulk (salt 105 shear
Sample hole | Beds _L Beds Temp. _ Bfm’) ensity corr)  Porosity (3—) strength
(level in cm) (m) (km/s) (km/s) (°C) || Beds _L Beds (g/cm3) (%) (%) cmzs (g/csz
Hole 553A
1-1, 48 65.98 1.541 18.0 1,743 1.68 35.42 59.49 2.686 0.135
2-1, 128 104,78 1.552 18.0 1.697 1.71 34,52 58.99 2.634 0.210
2-5, 58 110.08 1.554 18.0 1.741 1.70 35.31 59.92 2.706 0.390
3-1, 128 152.28 1.530 18.0 1.802 1.76 32.40 56.94 2,757 0.325
3-4, 98 156.48 1.520 18.0 0.610
3-6, 98 159.48 1.482 18.0 1.795 1.70 34.56 58.85 2.660 0.410
4-2, 128 182.28 1.557 18.0 1.724 1.66 36.39 60.44 2.684 0.330
4-5, 88 186.30 1.562 18.0 1.757 1.76 32.24 56.80 2.744 0.635
4-6, 138 188.38 1.618 18.0 1.742 1.70 34.92 59.33 2.819 0.675
5-3, 78 192,78 1.563 18.0 1.741 1.75 33.14 58.03 2.720 0.340
5-5, 128 196.28 1.569 18.0 1.823 1.78 30.92 55.09 2.860 0.255
5-6, 58 197.08 1.572 18.0 1.772 1.70 33.35 56.67 2.786 0.485
6-3, 108 203.58 1.7117 18.0 1.666 1.62 37.82 61.29 2.860 0.450
6-5, 108 205.08 1.576 18.0 1.742 .71 34.32 58.54 2.745 0.655
7-2, 79 210.29 1.556 18.0 1.754 1.79 30.82 55.04 2.730 0.250
7-6, 89 216.39 1.588 18.0 1.689 1.72 34,68 59.81 2.682 0.980
8-2, 118 220.18 1.545 18.0 1.741 1.72 3333 57.31 2.69 0.120
8-3, 138 221.88 1.582 18.0 0.870
9-1, 65 227.65 1.600 18.0
9-3, 85 230.85 1.634 18.0 1.634 1.54 41,73 64.25 2.671
9-5, 98 233,98 1.661 18.0
9-6, 60 235.10 1.594 18.0
9,CC (12) 235.35 1.703 18.0 1.567 1.586 42.84 66.32 2.669
10-2, 140 239.40 1.654 18.0 1.642 1.635 39.06 62.15 2,716
10-3, 90 240.40 1.921 1.872 18.0 1.545
10-5, 10 242.60 1.546 18.0 1.545 1.44 50.99 73.50 2.389
10-7, 43 245.93 1.596 18.0 1.410 1.37 56.95 78.24 2.250
11-1, 128 247.68 1.602 18.0 1.562 1.61 43.59 70.19 2.50
11-3, 68 249.68 1.622 18.0 1.601 1.46 46.49 67.78 2.597
11-4, 78 251.28 1.649 18.0 1.608 1.59 43.52 69.36 2.652
11-5, 102 253.02 1.587 18.0 1.572 1.46 49.02 71.50 2.495
12-2, 126 258.26 1.786 2.089 18.0 1.494 1.458 52.40 74.56 3.121
12-3, 103 259.53 1.796 1.779 18.0 1.486 1.542 47.00 70.76 3.195
12,CC (6) 261.80 2.146 2.240 18.0 1.944 1.939 26.34 49,85 4.355
13-1, 84 265.84 2.041 2.021 18.0 1.759 1.773 33.4 57.89 3.590
14-3, 26 277.76 1.893 1.950 18.0 1.655 1.606 42.38 66.45 3.227
15-2, 79 286.29 2.020 2,013 18.0 1.683 1.721 35.86 60.22 3.40
15-3, 96 287.96 2.047 18.0 1.774 1.838 31.18 55.95 3.631
18-1, 106 313.56 2.382 18.0 1.860 1.860 28.73 52.16 4.431
19-1, 135 323.35 2.131 2.224 18.0 1.817 1.757 3137 53.78 4.041
19,CC 7 328.07 2.214 2.253 18.0 1.753 1.719 33.60 56.37 3.950
20-2, 119 334,19 1.994 2.084 18.0 1.792 1.722 34,42 57.87 3.735
20-5, 104 338.54 1.748 1.839 18.0 1.693 1.666 37.90 61.63 3.113
21-5, 135 345.35 1.945 18.0 1.694 1.646 39.25 63.09 3.295
22-2, 87 352.87 1.564 1.658 18.0 1.777 1.750 33.26 56.81 2.946
22-6, 58 358.58 1.679 1.671 18.0 1.696 1.689 36.98 60.97 3.848
23-2, 4 361.54 1.676 1.737 18.0 1.621 1.623 39.87 64.73 2.816
234, 44 364.94 2.214 18.0 1.873 1.340 27.61 52.29 4.147
24-1, 28 369.78 1.721 1.282 18.0 1.626 1.620 41.43 65.50 2.898
24-2, 29 371.29 1.940 18.0 1.764 1.739 35.84 60.83 3.422
25-2, 84 381.34 2.909 3.452 18.0 2.244 2.264 14.27 31.52 7.073
26-1, 109 189.59 1.980 2.073 18.0 1.919 1.904 25.94 48.21 3.978
27-2, 49 400.00 1.679 18.0 1.809 1.87 27.99 52.42 3.04
27-5, 90 404.90 1.651 18.0 1.886 1.82 27.55 50.18 3.114
28,CC 407.60 4.203 18.0 2.497 6.512 5.65 13.84 10.415
29,CC 417.05 4.587 18.0 2.593 2.516 4.69 11.51 11.894
31,cC 436.03 2.889 18.0 2.316 2.234 13.09 28.34 6.691
32,cC 445,05 4.316 18.0 2.597 2.534 4,02 9.93 11.209
35-1, 90 474.90 2.223 2,337 18.0 1.893 1.817 28.46 50.49 4,424
36-3, 110 487.60 1.683 1.838 18.0 1.722 1.784 33.80 58.84 3.165
37-3, 60 496.60 1.684 1.719 18.0 1.667 1.696 38.29 63.39 2.866
37,CC 499.60 3.336 18.0 2.2Mm 2.350 12.94 29.68 7.596
38-1, 10 503.00 3.440 18.0 2.27 2.435 11.14 26.48 7.812
47-2, 78 582.78 4.801 18.0 2.592 2.719 3.82 10.41 12.44
47-3, 140 584.90 4.712 18.0 2,595 2,76 i 10.16 12.23
47-4, 100 586.00 2.828 19.0 2,087 .27 15.78 34,95 5.90
48-1, 90 588.40 5.018 19.0 2.576 2,78 3.80 10.32 12.93
48-2, 130 590.30 5.611 19.0 2.658 2.92 1.75 4,98 14.91
48-3, 140 591.90 5.655 19.0 2.611 2.91 1.91 5.43 14.77
48-4, 145 593.45 5.712 19.0 2.646 2.93 1.75 5.00 15.11




Table 12. (Continued).

SITES 552553

Sound velocity

GRAPE
“‘special”’
wet-bulk density
2-min. count

Gravimetric
Wet-
water Acoustic
Wet content impedance Vane

Depth in bulk (salt shear
Sample hole || Beds | Beds Temp. L‘s} density corr.) Porosity (s 105) strength
(level in cm) (m) (km/s)  (km/s) (°C) || Beds | Beds (g/em3) () (M) cm?s (e/em?)
Hole 553A (Cont.)
48-5, 140 594.90 6.004 19.0 2.65 2.94 1.84 529 15.91
48-6, BS 595.85 5.78 19.0 2.65 2.93 1.80 5.14 15.32
49-1, 43 596.93 5.466 19.0 2.646 2.93 1.71 4.89 14.46
49-2, 90 598.90 5.616 19.0 2.66 2.97 1.21 3.50 14.94
49-3, 38 599.88 5.902 19.0 2.65 2.97 1.30 3.76 15.64
494, 5 601.05 5.39 19.0 2.609 2,95 1.52 4.37 14.06
49-5, 35 602.85 5.66 19.0 2.64 2.93 1.60 4.57 14,94
49-6, 100 604.50 3.696 19.0 2.362 2.45 9.99 23.92 8.73
50-1, 124 606.74 4.424 19.0 2.52 2.64 5.87 15.11 11.15
50-2, 108 608.08 5.103 19.0 2.61 2.82 2.46 6.93 13.32
50-3, 52 609.02 2.476 19.0 2.096 2.13 18.73 39.82 5.19
51-1, 30 614.80 4.707 19.0 2.59 2.73 4.17 11.40 12.19
51-2, 145 617.45 5.477 19.0 2.684 2.88 1.85 5.34 14.70
52-1, 120 619.20 5.406 19.0 2.677 2.94 1.52 4.48 14.47
52-3, 55 621.55 3.325 19.0 2.300 2.39 11.63 21.76 7.65
53-1, 102 624.52 5.164 19.0 2.556 2.79 3.66 10.22 13.20
53-2, 145 626.45 3.645 19.0 2.241 2.40 11.35 27.20 8.17
54-1, 105 633.55 4.356 19.0 2.48 2.66 4.82 12.84 10.80
54-2, 125 635.25 4.455 19.0 2.401 2.60 7.10 18.49 10.70
54-3, 67 636.17 4.642 19.0 2.494 271 4.26 11.66 11.58
54-4, 40 637.40 4.713 19.0 2.516 2.69 4.69 12.64 11.86
55-1, 45 641.95 3.297 19.0 2.204 2.43 11.21 27.24 7.27
55-2, 115 644.15 4.25 19.0 2.497 2.58 6.40 16.48 10.61
55-3, 85 645.35 4.03 19.0 243 2.58 7.00 18.08 9.79
55-4, 85 646.15 4.86 19.0 2.58 2.78 3.78 10.50 12.54
55-5, 58 647.03 5.543 19.0 2.578 2.87 2.27 6.51 14,29
55-6, 50 648.00 5727 19.0 2.645 2.93 1.59 4.64 15.15
56-1, 130 651.80 3.812 19.0 2.376 2.52 8.41 21.18 9.06
56-2, 22 652.22 3.806 19.0 2.40 2.60 6.78 17.63 9.13
56-3, 17 653.07 4.651 19.0 2.463 2.54 8.92 22.66 11.46
57-1, 60 660.10 3.149 19.0 2.236 2.33 12.86 29.98 7.04
58-1, 50 669.00 4.389 19.0 2.463 2.66 5.29 14.09 10.81
58-2, 90 670.90 4.627 19.0 2.498 2.7 4,28 11.61 11.56
59-1, 112 674.12 3.990 19.0 2.317 2.35 11.35 26.70 9.24
59-3, 126 676.76 5.894 19.0 2.656 2.90 1.66 4.83 15.65

Note: Heat conductivity at 21°C cal - X3 em°Cs.

major role in determining the level of maximum accu-
mulation rates; the nannofossil oozes of the preglacial
Pliocene and late Miocene are contourite deposits show-
ing preferential concentration of fine particles (especial-
ly nannofossils but also juvenile planktonic tests). In the
period preceding this (middle to early late Miocene) pro-
ductivity may have been low; nannofossils still greatly
exceed the foraminifers, suggesting that the bottom cur-
rents were not so powerful that all fine material was
winnowed away. In the glacial part of the succession,
productivity would have varied with the amount of ice
cover, but changes in bottom water circulation may also
have taken place.

Site 553

Sedimentation Rates

Spot-coring to a depth of 179.5 m at Site 553 has re-
sulted in a poorly constrained age-depth control for that
part of the sequence (Fig. 40). The biostratigraphic data
used to construct Figure 40 are presented in Table 15.
The sedimentation rate in the Pliocene and Pleistocene
sequence is approximately 3.0 cm/1000 yr. The average

rate over the same time-stratigraphic interval is 1.7 cm/
1000 yr. in Hole 552A. Given the small distance between
the two sites it appears likely that the difference in accu-
mulation rate reflects a difference in influence of bot-
tom currents rather than differences in microplankton
productivity. This conclusion is supported by the differ-
ent topographic positions of Sites 552 and 553. The lat-
ter site is situated close to the crest of Hatton Drift
where accumulation rates would be higher, while Site
552 is situated on the inner edge of a marginal channel
separating the drift from the slope.

As at Site 552 a change in deposition rate occurs close
to the Miocene/Pliocene boundary. The average accu-
mulation rates for the late (552, 553) and middle Mio-
cene (553) are as low as a 0.6 ¢cm/1000 yr., suggesting a
change from more vigorous to less erosive bottom cur-
rents at the two sites at around the Miocene/Pliocene
boundary. This is supported by the fact that the average
Atlantic Ocean accumulation rate (see Davies et al.,
1977) is considerably higher during the late Miocene in-
terval than at Sites 552 and 553, whereas the difference
between the average Atlantic rates and those at Sites 552
and 553 is lesser during Pliocene times.
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SITES 552-553

Table 13. Biostratigraphic data used to derive sedimentation rates for
Site 552 (Fig. 38).

Million Sedimentation
Depth years rate
Paleontologic event (m) ago (cm/1000 yr.)
L.O. S. universus 4 0.425 0.9
L.O. P lacunosa 6 0.458
R. curviostris 9 0.125-0.750 2.1
L.O. C. macintyrei 30 1.45
L.O. D. brouweri 34 1.88
L.O. T. convexa 39 2.2
L.O. D. pentaradiatus, 42 2.4-2.45 1.3
D. surculus
L.O. D. tamalis 44 2.65
L.O. N. jouseae 45.5 2.65
L.O. R. pseudoumbilica 62 3.53
Co-occurrence A. 77 38
primus and D.
asymmetricus
C. rugosus 87 <4.6
L.O. T. nativa F.O, T. 96-97 5.0 25
oestrupii
L.O. D. quinqueramus 123-128 6.0
F.O. T. convexa 133.5 6.2
NNIO/NNI11 153-158 10.3
NN10 163 10.3-10.9
L.O. G. mayeri 163-165 12.2 0.6
NN7 168-172 12.8-13.9
NP23/NP24 172.5-173.5 26-345 T T T T
NP15 C. gigas sub-zone 175 46-47
NP14 176-183 48.4-49.3 4.8
Site 552
NN6 156-157 13.9-14.7
NNS5/NN6 L.O. §. 157-159 14.7
heteromorphus
NNS 159-160 14.7-16.3
NP16 160.5 39.9-44.9
NP14 EO. D. sublodo- T T T T
ensis 165-184 48.4-49.3 4.8
NP13 184-214 49.3-50.4
NPI13/NPI12 L.O. 214.5 50.4
T. orthostylus
NP11/NP12 EO. 251-252.5 51.4
D. lodoensis
NP10/NPI1I F.O. 282 52.2
T. orthostylus

Approximately 15 m of lowermost Miocene and up-
permost Oligocene sediments are separated from the
middle Miocene by a hiatus of a duration of approxi-
mately 7 m.y. Another hiatus spanning some 16 m.y.
separates the late Oligocene from the underlying middle
Eocene sediments (NP16), which has a thickness of
about 5 m. A third hiatus, encompassing Zone NP15,
separates the overlying thin beds of Eocene and Oligo-
cene sediments from the underlying sequence of appar-
ently continuous deposition of predominantly early Eo-
cene and late Paleocene sediments. The sequence in Site
553 which comprises Zones NP11 through NP14 is rath-
er condensed, especially if compared to the equivalent
sequence in Site 552 where a comparatively good repre-
sentation of these zones is evident.

The top of the basalt is overlain by sediments, being
close to the NP10/NP9 boundary, which is in accord
with the magnetostratigraphy of Site 553 (see Krumsiek
and Roberts, this volume). A hiatus must be present in
view of the subaerial origin of the basalt. The sediment
on top of the basalts at Site 555 is likewise close to the
NP10/NP9 boundary. The age of the sediments overly-
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Figure 39. Neogene accumulation rates, Hole 552A.

ing the basalt at Site 552 (Zone NP11) is not easily ex-
plained if one assumes a synchronous age of the top of
the basalt pile. However, the basalts are submarine and
may be a later event. It is noteworthy that the oldest sed-
iments at Site 552 correspond in age with the major ear-
ly Eocene transgression in this area.

Sediment Accumulation Rates

Only a few samples were available at this site (Fig. 41;
Table 16). Nevertheless, the pattern of sediment accu-
mulation shows many similarities with that at Hole 552A.
Accumulation rates were low in the middle and late Mi-
ocene and high in the preglacial Pliocene. No samples
were taken from the late late Miocene, but it seems likely
that contourite deposition proceeded here just as at Hole
552A.

CORRELATION OF SEISMIC REFLECTORS
WITH DRILLING RESULTS

Site 552

Seismic reflection data in the vicinity of Sites 552 and
553 consisted principally of a number of multichannel
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Table 14. Data for the sediment accumulation rates, Hole 552A (see Fig.

39).
Core A B C D E F G H | ]
1CC 09 1.605 093 084 80 072 1563 023 049 0.12
2,C 21 153 085 1.79
3,CC 21 L7000 111 234
4CC 21 1700 1.10 2.32
5CC 2.0 1623 094 1.97 87 1.83 2425 083 1.00 0.4
6CC 21 1610 1.09 230 8 1.8 23.67 080 1.03 047
7,CC 1.3 1610 1.09 1.42 8 115 3220 0.67 049 0.26
8,CC 1.3 1.654 099 129 92 120 1933 041 079 0.09
9CC 13 1704 108 1.17 80 1.04 3312 073 031 0.3
10,CC 25 1.634 095 237 91 228 1865 076 1.52 0.09
1,CC 25 1700 1.10 275 93 233 9.65 041 192 042
126C 25 1732 110 275 91 228 1475 0.64 1.64 047
13,CC 25 1823 125 302 91 228 1883 0.86 142 084
14CC 25 1823 125 312 93 233 171 035 198 079
15CC 25 1820 1.20 3.0 93 233 873 040 193 0.67
16,CC 2.5 1.7%0 .22 3.05 95 238 15.01 0.67 0.9 0.67
17,CC 2.5 1.810 1.25 3.12 95 2.38 17.72 0.80 1.58 0.74
18,CC 2.5 1750 119 299 96 240 831 036 2.04 057
19,CC 2.5 1.790 1.25 312 94 235 3.83 017 2,18 077
20,CC 2.5 1.850 131 327 95 238 4.66 022 216 0.89
2,cC 2.5 1.830 128 3.2 95 238 4.67 021 217 082
22,CC 25 1.860 132 3.3 97 2.43 4.26 020 223 0.87
23,CC 2.5 1.820 124 3.1 94 235 7.09 032 203 075
24,CC 2.5 1781 120 3.0 94 235 864 038 197 0.5
25CC 2.5 1.857 130 325 99 248 1086 0.50 198 0.77
26,CC 2.5 1.820 125 312 93 233 1669 076 157 0.79
27,cC 2.5 1810 121 30 95 238 58 026 212 062
28,CC 25 1.800 1.21 3.0 94 235 840 038 197 0.65
29.CC 0.6 1.750 1.16 0.7 93  0.56 8.45 0.09 047 0.14
30,CC 0.6 1.740 .16 0.7 95 0.57 240 0.03 054 0.3
33,CC 0.6 1720 115 0.7 95 057 13.57 0.4 043 0.13
34,CC 0.6 1710 LIl 07 94 056 1744 0.8 046 0.14
35CC 06 1770 118 071 92 055 2026 022 033 0.16
seismic lines made by Seismograph Services (U.K.) Ltd. Seabed
under contract to the Institute of Oceanographic Sci- l‘g
ences, UK. The IPOD 76 numbered lines were acquired e
using a 2160 in.? air-gun array and 48-channel hydro- Reflector 1
phone with 50 m between traces. The digitized data were I
resampled at 4 ms and subjected to true amplitude re- —2
Reflector 2

covery prior to 24-fold processing using deconvolution
before and after stack, and time varied filtering. Line
IPOD 76-8 was further processed by diffraction stack
migration. Lines numbered 10S-1, etc. were shot in 1981
using Maxipulse and a 60-channel hydrophone and
have not been fully processed. An additional IFP-
CEPM line RH115 crosses the vicinity of the sites (see
Fig. 42). A few NAVOCEANO and LDGO single-chan-
nel seismic lines were available in the area. In addition,
the single-channel seismic profiles obtained during the
site approach by Glomar Challenger using two air guns
(5 and 120 in?) and a single-channel streamer towed at
300 m were also available.

Hole 552A was drilled near SP 15440 on 10S multi-
channel seismic line [IPOD 76-8 and close to its crossing
with line IPOD 76-4 (Fig. 43).

Seismic Stratigraphy

Hole 552A was located in the Edoras Basin near Sites
403 and 404 previously drilled during Leg 48 (Monta-
dert, Roberts et al., 1979). Two principal reflectors called
1 and 2 (Fig. 43) divide the seismic sequences within the
basin as follows:

Dipping reflectors

Reflector 1 defines the base of a comparatively trans-
parent interval characterized NW of SP 15460 by weak
laterally impersistent reflectors. Evidence of a lateral
change in this interval to the southeast of SP 15475 is
shown by the greater transparency of the interval and
the presence of mud waves in the seabed. Southeast of
SP 15460, Reflector 1a defines the base of the transpar-
ent unit and downlaps northwestward onto Reflector 1.
Two reflectors, 1b and Ic, are present in the interval be-
tween Reflectors 1 and 2. Reflector 1a varies in strength
and is associated with small diffractions that are not due
to faults (see Fig. 43) but may arise from small-scale to-
pography in the horizon causing the reflection. Under-
lying Reflector 1b is laterally impersistent but may be
truncated by Reflector 1a although it is conformable
with Reflector lc. Reflector 1c is more persistent and
downlaps westward against Reflector 1. It is also trun-
cated by Reflector 1a.

The interval between Reflector 1 and 2 is thickest
west of Hole 552A. In this region the 1-2 interval in-
cludes several reflectors (2a and 2b) that arise from the
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Basalt

£55—TSS SHLIS



SITES 552-553

Table 15. Biostratigraphic data used to derive sedimentation rates for Site 553

(Fig. 40).
Million Sedimentation
Depth years rate
Paleontologic event (m) ago (cm/1000 yr.)

L.O. P lacunosa (Hole 553B) 13 0.458
NNI6 {Hole 553A) 75-113 2.4-3.4 3.0
NNI2 L <6
NNI10 189-198.5 10.3-10.9
L.O. G. mayeri 198.5-208 12.2
NN7 208 12.8-13.8 0.62
NN6 217.5 13.9-14.7 :
>NI13 G. druryi present 217.5 >12.6
NNS5 221.5-222 14.7-16.3
NNI1 222-231.5 22-24
NP25 L.O. D. bisectus, 231.5-235 24-26

common R. gelida
NP16 235-240 41.9-44.9 0.8
NP14 (F.O. D. sublodoensis 240.5-246.0 48.4-49.3

in 10CC)
NP13 246-248 49.3-50.4
NP12/13 L.O. T. orthostylus 248-248.5 50.4
F.O. D. lodoensis 255.5 51.4 1.5
FO. T. orthostylus 255.5-256 52.2
NP10 379 52.2-54.6 55
NP9 493-502.5 54.6-56.6 '

tuffs previously drilled at Sites 403 and 404. This inter-
val onlaps and thins southeastward against Reflector 2
from 0.2 to 0.08 m/s at SP 15500. Site 552 was chosen
to take advantage of this decrease in thickness to ensure
penetration into the upper, flat-lying part of the dipping
reflector sequence, the prime objective of the site, at
shallow depth. In the vicinity of the site, there is an
abrupt decrease in the thickness of the 1-2 interval coup-
led with a marked change in the character of Reflector 1
so that southeast of SP 14560 Reflectors 1 and 2 appear
to have merged to form a double reflector (cf. SP 15500
and SP 15450).

Correlation of Seismic Reflectors

For Site 552, correlation between the seismic reflec-
tors and the cored section has been made by comparison
at the multichannel interval velocities and depths with
velocity and density data measured on the cores as de-
scribed in the Physical Properties section.

In Figure 44, a plot of acoustic impedance versus
depth is given, showing possible reflectors.

In Figure 45, two-way travel time is correlated against
major changes in lithology observed downhole. Reflec-
tor la probably arises from the cherts lying just below
the hard ground at the Eocene-Oligocene contact. Re-
flector 1a lies in a zone of poor recovery but where a sig-
nificant drop in acoustic impedance was recorded (see
Fig. 44). Well-cemented volcaniclastics recovered in this
zone may cause Reflector 1b. A second increase in acous-
tic impedance near 250 m is followed by a sharp drop
and corresponds to the boundary between volcaniclas-
tics above and calcareous sediments below. Reflector 1c
is interpreted as arising from this lithological break. The
slope of the time-depth curve from Reflector 1a to the
basalt gives a mean velocity of 2.5 km/s~!, in good
agreement with shipboard measurements of velocities
(see Physical Properties section).

104

The correlation between reflectors, predicted depth
from multichannel seismic velocities, lithology, and age,
appear in Table 17. Depths predicted from velocity anal-
yses, assuming that Hole 552A is midway between V,
and V,, appear in Tables 18A and 18B.

Site 553

Site 553 was located near SP 15590 on Line IPOD
76-8 and close to SP 13600 on the intersecting profile
IPOD 76-5 (Fig. 46).

Seismic Stratigraphy

The multichannel profiles across the site show several
reflectors of contrasting acoustic character discussed here
in order of increasing depth. The nomenclature used for
the reflectors at Site 552 has been followed again here.
The principal reflectors are shown in Table 19.

The seismic stratigraphic relationship and character
of these reflectors and the intervening seismic units can
be summarized as follows:

Seabed Reflector la

The seismic interval is acoustically transparent in com-
parison to those below. On the dip Profile IPOD 76-8,
laterally impersistent reflectors within the unit downlap
westward onto Reflector 1a. On the strike Profile IPOD
76-5, however, these reflectors are essentially conform-
able with Reflector 1a. Within the sequence, cross-cut-
ting reflectors hint at minor unconformities. The se-
quence is less transparent than its lateral equivalent at
Site 552. The interval thins southeastward towards the
intervening channel between Holes 553A and 552 after
which the interval becomes more transparent. North-
westward thinning of the interval is also evident. The
seismic sequence exhibits many of the characteristics of
sediment drifts and probably represents a less well-de-
veloped equivalent of the Hatton Drift known in the
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Figure 41. Neogene accumulation rates, Site 553.

Table 16. Data for the sediment accumulation rates (Fig. 41).

Core A B C D E F G H I ]

Hole 553
1,CC 3.0 1743 111 333 091 273 1.9 0.62 211 0.60
Hole 553A

1,CC 3.0 1.743 111 333 91 273 212 111 062 0.60
2,CC 3.0 1741 113 339 91 2m 40 020 253 0.66
3.CC 3.0 1.795  1.18 354 92 276 34 018 258 0.78
4CC 062 1757 114 071 91 056 262 028 028 0.8
5.CC 0.62 1772 1.8 073 91 056 21,7 024 032 017
6CC 062 1.742 1.4 071 9% 05 160 017 039 0.5
7.CC 0.62 1.689 100 062 91 056 125 013 043 0.06

same position on the slope further north (Ruddiman,
1972; Roberts et al., 1979).

Reflector Ia

Underlying Reflector 1a downlaps toward Reflector 1
in the vicinity of the site thinning the 1a-1 interval from
0.12 s at Hole 552 to 0.03 s at Site 553 and cutting out
Reflectors 1b and lc observed at the latter site. North-
west of Site 553, the la-1 interval thickens and there
are suggestions of clinoforms (progradation?) within the
thicker 1a-1 interval. The intersecting Profile IPOD 76-
5 (Fig. 47) shows that the interval pinches out to the
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Figure 43. Multichannel seismic profile IPOD 76-8 through Site 552.

northeast where Reflector 1 may have been eroded; to
the southwest, the la-1 interval thickens.

Reflector 1

Reflector 1 is broadly arched in profile, increasing in
relief to a maximum of about 0.03 s between SP 15500
and 15600: the crest of the arch lies just west of Hole
553A. From the crest Reflector 1 dips gently westward.
The intersecting Profile 76-5 also shows that Reflector 1
is gently arched and dips very gently to the northwest
and more appreciably to the southwest. Erosion of Re-
flector 1 is evident near SP 13550 on IPOD 76-5.

Reflector 1-2

This interval thins southeastward and is overlapped
by Reflector 1a. Thickening of the interval is clear be-
neath the culmination of Reflector 1. Northwestward,
Reflector 2a becomes impersistent. The intersecting pro-
file suggests southwestward thickening of the interval.

Reflector 2a

Reflector 2a becomes laterally impersistent toward the
northwest. The intersecting profile shows a very con-
vincing channel-like feature in the reflector just beneath
the culmination in Reflector 1. Toward the southwest,
Reflector 2a downlaps toward Reflector 2b.

Interval 2a-2b

On Profile 76-8, the interval thickens southwestward.
An increase in thickness of the interval beneath the cul-
mination of Reflector 1 suggests that the latter is depo-
sitional in origin. Downlap of the overlying Reflector
2A against the reflectors within the 2a-2b interval sug-
gests that the interval may comprise a depositional (pro-
gradational?) lobe.

Reflector 2b

Reflector 2b onlaps Reflector 2 near SP15500 and is
itself overlapped in Profile 76-8 by Reflector 1 and per-
haps Reflector 2a.

Internal Reflector 2b-2

The interval 2b-2 exhibits a small increase in thicken-
ing beneath Site 553 as part of an overall thickening to
the northwest. On intersecting Profile 76-5, reflectors
within the interval downlap onto Reflector 2 and resem-
ble clinoforms. Channels are also present.

Reflector 2 and the Dipping Reflectors

Reflector 2 is an extremely high-amplitude reflector
that can be correlated throughout the “basin” and is the
seismic event defining the top of the dipping reflectors
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Figure 44, Variation in acoustic impedance downhole Site 552.

below. The reflector shows distinct irregularities (SP
15600-SP 15625) that presumably arise from the mor-
phology of the reflecting interface. Hints that the single
reflector may be a more complex event are given by di-
vergent events appearing towards the base of the main
reflection. Below Reflector 2, there is a complete change
in reflection character. The section is characterized by
many small low-amplitude reflectors showing suggestions
of faulting. These dip northwestward as Profile 76-8 but
dip more gently to the northeast on Profile 76-5. The
latter profile also shows clearly that the dipping events
are laterally impersistent and cannot be traced with con-
fidence beyond an average of 10-15 km.

Correlation of Seismic Reflectors

Correlation of the seismic reflectors has been done
using the interval transit time data provided by the sonic
log.

The interval transit data requires a small correction
since sonic logging did not begin until the tool left the
drill stem at 126 m subsea. Assuming a mean V), of
1.5 km/s~ !, this missing section corresponds to an in-
terval of 0.08 s.

The data below and Figure 47 summarize the reflec-
tor-lithologic log correlation.

Reflector 1a: probably arises from the contrast in den-
sity and velocity between Oligocene nannofossil-fora-
minifer chalks and middle Eocene biosiliceous chalks
and tuffs (see Core 10).
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Figure 45. Correlation of seismic reflectors, Site 552.

Reflector 1: coincides with the boundary between tuffs
interbedded with zeolite biosiliceous nannofossil-fora-
minifer chalk above (Subunit IVb) and tuffs interbed-
ded with sandstones and mudstones below (Subunit I'Vc).

Reflector 2b: appears to occur just above the bound-
ary between Subunits IVc and IVd in a zone of poor re-
covery. It may mark the transition from tuffaceous mud-
stones above to micaceous sandstones below of which
little was recovered in cores.

Reflector 2: arises from the velocity and density con-
trast between tuffaceous mudstones and the underlying
basalt. The base of Reflector 2 may correspond to the
change from the more massive flow basalt (lithostrati-
graphic Subunit Vb) to the thinner and more extensively
fractured flows of Subunit V¢ below.

The Dipping Reflectors

The log data obtained at Hole 553A show that the
uppermost part of the dipping reflector sequence was
penetrated to a depth of about 71.5 (2950.0-3021.5 m
T.D.), indicating that the main objective of the hole was
achieved despite loss of the drill bit, although deeper
penetration would clearly have been desirable.

The strong Reflector 2 undoubtedly results from the
sequence of basalts comprising basalt Subunits Va and
Vb. The base of the reflection probably arises from the
acoustic impedance contrast between the massive flows
of Subunit Vb and the thinner flows below. Flows in
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Table 17. Correlation between reflectors, predicted depth, lithology, and age.

Predicted
sub-bottom  Observed
Two-way depth depth
Reflection time (m) (m) Lithology
Seabed 0 (3.08)
Reflector 1a  0.20 (3.28) 184 185 Miocene and Oligocene chalks
Eocene cherts
Reflector 1b  0.25 (3.33) 207-220 210-225  Well-cemented volcaniclas-
tics—poor recovery
Reflector 1c  0.28 (3.36) 252 250 Volcaniclastics
Calcareous mudstones
Reflector 2 0.34 (3.42) 289 285 Basalt

Table 18A. Depths of the principal reflectors from nearby velocity analyses.

V4 (SP. 15475)

V3 (SP.15417)

Interval  Sub-bottom Interval  Sub-bottom
Two-way Depth thickness depth Two-way Depth thickness depth
Reflection time (m) (m) (m) time (m) (m) (m)
Seabed 3.1 2294 — 0 3.060 2264 —_ 0
(0.05) 37 0.07) 52
? 3.150 2331 37 3.130 2316 52
(0.20) 201 ©.17) 126 178
Reflector 1a 3.350 2495 164 3.300 2442
(0.08) 261 (0.13) 139
Reflector 1 3.430 2555 60 3.430 2581 317
(0.12) 380
Reflector 2 3.550 2674 119 =

Reflectors 1 and 2 merge SP 15467

Table 18B. Depths predicted from velocity analy-
ses, on assumption that Hole 552A is midway
between V3 and Vj4.

Sub-bottom
Depth depth
(m)  Interval (m)
Seabed 2279 — 0
44
Velocity 2323 44
analysis
only
Reflector la 2463 184
150
Reflector 1/2 2568 289

Subunit Vb are characterized by high sonic velocities
and densities, but interbeds of sediments are tentatively
suggested by low velocities, low densities, and high po-
rosities and particularly by the higher gamma response.
Similar but sharper variations in these parameters are
present in Subunit Vc. The impedance contrast between

Table 19. Principal reflectors, Site 553.

Two-way time
Total Sub-bottom

(s) (s)
Reflector la 3.39 0.29
Reflector 1 3.43 0.32
Reflector 2a 3.48 0.38
Reflector 2b 3.52 0.42
Reflector 2 3.64 0.515 P
Base reflector 2 3.67  0.57 ] D"’g;‘g;ﬁl““”
Reflector 3 3.82 0.71

these interbeds (tuffs, volcaniclastics, paleosols?) and
the basalts may cause the dipping reflectors. However,
large contrasts in acoustic impedance occur between the
scoriaceous (weathered?) tops (low velocity 2.5-3.5 km/s
and wet-bulk density (ca. 2.28 (g/cm?) (acoustic imped-
ance 6.0-8.0 g 10° cm?s) and the base of the succeeding
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flow (high velocity 4-6 km/s and high density 2.6 g/
cm?). The contrasts in these values at 6.0 to 8.0 to the
13-16 g 10° cm?s of the massive basalt may be sufficient
to cause the reflections. However, at the wavelengths of
the seismic source in use (=170 m), it seems probable
that only a few units (thickest and greatest impedance
contrast?) are being sensed by the seismic technique.
The presence of interbedded sediments (e.g., tuffs, vol-
caniclastics, paleosols, continental sediments?) indicated
by the log response would enhance the impedance con-
trast further, and this possibility cannot be excluded
from the data.

In this initial report of the site, it would be premature
to discuss the cause of the reflectors in detail without re-
course to the necessary synthetic seismograms and mod-
els of the seismic-reflection response of the effects of la-
va flows or lava flows interbedded with sediments.

SUMMARY AND CONCLUSIONS

Sites 552 and 553

Sites 552 and 553 were drilled on the southwest mar-
gin of the Rockall Plateau in 2301 and 2329 m, respec-
tively. Hole 552 bottomed in basalt at 282.7 m but was
then aborted by bad weather. Hole 552A was hydrauli-
cally piston cored to a depth of 183.5 m. Hole 553 was a
pilot hole for re-entry Hole 553A where 181.5 m of ba-
salt were drilled above total depth before the hole was
aborted by bit loss. Hole 553B was an attempt to again
HPC the Pliocene-Pleistocene section and penetrated to
28.5 m before failure of the HPC.

The west margin of the Rockall Plateau is thought to
have formed by rifting and spreading beginning at about
Anomaly 24B time. Unlike other rifted margins such as
the Bay of Biscay (DeCharpal et al., 1978) the classical
pattern of tilted and rotated fault blocks is absent. By
contrast, the west Rockall margin consists of three struc-
tural units consisting of Zone IV, the shallow Edoras
and Hatton banks; Zone III, characterized by a promi-
nent series of oceanward dipping reflectors; and Zone
I1, an outer high (see Fig. 6). The latter varies considera-
bly in relief but the feature trends subparallel to and is
partly overlapped by magnetic Anomaly 24B, the oldest
anomaly recorded in the adjacent ocean crust.

Sites 552 and 553 were drilled to penetrate the ocean-
ward dipping reflectors. Closely comparable reflectors
are now known to occur widely beneath many passive
margins (in the Norwegian Sea, off Antarctica and south-
west Africa; Hinz, 1982; Roberts et al., this volume) but
their origin has not been understood. One hypothesis is
that they comprise a sequence of lavas and pyroclastics
interbedded with sediments respectively extruded and de-
posited contemporaneously with rifting (Roberts et al.,
1979). Another hypothesis (Talwani et al., 1981; Mutter
et al., 1982) considers that the reflectors comprise a se-
quence of subaerial lava flows formed by subaerial sea-
floor spreading in a manner akin to Iceland.

In the instance of west Rockall, the presence of a thin
Neogene section made the sites ideally suited to pene-
trate the dipping reflectors at shallow depth.

SITES 552-553

Basaltic Lava Flows

Basaltic lava flows were recovered in Holes 552 and
553A from (Site 552) and below (Hole 553A) the level of
Reflector 2 corresponding to the top of the dipping re-
flector sequence.

At Site 552, only 7.95 m of deeply altered, reversely
magnetized basalt overlain by reddened marine sediments
was cored before we abandoned the site. A submarine
origin is thought most likely. The basalt is younger than
the basalts at Hole 553A and lies in the lower NP11 in-
terval.

At Hole 553A, 181.5 m of basalt were drilled and
cored to total depth at 682.5 m. Thirty-four lava flows
were tentatively identified from the logs, of which 27
were recognized in the cores. Typical flow units consist
of a weathered scoriaceous agglomeratic top passing
gradationally downward into vesicular basalt, massive
foliated basalt, and then the highly vesiculated base of
the flow in which vertical streaming of the vesicles is
common above the basal chilled margin. Trachytic and
glomerophyric textures occur throughout. Petrographi-
cal study shows the basalts to be essentially uniform in
composition and of tholeiitic type.

Three basalt subunits were identified from the physi-
cal properties data, downhole logs, and paleomagnetic
measurements. The top of lowermost Subunit Vc¢ is ten-
tatively identified as the top of the sequence of dip-
ping reflectors. The subunit is characterized by its high-
er gamma response compared to the overlying units and
by an increase in both susceptibility and intensity of
magnetization with depths. Within the unit, the unre-
covered intervals between the flows are characterized by
higher gamma response and porosity, and by a lower
sonic velocity and density compared to the flows that
may indicate sediment interbeds of unknown origin or
paleosols. Flows within the subunit exhibit the typical
structure discussed above but in addition are thinner
and characterized by more slickensided fracturing than
overlying Subunit Vb.

Subunit Vb is characterized by lower gamma response,
low susceptibilities, and higher intensities of magnetiza-
tion. Five lava flows were identified from the logs of
which four were recovered. Individual flows are thicker
than those in Units V¢ and Va and the lower gamma re-
sponse suggests that sedimentary interbeds are sparse. A
deeply reddened vitric tuff (hyaloclastite?) is present in
Core 45 at the top of the unit (Fig. 21).

Subunit Va, comprising the top of the basalt sequence,
contains 12 flow units. Wider zones of increased gamma
and porosity response as well as decreasing density and
sonic velocity may indicate interbeds of sediment. Two
small pebbles of ferriceladonite-bearing chert from Core
40 are probably of hydrothermal origin (see also below).

Paleomagnetic measurements show that the basalts
are all reversely magnetized. Susceptibilities seem to be
lower than values obtained on the Reykjanes Ridge dur-
ing Leg 49 (Leg 81: 1.03 x 10~% G/QOe; Leg 49: 1.1 X
10-3 G/Qe) but a correction needs to be made for sam-
ple volume. Five cyclical variations in inclination possi-
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Figure 47. Correlation of reflectors with sonic-gamma caliper log and principal lithologic units, Site 553.




SITES 552553

Lithologic units

A

rwﬁ‘

e — 3000 —¢

Gamma ray (API) and
T T 71 |W:I =T = r— depth (m) Sonic velocity
below (km/s)
5 Caliper (in) 16 sealevel 3 2.25 150 0.75 0
L i ] 1
— 2750 — ;
Wd ;
-E%'
— 2800 —
Ve
v
Reflector 2—top basalt
e L= 00 B
—
o —_
2850
_d_
————————————
— ; —
Va ————
—
—
————— —
e
i — 2900 — =
5 ——
e —
?
i
5
{ Vb
o —
5
) —gJ_
f |
* —————
£
; —————
I;>- 2950 Top dipping reflectors?
)=-
LY
X &;—'——
£ —
~ = }
’} . ———— %
& _#———
k—

——

Figure 47. (Continued).

113



SITES 552-553

bly resulting from secular variation characterize the flows.
Assuming a secular variation period of about 2800 yr.
(Stuiver, 1978), the frequency of eruption can be found.
Thus, the flows in Subunits V¢, Vb, and the lower part
of Unit Va were produced in about 10,000 yr. (142 m
thickness) and the remaining part of the basalt flows
were extruded in about 1400 yr. The upward increase in
number and thickness of flows per secular variation cy-
cle may reflect accelerated extrusion during the terminal
phases of volcanic activity.

Precise determination of the age of the basalts must
await geochronologic studies onshore but an age older
than 52.3 m.y for the top of the basalt can be tentatively
inferred from the paleomagnetic stratigraphy of the over-
lying late Paleocene-early Eocene section (Hailwood et
al., 1979).

Late Paleocene-Early Eocene

Sediments of early Eocene age or possibly latest Pa-
leocene were found overlying the basalt at Site 553 and
early Eocene at Site 552. At Site 552, only 108.5 m of
early and middle Eocene, representing Zones NP11-16,
was present in contrast to 264.52 m of early and middle
Eocene sediments in Hole 553A (NP10-16).

Correlation on the basis of biostratigraphy and heavy
mineral analyses shows that the whole of Unit IV of Site
552 is equivalent to Unit IVb of Site 553. Thus between
Site 552 and Hole 553A, Unit IVb thins from 108.5 m
to 37.2 m in Hole 553A. In contrast, the underlying
227.85 m of section at Site 553 is absent at Site 552 but
possibly underlies the basalt cored at total depth. For
convenient review of the early Eocene at these sites, the
lowermost subunits (IVc through IVf) of the early Eo-
cene at Hole 553A are described first.

In Hole 553A, the sediments (Subunit IVf) immedi-
ately overlying the basalt are close to the NP10/NP9
boundary and reversely magnetized. They were thus de-
posited during the reversed polarity interval between
Anomaly 24-25. Three short intervals of normal polari-
ty, identified in Cores 19, 25-26, and 35-37 in this oth-
erwise reversely magnetized interval, may correspond to
hitherto unreported short normal polarity intervals in
the 24-25 reversed polarity interval. If confirmed by
further work, this indicates a tentative age of the base of
the early Eocene section of younger than 54-56 m.y.
(Hailwood et al., 1979, time scale) and a minimum sedi-
mentation rate of approximately 10.6 cm/1000 yr.

The earliest early Eocene sediments of Unit IVf are
sandy tuffaceous mudstones, possibly representing a ba-
sal transgressive deposit, and are succeeded by tuffa-
ceous mudstones deposited in inner shelf depths that
changed to a brackish marsh environment by Core 36.

The succeeding subunit (IVe), which is clearly identi-
fied in the gamma log, consists in contrast almost whol-
ly of volcanic lapilli, altered glass, and zeolites. Deposi-
tion took place in inner shelf depths.

Very poor recovery was obtained in succeeding Sub-
unit IVd (Cores 26-33). The few fragments consist of
micaceous arkosic sandstones, often highly carbonaceous
with a minor volcanogenic component (Cores 26 and 27
only). The clear high gamma response suggests that the
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sandstones are probably the principal lithology. A de-
crease in temperature gradient through the interval may
indicate flushing of the formation by connate water. De-
position took place in inner to mid-shelf water depths.

The overlying subunit (IVc) is marked by a sharp in-
crease in the abundance of tuff with two maxima in
Cores 12 to 16 and 21 to 25. The tuffaceous components
are largely vitric and typically palagonitized but are clear-
ly more silicic than those of Subunits IVe and IVb. An
early Eocene (NP10/11 boundary) nannoflora occurs
near the base of the subunit (24-1, 60 cm). A rich mac-
rofauna comprising bivalves, including oysters, gastro-
pods, and serpulids, is present and thick shelled oysters
occur in Core 19. Scour structures, cross laminae, and
intraclasts are common, with disseminated carbonaceous
matter along laminae. A heavy mineral assemblage char-
acterized by metamorphic hornblende and epidote (also
found at nearby Site 403) is present throughout. Benthic
forams indicate brackish lagoonal or estuarine condi-
tions in Cores 18 and 19 and inner shelf elsewhere. The
top of the unit is placed beneath a highly glauconitic
unit, marking a major transgression, which dramatical-
ly alters the sediment type.

Unit IVb is marked by the appearance of nannofos-
sil-foraminifer chalk, the disappearance of common de-
trital quartz, and the change in heavy mineral content
from epidote-hornblende to the augite-iddingsite above
occurring within the upper part of Zone NP11(?). The
succeeding Unit IVb is equivalent to the whole of Unit
IV of Site 552. In Hole 553A, the subunit is composed
principally of tuffs reworked and interbedded with zeo-
litic nannofossil-foraminifer chalk. The tuffs are main-
ly vitric, often unaltered and of basaltic type. Grading is
present together with a small slump (Core 11), micro-
faults, and sedimentary dykes. Macrofossils, including
serpulids, gastropods, bryozoans, and in situ bivalves,
are common in the lower part but become less common
upward. The benthic foram assemblage is tentatively in-
terpreted to show a depth change from 100-180 m to
greater than 700 m by Core 10. The age of the top of the
subunit is NP14.

The thicker IVb equivalent at Site 552 has an age
range from NP11 at the base to NP14 at the top. The
basal section (Subunit IVd) is a terrigenous diatoma-
ceous claystone. The overlying beds (Subunit IVc) are
glauconitic and contain echinoid spines, bryozoan, and
gastropod fragments. Deposition took place in mid-shelf
depths of 75-100 m. The overlying subunit (IVb) con-
sists of calcareous biosiliceous volcanic ash of basaltic
composition and tuffaceous biosiliceous chalk. Ripple
drift cross laminae, intraclasts, small microfaults, and
contorted beds occur throughout. Deposition took place
in mid-outer shelf depths.

Middle Eocene

A hiatus representing NP15 is present within the mid-
dle Eocene at both Holes 553A and 552 and at least part
of the middle Eocene is missing above (NP17-187). Ben-
thic foraminifers indicate depths of deposition were greater
than 700 m. The middle Eocene section at both sites
consists of a characteristic pale brown biosiliceous nan-



nofossil-foraminifer chalk with sparse volcanic ash. At
Hole 552A scouring, cross laminae and thin beds of
sponge spicules are present.

Late(?) Eocene-Oligocene

At both sites, a condensed sequence (maximum
1.75 m) containing several hiatuses bridges the 30 m.y.
of geological time between the middle Eocene and the
early Miocene. At Site 553, 0.75 m of late Oligocene
(NP25) nannofossil-foraminifer chalk with palagonitized
ash rests on the middle Eocene. Manganese nodules and
fish remains at the base suggest a period of prolonged
nondeposition and/or erosion. In Hole 552A in con-
trast, a more complete section was cored using the HPC.
Here, 1.5 m of Oligocene foraminifer-nannofossil chalk
pass down into a chalk containing complete and broken
manganese nodules together with angular clasts of the
underlying unit. The manganese nodules contain lithi-
fied volcanogenic sediments, and evidence of both ero-
sion and nondeposition are clearly shown. The Oligo-
cene section (1 m) in Hole 552A contains Zones NP21-
24 compared to NP 25 at Site 553. Depths of deposition
in Oligocene time increased from about 700 m to in ex-
cess of 1400 m in late Oligocene time.

Miocene to Late Pliocene

Sedimentation was continuous only between the Mio-
cene and Oligocene in Hole 553A where a thin (4 m)
nannofossil-foraminifer chalk represents the early Mio-
cene (NN1). A hiatus encompassing NN2-N4 separates
those beds from overlying early Miocene (NNS5) glauco-
nitic foraminifer chalk. In Hole 552A the early Miocene
is absent and the Oligocene is succeeded by middle Mio-
cene (NN7) glauconitic foraminifer chalk. At both sites
a hiatus is present within the middle Miocene above which
the principal lithology is a uniform nannofossil-fora-
minifer chalk that passes upward into nannofossil ooze,
the transition from chalk to ooze occurring at about
142 m. Faint bluish gray laminae and thin bands of well-
sorted forams are present in the lower part of this unit.
Water depths of greater than 2200 m are comparable to
those at present.

Late Pliocene-Pleistocene

A complete Pliocene-Pleistocene section (in which
the preglacial-glacial transition occurs at 44 m) was cored
in Hole 552A and the equivalent interval was washed and
in part cored by HPC in Hole 553A. The average accu-
mulation rate of 1.4 cm/1000 yr. was determined in Hole
552A and deposition took place in depths closely compa-
rable to those at present.

The base of the section is defined by the appearance
of alternating beds of foraminifer-nannofossil ooze and
calcareous mud with dropstones as well as an abrupt
change in the variation in CaCO; content. Below 44 m,
uniform carbonate values of about 90% are character-
istic. Above 44 m, cyclical variations in carbonate con-
tent are apparent, increasing abruptly in amplitude near
43 m and in length near 16 m. These carbonate cycles
correlate with the lithologic cycles of which 34 were iden-
tified visually. Assuming a 2.1 cm/1000 yr. sedimenta-
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tion rate, cycles above 16 m are longer (c. 130,000 yr.)
than those below (20,000-30,000 yr.). Within each litho-
logic cycle, smectites dominate in the carbonates while
illite, kaolinite, detrital quartz, and feldspar predomi-
nate in the muds and marls. Dropstones occur through-
out. Diatoms are abundant in the carbonate zones but
absent in the intervening muds. These cycles correlate
rather well with the oxygen isotope cycles recognized by
Shackleton and Opdyke (1976) in the Pleistocene of the
Pacific. This preliminary correlation demonstrates that
a complete Pliocene-Pleistocene record is present. This
is the first complete record obtained in the northern
North Atlantic and will thus be invaluable in interpret-
ing the evolution of Pleistocene climate and ocean circu-
lation through magnetic and biostratigraphic studies com-
plemented by studies of the lithostratigraphy and oxy-
gen isotope stages.
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Dominant Lithology Hole 553B
11,19 [ |
1-2, 102 |
1-3, 15 |
1-3, 83 |
2-2,100 | | |

22,132
25,84 I | ‘ |
|

2-6, 100
34,113 |
35,97 I

3-6, 140 0
41,33 !
4.7, 20 i

Minor Lithology Hole 5538

e Tk T
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i
3
g

CORED INTERVAL 0.0-35m

8

HOLE CORE 3 CORED INTERVAL 108.0-117.5m

APHIC

aR
LITHOLOGY kvl

LITHOLOGIC DESCRIPTION
LITHOLOGY

LITHOLOGIC DESCRIPTION

TIME — ROCK
UNIT
BIOSTRATIGRAFPHIC
ZONE
SECTION
METERS
unIT
BIOSTRATIGRAPHIC
ZONE
FORAMINIFERS
SECTION
METERS

NARNOFDSSILE
FORAMINIFERS, i

TIME ~ ROCK.

FORAMINIFENS
BENTHIC
AADIOLARIANS
DiATOME
BENTHIC
FORAMINIFERE]
DRILLTRG
SAMPLES

Z | wanmorossis | 2

i
f

10YR 63
10Y R 64

T
:
:

.{.
+
il

FORAM-NANNGO OOZE with NANNO-FORAM MARL and

CALCARECUS MUD

] Color i alternating pale brown [10YR 6/3) and light gray (10YR

E «| ¥RIR 1/2), with mottied transitional boundaries, Care is very disturbed 1

by driiling. Distorsed taminations presert. Granule and sand-size

black lithic elasts throughout. Angular pebbles of guartzite and

phyflite also presant. Bioturbation presant in light colored Layers.

M1 b oveenw Boundary batween marl and overlying oo is sharp,

- AayR.oe SMEAR SLIDE SUMMARY (%)

oY 772 L7 1,110 1,140 2,80

[ JOYR&M [+] o o L]

o Tescturo:

ey = 10YRSM Sand 10 10

- 10YR B2 Silt 10 18

| Clay B 75
Compastion;

10YR 813 to Quartz

10¥R 772 Haavy minerals
Clay

i

.].
T
+
;

i
1
i

.|.
i

voID FORAM NANND OOZE

= Color is mainly bluish white [58 9/1) with laminations of light
GB8/1 way (25Y N7) and minor bayers of pale yellow (5Y 7/3), Core is
maodarately disturbed by dviling.  Biowrbation kb common
throughout with some diseminaed pyrite. Sedimen becomes
firmar balow Section 3, Texture is sandy mid.

!
b
1
i

1
1

||§JJII
i
i

|
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I
!
;
i

.|.

it

+
f
t
il

Al
i

_._......-..__..._..._..__‘._. L ._-ll.- {H- TRICLING
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i
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}
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.I.
i

[
| I==vois

i
I
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SMEAR SLIDE SUMMARY (%):
1,80 3,80
o =]

.76 5,130 5,142
L]

+|
.|.
#
it

Texture:

Sand

Sire

a 568/ Clay

Compasition:

L Clay 10

Pyrite -

58 801 Carbonate umspes. —
Foraminifors o
Cale, nannofomils B0
Digtoms. Tr
Radclariarm =
Sporge spicules =

CARBONATE BOMB: CaCOy %):
1,20=04
| 3,80=02

10 .
15 10
%5 13

T
i

|

j{+

i
2EE =&

i
i

.|.
.i.
+
it

i

28

Ful mn
10 10
15 E
55 4b

stocene
Exmifiania huxfoyi—Gephyrocamsa ocasnica (N)

.I.
11
.|.
i

L
ol 1}
b IFY
1

'+
.i.
it
i)

1.' 1!
¥
fi

Valcanic giass
Carbonate unspec,
Foraminifers
Cale. rannotonils 65 L1l
Diatoms - T
Radiolarians Tr -
Songe spicules 3 2
Dolomit - -

1

Pleistocens
b3
© NN20-NN21

__A” i

Bu'!'d'm

AM |RF [RG

1

wu-=25!' 18 Es:s

":lr|
i

u
i

_I_.

X 5 langil rone

-
wBR ¥

+
+
ih

F
eyl e e g lgaaadiag “n?nu.?uu
T

Tt
.|.
i
i

i
n
b,

CARBONATE BOMB: CaCO4 [%]:
1.7M=74

2,81=28

2.1

¥
i

;
!

Pyrite
naduls

28YN 70

i
it

i
8y

SITE 552  HOLE

g8
el

CORED INTERVAL _ 651.0-605m

.|.

3
.|.

FORAMINIFERE

.|.
R

y

.|.

=

.I.
+
gl

8Y 713

Discoaster quinguaramus

GRAPHIC % LITHOLOGIC DESCRIPTION

.I.
.|.
i

R
.|.
.I.
SR AR

ZONE
FORAMINIFERS

2 | mannorossis
RAGIOL
DIATOMS

UNIT
BIOSTRATIGRAPHIC

SECTION
METERS

L

:

<

]

<

.{.

BB A

TIME — ROCK

£
+
.|.

i

“.Illlll_;l,]'““
+
.I.
it

BENTHIC
BATCCTRG
SAMPLES

1
i

25Y B0 s
o e = san FORAM NANNO DOZE

o o o| 28vEm Vary daformed by drilling. Mainly white (25 8/0] with mincr
_|_—|—_.:I: | laminations of grayish groen (5G 7/1), gray (BY 5/1), and blsck
o —|—_._—|— (Y 2.5/1) patches and spots represent burrows and disseminated
=" = — £ san pyrite.

!
+
.|.

i
fi
h
i

5 Hi8-N21

1

2
.|.
N
It

:
i
I{

warly Pliocana

EG BN

}

ﬁnn?.ln
.|.

.|:

T’r

£ S langli 2908

ZNN1E NN1G

2

.|.
.|.
+
i

i

SMEAR SLIDE SUMMARY [%):
1,60 1,83 1,101
D M M

1
o
i

N8

Toxture:

i

U

15 L} 15
S 15 10 20
Clay o B6 &5
Camposition:
Heavy minavals Tr = -
Clay L] o 10
Pyrite - 15
Foraminifers w0 0 0

}

||||'I+|-t:|1|t|r||
iy
i
i

-
;
;
y

t
t
t

.|.
N
i

i
I
1

= BY 81

{.
!

Glaboguadring aitisplre Discoaster surcuis

2 NIt
2 nnnt

.|.
4

Calc. nannofossils 76 B0 a7
Distoms 3 = 3
Radialariarm 3 - 2
Sponge spicules. 3 Tr 3

Reticulofenastra pasudoumbilics—Sphasroidinells dehiscant—

CARBONATE BOMB: CaCO4 %)
1,60 =88

Information on core description sheets, for ALL sites, represents field notes taken aboard
ship under time pressure. Some of this information has been refined in accord with post-
cruise findings, but production schedules prohibit definitive correlation of these sheets
with subsequent findings. Thus the reader should be alerted to the occasional ambiguity
or discrepancy.
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SITE 652 HOLE CORE 4 CORED INTERVAL 117.5-127.0m SITE 562 HOLE CORE &5 CORED INTERVA 127.0-136.5m
2 PORRL g FOSSIL
E § |__CHARACTER § 5 CHARACTER
ML - EA B & - @
e 2 a
- § Eé E i é g E = E L:‘TT";TAS? £ E LITHOLOGIC DESCRIPTION cE gg H § § E E E el LITHOLOGIC DESCRIPTION
M HALE 23 o S HHHATEE 3
S NHHHEE E £7(E|3|g)z (8 [E3)"
= E=
HIHHEHH Tt al BHHHH i
B o iy i |
e \
b e R FORAM NANNO O0ZE t L FORAM NANNO OOZE amd MINOR FORAM NANND CHALK
‘.':|__|.,"|Z+'."‘ Color is mainiy Bluish white (58 9/1] with zones and lsminstions -4 <L Color in mainky blutb white [58 8/1) with very light gray [NE)
°-‘"_4_—|— i — sa01 befow Section 2 of yellowish gray (Y B/1) and Fight greenish 0 I 3“",':_ Minor laminatians of light greenish gray {5GY 8/1)
1 . —l—|—|—i—f gray (5GY 8/1). Sharp contact at baw of some gray layers, Othar 3 T L e
:tl—'—i—-—’—r \ contacts are gradational. 7] 4 L Drilling disturbance may have destroyed soeme |aminatians.
L o e e B 101 Bioturbation i rare with some disseminated black pyrite and an
P Doze is 4 firm sandy mu. Minor bioturbation, 3 5891 sl it o,
B P et
4= == 5
- 1 ,—I—_'_—l— —+H = SMEAR SLIDE SUMMARY (%): = Atternating liem and soft coge with thin chalk layer {1 emi in
£ m b i 1,145 3,18 344 36 z _1:’__'|_| Section 1,
T —|:|:9—_ﬂ 8 o o o 2 _‘|-|:'u—|—_|:4—
_-l-_|:|-|—¢:* Taxture: é I e SMEAR SLIDE SUMMARY (%):
=== == Sand 10 5 5 T _.._|.-.|._|-—| 1,42 2,130
o 2 :t|_'_|_|:* S 10 5 15 ! ’ :4—_~|_-{—_|_.-q:| R ¥
:*_—t—vl—l—l-—i : Gy 80 80 0 B 3 :_-l— —l—l—l-_| 1 Texure: . .
2 ===} Compasition: = ——, = i Sand
E B e R Ciay B 15 15 18 £ e e S st w1
K = i Valeanic glass T - - ===, Clay 90 80
aG |om | £al i P oo ol Carbanaty wnipes. - 5 3 ey ey i Camposition
.|_'_|_|_|:" — | Foraminiters 15 15 0 10 aml +— _1_++_| Faichpar - T™
£ ot - Cale. nannafossils 70 0 n T - ~1:’T-1— ——— L1l L Clay 10 15
g i oy e Diatoms L S 7 - §ls fa by e Carbonate urepec, 5
i Fmm= Radiotsuns T i 8 | £ === | seven Earaminifers woowm
—_- = =
£z :4—'—4:_:___-—{'3 | AN Sparge spicules T — 2 b e e Cale, nannclosis 80 70
3 i _':f 5Y 81 Silicy urpee. i Tr = = 3 —"__1_'_'“_‘__'_.4 i an Dintoms T b
51 P ot e = B i e e e, Radvolarion T -
i o e, | | CARBONATE BOMB: CaCOg [%1: o oy iy I I
! o e et I 1,145 =92 : i e e, [ CARBONATE BOME: Ca€0y 15):
= === 5 i e | 211582
et | [ sev e H .t e
—— =
B et | B Tt i bl b oseven
s fim s e g e e E
- _'_'-4- +|—| | ===
= _|_'_|__; L | 8YEland _-I-!"__'_ i 58 81
Eeseee L= Ml J=Ea |
bl [ e e 4| P e
B i Bt e N
H—= == —— B |l ey
g e e | e o
S Py == e et vt |
= e e e B — Y B/ andt P e
P S = == —— | F5 = == =
&z — SGY E1 ——= |
== == | e
== i e i — F 3 b
ac|acfce |relraloe  Jtoy=ieh § :+—|—l—|—|— 1| — E sovan
= E 5 n ,5“:‘:‘:, | Pyrite nadule
z| 2|4 B oy ey i
AGIAG | FM|AM RG|oe 21 "f—|—!—| i




SITE 552 HOLE CORE 6 CORED INTERVAL 136.5-146.0 m SITE 552 HOLE CORE_7 CORED INTERVAL 146.0-1555m

FOSSIL
CHARACTER

GRAPHIC

LITHOLOGIC DESCRIFTION LITHOLOGY LITHOLOGIC DESCRIPTION

TIME - ROCK
UNIT
BIOSTRATIGRAPHIC
ZONE
NANNDFOSSILE
RADIOCAFIANS
SECTION
TERS
H
=
a
SAMPLES
TIME — ROCK.
uNIT
BIOSTRATIGRAPHIC
ZOMNE
Ls
ANS
SECTION
METERS

-rnlm«luusj

| DiaToMs

TATCCTRE
i

SAMPLES

ctl

{
f

1.
1
t

.jl...
+

N8

! L FORAM NANNO DOZE and FORAM NANND CHALK

Color ix mainty biuish white (5B B/1) and very light gray (NBJ,
Minor busiow mottling with light gray (N7) and fal mines of
light greanish geay (5G B8/1) and very light gray INB).

FORAM NANND CHALK owerlying NANND FORAM CHALK
Color i bluish white {58 /1) grasiing 1o light greenish gray [5GY
B/1] with depth, Thare it & tharp changs in sediman color in the
base of Section 3 1o white (10YR 8/1). Rave laminae and no

5@ 91 visible bioturbation. [Top ol Section 1 i very disturbed by
drilling and is mainly dawnhale contamination),

.1.
1
t

.|.
+

§
S
.l.
+

.|.
+
i

.I.

7
,!,

£
+
.|.

- Sectian 4 |s much firmer and |3 clanified as a chalk.

B
.|.
.|.

fi
fi

+
+
i

2 whenNie B

.I.
i
+

SMEAR SLIDE SUMMARY (%): Sadiment bacomes sardy in taxtire and focam.rich balow Saction

1,100 2,730 3,80 4,73
1 D D o o
H Taxture:
Sand L} o 5 o
Site 10 1] 15 10
Clay 85 o0 &0 20
Composition:
- Feldspar - Te -
Clay 15 0 15 10
' = Foramaniters 10 o w (1]
! b Cale, nannotossils 71 [ 75 B0
Diatoms 2 4 T -
Radiolarians - 1 -~ -
Spangs spicules 2 - T -

.I.
+

D. pensltims zone B
f
.l.
+

A
.|.
i

quingeersnus

turmidla
[contamination from Discoaster rurculs zona)

SMEAR SLIDE SUMMARY (%]
1.80 3 140
1+ D

+‘|‘
{

oy u.+. iy
}

i
+
4

b
.i

l'
I

T
+
1

Texturn:

Sand o 0

Sit 0 20

B Clay o0 o
Camgotition:

SGY &1 Cuartz - ™
Clay 10 n
Wobcanic glass - T
Foraminifere 10 25
Cale. nannofossils 80 85

i

.|.
I

NN11

t
.|.
.|.

P S ENEREREQ NN NN

T
!
.I.

l
|

}
+
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+

i
.|,
ht

late Miocans
late Miocana
1

|
;

- * CARBONATE BOMB: C2C0y (%):
668/1 3,60 =88

Mottled 3 112=83

with N7

CARBONATE BOMB: CoCO (%)
1,80-0
314 -3

{
{
¢

f

2 N perteri—N, miocenicus
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SITE 552 HOLE CORE 8 CORED INTERVAL _155.5-165.0 m SITE 552 CORE @ CORED INTERVAL 105.0-1745m
g FOBSIL S
« |E CHARACTER « |E
- EMAE £l 2 z. [+ z
EEE 2 HE|w | Ghamuc LITHOLOGIC DESCRIPTION §: E% £ E| 2| cmarmc LTHOLOGIC DESERIFTION
MEAFCIHIEIE R @ EHEEE 5l E LITHOLOGY o ﬂ
gn!;ﬂisgu’ H 5° £ (3 4 ¥ ¢
-] = b
& 5 H g HEH g g § E !
: T
. ‘7‘ (Downhole contamination i very disturbed top of Section 1.) ] I Biowliceom nanna Mllfkrm with minar oml?tlmm |nd_a-er|
g 15 t - =] [ overtying gleuconitic sealitic mudstone and minor volcanic ash,
» 05 P SGY 81 Glauconitie nanno forem chalk and glaueonitic becsliiceou 0.5 )
2 - chalk overtying zealitic narna chalk. 1 * Calor 1 mainly moderate yeilownh trown (10YR 5/4] with
i + » 1 . | 10YR 54 busrrows, lnnses and laminse of paler (graylsh orangs [10YR 7/4] )
1 Color i light greanish gray (5GY 8/1) with minor matiling of — . and minef fight olive brown [5Y 5/6). Below a sharp contact
i 5G B and sand geaine colored gresnish black (SGY 2/1) 1.0 in Section § the sdiment ks coarses grained (uand) and colored
; throughout and Increasing with depth. Some yllowish gray (5Y ] I - dark yellowish beown (10YR 8/8) with minor lught alive brown
2 g Mottled 8/1) mottling above shap contact in Section 4. Abundant sand- 1 . (2.5Y 5/8] and glauconite grains. Some laminations and cross-
EG BN siza glauconite above this eantact (dark greenish gray [5GY I beds in Core Catcher, Chert is besesiated with froctures filled
L ;';". 3 41} snd below i g thin lens of Tight olivs (10Y §/4) nanno clay B with secondary chalcedany. Ash layer is palaganitized,
wwetlying [with 8 tharp, uneven contact) madarae yollow brown 7
(10 A B/4) burrow mottied layer. B - SMEAR SLIDE su“:‘?;; ‘:}w s e
— o . . 1
Lithitied clasts noar contact in Section 4 may be drilling treccia, 2 - o ] M D
-1 Texturm;
. =
5 ‘ SMEAR SLIDE SUMMARY (%) ) Sil'd :I|: il i:'g 0
3 1,85 285 4.5 4,35 470 482 3 il ® & % »
i o B % M N : <
| Texture: o B ) ) g
& Sand AL T T - B 5 =
. Sin 3 3 % 46 I8 B :F 1 mmm P ; 3;0 ;
! Ciay 5 8 60 30 & 70 g ] P b T T .
] g::pqnmn- . B = - = g - Valcaric glass -} 4 -
iy u a . Palagonite - - 40
[ = Flxona = 0 =
H Clay 15 16 1w 0 15 1 § £ - ite
§ = L Vobcanic gl T 2 52 2 m E = Pyrite - 3 = 5
SV, [T 5 3 8 s - & 3 Feaxide L
o = = [ - 5 o Glgueonite Zeolite - - 5 rl]
. ::l::lv“mdul - - - - 1 2 nodule Farsminifars 6 4 -
" " |-° 2 - A N Cale. nunmafosily 26 42 10 10
- sxrind -] Puculaeio Diatoms 5 ¥ = -
o[ sGyan Foraminitars 6 0 W0 5y 10 4 faduly Aadiolariars 10 R -
W Y 10YR 54 Colc.nannofossis 36 60 48 28 52 48 B ¥ e o e S
= | o Eles W, | rovesa BadiEutani = = F = = = B W0YR M4 wd  Barite e N
gz | 2 ‘%5&# . Spange spiculos — - 3 - = 4 =] SV E/B
ga| = Barits - - - T - . 3 .
Ed RP|CF|RP 0¥ 54 =] m!:)"lll'l& BOMB: CaC0y (%):
CARBONATE BOME: CsCO4 %): = W 4- 12594
2,068 B o5 5 1046
-1 . 4,4=73 h og|
= -
.fi. 1 L2090 3] X. fi. D. BULK SAMPLE ANALYSES:
» Calc. Crat Zeol. Claya: Ll Sm
X. R. D. BULX SAMPLE ANALYSES: S [
g Cale. Faid, Crist. Zeol. Clays © 5m K+C n B 10YR 4/4 520= 1 2. 17 28 :40 60
= 4dMe g4 -~ B 7 100 - Volcanic ash
H 4,38= 48 7 13 2B 6 50 50 - o tayer
2 4.56= 68 @& B 11 7 1100 & E
4 gz .
aplar|B | @ | AP [CC] w
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SITE 652 HOLE CORE 10 CORED INTERVAL 174.5-184.0m SITE 552 HOLE CORE 12 CORED INTERVAL 193.6-203.0m
FOSSIL I g FOSSIL
3 « |3 _|cunnamn
gls FEES - EMAE FEE
£ F L] GRAPHIC Eu 2
1z |EB|E g g HE LITHOLOGY HYHOLPYIG DERCRIFTION E.E F§ i g 5 £ 2 r L,‘&‘;’L'gg‘, LITHOLOGIC DESCRIPTION
§° HHEHE EE EEE g?%i HHEHE =P
= H ] = £ |= =
ll AiHHH FiH A T EH
B L) -
™ FPlro EFYYYYYY . 3 0
= L 1 oRiLLNG | )
= GHest - BRECCIA o Calcareous biosilicecus twil, volcanic wif, niitaceciss chalk snd
Four pieces of chert (lengths 4, 4, 5, 4 cm), Two are tuffaccous - o G oae, Mirsoe o i
= and grayish blue green (SBG 5/2] to dutky blus green (58G 3/2) = T I Hite, and biosiliceous tulf,
g Bedided with minor PORCELLANITE on margins. g g &Y 21
i Scatiered Slightly duturbed by drilling, Color is oilve black (Y 2/1),
E Other two pisces are light olive brawn (5Y 5/8) and are brocoias P " Tapilli with blsck Lagilll ing olive gray (5Y 4/1) with depth,
etied Sy abf quatis oty P 3 ity | (48 mm) Mottled with dark grayish leown (IOYR 472}, Tuft layer is
2em in shae. browmish black (5YR 2/1). Section 3 s sendy mud texture {very
. AP | dark grayish biown, 10V 3/2). Sections 4 and 5 are santy tox-
CARBONATE BOME: CaCOg (%) Y 41 ture, grayith olive (V0 4/2) grading down ta grayish olive gram
Matled BGY 372),
. 10¥R 4/2
coil) =2 A [ YR
g [ SMEAR 5LIDE SUMMARY (%)
b
+ ’ 2 1,100 2,106 4,118 590
g § NOTE: Core 11, 184.0-1935 m: No meavery. [ 3 M > o
4E — s Tenture:
— Sand w0 s 3 4
[ sint 40 40 a0 %
T B 10YA 312 Clay 20 10 30 a0
ISH_:T“"' Composition:
upilli Ouartz 3 3 - -
g | - Ll Foldspar a2 3 3
L= Haavy minscaly 3 - 2 3
£l | Clay 10 - 5 -]
3 LY g, 1 Vaicanic glus 38 o0 15 (]
: ol S Glauconite - - - s
H B == = | Miconoduies - - T
Foraminiters b - 3 3
«| O -
¥ 5 FMul= = | Cale. nannofossils 22 30 5
8 T_ s - Diatoms 2 - 5 3
ol =z Sty Fradiclariurn 3 2 F—
=\ ; £3 D | B Spangs spicules 15 3 a0 35
2 e =1 i o
13 =C= =C CARBONATE BOMB: CaCO; (%):
2 . A e I 1100 =4
4 T sop- 5
Trdaey H1 O F Eraphh gl 4, 118=11
Jueot 4 | ™ 5,118=8
Iralr 5= :
o il ] 10 472 with
g 20 =C= =0 | minorgmyih 3 R.D.BULK SAMPLE ANALYSES:
= =0 ollve grean Cale. Feld. Crist. Zool, Clays: ). Sm
e e {BGY 321 105 = el LS e
= = = 2,106 30
el = 8= 4 2 W0 5 18 . 46 54
o e |
5, S
Je3gs ==
s| e |
-1 e N
3 SGY 312
E | 06|
e 7o I
AM = | S
- 10VR 4/2
L] - l muddy
s -E 3| Sandy
] e
2 . - I T
AM B e i
P T Y = 15 o ._n=_"r L
M lec ;' o= = I o

¢SS ALIS
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SITE 662 HOLE CORE 13 CORED INTERVAL  203.0-2125m SITE 552 HOLE CORE 15 CORED INTERVAL 2220-231.5m
o
H FOSSIL 5
§ | s | cuanacren
RIAnNE PHE § [2.1573
HAE1HE] § HEIE | Lonmme LITHOLOGIC DESCRIPTION g, [E«[2]2]E BIEIE | orasmic H
I E g 5 W35 E uTHOLOGY [, 3 v C DESCAI =] »_;é £ 2 H S5 E | uTHooey |, LITHDLOGIC DESCRIPTION
3 5 23 = -
EE |2 0!25 Eejedl 2 N EIEIRE] S R SoER 8
R HEE g F oz 5l5|E2 =
EMHEEEH 3 € |5|3|3|358 ik
B | ici BASALT  |g®
1 H +| sevan Biosilicacus tutfaceoun mudsions, vitric tff end biosiliceous b il itk i -
AM witric . o ) SORISTIRE g B miner bloailicsaut nano mar,
5Gan E: -4 AEaGAAAAN) { i ol
1 Core ks budly beecciated by drilling. Color is mainly greenish E A I e oy - Eive i P il "
% e biack (SGY 2/1) with minor dark greenish pray (56 4/1), 2 o o Ut o 300 AN e o1 et st )
T 56 312 = -1
' > < 1.0 o) Tutt: weakly cemented lavers (1-2 em) interbecded with finer
| o] seyan Thetockrms Wil Jtied; whi bk, Msixations aced miten L 1 BasaLt  [#4 siitaizn (aminse. Intensaly burrowed, including & luge (1 om
_L' ripple-drift cross leminations and uerows, Mottied light alive 050 st vectiosl bcrow: filled with e s
B diame volcanact . Major
ey (5Y 572, = el colbor iv olive gray (BY 4/1), minor: brownish black.
SMEAR SLIDE SUMMARY [%): Porceflarnte: dark gresnish gray [5G 4711 with burrows surround:
1,32 81 L) 13 ol by cavic agction v,
o o o =]
Texture: SMEAR SLIDE SUMMARY %):
Send an - S0 B0 1,38 1,68
Sile a0 a5 30 30 D D
Clay El 5 w0 0 RAuire:
Composition: Sand ] 10
Faldsgiar - - - T Sih W 30
Heavy minerals 5 5 5 Clay M 60
Clay 3o 5 & 10 Compasition:
Valeanie glass 0 a3 BD ] Clay {1 18
Glaueonite 5 - - 5 Vaolcanic glas 70 3
Carbonate unipec. 5 Palagonite - 2
Foraminifers - - Tr 5 Glugonine ] -
Cale. rannofossin & 2 - - Pyrite - 2
Distoms - - - 2 Carbonate umspec. | -
Radiolariam - 2 Foraminifers 1 T
Spange spicules % - - 15 glllc, nanrololy -: 50
aams -
CARBONATE BOMB; CsCOy (%) Radilataring 5 -
1,832 Spangn iyl 10 25
1,197 =12
CARBONATE BOME: CaC0g (%)
1.36=3
SITE 652 CORE 14 CORED INTERVAL 21256-2220m
s K. R.D. BULK SAMPLE ANALYSES:
» § Calc. Fold. Crist. Zeal. Clnyi © b Sm.
B |=.le] s TL3Ee 18 220 2 w2 0 &0
= |2 w GRAPHIC = 1.88= 8 Fi| - ] 2 72
= .-§ i LITHOLOGY < LITHOLOGIC DESCRIPTION
w3 [ZN]2 g a
2 E
Z |3 2 5P ;
& |2 B
i
g m BGY 4N, Bintiliceous witriz  mudwtone, biosdiceous tull, volcanic tuff,
- 5G 4/1, and hiosilicrous nanna chalk,
= LES and
& 1 } o Cators are dark grewnish gray (BGY 4/1), greenish black [5G 2/1),
n . olive black (BY 2/1), greenish gray IBGY B/71) wath mattling of
104 _H light olive gray [5Y 5/2). Bierwrbation throughout. Soft sedi-
I B ment deformation (sumpl) bae of Section 3,
= ! *| seyan
- I ;“‘,";.‘;" Broken up By drilling. Wollcemented. Texturs sandy mud.
l 1~ - Laminations and ripplo-drift cross-laminations base of Section
\
. 5G 21 3
— - = |
i = ad BGY 61
i ot SMEAR SLIDE SUMMARY (%]
2 . 188 1,120 233 3140
£ ] { o o o o
E =l : Tenture:
- i B .04 i Sand s s W
3 = - Sit 20 0 n 40
4y | Clay 5 20 o a0
:I_ B 1 Composition:
Crhs Feldspar - - - 5
)
Fu- + Clay ® 10 15
== Valcanic glass 36 50 E -
L 1 o, g T Pytite - - 2 -
= s [ b4 Carbonate upspec. = 5 i &0
= oo i Foraminiters 2 T - =
= -+ Cale, nannolowils 8 il ] o
RP :L | Ratolarkams - 5 - -
N . 5Y 52 Spongesplcules 20 0 Tr 20
RM 4 1 CARBONATE BOMB: CaCO; (%,
B ™ 4,37 =5
o .
M AM| FM| e [CC] T




621

ITE RE 18 ORED INTERVAL 250.5-260.0 m
SITE 652 HOLE CORE 16 CORED INTERVAL 23156-281.0m '5_%3‘ HOLE CO C
2 | ot o |E [ craracren
« | CHARACTER 5 |5 lETeTs 5| ¢
& =44 - GRAPHIC
§.— Buw|2l 2|2 ; = GRAPHIC LITHOLOGIC DESCRIPTION TElEE|E g E SE[E | uiHoLoay LITHOLOGIC DESCRIPTION
= HEE £l5| E | umHoloey JEl=R|2| 2[5 )gleZB| & o s
R R HEHE B2 o agisg,giw‘ g
s |E |5|F|8]|8 i - E HEEHE - S
" S 1§ z H E g & HEHBAH 3
= - i & = -  S—— T
z AP | AM| FP o 1 Bioniliceaus volcanic full, silieified tuff and esicarnous tuffaceous & e e T o Glauconitic nanno chalk, biolicsout marlitone and silicified
5 1 L4 mudstane, _ [ ke g madstzoe.
05 H £ P i I
‘§ g g H [Lithitied sdiment breccited by drilling — not & stratigraphi- g rels [om| 1 Sof' ) - [Broken up by drilling,)
z . -
2 “ T oy doninin veica) K = Chalk: lenteular laminse (hioughout of graysh alve (107 4/2)
L] s Ca ] : E and grayish olive green {5GY 3/2). Minor burrowing and some
§ cC Sl W in Principal colars are: z T B t
Tutt: grayish ollve green (BGY 12) and grayish olive (10Y 4/2) g & sntraclasts and duvitrified wolcanic apill, Piece of tivalve, .
BIGTH {BY 3/2), bioturbated and mottled [10Y Lo z Mudgtone: olive black (8Y 271) and dark gray (10YR 4/1)
s Mudstone: olive gy J > Finely Laminated greenish gray [5GY 6/1) and dark greenish gray
b e H or 9 {5GY 4/1), Saft sediment daformation (shumg fold| and burrow-
SMEAR SLIDE SUMMARY (%): z - 2 ing
1 =
o = [ [AP . SMEAR SLIDE SUMMARY [%1:
Twature: ] 1,28 :.3 :'m
Sand 50 b
St 30 Taxiure:
Clay 20 | Sanel [T ] o
Compasitian: Silt 0 30 10
Clay n Clay 60 60 80
Voleanic glass 30 Composition: . 0 =
Glaeanite L Clay
Carbonate unipse. 5 Valcanic glass [ -
Distoms 5 Paiagorite = T -
Sponge spicules 30 Glaucanite 0 a
Carbanate umpec. 5 30 0
CARBONATE BOMB: CaCO; (%) rom..niiu:w ;& “r;
1,10%13 Cale. nannofossils
1,784 Radiolariam [ -
Sponge spicubes 2 15 -
Silica cemont - w 50
SITE 652 HOLE CORE 17 CORED INTERVAL 241.0-2505m CARBO;&TE BOMB: CaCOy I%):
A1 1,16
g 0
-4 FOSSIL
=
CHARACTER
£ |2
z
§.- EE E é H ; E E LITHOLOGIC DESCRIPTION SITE 552 HOLE CORE 19 CORED INTERVAL 260.0-269.5 m
1z |58 g H & z FosstL
Slzr|z2 - u 2
%5555352* ésnsz e
o |53 2 £ |& 5| & ]
2 TELE i St 'g_g HEIE g E Lfg'%'rgg, LITHOLOGIC DESCRIPTION
z o
g Silicifiod tutt and clayey calcarsous volcanic tutf, w3 [ENE] ] §§ gl g I a
k F |5 HEHHE £ 5
{Broccis dus to drilling.) ERE ; |z |8 E
s D
Cobor: silicified wif is dusky yeliow green (SGY 5721 B _CE P ) -
Claysy tuff: dightly groded with minar granule tize intraclasts Purmice and calcarsaus silicitied muistone.
g . p
st ts\lfs:':! P Pumice: vesicular with r, | = 152 Color: grsenish gray ISGY
I ied Ta¥eae o i ' B/1] with dark geeenish gray (5GY 4/1),
Mudstone: laminated, color is gray (10YR §/1),
SMEAR SLIDE SUMMARY (%):
1% SMEAR SLIDE SUMMARY (%):
° CCi1) €Ci2) CCono. 2
Texture: " D o
S * Texture:
Silt 30 San a0 o
* sih 40 10
Fpaiion Clay 0w
b - Conmiposithen
Valcanic giess 45 Heawy minarss  Tr -
Glusconie L] Clay 15 50
Carbonate unspee. 15 Vos o 14
Glauconite 0 -
CARBONATE BOMB: CaCiy (%) - 18 &
138 n Cale. nannofossii. — 5
Silica eerment - 40
NOTE: Core 20, 269.5—-279.0 m: No recovery.

76§ ALIS



0Otl

SITE 552 HOLE CORE 21 CORED INTERVA
E FOSSIL

= CTER

(g E[3[3] [ HE B | oame, |

i3 H

A AHHHE O 11F
H HHE 5

279.0-284.0 m

LITHOLOGIC DESCRIFTION

sarly Eocann

Discoaster binodasus (N}

= bownr Eocarn

3

NP1Y

3

NP0}

L

O oo

BY &1
and
EGY 6/1

&Y 4

SGY 41

SYR 262

distomnite and

ol cluystone,
ferruginous distomaceous claystane. Basale,

(Brecciated by dilling in pants.)

Color dominantly Hight olive gray (5Y 6/1) 1o greenith gray
I5GY B/1] overlying olive gray {5Y 4/1] and dark greenish
gray (BGY 4/1). Green glauconita grains throughout and burrow
mottied and laminsted. Intracissty disturbed bedding and micro-
faults alio present.

Section 3: color is dark raddish brown (BYR 2. 5/2) with minor
mottkes of dork yellowish brown [10YR 4/2) snd dark reddish
bwown (Z5YR 2.5/4) overlying basalts. Basaly fragmants in base
of averlying sediment.

SMEAR SLIDE SUMMARY (%1
.48 2,12 3.8 350 3,60
4] o [+] o ("]

Tu G
Sand w 20 o 10 5
Silt 40 30 ED 40 E
Clay 50 50 30 B0 -3
Companition:
Ouarie - 2 - 2
Clay n F 20 48 =
WVoleanie glass - 7 - - 2
Palagonits - - - 10 -
Glauconite 2 2 B w0 5
Pyrie 2 2 2 - 1
Zealine = - = - L]
Carbonate 15 10 16 - 5
Foraminifers = -
Cale. rannofouil 15 15 10 & 15
[ ) 18 43 20 20
Radiolarians - o 10 - -
Spange spicules 0 ] - B -
CARBONATE BOME: CaCOy (%):
1,48 =28
2,112-18
2,131 =18
3,303
%R D. BULK SAMPLE ANALYSES:

Cale. Feld. Crist Clays : L Sm.
1.43= 14 - - a5 ]
3,39= 17 - 40 a3 L= 100
3,46= 10 B 53 29 + 1 89

3,58= 84 - W B - 00

[AXCRA L
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Piace Number

| Graphie

Represantation

50—
CORE-SECTION

Pieca Numbar
Shipboard Studies

Shipboard Studies
(] e

Alreration

Oriantation

Orientation

&

Altaration

Piece Number

10

Piece Numbar
Shiphoard Studies
Alteration

Piece Number
Representation
Orientation
Shipboard Studies
Alterstion

Qﬂ—.| mlm

Piece Number
Shipboard Studies

Shipboard Studies
Piece Number

| Graphic
Drientation
Orisntation

]

F Shiphoard Studies

-

xeol@le g8<7]

LEG 81, HOLE 552
CORE 21, SECTION 3 and Core-Catchar Depth 283.6-284.0m
Phyric weslculas basslt  [full description see 552.22-1] differing in that vesicles are langely Infilled and are less

comman. One pince fies within sediment and has chifled marging surrounding central zone with visible plagiocine
latha lemall pillow?), Grain size is g lly finer than ., A vesicles range up to B mam in diameter.

CORE 22, SECTION 1 Depth 284,0-286.5 m

Dark ay grayish bisck (N3 ml phyric vesicular BASALT, Visitde plagiociase laths {up 1o 3 mm length] and

mumerous in fineg Vesiches up to B mm widespread throughout, but Piece 1 has
2 om band with vasicles rare, Vesicles infilled with black (N1} mineral |dentified on XRD as Fe-Mg saponite (smac-
tite); also braswy yeflow pyrite. Occasional fractures. (Pieces 3, 4, 7, 8, 10, and 11] also infilled with black mineral,

CORE 22, SECTION 2 Depth: 285.5-286.3 m

Phyric wesiculasr BASALT s 652.22-1 but with fractces infilled By whita fibrous calcite (Pleces 1, 38, and 6B}
in addition,

CORE 23, SECTION 1 Depih: 288.5--200.0 m

0130 em: Drilling breccia of basalt, chert, and drilling mud. Clasts up to 1 em.
130150 em: Phyric vesiculsr basall with cslcite veining as before,

CORE 23, SECTION 2 Depth: 200.0-2006 m

Phyric vasicular basalt = before,

7SS dLIS
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SITE 552 HOLE A CORE (HPC] 1 CORED INTERVAL 0.0-40m SITE 662 HOLE A CORE [HPC] 2 CORED INTERVAL 4.0-8.0m
g FOSSIL B FOSSIL
= g CHARACTER v |E CHARACTER
2 |=.lel= g glz| 2 g = ) -
- |2%]15] 2 H R GRAFHIC o Zulg)ole HER
B iz gE| £ | wmotooy g LITHOLOGIC DESCRIPTION ge Eg HEIE H B Lfggf‘ﬁv LITHOLOGIC DESCRIPTION
= adgy-;g EEH wS|EN|Z)E|<lgle ) 4 el
215 (312|222 £ =" E [3]5]2 al= +
F |8 |z HEE §§ E IE o] E g |z HE E: ==
z |& HE ’ E & ERHEIEIE E
.:—r-_:-r:'r | . i
i E 10YR 713 F oaze with mart, | voo F. cote with i,
i1 Minar interbecs of foram-ooze, nanno-ooze and forem o Minor interbeds ol nanno-doram coge, nanne ooze and
1Y R 54 i, 1 :I == |—|— ~lo VOYR B/4 manpo rmarl, Relatively unditurbed
05— = I L TR Cotor 1s white (10YR B/Z) interbedded with brown (10YR wus——— - —tlo Colar is whity (N8B and TOYR B/1) and light gray (10YR
5/3) and yellowith brown [10YR 5/4), Burraw motting =, = 712} intwrbedded with brown (10YR 6/3) and light yel-
. i inienss st the boundar s z = "_|__"‘_1_.“ o lowksh brewn [10YA B/4), Sharp color change below
1 I 3 1 "-_‘:l—_|:|:':|0 oV Saction 3, 50 cm to greenish gray [5GY 6/1) and olive gray
= . p— Retativaly undisturbisd with some coarser foram-sich, i - (BY 4/1 and BY 4/2) owertying bluith white (58 9/1)
A '_‘__ with lminse peeserved. Dvopstonss and sand ard gramde size £ R
L e o S - | 10YR 7/3 terfigenous clasts ae comman theoughout - 10¥R 873 Biaturbation i+ common; sharp contacts and laminse sre
gy m=1 = ] - % - also preserved. Dark tergenous sand & comman in same
Jo 10YR 873 SMEAR SLIDE SUMMARY (%) E teva 2 laminas and focams. are concentrated in Ohers. Pebbies
1 D Bt I UL [ {some facetsd] of ignoous and matamarphie rigin are
& o Rpd et I L SMEAR SLIDE SUMMARY (%): ] o comman, Below Section 3, 50 om get suthigenic pyrite
) 1,14 1,62 1,128 288 208 378 10YR 772 ax nodules and disseminated.
::1 e 1 10VA 53 [} ] o o ] o -
oy Temtura: i| JOYRIR SMEAR SLIDE SUMMARY (%):
= R b, ey Sand 0 a8 ;W % %0 b u sandy 2,00 2,24 28 33 382
z = == == S 0 25 n ] 15 30 E — o 1 4 ; o o M
= === 2 0¥ R 6 ot
2 - b= ==, == 1OYR B2 Clay 0 a0 &0 80 60 20 2 o= -1 San 30 0 5 1 10
e i iy Composition: -] —t= Silt 0 % W0 3 30
§ “4:'__|_+._.|__" = Cuartz 5 15 5 - 15 4 e ":|_" 10YR 712 !:cl;v 0 B0 85 B0 6O
- - - - - mpesition:
g ’_—q.-‘ +. —t = :;l;m-' e ; _I' 3 = _1 ++-|.-_ﬁ ;L ::::l.:n g 15 2 12 18
H 2 = '-|—' _F:;- [T i Heavy minerals 10 3 5 1 2| Vo ¢ s 2 P B, =
H = Ciny 5 15 [T T T —f—!—l'— =1 . 1Fmrnkr| Heavy minarals ' F - 2 2
& = 10YR /M4 Carbonate unspec. 18 - w - 4] R 1 e et ot [ |1 i e S i o 8 4 =
1 == . Faramiifers B0 13 10 20 10 68 : ® e, I da Volcsnicglass - - — 1 -
z - oSy e . Glauconite - : 1 ]
é s 'l IR S Cale. nannafossils 10 — s M % 10 '+:|HI+ = 1 Bytite N = = it 5
e L Diatoms - " - - - < e e, Carbonate umpes., 2 5 10 5
= o g Raciolariam ] < - - ey = = tanguiar 5 mm} Foraminiters ® 3 16 15 2
+ ===
2 == o - 2~ 2~ T - W i e e A A1 R Cic mmsiowis 420 73 3 ™
H e i ikt il = & F = 3 T 1;" Petibles e T oz %
H _|__'__|_—‘_'_‘ 10YR 7/3 Dolrmite = L L ¥ = iy fangulae {1-2em)  Dotomite 3 3
@ H===== L AN
i CARBONATE BOME: CaG0s ()1 - 3.86: A% L3
B o o e y o Sopetl 1ovREA M D 0
et et sl 10¥R 5/4 1.7=80 2,88+ 83 ==
B s . ] A el Tuxture:
1 I e 1.4B=34  2,98=28 A iy Sand 5 5 5
- +_|:¢ -4 1.128%51  3,88=72 i i St 10 25 1
o =S (U 10YR 773 ~ L4 1,1 Sy . ® 8 &
B ol === |- X A, D. BULK SAMPLE ANALYSES: =2 i Wf  5Yaland position:
= a = SGY 41 Quartz 3 5 2
g8lg 5 datmmt= Calo, Fold Qi Clays: Ke€ L Sm. _+:|— 1 F Felchpar = > ¥
zl= o e e . 1,10 86 4 8 2 - 100 3 —E’i] t, BGY 6/i motlled Mica = -
ils e, iy pl Li6- 40 B 40 12 3} W W e = with 5Y 8/2 Heavy minerali 2 - i
i z --TT'FTT { L8 2 e i S = 1% +’-‘: El:‘bomn urpee, ‘g is g
£ 5 5 S g B th — = Foraminiters w0 w0
AGIAG [FM]CG R + T ] 4—1—H Cale. nannofomil 40 45 80
_|__|__‘_ Dolomits - Tr 1
o CARBONATE BOMB: CaCOy (%)
i o=l Y ot
i e 26
g HI - E e oy | " NG Ry
4 {
z i o i W] e etadl X. . D. BULK SAMPLE ANALYSES.
| a T UL L toveen rage SN P4 Om Gk ) Em
4 s .38 i 1
é 2 e Pebible, 3,38= 41 11 42 6 : 36 27 38
= cc P R By [ granita (1 cm)] 380- 61 6 2 B ;31 M
aG|AG oM |aG | o6 40 BR




€€l

SITE 552 HOLE A CORE [HPC) 3 CORED INTERVA 9.0-14.0m
T L - SITE 652  HOLE A CORE (HPC) 4 CORED INTERVAL _14.0-19.0m
= CHARACTER 2 FOSSIL
o z
g 3 g3 gz « |2 CHARACTER
- 22| S| 3 g 82 E GRAPHIC g lz.(2]2 gzl
iz |Ea|e § S wle | R LITHOLOGY LITHOLOGIC DESCRIPTION R ; sl2| £ GRAPHIC
w3 |EN H B 1z |Fo| 2 g E HRS LITHOLOGIC DESCRIPTION
g7 = 5|3 5 HEE 3 ] JE(ZR[E[2|5]g[oET| & | vorosv | o
I HEIE = H :E;ueﬂg'gi Ezlufl 8
B HEIH E Z|a |z 2[8|2E2 ]
ERHE H E ERHHEHEE E
5 |2 2 3
™ L
[ sY&?2 Manno-H aoze dded with fou !
Y 7 and calcargous mud. Minor (imerbecs of forsm-nanno Manno-foram oore interbedded with nanno-foram marl,
- &u ooe, foram oaze and mud. H calearaous mud and mud. Minor interbeds of foram-nanno
T osvse ! ikl inee ard foram mar,
- F Calor Is sithar olive gray (5¥ 5/2) and dark greenish gray '
[] L {SGY 4/1) Interbedded with light gray (N7], wery light Color is alive gray 1o dark alive gray (5Y 5/2, 5Y 4/2, BY
L] T sy gray (NBJ, gray [5Y 6/1) andd whito [N8] N 5/3) interbedded with light gray (N7, N8, Y 7/1). In gen-
1 Tl EY 4/2 % aral thin core is urdinturbed and guite Girm. The darker
it | sYe3 Top section i very disturbed. Pebbles, granules snd sand B - |'§":';}: angular (2eml e taminge are semilithified. Seattered terrigenous drop-
RP 7 5Y 711 are scattered throughout, particulasly in the darker ayers. 'f! o uones and wand throughout, Burrow mattling common,
pebble, quartzite, Contacts generally gradational due to bioturbation. Bur- NT Laminas of cosser lorams and ferrigenous ssnd occut in
=1 = angular (2 om) rows below contacts are filled with overlying lithology and marls and muds.
mloL some with foram sand. "
Al Pebble, faceted, 8 s SMEAR SLIDE SUMMARY (%):
granite 4 am) . . 0¥ R 6/2 sandy 2,67 3,13 3,19 3,40 3,48 3120
A o Suggestinn of grading in the calcarsous oores. i L s - <4 " i =
& Texture:
P N SWEAR SLIDE SUMMARY (X1 ! w Sand a0 S0 35 51 165 50
Iy , 14 & 3 I:3,,59 aua Silt w40 3/ 18 |/ W0
H4 Texture: B L1l F . Clay 5 W0 3 35 60 40
Y 6/2 Sand 30 3 40 30 10 H oo Camgesition:
- s W B B W 8 4 i Ouartz 3% 46 15 6 £
minot Clay % S ¥® & 30 Feldspar 15 | E—
5GY 711 Compeaition: — M ]
Cuartz 5 15 a0 n 60 7 BY 53 ica " o 2 5
Feldspar = 1 m & 10 : Huavy minerals 5 2 f fee =
o 3= Mica - 1 s 1 = al Clay 45 30 15 10 W0 50
£ 2 Heavy minerals ~ — 2 5 - 3 = iy Glaucanite - - 2 - - -
. Clay 10 30 E 10 10 = Carbonate urapec. 10§ — - 5 3
= Valcanic glan i i - 8
_]_ Gleuconite 2 - —~ - 1 ; Faraminiters 5 - ¥ 60 30 3
Carbonate unspee, — 5 z = 1 H = g-;";:m-"-ﬂ Cale, nannofossils 2 = 33 3| &6 2
i i FH Focaminifers 1w 35 5 2 = Dratoms - - - T -
: Cale. nannafossils 50 26 10 50 10 3 F [ ne Dalamite - - 3 -
Spange spiculn Tr - - = 2| 4 L1 L
Protenmite = LT R sven CARBONATE BOMB: CaCOy (%):
CARBONATE BOMB: CalOq [%]: d 1,122~ 78 3,18 =50
;g‘g; 3 B I[ 5Y 43 2.68=7 3,48 B8
H B Fl el - 3,8=4 4T=1
8 i (L sevan L Eep F .L
L e«
—] &Y 53 X R, D. BULK SAMPLE ANALYSES: 10¥R 61 X. R. D. BULK SAMPLE ANALYSES:
1 1 Foren Lamings Cale. I Sm. ] Calc, Feid, Otz. Clays : K+C | Sm
! Y 572 3,50= & 30 62 T il 7= B - 12 3 - - 00
— & 3,117= 13 % 1 T 2,68= 11 B B5 17 - 40 40 20
& NE 2138= 24 18 47 13 ; 3@ 30
3 a = eIRTT N S B “ 3B N
& N8 1 5Y B3
a;‘ l Faram laminan Rl N
il B I YN
[T ™
! " EYE2 HY | sven
= .| srem
- Foram laminas
] SY 81 8 = sy
z b
>
[ 4 ol i|a K syan
& I -
gz E 5Y 572 k]
Agce | 8 |RPRG a2 AG AG|B | B

TSS ALIS
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SITE 86z HOLE A CORE{hrc) 8 CORED INTERVAL 19.0-24.0m SITE g52 HOLE A CORE(HPC) 6 CORED INTERVAL 24.0-290m
g o R E FOSSIL
w |% CHARACTER « |2 CHARACTER
8 |=, 01272 wlz| o g |3 “
HHE 21 & gl 3|2 2
‘f'g-‘ 55 £ g g BE| g LFI’TI?I:‘OISv i LITHOLOGIC DESCRIPTION T E% u g 3 ¥ é E Lﬁ,‘:‘ﬁ_’g&v LITHOLOGIC DESCRIPTION
NlE - x| w <oz |5
w3 |3 |2 Iz HMS g e #
R : A HEEEH B 3
Gl A E £ |5 HEH E; =
R HEEH 3 ERHHEHE £EH
10¥R 672 —+
Nanto-foram cozs i with mud and T —H Vary disturbad core consisting of nanno-faram coze inter-
Rl [ 10YRE2 nanno-foram masl, Minor interbeds of forsmenanng coze. sY s bedded with nanno-foram mart and calcareous mud.
5Y 81 Waolcanic ath bed in Section 3 ish bleck [N2]). Principal colom s olive gray {5Y 5/2) sliernating with
- it :L light gray [BY 7/1) and olive gray (BY 5/2) and light
Color is alive snd olive gray (BY B/3, 5Y 3/2, 5Y 5/ gray 15 610,
EY &2 interbedded with very light gray (NB) and light gray [5Y )
TOYR 62 7/1). Buriow mattling reiults in transitionsl cobors between Seversl pebbies and granudes of terrigencis origin oocur
the Layers. Relatively undisturbed, & fow thin bods rieh In st top of Section 1.
[] wand-size particles (foram and clastics) have sharp cantocts. AP 1 —
P NE Most contacts aie gradational, Pyrite streaks (Pburraws) s
are comman in calcareous oore layar. s
Pebble, granule and sand-size lithockmts are common - e
- throughout,
BY 52 5Y 5/2
SMEAR SLIDE SUMMARY [%):
. F BY 71 sand laminae 1,82 2108 3,136 ;,m
o o M 1 L
il :::: Texture: [ sy
- Sand 20 50 50 20 =
_ Pebbia, rounded (2 cm) it 0 0 %0 s ien
£ 5Y 63 Clay 50 40 1w s
g Copmponition:
5 Quartz 3 4 w B -
L] Faidspar . = 5 A e | E z
2 Mica - 1 - 1 H
= z i Hesvy minerals  — a 2 & _J =
sY Clay 10 15 0 F = 6Y 6/1
f Vaolcanic glass = = 0 : [}
Palagonite - - a1 -
- Pyrite - - 16 -
Cobble, schist {5 am) Carbonate uspec. 2 = =
SY 613 Faraminifars s 55 | 0
Calc. nannafomsils 50 % 2 £
CARBONATE BOMB: CaCO4 %) N =H
1,88= —H
- o E _|_
2,107 =85
| svn 4,18=12 g :":.}-—:
[ sys@wmsy in 7 =i
X, R, D. BULK SAMPLE ANALYSES: - -4
. Y53 iy 5 . . =i L
2,37= 3 W 33 e e
2,87= 42 - 58 1 +"f—+++ 5Y 71
| 2,107= 85 - 100 --_|_—|—|—l—|-
Y 7N '::|:|‘_'_.I+_|_I:
| svsz i b '+' ==t
— —|-:|:
s N2 valcanic ash 4= t
= _q_l.-.'-_J -
5Y 63 2 =~ w
ol z o= ==
1 i : o ey
8 o 4 L aclac|s | a|relce f o
= z Y 711
BY 7/1 dropatones, angular (6 mm)
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SITE B52 A
e m:n:.:ss . CORE (HPC) 7 CORED INTERVAL 29.0-34.0m SITE 852 HOLE A CORE (HPC) B CORED INTERVAL 34.0-39.0m
F 2 FOSSIL
§ g CHARACTER - g CHARACTER |
= 1 K z 3
Suw|E| 3 2El 2 g |= = z| »
TE Eg 5 g g ; £l & Lﬁmv k LITHOLOGIC DESCRIPTION ‘f'g' .-‘fg § é g § 2 E lﬁmgv LITHOLOGIC DESCRIPTION
w3 | o g FL < HEAR
ETIE |52 g g # £ wSa™I 2l g g THHES 3 -]
- H E £ v |3 3 EH ] )
AHHHE : i BHHEH Ti
_ - Rt v 8N
Pebble, quartzite, Foram ooz interbedded with nanno-forsm marl, foram = T L l{ - N, A oone s oae with
rounded (2 em) mar, calcareous mud and mud, ) i z E = i BY B2 nanno marl, calcareous mud and minor mud.
Y 412 ) " —] 1
Calor s light gray (1OYR 7/1) and whitn (Y 8/1) alier- [T1 p —r i v an Color is very light gray INB), light gray IBY 771, 6Y 6/1)
nating with olive (5Y 6(3), olivegray (5Y 812, 5 4/2]. e == inturbodded with olive gray Y 5/2, SY 4/2) and dark
I;?:um ‘ l!_lnln;r:::: laacls to mattling of these colors snd grada- - —— olive gray (5Y 3/2), Beaturbation has resulted in gradationst
B 5 , faceted tional ndaries. e —‘l—l = ™ B contacts between the major lithologies. The core it rele-
) i The light colored layers have & mndy texture [foram & 1 -:"__|_'_4_|_ S0 tivaly and therw i @ somiljthifisd mud layer in
CER). Tk pit l.l'lll'd : “‘ it g F :i — _|: Is:ns:;n:.:ainl laminations occur in the calcareous ooze
BY 53 m do dropstones, Pyrite is sssociated with some burrows. E g B - +_ = | | | — .
T0¥R 71 i . ..,,_"'__| ! The sfterrating fight and dark enlored eycles are clear and
SMEAR SLIDE SUMMARY (%): i & —f‘:‘ — - on twa scales in this core [ ~2 m and < 0.5 m),
2,76 2108 2.137 < g
e ] D o _";.:‘ ’ ! Sran Dropstanet and dark colored  sand grassns ooeus thiough
£ /2 Lithified s | 2™ = S e o et ! ot
5Y 54 Silt 20 50 15 i e, e s, ‘ i SMEAR SLIDE SUMMARY [%):
BY 63 oy 6 E I :.:':‘_—F:.;i | WO 217 3,17 3n
ey e 8 R S, oo oM
?wu 5 :g : "_':r.. — Texture:
8y 11 alcupar B -+-+—I-—+ Sand 0 0 18
Heavy minerals - 3 - e —— —1:' t iy 0 0 5
- sY & Ciny il w10 =t == &0 W 60
= = Clay
= By Yo, = g Py e e Comgosition:
E 2 ! Carbanate unspec.  — 5 2 2 e +I—1 Quartz - 5 5
Foraminifars a0 5 B0 ‘_iﬁt— —— - Feldspas - - 5
£ BY 42 Calc. nannofossils 4 15 35 _+-|-+-I—l:|. f Mica - 1 -
2 BY B/1 sandy Dolemite = & = —H= +I+ Hoavy minerals  — 5
vidiyd g e Ciay n 15 80
q | Eveaandy CARBONATE BOME: CaCO, [%]: Lt = Glavconite - !
T—"'4 1 sv a1 2,77=84 H =t = - Pyrita - - 1
P T o " 2,108 =7 g z o R 1r Casbonate unipec. = 3 -
+H 2,137 =89 . 2 . ]» SY T 5Y 42 Foraminifers - T T
b i o2 ! 5 = i 2 Cale nannofossils 45 B0 3
T — -l ﬂ BY T ! o Diatoms 2 - -
L . Radiatarians 1 - -
5Y 672 tiff mud § ! { Cich o S
n 5y 83 a L1 L CARBONATE BOMB: CaCO4 [%):
i.|. 5 } symn 72,1782
H 5Y I | 31129
# 3 -i 7 B BY 511
‘11 : - svaiz L f s
| 5Y 11 pyvite 5Y 512
L'y L F *F  5¥ 32 semifithitiod mud
3 sv 8N ﬂ 5Y 4/3-8Y 872
8l = -
i R = ‘:‘:l—_':i—_‘: — IN-BniulLium of
il 8 |8 § 4 ,:l:|_ i ﬁ tight gray [5Y 8/1)
;, AG Pt
A B | B |RG|CC| 5Y 312
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HOLE A CORE (HPC] 9 CORED INTERVAL 39.0-44.0 m SITE

B

HOLE A CORE (HPC] 10 CORED INTERVAL 44.0-49.0m

9tl

|

FOSSIL FOSSIL
CHARACTER CHARACTER

uNIT
BIOSTRATIGRAFHIC
TONE
FORAMINIFERS

TIME — ROCK

GRAPHIC

LITHOLOGY LITHOLOGIC DESCRIPTION

GRAPHIC
LITHOLOGY LITHOLOGIC DESCRIPTION

HANNOFOSEILS.
RADIOLARIANS
DIATOMS
BUNTHIC
FORAMINIFERS
SECTION
METERS
TIME - ROCK
uNIT
BIDSTRATIGRAPHIC
ZONE
FORAMINIFERS
NANNOFOSSILE
RAGIOLARIANS
OLA ToMS
BENTHIC
FORAMINIFERS
SECTION
METERS
TRTCCTNG
SAMPLES

TATCLTRG
SAMFLES

Driscoastes brouweri (N}

lare Pligcene
Globarotaite tossensis (F)

Discoaster surciis (N} ' Discoastar pentacecistus (N) |

7SS d1IS

7
.I.
il

Y I Nanno-faram ooze interbedded with nanno-foram marf, BY 11

calcareous mud and minos mud,

1

Marno-foram coze 4nd forem.nanng ooe.

!T
7
it

-
i
!

NE Color & mainly very Tight gray [NB] aiternating with |ght
gray (BY 21, NT) . Slight color varations indicats burrow
sY 11 meottling and laminations.

+
.1.
X

NE Alternating color (srd carbonate content] cycles are dis
tinct (an with all overlying cores).

T
.I.

i
i

05—
Color i wary Night gray (N8] and light gray (BY B/1) alter- oM n

Y B2 nating with light aliva gray (5Y &/2), olive gray (Y 4/2)

— with minor dark olive gray (5Y 3/2),

NE

i
.|.
i

The core is undisturbed and the laminations se confined
to the slightly darker layers in the core. The boundaries

He of the color changes are gradetionsl. The faint colar slter-
mations {or cycles) cannot te distinguished in the smear
wides ar carbonate bomb cata.

T{:T
+++
titit

T

n
it

.
.I.

The core i relatively undiviurbed with minor burrow
= matiling and genarally sharp contects between laviers 10—
. Sven2 Laminee sre well developed in the calcsreous oozes. ™
N8 dropitons, quartzite

faceted (1 em) Dropstones and bisck sand and granule sice terrigenaus
clasts common,

T
a
dﬁ
I
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- — t T/} are focram rach, Rare granule snd send size torrigenous
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SMEAR SLIDE SUMMARY [%]:
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552 HOLE A CORE (HPC] 11 CORED INTERVAL 49.0-540m SITE 652 HOLE A CORE (HPC) 12 CORED INTERVAL 54.0-59.0 m
] FOSSIL ] g FOSSIL
§ z CHARACTER - E CHARACTER
Eulg]|2 BlE| 2 g |z ]z z| @
= EE HE: § BE| & | e, LITHOLOGIE DESCRIPTION e |2% § HE § 2| & GRAPHIC g LITHOLOGIC DESCAIPTION
VAR : ER ] 1z |55t Bl= LE LITHOLOGY
£= (B3 52| E (558 # EeEd 4 R HHEAEHE FERN
Z |2 |z|2[5]EE o] £712)5)2 3 E ]
EE IR 5 E g |8 H I T =
EHE R E EREH HE Xk
E== | ]
:r:'__|__':|:§: Faram-nanno ooze and nanng-faram ooze. 7 |_|- |_|_I—' Foram-nanna oaze with minor nanno-foram cozs, (Granite
,."'Z.:':.:‘T g::mom i g i i B dropstones in badly disturbed top of core are downhole
T =, abioicon b Color is dominated by very ight gray (N8) grading inta += = ! L contaminants,|
—-— +_|:|__|_ alightly darker layers of Ught gray (BY 7/1), These altes -:":.."*'_‘._"":
P os——=tm=t=0 natives sre taint. Very divurbed in Section 1, o, g Color |4 mainly white (N9, 5¥ /1) with laminations of
4 05— Tt ] | light bluish gray (5B 7/1), light greenish gray [5G &/1) and
—|—I —|.:|: Dot Minot burrawing and some Slsck pyrite patehes, o _|:'_+ 1 F4 F p light bilulsh gray (58 /1),
1| == ==H {2om) e =i 58901
‘:—I:L—i— = The lsminations sre due 1o sight changes in texture Fe=oe [ na Mincr burrowlng with grite (black) ssocieted with
& el s {toram:znanno tatio) and colar (greenish gray [5G &/1]1. _:‘:|_—‘:|_"+: burraws i white layers (ss black halos sround turrow
FM| 10— +I_.'_-l: = ™ —— —|:|_—I'— and a1 4 filling).
R — Rars dropatones, In gensral lsts forams snd tierignnous ™) R o oo e
_,_.:'-_:': rmud compared with overlying cores. -:,:I—_.:l—_': Daminant texturs is sanchy mud and the laminee st muddy
g —= =+ ——t—+—— [ sanid.
| e i i
= SMEAR SLIDE SUMMARY [%); g = e e Laminge 58 73 J——
n 4 2,47 3,48 3,66 3,97 B e o, e MMARY (%}
“_—6—_'_—|— —|-: o D M o '_'f'.:f..'-.q-.'_. . 38 3,19 3, 3,102
gl —_ % w0 W W ::—:—*‘—i—l - Taxture: eomoe
N '.4,_'_.:'3 — St F BT 5 10 :':"_Q:'__':l [T R O
[ pems e a 5 8@ 75 #0 S o, e sl 0 2. 5 10
5 T===== . G 4 ety Ciay @ s 8 B
ik ] sation: - =
g [ g i Quartz - T - - I o e Compositian:
P g, e e o clay W w2 s Bomtemd L Clay B B W
k =T Pyrita Tr = - = —— , ——, —+— Carbonate umspes. 2 5 - =
g 2 g om pm e Carbonats unipec, — | = = 2| sl ko Foraminifars 2 ® w0 15
== et
" E e Forammifars % w0 % 2 = e ame Cale, nannolossils B0 36 B8 B0
= = — | Cale, nannofossils 45 70 53 &0 ] [ & P Diatams 1 - - 2
g == i ==
8 gl g el b i Digtorns - T g |E 8 o ot et Lanting 5.8 Rudiolarians ™ = 1
ilz [ e i e inae of Ralinlarians . TR T £ o i Sporgesmiculms 2 2 2 2
H F § _':|—|—|—_F = 5G 8/ Spongawpiculss B 5 H 5 ;- u_—l-"-—b-l—r_- Dolomite = 3 = =
1= === _-1—|—|— —
5 _|:i:‘+_—i-- = CARBONATE BOMS: CaCOy (%] b = =] — CARBONATE BOMB: CaCOy (%)
5 e 2,47=851 -:C|—_|_'—|—'- 3,8-88
== == 34703 = = 3,77=84
E I G e gt S o sYm
b . I e e
s A R e e = . E
el e . R D. BULK SAMPLE ANALYSES: e '
= === Calc. Feld Qte. Clays (K+C 1. Sm, T
g = u 38« 98 - 4 2 ;- - 100 - B e o san
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—— = 3 e i
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e T‘_ _|:|: NE 4= —i- =+
P e i . ) e
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=t iy e e I
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e 1t —— — W
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552 HOLE A
CORE (HPC) 1
g & FOSSIL E {HPo) 1S CORED INTERVAL 67.0-720m
= HARACTER
- SITE 552 HOLE A
BB P S s CORE [HPC) 16 CORED INTERVAL 720-770m
HHE BIE | ey e (£ | ontom
£ 5 g ! eslal g 3 8 LITHOLOGIC DESCRIPTION g Ewl2]3 E glz| =
¢ |53 E EEH s=|28ls| 5|2 | g2 & | Cnanuc
£ LA E SR M HHEPEE E | umorosy
2TIE |3 3 ! uilal ¥ 3 - LITHOLOGIC DESCRIFTION
=ETs =g Bz i E .
g, e 1 § ; gl= H
— H HE E
z R oy | 588/ = B
P i —b ! Foram-nanno ooze. = L L
g __‘,.__'_l_‘_—i:'_:: A o]
E: ¥ . 3 5
s —H—— = Color is bluish whits (58 8/1) with laminati il TRt (& [ pee——
1+_'++_‘:' ! greanish gray (5G B71) and fight ,.,';Y'“;ﬁ',' ::“Ihw -"L-.I_"Li-." o il awertying foram nannc ooze.
e streaks and mottling of light bhuith i - B Rt et B BB o Col
A R 5G 81 e gray (58 7/1) ocour g s ar is dominantly light biuish white (58 8/1)
I == tion, L et Wkl Wil Hctiils 05—y o - Q burrgw mottling of light bluish gray (58 edain
..”_J_. |_+ =1 1 Lo [5Y 7/1) and laminations of ll:n e
R g et ) S5 I NS I e an llght gray IN7). iy GEN
] ]| Section 1k modarately distorbed. Moet lawinss have 1 o g [
s H— —|—'_Q_'| : &Y 7/ gradationsl boundaries with the mare homaogeneous b ¥ el e The ton metar i
4:|:Q_ Ty I E BY 1 .Dhﬂ either side, Texturally the sediment b a sandy :v:; __:,_:_l_-l-_‘_ Q by ““;"ﬂ“:’l:xl'hﬂ Below Section 3, 80 cm
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552 A i
SITE . HD:.:SIL CORE (HPC) 17 CORED INTERVAL 77.0-820m SITE 552  HOLE A CORE (HPC) 18 CORED INTERVAL B82.0-87.0m
g [ Foss| []
§ g CHARACTER - ; cuaam%an
[-4 s 2 = = w“ 4
e EHH § o = GRAPHIC 8 l=ul2 g R
g .;é i : UE E E LITHOLOGY . LITHOLOGIC DESCRIPTION ‘,5 .9.5 & i § £ 2 E L:IMT‘:L‘;\' £ LITHOLOGIE DESCRIPTION
£ |E |2 a’ggﬁi g M 3&“’32 THO) biEY .
N HHHE S : £T0E (5| E(2|8]E8° FaEy
£ [g]z]z]|3 |8k FHH REEHEHEE TEE
ST L4t 2 & a
T ===+
=== Forgm.nanno core vaio F
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:r: —l—l—EE 1 Core ls'very dististisd, T =] — Corw is very disturbed. Laminations are stoeply inclined and
e st = e e i contorted,
0.5 —f—— ——— Color ls alternating light and slightly darker layers. The e “_j— —, laminse(?]
ia [ I ey e :":‘_" """::m'" """['B"Y“;': e a";:w‘t ""“""I o ] o o : -t Colur is biieh whitn (5B 8/1) with minor motting due to
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| Bl L o B L Bt e i iS5 bl P e
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2 oy P, o thin beis, are gresnish gray (56 B/1) and very light gray e ! B
FM - J:._"‘_.__“I i [NB), Care it probably laminated below Section 1. === _|-3 Disseminated pyrite is assolcated with burrows.
1= il ol = Texture = sandy mud with more sand in the laminated
g e R I I oy
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562 HOLE A CORE (HPC) 19 CORED INTERVAL 87.0-920m SITE 552 HOLE A TEF
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o%lE : § E|2|E | onamuc LITHOLOGIC DESCRIPTION 5% gz|s gz E 2 E LITHOLOGIC DESCRIPTION
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SITE 552 HOLE A CORE (HPC) 21 CORED INTERVAL 95.0-89.0 m SITE 552 HOLE A CORE (HPC) 22 CORED INTERVAL 99.0-104.0m
- FOSSIL s FOSSIL
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EHHHE FEH AR Sy
g |513(3|%[88 E
Tl = |2|2|d|a|s E
f e o o
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SITE B52  HOLE A
o CORE (HPC) 27
g FOS51 CORED INTERVAL 123.5-1285m
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LITHOLOGIC DESCRIPTION
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boundary inta
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Calor is alternations of homogeneous biuish white (58 8/1)
with taminated loyers which are light gresnish geay [5C

Faint lominas and bioturbation cocur in the 5B /1 zones.
Burrow {1 em dlameter) in Section 2 has halo of pyrite.

B/1), yallowish gray [5Y B/1) and very light gray [SYR
LN

The core is relatively undivurbed by deilling.

Laminated zones are darker in color and lirmer.
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552  HOLE A CORE (HPC) 31 CORED INTERVAL 143.5-1485m SITE 552 HOLE A  CORE [HPC) 32 CORED INTERVAL 1485-163.6m
H e ) FOSSIL
- § CHARACTER N § CHARACTER
§»— 5251"5 53 - GRAPHIC § Ewll E; HEHES i
HEHEHHE EE| ¥ | Hotosy | LITHOLOGIC DESCRIFTION HEHHE A R e LITHOLOGIC DESCRIPTION
-4 -3 AN 2| = z w
§E§a5;E§$§ EEEA N HEHETHEE T EE
'Es§§s§ E 5 =3¢§a;E= £ g
E BB 3 FRHEIEIE T 3 5
7
- o ::miud e chalk {downh hon I top o1 St +
+ rrow 3
] i : o ! L Section 1. svan Foram.nanno chalk.
- _: + n o - - Color is generally uniform, grading between biuish white N Cobor is generally uniform, grading between shades of white
06— —t—t {58 B/1) and white {NB), Exception ks very fine calor lam- (5Y 8/1 and NO) with occaskons! tsminse of weey light gray
» = saan inaticns at basa ol Section 1: lsminse of light greenish gray 0.6~ ..f., | INB].  Burrow mattled rone in Seetion 1 i light grwy
et - (5G 81}, light biusish gray (58 7/1), and madium light gray 1 (25YN /1.
1 3 - N6). Also occasional faing lominse of greenish gray (5GY 1 + Ne
=t 8/1) and very light gray (NB). R Firm chalk with rase burrows snd minor pyrite.
M T Firm chalk with rare burrows and minar pyrite. B SMEAR SLIDE SUMMARY (%0:
v F1 10— e 1,107 2,67
B r e 1 1 25YN T/ = b 2
=4 1 laminae of " -+ :
H— + o| 66816871, AR SLIRE w":“?g ':"32 EYi g = Sand 20 10
+ NE > d =5 silt w o
£ t - B Textura: " » - + sran Clay 7 &0
- = o 11+ — Compasition:
. - e 9 R fEeeee | .,
+ —+ pobd o S 4 Clay 0w
+ L ¥ " Carbanats unipee. 3 4
:r : + : Campositson: - + Faraminioers 20 16
3 + Clu: = n Cale. nannofosils 56 o
S = o e g s Diatoms §i =
s Foraminifers 20 20 +
jeutes 1
§ . —+ Cale. annafossils 55 10 ‘ 1 & Sponge spl 1
2 ; Spongespicules 2 Tr 2 + CARBONATE BOME: 1%):
=z —— Dolomite 3 - T+ ——+ 2,67=04 €03
= = = —~—+ ~ R
= i b { CARBONATE BOMB: CaCO5 [%): = l —— i
= + 337=9 ¥
. 5 s i
T
L r = -é =
b =| & +
=
n ——+
} f 2 t 1
t -
—t
- T
+ T
3 L 3 P
; K| =
8 + i - =
+ i B . Lare
+ L
‘ : |
= 4 jn 4
3 T { ;
z| = e
cc| T 7 I 4 3 =z
Ac| and mp | AP — ~lz e ——
z|Z =
ad aufre e[ | o
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SITE 652 HOLE A CORE [HPC] 33 CORED INTERVAL 153.5-1585m SITE 552  HOLE A CORE (HPC) 34 CORED INTERVAL 168.5-1636m
i‘:’ FOSSIL -4 FOSSIL
« |3 CHARACTER g ; CHARACTER
g |zu|z]2]? gzl e 8 |= g z| 2
I H 8l = GRAPHIC Gul|El 3 HEIRE
TS |EE|E ] 3 HE| LITHOLOGY LITHOLOGIC DESCRIPTION EElEZ|¥| 8 § =8 QRAPVIG LITHOLOGIC DESCRIPTION
wIENIZI o< (el w 2 - HEEHHE R 55| & UITHOLOGY
Fol e ¢5u| = g ] wS |28 2 gleE2] ¥
N HEHEH LB R EIEI IR
g =]
RHHEHE 1 £H ERHEEE
+ T
+
: i g Faram nanno chalk. | 5Y B/ Faramenanng chalk, (Dowsihole contsmination, lop of
© 1
X Color i uniform white (5Y 8/1) with rare mottling and 4 t Saction 1.}
: fuint laminas of it gray INT), H Color i unsform white (5Y 8/1) gradually becoming darker
AP 05— L i N8 ) with depth.
n Undisturbed by drilling. Firm chlk with rars burrows and 05 t o army [NGH1 it e
A - i minge wfter Layers (~5 em). Texture is mud, } Parts of cora vary disturbed by Howin,
1 n
‘ Laminations and burrows afe rare.
3 SMEAR SLIDE SUMMARY [%): = t
10 - ';. 9 ;, " 0 + SMEAR SLIDE SUMMARY %)
: ; Taxture: + :- D
| | fand L A — Tusture:
+ St 18 10 Sand 10
o= n Clay B0 80 ] St 10
1= N 5 Composition: Clay 80
+—+ e Huawy mineraly Tr - + Composition:
R T ; Clay 15 10 + Clay 0
R [ H Coarbonate unspec. 5 4 PRI Foraminifery 0
i Faraminifers 0 15 e Cale, nannofosits 56
— . Cale. nannafossi 68 0 Tt Spange spicules 1
T — Flacolarisn - T ~ —t Ll Dolomite 3
Sponge spicules — 1 2 ——
o 2 + . Oolemite 2 - = » 4 CARBONATE BOMB: CaCOy (%)
3 i - CARBONATE BOMS: CaC0, 1%): § .
= = 2,745 —+
- ] e | g .
] LA :
! 5 i}
a < :
- )
i1
= &Y 8N
H - and
n i % . MB
LS 0 -
+ £ .
: 3; y
3 ¥ ¥ 3 =
H T i e ——t
4 n ' —t
RP -~ ——t
- & —
+ z T
&|o & - =
zlz al r =mk = H
5 t 9 |, A 4 —
AG| AM| AP | RP ccl t L ; - B +—t +
LI 1 z| =z -1 n
z L L
— —
AGAM| B |8 [RGlee) Tt
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ﬁ;ﬁ‘, HOLE A _ CORE(HPC) 35  CORED INTERVAL 163.5-1685m SITE 552 HOLE A CORE [HPC) 38 CORED INTERVAL 1685-1735m
g FO: € FOSSIL
w 5 CHARACTER % g CHARACTER
AR gz| 2 A 0 2.0
oW 2 © 2 2
Tg HHE g BIE|E | ohorasy LITHOLOGIC DESCRIPTION €x|22[5 i H HE| e | (S, LITHOLOGIC DESCRIPTION
Mz < uZ . = an|E e
A HHEH ER : AHHEH: HE £ IH
= |8 b E | =8 E £
ERHE BT i ERHHEHES FEE
+ et
. : Nanno-faram chalk. - i e
IS - NE e Lot i " Nanina focam chalk and glauconitic chalk,
z o Color is veey Hight gray [NB) grading to white {10YR 871 z s 1_._—3—_ Y
& e and BY 81} 8 +——t— Uniform white (NO) becoming yellowish gray (5Y &1)
L3 — i Ly + " and then mottied with dark olive gray (5 3/2) s the glau-
05 Uniform sandy mud texnre with rare burrows, becoming e + conite content incresses with depth.
mottled with light greensih gray (BGY B/1) a1 base. T
L Major sharp contect in base of Section 3 Some [srge bur
L . Mo drilling disturbance. 1 - rews below this comtact are filled with wciment from
t b sbave. Nanno foram ehalk underlies the contast and i
—+ maottled pale yellow [BY 7/3), yollowish brown (10YR
B o SMEAR SLIDE SUMMARY [%): 1.0 I 4 516} and clive (5Y 5/8) with a white {SY B/1) background,
.78 317 Bioturbation throughout.
[
= Tuxture: —+ Above contact taxture i sandy and below is sandy M.
= Sand ® W ——t
= it 0w s No drilling disturbance,
L] L Clay @ i {
Compasition: Lt
1oYREN Clwy w1 - ———t SMEAR SLIDE SUMMARY (%1
5 Carbonate unspee. 5 - o _ :’ ‘!’ 1,107 2,107 3,107 417 cCC 7
z o . . Faraminifers EI = ——+ D o o o "
_ — Cale, nannotossils 55 a7 b ¥ L ] Texture:
= Dalamite - 3 % = — 0 ] 20 20 -
= - + S Fatl -] 30 30
;‘ 2 t CARBONATE BOMB: CaCOy (%): 5| £ =t —+ Clay &0 &0 50 50 100
é 1,77 =02 § 3 2 § o= L Compotition:
= % = 317=92 b1 % H — =4 F Feldipar - 1 = =
» — E 3 $o= 4 BY 81 Heavy minerals T = B -
3 L RE| v = Clay 15 20 w0 FER )
ElB 1= ‘g St Valcanic glas 8 T 5 -
-3 3 —F a o+ Glauconite - 3 0 =
- = i+ Carbonate unspec. & 4 - 0
% = L= Foraminifers W oW W
2 R 27T Cale, nanaofossil 41 o 3 B/ -
+ —— FAadialarians - - 2 - =
1 — . . i Sponga spiculss 3 2 5 5 -
2 === i Dolomite - - 3 -
= + —+
= 4 o - - 1 +
+ L CARBONATE BOMB: CaCO4 [%:
4 svan e y ety %
] t t — 2,107 =81
T 2,107 =53
3 k i ==+ || | 4,35=88
exzioreaer
FOO-O-OO } By am %. . D, BULK SAMPLE ANALYSES:
[ + Ao e - i! . zc. Feld, Omr,  Claye [ I;...
T — > 137 = =T x 5 5
+ ey .
8 — JoGoct 1 g cc7i= B - 3 17 - - W
= t -]
§ : * -:9 ﬂ-cl‘l.—.G
=2 —4 AM 4 T o 1 !
% + i rrG-G-G Sharp, uneven contact
: i ; T
g 8 + — 5Y 81 and 5Y 8/2
2 ] "' = E- é | sndBY 73
4 | sYen 2|2 %, aala : taierom (3 em diametes)
‘ ] G
= mattied ] . +° =
5__ E sGY 81 & E i i = J 10YR 56
= |adam| s | 8 |rc|cC H H aolmf sl [°C S+ ||
3
3
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SITE 552 HOLE A CORE (HPC) 37 CORED INTERVAL 173.5-1786m SITE 552 HOLE A CORE (MPC) 38 CORED INTERVAL 178.5-1835m
g FOSSIL g FOSSIL
§ g CHARACTER % g CHARACTER
= 02z z| = g |zu|2[z2]2 FHEIR
1 EHE 5 El2| | e, LITHOLOGIG DESCRIFTION Tg HIHEIE EELE | Shouaey LITHOLOGIC DESCRIPTION
A EHHEAT HE 2 £F S AHHEHTHE
= |2]l8]|2 = g = = |3 z
A HHHE TEH HHHE
= |2)7|2)5 |88 3 El s |2 z|a&
2 g i H T e] 1ovren |
gi . ":I_-’_"! et | i 10¥R 711 Forsm nanna chalk, zoolitic mudstone, volcanic fl, man: :,‘:ﬁ : 3-.?: B4 Biositi ehalk and mudstone.
5|5 JEg i 10YR 84 ol iisonad it B & = &Y 616 W domb ight yellowith brown [25Y 6/4)
— 2% - T 10YR 63 chulk, bewalliceows foram nanno chatk, and biesiliceaus I'L_ = 0.6 om sand lavan Color s ﬂnm;v:lﬂl\r U‘: "MIBYW 8
= Mn H 10¥R 42 mud. o = with mottiing and lenses of ofive
& = =5 =
= — T — -
5 i's o8 =+ Mn IE Colory: Section 1: very pale brown (10YR 8/3) mottled o = = Il - Lt Bionsrhation s common throughout with many dirker
< | gk 7] @‘ + + TI with fight gray (10YR 7/1], psle brown (10YR 8/4, 10YR AP 1= i {mudty) intraciasts, Thin beds | 2 em) with @ sandy tex.
Slg| [ee| &]| [nd, o | 6731, dark grayish beown (10YR 4/2] owwrlying olve (5Y 1 “F =l L ture e alio peesent and composed mainiy of onge spic:
o P . BY 54 54} with lerses of very pale beown (10YR 7/4) and mat- - >CH 1 ules. Lenticular snd laminated anits are o pressnr,
= Bl 8 ) and thed light olive brown (2.6Y G/4). Ofive gray (5Y 4/2) i e-
= J‘;' 10YR 74 layer overlies olive (BY E/8) end aliwe gray [BY 4/2). _" - Na drilling diurbance,
- e 257 54 Section 2-Core-Catcher: mainly light olive brown (257 Lt =N
H " : 4 } 541 and pale yellow (25Y 7/4). 1 = SMEAR SLIDE SUMMARY (%)
M| |Ro * E o syaz i ) P g °1 1,52 3,10 3,100
< - M nodules, intreclests snd soft sediment deformation | < = i X
; 5 « x L ?;Y?I:!&M eammon in Ssction 1. J_-.r Texture: 50 w0 10
B = F ] el
. e |
-g' _3.-_' I.I I o2svsa Bioturbation interse throughaut. = 19 g:v % 3& g
2 = L L Campasition:
- | &
= H I Sharp, erosive conTacts also present, E Haavy mineraks 2 7 ]
E ] aEl: Clay bl 48 :s
i | Volcanic glass 10
] -'_:1 { 25Y /4 Same laminan peeserved. No drilling disturbance. - 1 N Volowieg 1 % 0
a -+ — = i Faraminifers % - 10
AM RP| = Taxture is sandy mud. _ _“} Calenanngtossils 23 20 30
— = ! = TR Distors s 3 1
} B o +4=b ¢ Radiotsrians H FR
2 1| of 28ves SMEAR SLIDE SUMMARY 1% : 2 I Spoge spicles 20 10 25
y H v 1,10 1,86 1,135 1,138 i 1T=p L
LA ! o o D M 3 JoAt L
+ i : M e 1
A - Texturn: ﬁ b
et ‘[ svsm.2sven 25 0 5 50 =B 1
= + - Silt %5 w3 W =5 p'l
i = 25Y 6/4 Clay a0 60 30 - (5 1
=i - Compasition: FM bl
ol ~ Quartz 1 5 — — - {; L
. # 1] Heavy minerals - L] - Ao =
b H 2.5Y 6/4 and Clay 0 68 45 16 L= S
2 M + ! 2B6Y 62 Volcanic glass - - 10 5 B
3 4 T Glaucanits 5 - = - s N
B = h 2 i Zeoline - % - = A !
=13 h & Carborste unspec. - - 10 5 W 1=b s
-] B l Focaminifers S 5 a5 i
= [ Cale. nannofomsils 4 F T R il [
T ,.}_ Radiolarians - - 5 - =b o
= Spange spicules = = 10 1% - 1 I
-b‘ L7 _*_‘ Dolomite 5 3 - gL
L 1E + 2,19 2,120 388 _ﬂ:ﬂ !
3 by s - o ] L] 3 = '
i T = 5Y 806 Teuwe: w5 4 |
17 = e
- | el s Silt % 20 15 g .
T i 25Y 6/ Clay 0 50 75 < o
A=) Cormposition: T= !
= ! 15Y 82 Heavy minesals 5 2 = M g !
N Clay 10 \ 73 = }
1 Voleanic glass 10 B 5 -} ol
1 Foraminifers 0} 16 -
=i ! Cale. rannofosis 40 30 19 « pEsasazaz i
cC 1 Radiolarian 5 [ £ !
» = * Sponge wpicules 20 ® 0 z 4 = il "‘
PO
e foroore )
8 |Fefcw|re| Aejec _4}@ |
=
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SITE B53 HOLE CORE 1 CORED INTERVAL 0.0-89.0m SITE 653  HOLE A CORE 1 CORED INTERVAL B55-75.0m
£ cumm:"- E CIIJRMI‘I:!R
= 1% | .
M EMAEE Zle g lzul2]z]e gz &
9% = ol % GRAPHIC o Q= GRAPHIC
Ee EE HELE E|E | ihasey LITHOLOGIC DESCRIFTION e :g £ FH HEE | ooay LITHOLOGIC DESCRIPTION
wi|EN|z| ] < 2w g w3 |EN < uZ o 2 @
£ E" 8| 5|2 HE = g £7E 18 [z3%| * +
F g = E
BHHE : BHHHH T EH
= = - I—I'—I—l- } - N
e s s Foram mwsl, foram coze and marl interbeds with terriqenaus = _‘_l—;_._ﬂ Forumasnna coze with scartated angular. droprearm. g 152 cm
-I'..TT—‘.— 1and and granule-sized partiches scattered throughout. s '_—0—+—I—_‘:|: P of granite and quartzite,
T
= e e .
1 jr-r_r_" :$:$ Calor it mainly white [10YA 8/2, 10YR 8/1) with very pale I e i Color & entirely white (NS) with rare mattles of light graenish
=T brown (10YR 7/2) pale beown (10YR 63) yellowish brown 4 gy (SGY /1), possibily originally burrows,
3 D_‘_.,._r-,-'_:_—.— 10YR &2 (1OYR 574) and! light gray (5Y 7/2). 1.0 Texture slightly sendy mud throughout
] - 4 voo Fture sty sady ’
:l"-'-'T" -|-I Sandy texturs but brown horizons contain more mud, Care .
— ‘l’_!__l__r wery disturbed to soupy causing blurring of sedimentary bound- — Intense hne any tigns of
= e aries and obliteration of sedimentary structures, but units seem _— —|:'_‘-1-_' o structure of bedding.
e to have mucicly bases and gracle it whitn foram oaze. 8 B ot o
i o I+
S i ol o _‘:Q— =+—=-0
:.r'r_r_r—rT P = _,..|_1—|—| SMEAR SLIDE SUMMARY (%):
e "= SMEAR SLIDE SUMMARY [%): = ==+ 155
5 i ikl o 2,82 420 P e ey s .
2 T T & e 2 _j:'_-l:‘_—!—_ lo] D
B i i il ' == Taxtura
- =41 10VR 63 Tewtura: g :4:':":.’__‘: o] Sana 10
mETT | |" Sand 50 0 = e e e [ sitt 0
== gl an s i s R S Py Clay &
N o a5 8 sl oy S _
I"l'. c:w:m: T --1:4'_—'—""_4—_ o m'm. Tr
= Quarte 10 30 £ = = H naral 5
- 10vR 172 a 2 £ e e P vy minerals
= ':-,-“"- vy Carbonate unspee. &
z Lo Corbonate unspec. 3 20 ..+_‘..+_|_ o Foraminiters 10
3 . Forsminters 0 5 == =] Cale, nannofossils 75
: 3 T Calc, nonnofossits 10 10 3| dammomo Oistomns 2
: 3 - 1] s K- ;..:_::_;:':4: o Spange spiculs 3
= 1 L} = + —
5 5 -'-:'r- o 2 :-_|:|—_|:'- —{© CARBONATE BOMB (%)
$ .$ sl I g Tt 122291
|z e 10¥R &3 a = ==
=z - -+, ==, ———
3 T e e
- . B e o
e _— -+ _.+._ + —
10YR &4 4| e
[Si=1 e = o=
4 i 10YR &1 glz e g et
T 2|2 2 e Mottled
- T} ot
: aclac | FM|aclreloe|  fa—tmy—i——
3 von A
T T (o] ot
T - T - 10YR 872
7o
H o p by gl
H = LESAL S N
5 ¥ T‘_r'l'.'_"‘-_
i [y iy piteley pell
gy il 1ol
= 2 T 'I'_'_'l"_
= —- T - 10YA B3
= Fr 74
&l § -
z| = LI T
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SITE 553 HOLE A CORE 4 CORED INTERVAL 178.5-189.0 m SITE 553 HOLE A CORE & CORED INTERVAL 189.0-1985 m
g FOSSIL g FOSSIL
G s CHARACTER - g | CHARACTER
M EMAE HEE: e |zulelzf2] [z 2
=x 2218 ] i :‘é ] By irnt s LITHOLOGIC DESCRIPTION HAEH §l: B2 8 ity LITHOLOGIC DESCRIPTION
R lyloz|B| & s 2 WS |38)5(2|5 g le2|E] & 5 s
2|8 |3 2 g i u| = ) b} = |E |2 2|2 ! zTE| E
E E s 2 z E e 5 F s i H g £ E§ g !
2 |[E HELE g 3 a |2|2 5 |62 B
Y et 58 61
T T
N Doy il el | Foraminifersl ooze with rare chalky zones; mainly bluish white - Forsm-nanno ooze snd chalk interbeds, bluith white (58 8/1)
R | EB 8N [5B 8/1) with subordinate white (NS). Minor light bluish gray throughout. Minor burrow mottling of lighter gay INT), sl
05—_--'-_'_—1—-_'_-1—-_‘_ (BB 7/1) nannoforam saze. Mottles and leminateons of light [e—
1 Ly iy et gy (N7 1 |
:_'_-r_l_-r_'_-r § I NT 4 - Slightiy sandy mud texturally, with intevbeds of chalk and oore,
1»-_,_"'_'_"'_‘,,"' | mantles Texturaily sandy mud, Fare lamines and burmows Sequences |
n T shown development of chalky interbets towards base. Doze sections tend to show some deformation.
—'I"T"I"‘ T | )
F+ T Plalatively undinturbed thraughout. |
m By oty pitey | | E . SMEAR SLIDE SUMMARY (%):
-T—r-r' ! SMEAR SLIDE SUMMARY (%): o 1,683 583
T
[T T T 2,132 582 7,43 - e 2
[y iy i | I [ o M - Taxture:
i Texture: | Sandd 10 10
2] T T Sand LI R 2 —+ . s woow
__'_-r_r'-!-_'_'r Sily o 1 10 — l Clay ) B0 B0
q1r_ T Clay 40 BO B0 Composition:
—-'-—|—-'-|-'-|- Campuositian — it = Clay 15 15
IT__TL ‘T‘_F - Clay (1] ) 10 [ i L) u Carbanate unypec.  — 5
i Foraminiles 0 16 30 Fotaniorers E
1T Cale. nanncfomits 40 B0 60 Calc. nannofousin 55 85
I - Spongs spiules - T T Sponge spicules Tt T
Il
‘:-r“'-r-r'r-r CARBONATE BOME (%): CARBONATE BOMB [%):
i A pricrtog ey LT =8 5,80 = 41
3 gy ot 5 3
iy = 1 Rty Ve o
= ] —_'_T_'_'I'_‘_‘l'
4 A v L a
0 iy i o 2| =
B apite sl ] Leminae
Mk A E 2 3 Lents
. ]
S T T ]
§ i =T { ‘?
= g = | i gl bl -
£|a § i plie 2
i i 4 :T‘r_r.‘l‘_r,'r L [ 4
5 q_l_‘l'ﬂ_"l"_'_‘T z
i 5 Mo pdhBy pdily ; ;
AT
e g ity 1 !
s ] 'r:r‘rﬁ:r hI NI
i B 2 bty o5
EME o
_r-r-r*-r:'-ﬂ'
5 AT T 5
T Bl ® -
ks [
AT ! e
A i i loc
“I-‘-l-l_-rl ] L
= - .
_‘_:_l_I_'__r 589/ o
T - Chalkc, NE ro
T ] - -
e i o 7 -+ Mot
6 y i Chalk, NE & - ' | Mottt
i g = N?
B o S Zle Ly |
B M o R N ol I 7 — v
e & . rL
<=l 2 _1'_'_‘1‘_'_"{‘_' taminse z| & ] s
2|z i s ey o z ] n
z| = b el ety | +
B —_ +
agamfe |melrol 7| JToe T T- | ssmn ac|amle |6 |Rs| 7 ——t i
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S CORE 6 CORED INTERVAL 198.5-208.0 m
g SITE 553  HOI
y LE A
i 3 [ o - CORE_7 CORED INTERVAL 208.0-217.6m
2. |5l 2 g E 2 i 3 |
HEHEE 2 GRAPHIC 5|3
Zlan|z S o £ LITHOLOGY g g
: E HHE gl & L3S LITHOLOGIC DESCRIPTION g, (Ex(2]21% HEE
it i 2 HHHANHHES
; - g E E a i § H g a ! gg E ! r LOGY b LITHOLOGIC DESCRIPTION
B oy 5 é HHH & :
g e svan i 5 F
L= == 1 :
0-5::|:|_| | ‘Frlduﬂimml\r foram-nanno coze and chalk, with minar nanno- = : -
—I I—l—l = ::mo;ﬁ‘:ﬂﬂ:n;lnm ooze is white [5Y 871) with rara light = 1 LE o1 B0V
= £ : i corehmind m“.u it g oo z 05 of BGY 8/1, Nanno foram chatk with minos foram-nanna chalk, grading from
1w —|—_|+_ mlm.iu:"\' ) mattles and |aminse, related o pyrite con- & 1 l : ,:‘E;"ﬂ‘d i o1 o aaanih o 1% 81, e e
::p” g § . = :;";:i‘ts:fa::mslyl:‘;nh gray (BGY B/, bght gray (N7} amd
::.__‘_‘_‘ _|: J;:H;.m:lmm of andy mud, with chalk and coze inter- ! I
A 7 -
£ —t= c pmpone o moc. T, e B ; mn::f:;::v m;‘d.."mmn rones bess ndy. Comman lamin-
_:‘_—i— e = e - i ".“:&- il some variations in firmness but essent
_|_+‘__'___|_++ ich ol
+= = containg anguisr pebbles, probably caved, *
::'_ c — Much of core s extremaly disturbed.
-£ — +_ ARY (%)
_::*_‘L.-‘—I_’: 3,80 6,18
= e o L] & 3
::‘_ - - 5 2 . SMEAR SLIDE SUMMARY [%):
Fotm = Sand 15 40 i ’ :‘ § :m
_:|:'_—|— —|—_ o ¥ - Taxture:
£ == _|__ = s ® [1w] Sand 0 0 w0
- .I + } | s og Sl n 5 1
ju TELar—— ] Huavy minarals - ki : | c g
+ v - N T Lay 50 a5 5O
B A i N Clay w2 T = o -
) : n a1 pasition;
" = 2 ey x = : ; Heawy minerals - - T
§ i o] - B W 3 £ i
5 - b 3 + Carbonate -
atn unspec.
:|3 B G raootonts 0 3 ’ ; o
é E B O L Sponge spicules Tt 1 § E e :‘"‘ - 5"
4= T - = = s L
1] o el HE e
: FSocse ] m -E . — CARBONATE BOME (%):
: = = 3 E 2.90=01
: _Eﬁm: : . ] | s
% : e ‘s o Ny 6,80 = 90
=
5 . —i—. —l'- 4 | | 1
£ -
= T —
—+
+— + =
+— + | N7 =
= e : mattle # =
: ‘ — sY 811
- ——t—t
E +——t i "
§ i ——
£ z I .
sl 2 + o| HEwit =
z| = = % N laminss =
il Wi BY &1 é &
: &l 2 589N
5| |3l 2
z = —
2| o E 2 — Ermm
HE Bk SN
E — laminae
aG| s FP |cm =
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SE S CORE 8 CORED INTERVAL _217.6-227.0m SITE 653 HOLE A CORE 9 CORED INTERVAL 227.0-230.5m
T a
L
§ § M w CHARACTER _I
o
=x 228 = GRAPHIC s g MEI-AE- HERS
i =§ £ g | umvology e LITHOLOGIC DESCRIPTION A 5 - 8 £l E CIMARG. LITHOLOGIC DESCRIPTION
§§i A g ggiﬁg HHHE FER
H 5 3 2 H E
| B § E |8 g £ Eg E !
H £ E
a § E % é 2|23 |88 3
e | sB AN . T F
T e . i Ah:uISmm 3, 128 em: Foram chalk and nanno foram chalk . — Be GV 8N
G— - becoming i itic downhale, itic f + = .
. P L I chalk. This gradation marked by pdpe i ) i BN Manna-toram ehalk with incressing content of palsgonitized ath
A i 188 /1) through light greenksh gray (SGY 8/1) to greenish gray o : : of mv_m contact s1 Section 8, 35 cm; colors grade Imf.n light
1 e {5G 6/1). Sharp contact at Section 3, 128 cm, with nanno-foram 1 B ey 5G &1 greenish gray (SGY B/1) to white (5Y 8/2). Rare laminae of
Ly chalk belw, of light greenssh geay (SGY /1) color, with gresnish i 1o E — . groenish gray [5G 8/1) In this unit, 25 wall 38 burrows filled with
1T i gray (6 B/1] lantines, it 10 reLay white (Y 8/1 and 25Y B/2), Minos biosiliceou componant
- — ::rm L S immediately overtying the break, black Mn nadules alio. Below
T matties Texture sbove Section 3, 128 em, largely sandy: below, sandy A Section B, 35 cm: biosilicecus foram chalk, pale brown (10YR
. .y t mudstons, Section shows extensive burrawing throughout, but S B/4) burrowed expmively,
z —— disconfarmity at Section 3, 128 cm smociated with extensive L
et burrowing into underlying sedimant. Minor (sminations below n Texture slightly sandy 10 sandy muditonre. Minor laminations,
FM | P Section 3, 128 cm. = Extensive burrowing both within each unit and from the aver-
E t ; . -t Tying wnit into the undedying.
: 2 Core retatively undisturtsed, = E LISV L _
o i 2 o ¥ n {mportant development af Mn nodules t thi beask. Core essenti
E . T —t ally unditurbed.
H SMEAR SLIDE SUMMARY (%); 5 1 L )
i LW M aeae £ = e [T SMEAR SLIDE SUMMARY (%:
Taxture: 2z e e 1,89 3,71 5142 810 CC10
Snd 0 3 70 40 40 2 = 6 M ©0 D D
é | sin 2 10w 2w 3N — L d- Texture: . B OE B
] 5GY 8/1 Clay 0 0 W 0 N I ¥ ., ool =
wl 2 Tl " ¥ it w2 W B =
zl 5B Compositian: L +
3 3 Wrp il T = = e = = : r Clay 0 2 0 48 -
a8 ! Clny 20 10 5 18 20 3 o e Composition 1
FM | AP - bsan Voleanic glass -~ - - - B e B Fel = aoom - ;
. Ginuconita 5 s 15 - il b —t P hiesis =, @ 1 :
Carbonate unspee,  — 2 3 P z ——+—+ gwvy minesals v = =
AG e [T] «| sevan Foraminifers W0 W @ %’ B x et e 10 ’ 5
B vy = K Cale. pannofossili 35 50 25 30 10 s - olcnia hea = = = =
2| Elom|re| |4 Ly mR 581 Sponge spicule 3 2 5 5 e = i Patagonite 5 8 W - ~
| 2| z +—+ = laminae A = 5 ¥ Burrow Glauconite T B0 -
= | g [am|ac oM [Fp [ Re|CC] — Dolam T - - - T 1 h’Iln Micronodules = sk = 1 =
. y FM 2 Carborate unepee, @ 5 1 - 10
3 g GARBONATE BOME (X1 5 ERY.hre Faramirifess 3 40 30 4 0
L . 4 i Cale. nannofosslis 45 0 0 35 30
3 & Diatoma - Te Tr
= Radiolarians = 1Tm 5
2 Sponge spicuie 1 1 n 15
I Fishi romaing - - | 1 -
é § 1 CARBONATE BOMB [%):
H =] 2,122 80
5 : i e 5,100=78
g = 5Y 811 6,47 =72
5 : Burrows
X. . D, BULK SAMPLE ANALYSES:
AM| ~— ! Calc, Feld. Clay ; Sm.
—F 5,145- 88 8 6 1100
Y
§ i M " T *| svez
'I': 4+ 10vRBAwn
AM 4 BT TOYR 8/4 laminas
=l 3
1i s il = 1| 10YR 874
E 53 & - |
W 2 B r
= 3= — : i
k] ElE ] +
€ om| amlem |om| rmfce] ——t 1] -

£5¢ HLIS
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SITE 563 HOLE A CORE 10 CORED INTERVAL 2365-240.0m it T CORED INTERVAL 246.0-2555m
;‘ FOSSIL g
e o
§.. M EELE gl g GRAPHIC g Eut HEIE HE
1 E H B | Ehame LITHOLOGIC DESCRIPTION ce 22| 1 slEl = GRAPMIC LITHOLOGIC DESCRIPTION
HEEH £ LE[G| & o " iz |E5|z z HE| & | umhoLoay
E%agsgggni F : £7 12715 55%554: 5 H
£ o F g 3 =
EHEHH HEH g [5]%]3]3]58 F £H
1 ¥ ¥ 25YR &4 o A
7 + i Two units. 4 D e Volcanic Wit and volcanic lapilli, predominantly greenish black
05| t Univ 1: Sections 13, 85 em i pale yellow (25 8/4 and 2.6Y oM 8 laminas (BGY 21, BG 2/1) or dark olive gray [5Y 3/2), minor dark green-
. r 1/4) biomiliceous. nanno-foram ohalk, with soms pele olive (10Y 4 1 ish gray (BG 4/1), b with biosil ¢
1 B r Ay 1 8727} mottles. Texturally is sandy mudstons, intermely burrowed, H o 1 e chalk, grading from pale otive (5Y 5/31. through datk grayish
2 L mairily harizontally. 2 b 5GY 271 brawn (25 472), light olive gray (Y 6/2), grayish alive (10Y
1.0 ¥ and = 1 i " A2 to olive gray 15Y 572, 5Y 4/2) and glavconitic muditone
. s H 10 82 Uit 2: Below Section 3, 85 om i witeic wil, zeolitic tuMfaceous ! ezl (BGY 2/1)
M 3 L : pairio-forsm chulk, 2eolitc mnnodorsns-chalk s Bioslicacus Las SRR Volcanic tuffs are generally fine 1o medium-graied but accasian
2] s palagonitic tutf, Tulfs are finggrained; some clasts reach 1-2 | af grains >4 mm (lapifli} are encountevec. Chaik s mudstone
- ——+ "1 . Green mm, set in sandy mudstones backgrownd. Colors range Irom pele B texture bt has common reworked volcanic clmts throughaut.
. ———+ ' 1oy 672} yellow (Y 7/4) through light olive brown [25Y 7/4) 1o olive I SY 53 Some graded fuffi but disturbed by interiar burrawing lschinosd
£ H—— - 4 Metited [8Y 5/3), with burrows mottes of light olive brown [2.5Y 64 sev2h feeding burrows recognized). Some scouring and minor cras
3 ] o and 2.5Y 7/d) and light ofive (10Y 5/4). Lagalli are light olive — | it bedding and umping, Macrofossls apprsi — wehinoid and
E E 2 LA 14 Martes [10Y B4 through pelagonitization, 2 1 5G 2N serpulicd worms. Same drilling breceia bt mainly ntsct
== i 107 /2 i
@ F ] — ¥ Texturally sandy muditone, extensvely burrowsd bath within A SMEAR SLIDE SUMMARY [%}:
:|: = o \ he uni and from the ovelying unit ™ Faat- Gl Sl
i . L ‘ t sY 53
E FM ) " . Texture:
E 2 ] ] Core undisturbed o T S 0 70 a
Q = ™ ‘| ves St 45 % 0 10
2 i SMEAR SLIDE SUMMARY {%): H Clay 15 5 4 @
] ; 3 3,68 3,90 3,108 - v hi ¢ tion: ,
= L ] o o o = eidspar 1 - -
i 25Y 144 AT, = seva Meawy minerals 1 [ (T
- . . Sand o B0 40 10 0 i 5Y 5/3 10 5 5
3 - St 0 0 20 70 5 3 As Voleamic gl 65 - 4
—1 |aG H gy | BY 704 with Clay 50 30 a0 20 45 8 =1 . 5Y 372 Glauconite - B85 - ol
d o| BYS2umine  Componition: 4 , i‘ i Zwite e 13 - 3 5
7 eldipas - - - = ul - - -
b b 25Y 5/4 Heavy minerals - - 1 1 [ = BGY 21 Foraminifers 5 7 - =
L 3z with Clay w1 w15 6 = oG Calc. rannofossihi © E 1
X 25Y 64 Veleanie glass - T z 7 - = P Diatoms Tr - ' —
-+ wnd Falaganites - 2 3 - 15 g 1 Raciolarians Te - 16 2
m B 25Y 7/ Clinoptitolite - - - 15 i Spange 1picules s 2
1 urrows Carbonate unpec. 2 — = - 2 E T = 3 2 0
- Faraminifers W B0 36 W H 1
A b | gulz. rannotossils 36 TW a0 1 40 3 1 ?ﬁ‘?mBBNBRTE BOMB (%}
Hatoms T T r - - B 3 -
L] z Tadiolarians Y. = ™ - ™ 3 - a Al - 21z
Spange spicules 2 a o 1 1 =
— Fish ramain. - - ™ 5G 4/1
E i 5 i n X B, D. BULK SAMPLE ANALYSES:
3 5 50 4,583 6122 7,14 = Ly Pl oo 2svaem Cale. Felt, Crit. Glay
B = with o b o = + burrows of 4, TB= a2 - = BH
10Y 574 Texture: i = H 5Y 6/2 496= 2 8 % 4
3 motsles Sand B W W 1= T
= - and it 30 30 20 —JF —— mn
= . laminas g:m i 45 0 60 - = o é
— nan: -4 i
5 A . Imulna!_ - ; ; - FM T ' il
— ravy minecals - e Lt Li]
i 5|4 Clay 3 B 3% el 15 3 t 28v472,
= . Volcanic gl 5 - = 2 urrows af
g ™ - Palaganitn 3 3 R 10Y 472
4 | Glauconite 1 - - FM 4y - «| svaz
7 Pyrite 1 b EY 5/7
i B 15 Clinoptilalite 20 ™ = H
o e Carbonate unigec. 8 - - Tt
o i - Foraminifers 15 - 15 b 4 1
ETam. 1 ﬁd: nannofowsis 30 T? ?g ™ == + - 1
Bel'm oifiolas iaens - v o 6 7 +
: HE W Do edn — B s T s
z e s [ =4
$ - ‘i' %P;B.O:“E BaME P cp|cefme e fer fee] Tt
e B X A O. BULK SAMPLE ANALYSES:
h ' 0. B o 3 i
CANLL A K Baz1. 3 - 62 : 100
7| 1.
B| |Fm|re |Re (e
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SITE 553 HOLE A CORE 12 CORED INTERVAL 255.5-265.0 m SITE 563  HOLE A CORE_ 14 CORED INTERVAL 2745-284.0m
E FOSSIL g FoSSIL
« |& CHARACTER x |3 [_commacren
N EAEE FEE - M E gzl 2
e 2z g2 HIE RicLicn LR LITHOLOGIE DESCRIPTION BB g g H g B | e LITHOLOGIE DESCAIPTION
A HHHEE HE +H R HHEHT HE 230 g
= |8 g E als E§ ] H = g ﬁ g s s = §
B |3 2|3 |8 B ; & i |5 |88 3
z B = a2
T B ! 3 = Tubtaceous sandy mudstone, gresnish biack (G 2/1) with minor
3 L] B ] o e | EY B/ + mudstone ranging from voicanic ash or lapilli interbeds, ranging from groenith black
.5 - | 4] BG4/ grecnish black (EGY 2/1, 56 2/1) to dark greenish gray [5G 4/1), ne [5G 2/1) to olive gray (5Y 4/1),
P i = Minor interbeds of tulfaceaus nanno-foram chalk, greenish gray
,— RP { z'GdY 2 (5G B/1), Extersive burrcwing throughout burrows filled by Sandy mudstone texture except for aih beds — one & argillized,
&G 21 fight olive gray [5Y 8/1) and dark greenish gray [5G 4/1 and 5GY with mudstone texture, the other is coane grained lllanilll:ll.
4. up to 1 cmi, Abundant macrotossils, including in situ and re-
worked bivalves, serpulids, and gastropods [turritells). Sequence
Below Section 4, lagilli i, with sngular to rounded lapilli up ¥ with minar
to 1 em, Range fram brownish geay [SYR 2/1) 1o greenish black . .
8G 211). Core is moderately disturbed throughout — drilling biscuit.
BG B
AP SMEAR SLIDE SUMMARY (%)
BGY 21 Saotrsadiment deformation commaon including shumping, micro- B 370 4,58
2 Burrows Tnaltirg arvd saelimantary dykes. o M
af . Texture:
BGY 411 Core essentially undistirbed. Sand B0 80
z Silt n 30
g SMEAR SLIDE SUMMARY (%) w0 0
E 1,30 320 4.1 Camgosition
g 7 o b Quarte 0 L]
K T t
; g R j = =1 2 :llc.n r3 L
- =3 Silt 0 20 10 T
g 2 g e Clay 0 0 Howwy minerals 2 1
£l % £ 1 Compostion: = 10 10
LH ) - Guartz s - 3 z Pl
B Feldspar - - =
B — Heavy minarats 2 = 2 £ = =
= 10 n 5 - 1
- Palagonite 5 10 5 T 1
= Glauconite 10 &0 a0 & ]
ite 1 2 |
B Carbonate unspec, 8 4 1 2 c"‘"e-o;‘"‘“ BOMS I%):
3 5641 Foramintors 0 - - 2,10
! Cale. nannofossils 35 5 2 5, 108=2
— Sponge spicules  — T =
i Fiik famsen " - - X. A, D, BULK SAMPLE ANALYSES:
a| SEH GAREONATE BOME (3. Zedl, Clay i Sm.
. 4,25=1 4,68= & 3| . 100
=y » El
: z
s|
B |8 |8|relcc]
553 HOLE A CORE 13 CORED INTERVAL 265.0-2745m
2 FOSSIL
% g CHARACTER
8 |z.l2]alz glz| =
= =
A EHEE g2 B | Shaces LITHOLOGIC DESCAIPTION
HEE g, |.55| E | umotoay
w 2
A HHEH S
- |8 =
FRHEE H sYan
5 5G 21 e
n Voleanic ash and lapilli, greenish black (5G 2/1). Mainly sand-size
0.5 particles with scattered lapilli but one bed of coarser lapilll
1 sized material oocurs,
1 ]
— Extensive burrowing has desiroyed any anginal grading,
1.0+
E Macrofasils increase gastropads, bryozoa snd bivalen, the latte
1 both as fragrments and in place, bath valves occurring. B|RP| BB |AM|cC
Care brocciated bn parts.
SMEAR SLIDE SUMMARY (%):
1,23
o
2 Taetuare:
Sand 80
Sily 10
Clay 10
Composition:
Ouartz
Heavy minsrals 5
3 Clay 10
Palagonite L]
Carbonate unipee. 2
8| 8|8 |calce
[ CARBONATE BOME (%):
1126 = <1%
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SITE 553 A CORE 15 CORED INTERVAL  284.0-2936m SITE 553 HOLE A CORE 17 CORED INTERVAL 303.0-312.5m

o -

z FORIL J g FOSSIL

=
§ S CHARACTER ™ ; CHARACTER

= s - ! = z =] 8 = e s e
- z| = HEL B GRAPHIC sw E 2 £
13 r-§ %’ g a el E | umwoLoey LITHOLOGIC DESCRIPTION HA g 8 il i1 LITHOLOGIC DESCRIPTION
H E H ; g FEER 3 2 ES LI g g E g ] 8
E = E E § C N H

e |5 ; 2|=I28 = le Bl E

ERHEE 3 HHHBE 3

10 5621 8 5GY. 211
o Tuffsceous sandy mudstons, greenish black (5G 271, 56Y 2/1) vekomsia el ah biack (BGY 2711,
o with volcanic wif and volcanic lapilll Interbeds, alo greenish 1 . Sandy i Wb, green
- 2
B black (5GY 2/1). Base of one wull is cakcite cemented with s % ke it il aitaaias
| whita matrix (EY B/1], Lanilli range fram black (N4), through b I B LA wvenrknd and burrowed locally, Sand-slzed particles maindy.
i groonish black (5G 2/1} to dusky red [Z.5YR 3/2). Core undisnirbed.
-
» Tutts are mainty sand sized but some are coser, fanging up 1o
e 2 em lapilli. Background sadiment has sandy mudstone tecrune, SMEAR SLIDE SUMMARY [%);
o B 1~ Some grading discernible in the tuffs, snd one has o slumped X
z i contact. T "
P : Sand 70
Macrofouils commen parricularly in the mudstones — mainly = 4y
L bivatves and serpulids. ﬂl-\r .
SMEAR SLIDE SUMMARY (%): Compasition:
o Cuartz 1%
1,118 4,102 Quwte. s
23 - o D Heavy
| v Texturn: g instals ‘;
5 i 2 > Palagonite L]
o SGY 271 Silt 20 (1] bz >
>
Clay 40 30
i § Compositi Carbonate unspec. 2
Al Cuartz 0 3
F -
Huavy minerals 1 2 fl.-l:zﬂf):i:.\“ﬁ BOME %);
B Clay BB .
Palagonite 30 L)
m Zoolites Tr =
[~ Carbonate urspec. = 0 A
RE 18 INTERVAL 3125-3220m
e SITE 653 WOLE co CORED
Distoms - g FOSSIL J
Sponge specules L] - § § ?c;.ln:cﬂn 2l
2 CARBONATE BOMB 1%); =c 2218 E HI | jensc LITHOLOGIC DESCRIPTION
2304 L3 |2N] 2 HIIEFIE 3 -
= |2 g '; 4 E
F e ; HHH = i
- o B HEE S 3
— n
A sven o | e Sandy volcanic tulf with minor wolcanic wilf interbeds, all green-
B 2 I ish black (SGY 2/1L
051
3 ¥ Tult particies fairty coarse but rarely grade 1o lapilli

553 LE A CORE 16 CORED INTERVAL 293.5-303.0m ! i <)

H 0SSIL Ta Local scours evident, minor burrowing.
§ E gl g 2 3= Core undisturbed excopt for drilling biscult in first BO em.
S EHHE & GRAPHIC 7
HEHHE g | umioroay HTHOLOGIC DESCRIPTION | SMEAR SLIDE SUMMARY [%):

R E HEHE g HRE 2 o ;
] § E 5 A
= § 2 E 3 g =] 1 Testure:
5Y 8/1 i Sand 80
! T 5GY 2h Velcanic tuff and voleanic lapilli, greenish black (BGY 2/1), 2 ] a it 10
! minet burrow mottling ol olive (5Y 4/3), White (SY 8/1) matrix ] oy o 10
1o Compasiti
5 laiii, - pasition;
1 [ o B 2 Quartz 3
il Y Mainky medium-grained ntfs, with coarser lapiili in top wetion, ] Feldspar T
Macrotessils inclade serpulids and bivabves. s .
slele e |amfee] Heavy minerals 2
Core moderately of intensely disturbed, Clay i ';‘g
CARBONATE BOME [%]:
CARBONATE BOMB [%)- 1.801=1
1,32=14 1,128= <1
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SITE 553 HOLE A CORE 18 CORED INTERVAL 322.0-3315m SITE 553  HOLE A CORE 20 CORED INTERVAL 331.5-341.0m
H 2 FOSSIL
§ § L = |5 CHARACTER
z [z 2 ] MIE w
e (2% GRAPHIC 2 ] gl g
'3 53 £ £ LITHOLOGY LITHOLOGIC DESCRIFTION T -§ HE E SE|l @ Lfm&év LITHOLOGIC DESCRIPTION
£3 (2% g : o3 ;“ggg%;’ e o
o
= g = E
: |2 : ol Bl T H
SGY
» i ; AP Tuffeceous sandy mudstone  throughout, abandant  carban-
Sandy wolcanic tuff throughout, greenish black (5GY 21). aceous material concentrated in laminag. Color unilorm greenish
Carbonaceous fragments appesr towsrd base. Well-sorted, prob- black {BGY 2/1).
ably reworked, exteriive burrowing (verticsl and horizontall
mingr crosslaminstion snd ripup clmts. Some laminations. 1 Materisl fine- to madium-grained, Evidence of tumping, scouring,
and extnsn
Macrofeuns includes serpuiid worms and thick-shefled bivatves
{e.A. highar in the mausncal. . Rich macrolauna, mainly thin-shelled bivalves.
Caleit ion locally, Cora relatively Calcite and pyrits cancrations,
Core relatively undisturbed.
SMEAR SLIDE SUMMARY (%):
3.80 SMEAR SLIDE SUMMARY [%):
° 2 1,11 4,100
;:dlurn' & L) =]
Taxture:
S 0 Sarwd 50 70
Clay . 0 Siir 40 0
Composition: Clay 0 0
(Flulrlt ‘g 8 Compasition:
eldspar Cuartz 20 30
Mica T Feldspar 5 10
I&:vm minerals ‘: Mica 15 15
Hesvy minerals 5 5
Palagonite T 3 Clay 5 N
B Carbonate unspec, 1 Palagonite 5 15
Plant debeis 15 -
CARBONATE BOMB (%}:
2.67=<1
X R, D. BULK SAMPLE ANALYSES:
Feld, Otr.  Zeol, Clay : llite Sm,
4,62 1% 42 e 30 E- &7
4
B .
B|B|B|B
5
6| 'i
e e |e el
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563 HOLE A CORE_21 CORED INTERVAL  341.0-350.5m SITE 553  HOLE A CORE 22 CORED INTERVAL 350.5-360.0 m
g FOSSIL H FOSSIL
; _CHIR%C"ER E & CHARACTER
MAE glz|le . 0e ] Z| @
o 2 = w 4
CHE § EE[E | ciworocy LITHOLOGIC DESCRIPTION A H 2 £ g g | Shammc. LITHOLOGIC DESCAIFTION
RHHHAHE F5E SRHHHATHE FHE
HHEHE £ +H N E £ :
5 |2 g ) 85 3 s |8 g B s 5 §
BY 211 7 5y N
B 7 I . Tutaceaus sandy muditane with common interbeds of voleanic L ] Tulfsceous mandy muditons with volcanic il and volcaic
o",: tulf wnd volcanic lapilli, all ofive black (BY 2/1), -4 Tapilli inverbeds, all ofive bisck (BY 2/1), Carbonaceoun frag
APl ] 0.5 mants disserninated throughout.
1 Tuffs and (apili are sharp-based and graded, but cometimes
< :E‘ this B abscured by burrowing. Mudstone has fine-grained sand 1 Tull beds graded and sharpbased except whee obscured by
1-0: and silt-size particles. Local scowrt and extensivaly burrowed 1.0} burrowing Some svidence of scouring, lamination and crod
. u throughout. Carbonaceous matter common, Some calcite cemen: laminations. Becoming extensive, some burrows pyritized.
. tation. Lapilll commonly olive-gray vesicular pumice,
- Macrofossils confined 1o serpulids,
3 ‘_’_ :ﬂ Core unditurbed.
: 10 MMARY (%):
= " SMEAR SLIDE SUi s I:I l:‘ﬂ SMEAR SLIDE SUMMARY %):
— 4 4 5,82
ol o D *
2 i Texture: 2 9 i
Sand 0 Bs
! St o5 i ge
Clay 0 0 2 20
{ Composition:
Quartz 0 &
B Feldisar 5 2 v =
RP I Mica T = :
Heavy minerals 5 2 =
] Heawy minerals 3 &
Al Gl o n 8 c % 20
3 LA Palagonite 45 8 3 i A w9
- Carbonate urspec.  — 2 F o fossls T T
A il e T ) E Cale, nannotossh  Tr g
b - Diatoms L - z
P 8 CARBONATE BOMB [%):
| Spongs spiculer  Tr - 2 E 5 104 = <)
- - i =
A .::.a‘nmuin‘a'ri BOMB (%): H a %R D, BULK SAMPLE ANALYSES:
2:“_‘ Feid. Otz Zeol. Clay : |llite. Sm
4502 E 4,88= 53 % 5 6 58 42
- [ 3
4 LA 4
F 2
&l E
z 0
B |8 |8 |RP|RGICC
5
L
ol 3
7 3
g [we| 8 e fam[ 7
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SITES53 MOLE A CORE 23 CORED INTERVAL 360.0-3695m SITE 553 HOLE A CORE 24 CORED INTERVAL 3595 379.0m
g FOSSIL J g FOSSIL
E z CHARACTER v ; CHARACTER
Eul8|3 HEA R g |= C] glz| o
|53 i HEL N GHAPHIC wlB] 2 g
3 25 E ] S 0%’ EE | diiococy L LITHOLOGIC DESCRIPTION i gé % g § 5 % g g A LITHOLOGIC DESCRIPTION
£ 17|52 g;:a: E w3 (2 °5§§_'ﬂ’ ke g
S ERHEEH c Eolg [3|2]5|5E2 £
M HEHE 3 BHHHHE FEH
=
S BY 21 ¥ a1
* = Comman volcanic Wil snd lapilli units in bechgrownd ol Wi Bray Tutlsceous wndy muditone with wolcenic tulf and volcansc
== woeous sandy mutktons, all alive blsck (5Y 21, RP lapilli intarbads, olive black [5Y 4/1].
]
1 - ] Valeanic units sre sharp based and graded: interbedded sediment. 1 Tutt and lapilll units contain leirly coarse materlal lup to 1 em),
o wre sandy mudstone texture with sbundant busrowing. Minor = sandy muditone texture for remaining sediments,
- H o s :
== H Volcanogenic units shaw grading: burrowing comemon, Serpulids
Ld r’u Same mecrofossids, legely sevpulids: one gmiropod noted, g g rare; bivalve obsarved.
! Core undisturbed. %‘ E Lagilli ara vesicudar pumécs mainly.
_I. 5 Core undsturbed,
s SMEAR SLIDE SUMMARY %) g e
Fa 2,87 516 2 |zlz
2 o o H 2 SMEAR SLIDE SUMMARY (%)
RP i = Texure: 1 1.8
Sand 0 ] _E D
x 2‘:\. ;: ;g < Texture:
(S Sandl 0
z 4] Composition: ro{rele | & | RM o 4
- o Ouartz 30 0 Clay 20
¥ E Miea w - Componition:
+ Heavy minerals B 3 Quarts 20
\g § -i: Clay 20 25 Feldspar 5
E = Palagonite a0 &0 Mica N
i|2 3 1 Corbonste umpes. & 2 ey 4
Cale nannafomie  Tr - Cley 25
g Drsoms L = Palaganite s
Sponge specules Tt
CARBONATE BOME [%):
21852 CARBONATE BOMS (%):
1,23=2
o
g
4 SITE 553  HOLE A CORE 25 CORED INTERVAL 379.0-3885m
IE 2 FOSSIL
> § H CHARACTER
3 Sw|g|2 2 4
=| AP e Eg ¥ 5 ¥ § & GRABHIC LITHOLOGIC DESCRIPTION
= g5 E | wmooey
3 " R ENHELE g 5; gl g g
; : @ BHHEHH i
RP| B |AP (LG (op a =1= L B i} =T
Veleanic tult and volcanic lagilli, gresnish black [5G 2/1),
L) couse grained ac, lapilll up 10 8 mm
1 Bawe of graded uni i caleite camanted.
Mo macratauns ohsensed.
TW | Cose bireceisted towards bave.
0G|
SMEAR SLIDE SUMMARY (%):
2,78
M
ao Texturs:
2 o |al " Sand 50
o+ siit a
a Cisy 10
L ﬂ“ Composition;
Ouartz 4
RrlB|B|B|RP LY presitd Y
Clay 10
Palagonitr 66
Carbonate unapec. 30
CARBONATE BOME {%):
2,574
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SITE 563  HOLE A CORE 26 CORED INTERVAL 388.5-398.0m SITE 553  HOLE A CORE 27 CORED INTERVAL 3880-4075m
2 FOSSIL ;
= b =
§ wl & H §.. Gu ? g GRAPHIC
. ; _§ 2 E LITHOLOGIC DESCRIPTION " § .:§ E = LITHOLOGY LITHOLOGIC DESCRIPTION
w3 z & ¥ H £ g
FE 4 2k |3 §
H g |8
5G 211 ! BGY 21
5GY 21 Tuffscsous sandstore with minor lapill units, graenish black 1] Tulfaceous sandstone, greenish black (SGY 2/1) grading to dark
(5G 2/1, 6GY 2/1). Soms burrws af pale brownich gray {5YR ] 0.5 — greenish gray (BGY B/1), with burrows of olive black (5Y 2/1).
6/1), Carbonacecus materisl comman, One volcancgenic unit - - Wery carbonacesus and micaceous,
1 presnt — shows grading. Lapilii up 1o 1 em, ranging from alive 1 = =
hisck (BY 2/1), through derk oiive gray (5 2/2) 10 dusky red 7 ; 1 Faint Isminations picked out by concentrations of woody detri.
5 (2.5 R 3/2). Base is calcite-cemented, 1.0 E lan. Burrowing  extentive, mainly horizomial: soms burrows
. ritized.
Sandstores sre extentively burrowed, and show scoured bases, - i oo
Some rewarked lapilll occur siong some bedding planes — curtent. — . ' Sarpulids rare,
sarting. -
~ :]1 t Core brakan inte drilling biscuit.
Burrows Macrafauna — rate thin-shollod bivalves, serpulids, .
3 of . :{mm
YR 61 e = SMEAR SLIDE SUMMARY (%}:
Core broken Into drilling biscuit. 2 = 5Y 21 3,81 52
=3 (5] M
alalelelelec SMEAR SLIDE SUMMARY (%): . i Texture:
1 Sand L) 50
o Siit o L
Texture: Clay 30 a0
Sand B0 Compoiition:
Sin 15 Cuaetz 40 £
Clay 5 Feldspar 2 3
Compasition; Mica 15 w0
Cuartz 35 Heavy minseals 5 2
Feldspar 10 8 3 Clay E I
Huavy mineraly 5 . Palaganits 8 30
Clay 5
Palaganite 45
CARBONATE BOMB (%):
CARBONATE BOME (%): 2,60= <1
1,42= <1 4, 126= 21
4
B } BGY /1
a8
=
5
B
B|B |8 |B |AM|cg)
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SITE 553 HOLE A CORE 31 CORED INTERVAL 436.0-4455m
|—E FOSSIL
» ; CHARACTER
g | 1 NEHE
1=} = =
T':;: Eé E El E L?l?d?)’roigv - LITHOLOGIC DESCRIPTION
£TIE 3 g 95 s = =
sl HHHEE §
H HEE I§ =
slefe [a]e
dump - dium-grained
sanud, dark greenish gray (BG 8/1) in color,
Cown intensely doturbed.
SITE 6563 HOLE A RE 32 CORED INTERVAL 44554550 m
g FOSSI
< |3 CHARAC
§» Gu|2(2d g GRAPHIC PTION
V2 =§ 4 g £ LITHOLOGY LITHOLOGIC DESCH
$5 |3 2|8 ¢ EeEe 8
R 3
s |&|=

SITE 553 HOLE A CORE 28 CORED INTERVAL 407.5-417.0m
2 FOSSIL
§ a _CIIMR
EulB|2 gz e
on 2 =
"‘% Eg E g é ! E E Lﬁmgr LITHOLOGIC DESCRIPTION
" z < .,l§ W
2 HHHH: o
s B|5|=
& HIEEH
slefale]e |cg SGY &1
Caleste-comented tuffaceous sandstone, gresnish black (BGY &1).
ed o J, woleanie
Micaceous.
Sarpulid prasant.
Core is breccisted.
SMEAR SLIDE SUMMARY [%}:
e, 5
o
Texture:
Sand 40
silt 40
Clay 20
Compostion
Cuarte 10
Feldspar £l
Mics 4
Heawy mineraly 3
Clay
Palagonite 20
Carbonate unspec, 45
SITE 653  HOLE A CORE 29 CORED INTERVAL 417.0-426.5m
®
g 2
5 'i- E LITHOLOGIC DESCRIPTION
i S
]
NE&

Calcite comented sandstone, Light gray (N8), Mics corspicuous,
Sandstons medium grained.

Core is breccuted.

SMEAR SLIDE SUMMARY [%):
|

cc,
Teacture: o
Sand 0
Sity 50
Clay 0
Compasition:
Quartz ]
Feidipar 5
Mica 15
Haavy minerals 2
Clay

NOTE: Care 30, 426,5—436.0 m: No recovary.

I”l

mndsione, light gray

lci e Tine-grained
(L3

Burrewing svident; commaon woody detritus,

SMEAR SLIDE SUMMARY (%):
cc.3
o
Taxture:
Sand
Siht

388

Clay
Compatition:
Chuartz

Feldspar

Meca

Hvy minerals
Clay

Palagonite
Carbonate unspec

o

FuBwuawn

NOTE: Cors 33, 455.0-484.5 m: No recovery.
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SITE 653  HOLE A CORE 34 CORED INTERVAL 484.5-474.0m SITE 663 HOLE A CORE 36 CORED INTERVAL 4835-4930m
B FOSSIL J ] FossIL
g & | cHaracten v |E CHARACTER
GulB| 2|2 BlE| 2 e el @
== |2F HE gl = GRAPHIC Cw|B|3 BE| 2
\ § =§ g E i e E LITHOLOGY LITHOLOGIC DESCRIPTION ?; ,:§ H § % E B Lﬁmv LITHOLOGIC DESCRIPTION
S HHHHTHE : HEHHHAR I TLp
g i HEEL ; = |8 [5]5]3 EZ £ !
IR HRHE 82 3
== NG ] ! 10YR 32
BY 21 Caleita-cemented fine-grained sandstone, light gray (N6) overlying
1 051 volcanic lapilli, olive bisck [5Y 2/1). Voleani lapifli is aho 7] Tulfaceous mudstone, very dark grayah beown [10YR 3/2),
-f ealcite-camented in part, with frapments of vesiculsr pumice grading to dark grayish brown {10YR 4/2) and beown [10YR
dominating, snd is highly realitic, 1 :l - i 5/3), with interbeds of voleanic it and lapilll, greenish black
B|B |8 [B|B|cc . ] v 15G 2/1),
Sandstone containe minor waody material, and i laminated, B 1.0 f x 10YR &3
with minar burrcwing, Lapiil shows no grading. . *| 1wovmasn Mudstone very fine grained. Volcanics sea mediom to coarse,
o e Mudstones show Leminations, with very little avidence of cusrant
Core broken into drilling biscuit. o = activity — o:‘dmmor channel noted. Fmg:_m annciated mﬂ:
-3 are p o
- Py B ,!- 10YR 42 tutts. Macrofossilt include thin-shelled bivaless, gastropads and
SMEAR SLIDE SUMMARY [%): . ] 2n serpulidy.
1,20 1,70 10YR 417
D M o saan Cora undisturbed,
Toxtura: 2 10YR 42
Sand an o L} SMEAR SLIDE SUMMARY (%):
Sl k3 80 1,101 2,60 288
Clay » W o o o
Composition: Texture:
Faidspar 2 B Samd B0 0 60
Mica - 1 il 1] w w0
Haawy minarats 2 4 Clay 30 20 n
Clay il 0 Compotition:
Palagonite 42 &0 5 Cuartz 2 2
Zealite 10 Foldspar 1 1
B
Carbonate untpec, 30 0 Heavy minerals 1 1 1
Clay 30 5 L]
Palagonite 65 70 S0
CARBONATE BOME [%): 8| el 8 |relcmlcc == Zealita - - 10
1,46= <1 Carbonate unspec. 1 2 20
Foraminifers - T -
X.R. 0. BULK SAMPLE ANAL YSES: Cale. rannofosits  Tr iy T
i F:d. :lzn ! 3:! Cale nannofosiis  Te - Tr
LR 1 1
CARBONATE BOMB (%):
1,78=1
L=
SITE 653  HOLE A CORE 35 CORED INTERVAL 474.0—483.5m
n FOSEIL X, M. 0. BULK SAMPLE ANALYSES:
> CHARACTER Cale. Feld. Otz Zeol. Clay : Sm
- EMAE gzl 2 1,76« - - 48 8 43 ¢ 100
w = - : X
S EHE EEIE | Totoey LITHOLOGIC DESCRIPTION 4Wp % 8 # o3 2 W
g7 (EV(5( 51518558 2 FF=F]
i AHHHH Tl
HEIE I 3
i 5Y 21
. Volcanic lapilll, olive bisck [5Y 2/1), with pumice lapitli up to
05—_ 2 em. Same taplll| show alteration haloes,
1 -5
Core is beoken into drilling biseuit,
104 CARBONATE BOMS [%):
Bjlaja|e |8 cc=6
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SITE 5683 HOLE A CORE_ 37 CORED INTERVAL 493.0-502.5m
2 FOSSIL
x |5 CHARACTER
3 |=.lelsle gzl @
oW -4
Ti HHHEIE = g pi | et LITHOLOGIC DESCRIPTION
g " i ; ! gi gl # ++E
E
l AHHEHH T
H H 3
10YA 472
3 Tuffsceous mudstane, dark grayish beawn [10YR 4/2) with
miner valcanic it or lapllli interbeds (greenish bieck [5G 217}
i -r ok L detritus.
el Externive  butrowing  theoughout, manvy Burrows  exhibiting
palagonite and pyrite rims. Burrowing has destroyed much
origenal structures but Leminese preserved locally.
:!’: 56211
o Abundant thinwalled bivalves: gastropods and serpulids also
i presant
R L Immadistaly overlying besalt s cuarse grained cross-bedded and
slumped reworked(?) tutf present; large clast of overlying mud-
™ stone inconporated into this unit,
l Core sssantislly undssturbed.
[
SMEAR SLIDE SUMMARY (%)
1,88 517
E = D o
= H Texture:
i Sand 0 0]
ke I» S 5 5
E Clay % 2%
w ; | Compontion:
z RP Cuartz 2 1
H Feidspar - Tr
g = Mica - T
Heavy minevaly Tr 1
oG Clay FE
B . Palagonite o m
t Zeolite 1 ™
Carbonate umspec. 2 k]
B e Cale. nannofossis  — T
CARBONATE BOMB %):
= 1,129-8
B 4,123=3
1 X. A 0. BULK SAMPLE ANALYSES:
B Csle. Otz Zeol Clay
1.98= 7 8| 8 14
& BG 2N
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LEG 81, HOLE 553A

CORE 38, SECTION | Depth 502,5~504.0 m

Pieces 1 and 2: Dark gray (N3} vesicular basalt uniform size distribution of vesicles =1 om or less. Yallowish gray
(5 8/1) to light gray (N7) irreguisr patches of caleite and quarts. Veticles are fifled with smectite. At 3 em vesiclen
dip at 45", At 25 cm caleite(?) vuin inclined a1 60",

Piece 3: Large angular ‘clast’ with diffuse rim exhibiting markedly less vesicularity, Basalt fracture pieces covied
in calcite. Vains cip ot 50° and 30°. Groundmass: plagiociass [aths, sc.

78.cm: Base of unitftop of wnit.

Placa 7: Madium-dark grgy (N4) vesiculsr phyric basalt. Abundant dusky blue grean patchas, irregularly veining rock,
and vesichos (coladonite?).

Piace B: Madium gray (NS highly vesicular phyric basalt, Vesicles highly irregular but towards top of unit shaw
preferred vortical oriantution., Occasional vesicles filled with grayish blue green [SBG 5/2).

Maskedly boss vasicular, but vesicles commonly filled with grayish biue green mineral. Sparse unfitled vesicles. No
apparent difference in groundmass — plagioclass laths and pyroxene.

Piece 10: Abundant large (0,5 cm) wesicle filled with light gray [N8=NT7) mineral, Vesicles inpart unfilled,

Thin Section — 33 em: Altered tholalitic basalt {orthophyrie-hypidiemarphic, vesiculsr, trachytic),

CORE 38, SECTION 2 Depth 604 0-506.6 m

Piscas 1-5: Medium light gray (N7) vesicular phyric basatr.

0100 cm: General trend i & dowrward decreass in vesicie size from sizes of 0.5 cm a1 top to 0.2 om wowerds 85
em. Infilling of vesicles alio progressively increasss over this interval. Infilling of yellowish gray [5Y 8/1) may be
quarte and caleite. Smalier vesicies are naarly completely infilled by smectite and quartz. Gradational boundary a1
100 om,

Pieces 8 and T: Medium light gray INT) vesicular phyric basalt — abundant small vesicles (0.1 em). Unfilked vesicles
parse,

Piecs 8: Vesicular basalt, Vesicle size larger [possible contact in overlying pebible?). Some indicstion of near vertical
prefarred circulation, Lasger vesicles infilled by blulsh white (58 8(1) mineval [quariz and calcite].

Thiin Section — B0 em: Thalsiitic taalt (arthophyrich wesiculas, trachytic).

CORE 38, SECTION 3 Depth 606.6-506.8 m

Wesicular phyric basalt, medium gray [N7), Small pebbles of basalt extensively colored light blue gresn [SBG 6/8).
Base of unit at 10 em,

CORE 38, SECTION 1 Depth 512.0-513.5m

Pisca 1: Basalt, phyric, medium gray with vertically aviorsted wesiches which ane filled with biue grean and black
smectite.

Pioces 2-11; Basalt, medium gray (NG} aphyric to phyric with ditfersnt sized vesicle: which according to diamater
show black (N1} rims which are void, filied with white, bluish green [SBG 4/8) and bleck micro-cryptocristaliing
mineral identified by XRD a5 smectite. With depth vesicles become less and smalles in size.

Thin Section — 116 cm: Altered tholeiitic basalt (orthophyric-hypidiamarphic, vesicular, trachytic),
‘CORE 39, SECTION 2 Depth 513.5-513.88 m

Basalt, medium gray s above but a3 seen in Piece 3 with few vesicles up to 8 mm in dlsmeter,

€55 4118
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LEG 81, HOLE 553A

CORE 40, SECTION 1 Depth 521,5-523.0 m

Piecs 1: Grayish green (SG 5/2} piece of ‘chert’ {quartz and low crystabalite). Highly vesiculss basalt, medium gray

N4},

Pieces 2 and 3: Veiscular basalt, dark gray (NS) vesices (0.3—0.7 mm] with groen (56 5/2} amarphous(?] lining.

Pigsce 4: Grayish groen (106G 4/2) chert {gusrtz, low :relu_hlllll and celadonite] lining black patches.

Pieces 5—8: Basalt i phyric and & unifarm gray [N) in color. Major variations are in the presance of infilied vesicies

‘especially in Pisces B, 7B and E. Towards the base [Pisce SC) wesicins become more sbundant and are partially apen

[size 1=3 mm). Vesicies in Pieces 8, 7B and E sre concentrated in water patches within which there is some sug-

gestion of a preferred concantration perpendicular to the ais of the core. \l'uﬂn - hmliu‘l with Hp:k tN?.!l

minaral. Part infilled vasicles are ussd with black mineral forming

infills amygdules (quartz and calcita),

In more. nrmbmu m‘-rn bassle wmalier vesicles (1 mm or less) predominate. Laths of leldipar ere spparent snd
(10Y &/8) in Ocealonal specks of pyrite.

Em-uuivvwwlu basalt a1 top of section probably represants top of flow, Presence of caladanite in chart indicates

submarine ervironment.

“Thin Section — 16 om; Altered tholsiitic basalt [arthophyrie, hypidiomarphic, rachytic, wesicular),
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CORE 40, SECTION 2 Depth 523.0-624.5m

Pieces 1 and 2: Gray to dark gray (N4—NE) phyric vesiculsr basalt.

Principle vesicle variations down section are of two types: 1) Vesicles from two size populations. First group lass
than 0.5 mm scattared uniformly throughout basalt. 2) Second group concantrated In circular patches [1-2 mm}.
Thess patches vary in size from 2—3 em down 1o 1 om, Some have [e.g. Piece 2G) clear reaction rims around tham.

The patches of infilled vesicles show no praferred orientation, One prominent band of vesicles (Pleces 2E and F)
shorws @ distinet horizontal orientation slthough soma kind of “fiow line” defines its upper wrface.
Basslt iats of laths of 11 mm in length} and green minerals {pyroxenes).
i d ol clive gray (57 /2] i with sparss rare minute white rechl.
Thin s-cmn 65 emn: Alrared tholwiitic basalt (orthophyric-hypidiomorphic, vesiculsr, wechytic).
CORE 40, SECTION 3 Depth 524 5-626.0 m

Pieca 1: Dark gray to gray (NG—N4) phyric vesicular besalt. Vesicles scattersd partly informly throughout core,
Wesicles range in size fram 1 mm 1o 3 cm. Larger vesicles hiva thin (1 mm) lining and green {montmarilbonita?] core.
Largs vasicla in Cors 40, Section 2 has black lining and light brawndsh gray (2.6Y /2] infill smectite, A vein adjoin-
ing the vesicle ard just below i filled with a light gray (NB) mineral [quartz and calcite). in some vesicles, the black
mineral seamd to be ungrowing at the experuse of the gresn montmorilanite, In Plece 1F, o light gray (NG} vein
15 mem] dips ot 45" ; probably quartz and calcite. Balow this vein thers it an oblate patch of the vesicles described
from Core 40, Sectlon 2.

The mest remarkable fracture of the section is the prosence of & well developed set of harlzontal and dipping frac-
tures now infilled with smectite, Thess fractures sre most sbundant in Pieces 4A and B whers they are megularty
spaced at about 3 mm. Balow Piece 4B, the Irsctures decrasse in abundance but are slto inclinad at sbout 30° [Pisca
4C). Sparse sub-horizontsl frectures ace prasent down Pipce 4A but increase in abundance in the lowsr part where
they have the same ipacing as above, Vesicle infilling and veining post-dates these fractures.

e of laths of and green phenocrysts of pyroxene (7],

CORE 40, SECTION 4 Depth 528.0-521.5 m

Pieces 1-7: Dark gray to gray [NS—N4) phyric veslcular bassli.
Wenlcies ranging in size from 1 mm to 4 mm are scattered uniformly throughout the basalt. As before, the vesicles.
are typically lined with bdack and have dusky green canters (5G 3/2), Vesicles decrease dramatically in size below
Piece 2F. Visticles in Piece 20 and below ara commanly only partly infilled. Fracturing i again apperant in Pisces 1
and 2. Fracturing is horizontal in Pieces 1 and 2A but becomes intlined in Piece 28 decraasing In sbundancs from
Piecs 20
Tha chargs in Irlﬁuu pattern down weciion i sccompanied by a general decrease In erystal tize so that Pieces 7H,
3 and the uppar part of & may be sphyric [sphanitic?) vesicular basalt, As before the groundmass of the basalt
consists of feldspar laths and(?) pyroxens cyrstalr.
The change in fracturs abundance and lath size may indicats proximity 1o the base of tha flow (see description for
Piace 4 and below).
Pisce 4, & number of small fragments of brown (BYR 3/4) to dark reddish brown (2.5YR 3/4). Open froctures(?)
I irschvidual fragments are lined with » grayish green (5G 5/2) mineral (smectite?), These fragments are interprated
a3 The top of tha lower flow balow [+ celadonine).
Pisces 6 and 7 sre dark gray (5Y 4/1) phyric vesiculac basalt with large {3—4 mm) slongate irmeulgar vesicles whose
long axes are vertical. Vesicles are partly filled with dark gray (5Y 4/1) mineral.
Groundmass: plagioclase laths [ =1 mm) and green phenocrysts ipyroxene?),
CORE 41, SECTION 1 Depth 531.0-5325m
Pieces 1-5: Dark gray 1o gray {N4—N5) phyric vesiculsr basalt and geesn pyroxens(?) graine. Groundmans: plagio-
glase lathe,
Abundant vesicles filled and part-filled ranging in size from 5§ mm to less then 1 mm. Vesicles typically consist of
black rim with white or part-filling of medium gray (N5} mineral, Minor sub-horizontal frecturing spparent and
mixes veslclus In several cases,

Pisces 6-20: Dark gray 1o gray (N4—NS) phyric vesiculsr basalt sparse large vesiches [2—5 mm) and rare 1o sbeent
small vesicles (1 mem). Subhorizontal fracturing apparent in Pieces 7, B,and 8. Near wertical fracturing in Pisces 12,
13, and 16. Becomes sub-horizontal in Piece 20.

Vesicies typically unfilled with black rim. Interior of vesicles shows white mineral fcalcite?] in black fining. Large
wain in Fiece B probably related in fractures and may be infilled with calcite and quartz. Fractures sre infilled with
black minaral,

Thin Secticn — 112 cm; Altered tholeiitic basalt {orthophyric-hypidiomornphic, trachyticl,

CORE 41, SECTION 2 Depth 532.5-534.0 m

Pieces 1-8: Dark gray to gray phyric vesiculsr basalt. Fracturing clesr to Piece 8. Pisce 1 showa sinking changs in
Inclinatian of fractures from 45° 1o sub-harizontal progressively. Pioces 4 and 5 also show veins. At 22 em fractures
inclined at 46 , Fracturing in some cases closely related to long woes of vesicles, Vesiche range from & mm to 0.3
mm, Normally lined with black mineral and infilled with calcite or quartz. Well developed wein has light gray (N4)
vim and pale yellow (2.5Y 7/4) minersl (XRD quernz + calcite).
Pieces 8-11: Dark gray to gray phyric vesicular bosalt with miner trecturing only. Minor fracturing only but some
veticias apparently deformed, Al vaticles flatianed paraliel 1o fractures. Vesicles increass in size and abundsnce
downward and slso becoma mors flattened. Large vesicle (B mm) in Piece 11 infilled with calcite. Posibly basal
part of flow,
Piece 12: Vesicular pale red [BR /2] 1o grayish red {6A 4/2) basalt. Vosicles and fractures in fragment coated with
light blue green [(EBG G/8] mineral, Pebbles become more vesicular toward base. Top of next lava unit.
Pieces 13—18: Dark gray to gray [N5—N4) vesiculsr basalt. Vesicles show round vesicles 0.2-0.5 em (Piece 13)
TyETemAtic change.

b with plagiocissa laths and green mineral grakna (alterad pyroxenas?),
Pleces 14 and 15: Flattened vesicles 0.2<1.0 cm apparently vertical,
Piace 16: Small vesicles (0.5 cm—0.1 cm) flattened, mineral,
Pieca 17: Irreguiar vesicles infilled with grayish blus green (SBG 5/2) and light gray (NT), scme open.
Piece 18: Irregular vesicles infilled with gray and grayish blus green (50% infilled].
Thin Section ~ 112 em: Altered tholeiitic besalt, orthophyric-hypidiomorphic, veskcular,

CORE 41, SECTION 3 Depth 534.0-634.4 m
Dk gray 1o gay vesiculsr phyric basalt. Groundmass a8 sbove. Irregular wesicles (0.5 mm maximum) infilled with
grayish blus gresn minaral inside blsck lining. Vein [1~2 mm) in Fiece 1 filled with same(?) materisl. Not all
wesicles are infilled. Piece 3 b dark gray vesicular phyric basalt with no green infilling of vesicles — strong possibility
that not in plsce. Contrast in lthology with Core 42, Section 1 suggests base of unit lies in unrocovered interval be-
Twoen Cores 41 and 42,
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CORE 42, SECTION 1 Depth 640 5-542.0 m

Pigee 1: Phytic basalt, dark gray 10 gray (NS—NA) minos vesicles (20,1 mm),

Pieces 2—4: Dark gray 1o gray basalt. Several large “clasts’ with dusky blush groen vasicular cores. Surrounded by
ishyric basalt weparated by black partly corroded rimi?) from edjecent grourddmass. Groundmass: feldspar lathe
and pyroxenes.

Piece &: Vesicular phyric hasalt. Vesicles open or gartly infilled wath fight gray (NS quanz?} and show flow struc

ture. Sample possibly not in nlace.

Pleces 8-8: Gray INS—N8] phyric vesicular basalt, Vesicles (0,1-0.2 mm — occasionally 4 mm), 76% infilled,
26% opan; infilling black lining — light gray core. Sparse green infilling, Bincculss sxamination shows graen aho n
light gray (5BG 5/2) cores. Vesicles irmegular.

Pieces 8 and 10: Phyric wesicular basalt vesicles lesa than 0.1 men and infilked with black clay [smectite?],

Pieces 11 and 12: Phynic vesicular basalt, Vesice dripoted 0 horizontsl zones {vesicls sioe 0.2 mm) separated by
zona i which vesicles smaller in size 0.1 mm).

Pieces 13-16: Finegrained vesicular baalt,

Sharp increass in abundance of vesicles and appearance of decrate oblate zones af hegh Infillsd vevche concenra-
tion. Scine suggestion of llow concentratsen of weiiches.

Piece 16: Large clast of vesicles with chear rim. Large wesicle shown is not lilled and contaimi?) quartz crystaks,

Thin Sectiom — 16 em: Tholeiitic basalt: porphyritic, trachytic

CORE 42, SECTION 2 Degth 542.0-5435 m
Pinces 1-5: Dark gray to gray (NS—NB] veticular phytic basalt. Groundmass of feidspar laths and pyroxenes, Pieces
13 show 'vesicle clasts’ with part rims and large open (5 man] vesicles with bleck rarms and quartz{?), Pieces 4 and 5
show Larger flattened vesicles in pant infilled with auartz and calcite.

Peece B: Gray (NS] phyric veticular bassli. Thinner vesicular clasts pressnt. Vesicles decreass downward to 10%
il are nfilled by smectite (black]. D by ta fractures (=01 em] infilled by black
minaral, At 76 om black (N2.5) vein with quartz(?) 0.2 mm stringer. Vain possibly associated with minot movement.
Piscas 7—9: Gray [NS) phyric vesicular basalt. Dominated by fractunng — here more irregular but larger. Froctures
both horizontal and vertical and infilled by hiack mineral. Some evidence in Piecs 70 of minor movement along
fractures. Groundman plagioctuse laths and green pyroxens crystalls,

Thin Section — 44 em: Grihophyrichypidiomorphic, trachytic, thalslitic basal,

CORE 42, SECTION 3 Depth 54255447 m
Pieces 1-12: Gray (N5) phyric basalt, well developed fraciures — sltitude not determinate s fragments possibly
rotated. Occasional ‘vesicle clasts’. At 53 cm: Vein (0.2 cm). Some incremant as basalt fragments inchsded in wein
Vuin black (25Y) with light gray (NS/NB) stringer (quartz). Fractures present as above but dip at 45° and crom
at vein. At 83 cm veini enechelon patten, At 70--80 cm vesicles incresse in abuntence, At 98 cm: large vesiche
clast with clear rim. Menos fracturirg only from 96 cm ta base of Section 3. At 100 cm: 1 e vesicle,

Piece 13 1110 cm): Sparse large vesscles.

Peece 14: Abundant umall black vescle in M4 phyvic besalt. Changs in color porsibly relited to sbundance of plagio-
ot lathi. Gradation decreasing size and abundance of vescies. Bottom partion has sparse sesicls in NS phiytic
Baale,
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CORE 43, SECTION 1 Depth 550.0-561.5 m

Piece 1; Dark gray 1o griy [NS—NB) vesicular phyric batalt with minar fractisring inesr base of unit?),

Piece 2: Grayish red (10R 4/2) vesicular phyric basalt. Sparse plagiociase phenocrysts, Blulih green (58G 4/8)
alteration. Vesiches contain blus green (5BG 4/8) mineral (smactite] and light gray {quanz?), Fed eolor dus to
ahteration of z and pyroxens .

Pieco 3: Grayish red [10R 4/2) and dark gray (NG} vasicular basslt. Vesicles in part infilled blue green [SBG 4/8).
Piece 4: Basaltic breceia, angular to roundsd clants of gray [N8) to reddish gray [10R 5/1) phyvic vesicular basalt,
Sparse gray (N5 and grayish purple (5PB 2/2) clasts, Clast size range 5 em 1a 2 mm. Clasts st in graen [smectite?]
matrix. Clasts probably sevaral different lithologic types. Clasts are palymict shown by contrasting lithalogies fe. 3.
weileular basalts with green infilling of vesicles, Phyric basalts, Ditferent degres of red slteration tim sround basalt
clasts. Note: Soma clate thow suggestion of corrosion snd penetration by the matrix (contemporansous deforma:
tionl).

Piece 4C: Vesiculsr — vesicles ity

Pieces 4G and H: Reddening of wholo rock becomes mare pervasive [red — 10R 3/8) vesicularity beging at same
level mare i dioes the reddeming, Green in matrix probably celadonite.
Piece B: Dark red [2.5YR 3/8], gresnish black [SGY 2/1) peblstes of ubove.

Thin Section — 20 om: Altered tholsiitic basalt: arthaghyric-hypédiomorphic, trachytic,

Thin Section — 2 em: Lithic voicanic breccla — scariaceous top of bassit flow,
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Depth 551,5-553.0 m

CORE 43, SECTION 2

Pleces 1 and 2: Gray (NS) to reddish beown (1OR 3/8) clasts of phyric basalt in duiky gresn [SGY 2/1) 1o gresen
bisck matrix. At 22 cm: Base of unit(?] but gap possible.

Pieces 3 and 4: Medium gray (N5) phyric vesicular basalr. Vesiches 0.1—0.7 em axhibit predesred wartical circulation
and increass in shundance dowrward. Veuicles Infilled by black mineval [smectite?]. Groundmas: plagioctase and
altarad gryrowenes, Datinet redidening (10R 478) related to alteration of pyrokens as well at vesicles(?), Az 3086
em: Vartical concentration af veticies. Soma bawit lithology continues but no preferred circulation in vesicies [size
range: 0.1 em—05 em),

Pioce 4E: Lasge vesicles infilled with light gray (N7] mineral quartz(?).

Piece 5: Medium gray (NS} phyric basalt with large vesicles {0.75 cm) and large vesicly clasts (3,5 cm) with resction
rien of smectitel?),

Pisces 8-0: Medium gray [N5) phyric basalt with rare 15 sbtert wesicle clast. Vesicles ltize 0.2 em~DE em) porm-

ally infilied with smactite but rare quartz and calcite{?} also,
Thin Section — 40 em: Alterad thaleiitic basalt: arthophyric-hypidiomarphic, trachyiic.
Thin Section — 108 em: Tholwiltic basalt: arthaphyric-hypidiomorphic, vesicular, trachytic,

CORE 43, SECTION 3 Depth 553.0-554.5 m

Pieces 1—4: Mesinam gray (NS} vesicular phyric bazalt. Al 18 em largs vesicles | 2 em) with quastz{?) core

Piece 4: Fractures inclined at 50 with preferred eirculstion of vesicies slong Iracturee. Large wesicls infilled with
quarts and caleitn with black rims.

Pinces 5-7: Ocoassonal large vesicles Tilled with quartz [N8) and or cabcite (5Y 8/1) m medium gray (NS) vesicular
phyric basalt,

Pieces B and 9: Medium gray (N5) vesiculsr basalt with sparse smectite (illed vesicles (0.2 em). Fracturing abundant,
spaced at 05 em and subrhori, Fractures (b Infilledt by smectite, Megascopic axamination
b ferred ion of d Py araing in

CORE 43, SECTION 4 Depth 554 56660 m
Freces 1—5: Mediumn gray (N5} phyric basalt with sparse vesicies, At 035 em: Horizontal sub-harizontal fractures
infilled with umectite. At 34 em: Sharp contact. At 3545 om: Vertical fractures, medium gray [N4) phyric basalt,
torge (0.3 cm) vesiches Tilled with quartz. At 45—85 cm fractures 8t 45" in medium gray (N4) basalt. At 65— 100 em
wib-horirontal fracturel in medium geay (N4) phyric basalt vesicles rare — when present size 0.3 em with grayish
biluish green (BBG E/2) matrin. At 106 emn: Fractures decrease in abundance 1o rere. A1 114 em black (N1} ven with
light gray stringer, At 120—130 cm groundmass: uniform piagioclase [3ths and pyroxene phenocrysts, possible slight
upward decrasss 'n grain ize. Az 145 em: hodizantal to sb-horizontal lractures.
CORE 43, SECTION & Depth 558.0-657.2 m
Pioces VA—E: Madium dark gray (N4} vesicisar phyric bassll. Vesicles sre fight gray (NTL At 5 em: Fractures in-
duced a1 20°. At 15 em: Large vasicle infilled with calcite. Madium o irregular vein of quartz and caleite induced at
107 . Fractures rare to aheent. At 22 em: Black halo (alteration) arcund gresn corn. At 30 em: Vartieal eantact,
mediism gray (NS} phyric basalt with spanie inchined fractures, At 50 cm: Viein inclined at 70", light gray [N7) and
wallowish gray (Y 8/1) intllling. At BB crn: Large pastly swsimulated clasti.

Pieces 1F and G: Madium gray [N5) phyric basalt with sparse walcles, Fractures generally sub-harizontal but soeme
show changes in dip fram o sbout 20° . ol = laths and ), Magiociass
lazhs shew i parallel 1o fractures.
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CORE-SECTION

CORE 44, SECTION 1 Depth 558.5-561.0 m

Piotes 1 ang 2: Medeum gray (N5) phyric basalt throughout, Whole section cut by subborizontal fractures. Typically
spaced ot 0.3-0.5 em. Fractures filled by black clay minarsl i Sparse vesc) rangang j
sire from 1 em—0.1 een. Vesicles infilled with: 1) yellowish gray {5Y 8/1} iquartz and calcite?) and 2) dusky gresn
156G 37} to dusky blue green [SBG 3/2). Prominent veind in Piece 2A (dip 40° ) and Pieces € and F dip 70°). In-
filling s grayich black (N1} with near complate massive infilling of light olive gray (5Y 5/2 (quartz and calelin?).
Also light clive gray appears o discrete bieba (0.5 mm). No indication of displacenent of lracture pattern by wein.
Binccular shaws very finegrainad Japhyric) of plagi and & green mineral,

CORE 44, SECTION 2 Depth 561.0-562.5 m

Pieces 1-6: Medium gray (N5) phyvic veticular basalt. Sparse vesicles {tize 0.5 em—0.2 am) occur thioughoul snd
are infilled with: 1] grayish green [10G 4/2) to greenish black {BGY 2/1) ands 2} light gray (NT). Black linings com-
mon to both, Entire section shows well developed sub-horizontal fractures thet incresss in sbundance and spacing
dawn section. (Spacing 0.5-1.0 cm at top 1o 0.3 cm a1 base.] Valn at 1op dips B7° and |s walled black (N7) with
wein infill of light olive gray. Veine o1 base inclined ar 10°. Veins lined with black [N2) but with light gray (N7) o
wellowish gray infilling [quartz and calcite?), i ome laths with sparse green
patches (pyroxene?),

Thin Section — 56 cm: Thaleiitic basalt, orthogtryric-hypidiomorphic.

CORE 44, SECTION 3 Depth 562.5-5634 m

Piece 12 Madium gray (N5) phyric vesiculas hasalt. Vesicles more abundant than in lowest pan of Core 44, Section
2. Size range 0.3-0.1 cm. Vesicles infilled with dusky green (5G 3/2) commonly or sparse yellowish gray (SGY 8/1).
Fractiring continues down to the top B om of Piece 1C but then becomes minor, Vescles aleo grade out st this
level. Also a marked contrast in groundmass size. At 38 cm: Irregular wein that closes up and dowmward and con-
fined to zone of cosrser groundmas. Irregularities on opposite sides maich. Possibie conling crack,

Pieces 2 and 3: Medium dark gray [N4) phyric vesicular basalt, Maln difference from everlying basalt in colos and
sppearance of open vesicles [sbeent above). Vesiches hined with black snd infilled with or intemally hined with
Vight gray. Groundmass misch greater aburdsnce af green minaral {refes to above). Plagiockuse Withy more subordin-
ate, This is probably cause of ditferent color,
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CORE-SECTION 461 52 %3

CORE 45, SECTION 1 Dapth 562.0-563.5 m

Pieces 1 and 2: Blackish red [BR 2/2) vesiculsr phyric basalt, wery line grained red groundmass of plagiociae latha.
Thres mm vesicle size vesiches decreasa in size downward

Piecs 21 Irregulsr smectite patches and other green minerals, cocasionsl pyrite, Mote: reddening does not affect
wesiches, At 18 om: Vasicle size 0.1 mm o bes.

24 cm: Contact batwean vesicular basalt and underlying tuh,

24-27 om: Upparmodt part of tutt, Dark reddish beown (10R 3/M4] contains palymict fragments 1-3 mm of phyric
basalt, vesicular basalt,

27 em: Faint mregular contoct separates this pioce from main part of tutt,

27—32 om; Grayksh red to dark reddith brown (SR 4/2-10R 3/4) wif, Small > 0.1 om leths of whits plagioclase
showing subparallel orienistion to reddening. Irreguisr green trsces of smectite also elongated in same semie. Lithie
fragmants sparse.

32-38 em: Laminated grayish red (SR 4/2) and thin dusky red (10R 3/4) interbeds. Dark lamination dua o thin
beds of dusky red (dark green mineral),

3638 cm; Uptwmed graymh red (SR 472) Laminae with thicker dutky red interbed, Pasaible large red clast and gai
escapy structine — vertical erientation of green minerel on opposite side of core.

3842 cm: Graded bed, dark reddish brown (10R 3/4) in upper part becoming dack reddish gray (10R 4/1) below.
Déstinet zome of 2 mm lithi Irspments at bese.

Balow 45 cm: Grayish red |10 4/2) to minor corvohuted base near B0 cm, Distinet sub-horizonial cleculation of
Black/dark groen minevale. Large altered grayith green (SBG 5/2) with light blue green (SBG 6/6) fecks. A1 5357
om: Coarser zone with 2--3 mm sltered clasts. Zane is dark reddish gray (10R 3/1). At 5777 om: Distinatly lamin-
ated {mm scaln) interbeds are dark reddish gray {10R 3/1) and dark reddish brown (10R 3/4] laminse smphasized by
blasck mineral, Grading glso present in thicker beds. Anguiar calcite evident, espocially a1 77.5 cm. Below 77.6 em:
roddaning decresses markedly 1o bleckish red (SR 2/2), Sedimentary contact a1 76 em batween finer grained wif
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and coarser grained balow. Baml part of unit Iy very dark gray (N3] with sparse red (25YR /2) pasches, Small
falceper|T] phanocrysts and grayish biush green (580G 272) clay mineral. Occasional large lithic fragmant.

Pieces 7—10: At top has chilled edge and contact with averlying lithic tull — contast hag light blue gresn [SBG).
Weslcular phyric batalt with veticies basoming lerger snd mare open toward bess, Gobos iy variegated from week red
[2.5YR 4/2) to dark greevssh gray [GY 4/1) In wregular patches and infilling vesiches, "Normai® color occasianally
wen in dark gray (N2}, Groundmass appears deeply sltared and in reddensd,

Thin Sectinn — 43 em: Vitric tuff,

This Section — 178 em? Alterod tholeiitic hasslt (orihophyrichypidiomonphic: vesicular),
CORE 45, SECTION 2 Depth 563,6-565.0 m
Pieces 1 and 2: Dark olive gray [5Y 3/2) wesicular phyric basall, Graundemess red and probably sltered, Large lithic
ot surraunded by ‘chilled{?)* margin st § cm. At 20 em: Possible base of flow?

Pisess I-128: Grayish red purple [BRP 4/2) 10 medium gray (N&) agglomerate Large elasts ara gray (NS) and
typically angular [size up 10 5 cm). Clasts seem to be polymict and thow evidence of fracturing and penetration by
the matsix. Matrin consists of wnaller {mm) size particles. Reddening decresies downwand, Vesicles occur through.
aut this unit and cocur in both the clasts as well as the matrix. Vesicles lined with grayish biue green(SBG 5/2)
mineral or light gray IN7] mineral. Both also seam to ocour in matrix.

115 om: Contect with basalt, Contact shows progessive fracture of surfase of Now and pealing off of clas of all
stres and incorporation into matrix of agglomerate above clasts are medium grey [NS] with dark greenish gray (5GY
4/1) interstices.

Pieces 12C—15: Basalt, Madium gray (NS} phynic vesiculst basall, Upper surface of basalt is chilled. Viesscles are ver.
tical and probably dun to gas streaming. Cooling cracks occur — Pisces 13 and 14,

Thin Section — 116 cm: Altered tholsiitic basalt (orthophyrichypidiamarphic, vesicular, wrachytic).

CORE 45, SECTION 3 Depan 565.0-566.5 m

Pinces 1-13: Macium gray (NS—NEB) vesicular phyric basalt,
Phoca 3: Vesiches (mm scale) arbented vortically,
Pieces 58 and C: Randomily converted vesicles.

Fiece B: Subhorlzontal fracrures spaced a1 3 mm. At BS em: Large clont of mediim dark gray [NA) vesicular basalt
lexanie) with wesichos Now banded in host basslt which is chilled sgaine elan

Piece 7 and B Vesicles inclined ot 707, fine lathe of
Porsibly deeply aftered,

Pisca §: Spars veslcian.

Pisce 11: Vartical vesiclas,

Pince 13: Sparss inclined fractures grain tire of groundmass decreates downward 1o chilled contact a1 base of unit,

Small pebbie of agglomerate from top of underlying unit |s at edge of pabble. Vertical fractures near tase of pebble
infillad with dusky green [5G 3/2) minaral,

Thin Saction — 23 gm: phyrH . rachytic),
Thin Section — B em: Alterad tholeiitic basalt (arthophyric-hypidlomorphic, trachytic, vesicular

with green mineral.

CORE 45, SECTION 4 Depth 666.5-568.0 m

Pieces 1-8: Dark rededish brown [25YR JB) matrix with weicular basalt clasts, grayish red purple (ERP 4/2) 1o pate
redt purple (SAP 6/2), Reddening decreases downward o elasts abowe Nlow are predominantly grayish red purple
(SRP 4/2] 1o medium gray (NS]. At 20 cm: Contact soglomarate/hasalt irvegular near vertical. Fragments clearly
belng broker off beadt and woporated |n sgglometate chilling of low wrface, Also svidence of flow banding and
tolding of wesicies.

Pioce 5A: Vertieal vesiches (gas strosming),
53 om: Gap n vesicles.
B0 em: Steaply Inclined ot

# X fine grained
laths. Vesicles generally black [N2] 10 greenith black (BGY 2/1). Sparse targe vesicles {1 cml, Light gray (N7 to yei
lowish gray [5Y 8/1).

Piece 8 and B: Inclined vesicles and wisp of medium gray [NB) indicate flow folding. Al presant within limbs of
Tobd are several large vesicular clasts shawing partisl incorporation inta the flow,

Pioce BE: Vertical vesicles abundant,

Piece BF: Sparsa vesicles. Fractures inclined st 45"

Pioce 8G: Abundant 3 mm ireguiar vesicles becoming sub-horizontal in base of last pebble,
Thin Sectson — 20 em: Lithic velcanic brectin = scoriscsaus top of batal flow,

CORE 45, SECTION 5 Depth 568.0-569.5 m

-7 om: Medium gray phyric betalt with sparse irreguisr |arge vesicles. Groundmass: fine plagioclase Latht and green
mireral sned pyeite|?} graing. Sub-horizontal vesiches,

720 cm: Near vartical vasicles.

2055 em: Sparse vesicles otiented parallel 1o fracturing, inclined a1 30°. Large (3 om) vesiches inlined slong frac-
turas. These have light gray [N7) to vellowish gray (SY 8/1) end 1l (guertz and calcita),

70 am: Two large veins lined with smectite, Lower vein infilled with pale puepie (59 6/2) to light gray [N7) mineral,
upper yeilowish gray (5Y B/, Saverul ganerations of minsral growth spoaent,

B0 em: irregular torge vesicles (2—4 mm).

B0-100 cm: Abundant vesscles imm scale with sparse 0.6 cm vesicles), Vesicles black [N7) 1o dusky green (5G 3/2).
V& eonv; Irregudar large vsicle.

110 em: Vertical fractures,

116140 em: Sub-horizontal 1o 10 froctures. Sparse vesicles occasionally concentrated in patch,

CORE 45, SECTION 6 Depth 669.6-570.4 m

Piecen 1 and 2: Mediam light gray INB) phyric vesicular basalt. Groundmass: fine stagioclase and pyroxens. Sparss
larges laths of plagicclae. Green minoral 100 small to be resolved with binoculary jalwred pyroxens?), At § em:
inelinad vain black lining infilled with light gray (N7}

Piece 18: Inclined to sub-horizontal fractures.

Piece 24: Subrhorisontal — inclined fracture,

42 e Vein light gray IN7) to yellowith gray (5Y B/1) — some suggesthon of growth of smactite lining at mxpenss
of minaral {quartz and caleite?),

Pikce 2C: Large slongate inclined vosichs.
Pisce 2E: Complex pattarn of sub-horizontal and near vertical fractune.,
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CORE 46, SECTION 1 Depth 571.5-573.0m
Medium |ight gray (N8] phyric vesiculas basalt throughout., Principle festure of the section is the abundant fractur
ing. Sevaral clasts exbibiting sbundant unfilisd wesicles occur ying degress of i i
into the besall, Groundmasi: unitorm fine grained plagociase snd pyroxons, Texturs probabily closely 10 aphyric
At 20 em: black vein — possible soaling erack.

CORE 46, SECTIDN 2 Depth 673.0-67456m
Madiam gray phyric vesicula basalt, Principle variation in section is in altitude of fractures. Groundmass uniform
thraughout; plagioclase [aths and pyrosene. Fracture lilling — altered pyroxswsT Frocture spacing 2 om,

B em: Fracturs inclined,

20cm: 207 to wibhorizontal.

30 cm: Horizortal to sub-horieontal,

B0 em: Subhorizontal to horizontal, 0.5 em spaced fracture.

76 Gt e it Ating

B2 cm: Vesicular clast.

100 em: Large vesiices infilled with light gray (NS) core surrounded by greenish black (BGY 2/1].
110 em: 2567 inclination.

140 &m: Sub-horizoital

COARE 46, SECTION 3 Depth 574 56760 m

Pieces 1-11: Medium gray phyric — aphyric basalt, Principle vasiation in this section s in braided mpect of the
Tructures. Braichng seems to reflect itteaking out of ilack maneral, Vewscles are sparse and alio prevent care filled
with: 1) always lined with black and 2) core may be dusky green (SG 3/2) or & combination of light gray IN7)
and yellawish griy [5Y B/1)

1030 em! Fractures subshorizantal with braided sipect, spacing 13 em.

4580 em: Subvharizontal to horizontal braiding minar, spacing =05 em.

B0-110 em: Braided wib-harirontsl 1o harizontal fractures

110150 em: Sub-horzantal w horizontal fractures, spacing 0.5 em or less.

Thin Section ~ 81 em: Tnolaiitic bavali: crshophyric-hypidiomanphiz, trachytic.

CORE 48, SECTION 4 Depth 576.0-577.5 m
Piscas 1=13: Medium gray (NB/NS) phyric — aphyric basait, Suggestion of progressive decreass in grais size towards
top of veicls 7one. A1 0-20 cm horizontal fractures with same aiding decrmase in stundancs dowrnward, At 50
om lracturas ace minor. At 58 em large veticks intilled with light gray [NB) and alive gray {5Y 4/1) llecks at ooges of
ack lining. At 60-100 cm progressive Increase in vesicle (rounded) aburidance. Individual wesicles have long axes
ariented vertically, Obiate yesicles part open and whaers filied are grayish black (N6] 10 olive gray (BY 4/1), Ar
106 em: base of unlt.

Pipce 14: Grayish rod (BR 4/2) visicular basalt, Vesicles freequias and up to 1.5 om in vee, Piece 144 has modarate
e (SR 5/4) 1op with maderate green [5G %/6) conting. reddened Iaths wnd
Veuigins infilled with quartz and {7 Al have it: bilack Tinirg.

Thiin Section — 8 em: Tholeiitic bal, orthophyric-hypsbomonpshic, trachytic,

CORE 46, SECTION B Depth 677.5-579.0 m
Ploces 1-12: Grayish red [10R 4/2) vesieudar basalt. Reddored groundmaen — probably altered, Vesicles of all sizs
1.5 em to mm) persast thegughout core bath open and filled, Filling: graysh black [N2) with light olive gray (5Y
B/1) corn, Smaller vsiclos are concentrated and may bo wesicular from ‘wesicty clan’, Obwicus weibcle clagts am
st throughout below Piece 6. At 86 cm et of redddaning {grad. ],

Pieces 13-21: Madium gray (N5 vosicular hasalt, Groundmass distinctly flow banded snd finer in size than in non.
banded srexs. Componition: plagiocisie laths with banding highlighted by black/deck grean grams. Probably no
compasitional ditferance betwean reddened bagalt and gray basalt below,

Piece 18: Shows distinct flaw handing between two partly assimilated "wesicle clast”,

Pieces 20 and 21 Show distinet light gray IN7) bands free of veticles inefined at 507, Intervening hands thow vesi.
cles oriented ot same anghe. In Piece 21 one band (s near wertical and may be related to gas stresms in Core 48,
Section B.

CORE 46, SECTION & Depth 570.0-570.6 m

Pinces 1-6: Madium gray (NS} phyric vesicular basalt.
0=16 cm: vesicies are horizontsl banded and separated by bands (N5} containing fewes vanicles. Vieticle rich bands
also differ in size population, Bebow 15 cm, the basalt contains sparse minor wesicles,
Bebow 22 cm (Pleces 3, 4, and G), there is & spactociiles vevtical drsctute, [ consists of slmost vesicle free mediom
light gray [NB] basals saparating zones in which vesicles {1 mm) are highly concentrated.
Tha vesicle fres basalt is finer grained towards (15 contact with the vesicle rich segmation and becomes coarser
tewards its conter, Foliation is alio gvident,
Probably two phasis present. Phase 1 — vouicular hasalt then magma siresmed upward from below

laths and .
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CORE 47, SECTION 1 Depah: BB0.5-582.0 m

Madium light gray [NBJ phyric veticular basalt.

Pieces 1A, B, and C: Veins of vartically slongated filled and open vesicles up to 7 mm in length. Alio vertical changes

In grain size between Piecs 1A sd B. Piece 18 defined aivo by marked change in wsiculssity, Suggestion of decrease

In grain size rowardy wesicular ares, Vesiculsr clasm sppest in Pisce 1C but verteal filsments and Now strucsures.

e alsn present with open vesscles up 10 1 om. Vewcles typscally tive black lining [smectite] and lined {open] ar

— ’— — = infilled with madium gray (N5} quartz or caicite. Several large vesicies (5 em) infilled with grayish blue green [5BG
B/2) present
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62 om: 3 mem vein partially infilled with grayish blus green [SBG 5/2) with matrix and fining of geayish red (BR 4/2),
={ Pisces 2 and 3: Principle differance hare overlying 35 om i an increase in the size and abundance of *vesicular clasts’,
Vortical structures revealed as filaments of oriented dark mineral grains are common in the upper part but become
rundomn with depth, There is a suggestion that the vesicular clasts may be wparated by sib-vertical flow structures.
Reactsen vims aie common sround the elais but the smaller oies thow partial sssamitation, Reddening (SR 4/2)
= asociaed with the hoo rock sound the grayich blue vein at 89 om ovident. Viesn a1 117 cm i infilled by light
bhuish gray (S8 7/1) — medium gray mineral [celcite?). Host basall ws well &5 vein ieddened (SR 4/2) = vain i
sub-horizontal, Large apen vesicles [up to 0.5 cm) comman in the matrix batween ‘clasts’ and sparsaly within clasts.

o

- Geoundmass: trachytic texture composed of glongated plagicclase laths comman with suggestion of flowoege be-
tween clasts, Groen minerah (pyrosene) smalles,

WVesicular clasts: here of plags laths and with rae # trachytic structure.

CORE 47, SECTION 2 Depth 582.0-583.5 m

Pieces 1-56: Medium light gray (N6} vesiculsr basalt: i Laths showing trachytic
=] texture. Fiece 4A: coarser plagioclass/pyroxene, no trachytic texture, Lighter olive patches are predominanily plag
Foctasn. Raddoning apparent toward edge of vesicle,

1 The same lithology observed with lawer part of Core 47, Section 1 continues dawn o 108 cm, The only dilfsences
ol significance are an incrense in the e of the vesicle clasts up 1o 5 em. Reddening assocuted with sub-herizontal
veing and diffuting into rhe groundmass is evident. The top of a vesicilar clast a1 30 em han been eddened. The
veinn shaw  fight bluish gray (58 7/1] infill — cabeite(7), Reddening is sbsent below 50 o

25 em: Veein,
Vertical lidaments se evident between 35 snd 54 cm, but are replaced down section by lilements dipping at 50°,

- 104 em: Contact. Brownmsh gray (5YR 4/1) vescuter basalt contamang irreguiar tlack patches and Light olve gray
patches. Top of piece is dark gray (N3) to grayish black [N2] sregular lining of 6 em diameter vmicls. Crystals(?)
= liming vesicle swem 1o be coated black with light gray core. A second 3 cm long open vesscle occurs » the outisde of
the core.

Pieces BA and B: Medium light gray (N] wesicular basalt with vesscular clasts (5 cm=0.5 cml, The large vmicular
—{  clast shows inverted groding. Ofive gray lilaments are vertical to subiverticsl

Thare is & passibility that Pisces 4 ar & may be wrang way up.

100 CORE 47, SECTION 3 Depth: 583 5-585.0 m

T Medium gray INS| phyric basalt — vesicular, laths showing trachytic tex
ture, Pyroxens also ariented into filaments,

1 Wesiculas clasts ranging in sizo from B om 1o 1 cm o4 less occur commonly throughaut, Several clasts — ths larger
ones show & distinctive graded siructure shown by tha black parches. Open aned infillsel vesicles occur throughou,
-1 The dominant feature is the ubsquitous prosence of vertical 1o near vertical Tilaments of dark minerals thewn Al by
tha frachytic texture.

A distinet 1 em pone of fier grained nearly vesicle free besalt wertical and 5 em in length otous n Pisce 38, It
- truncated dowrward by 8n iregular olive gray (5 471) patch.

Thin Section — 9 em: Tholeiitic basl.

CORE 47, SECTION 4 Depth 585.0--686.5 m
— = Medium gray INS] phyric vesicular besalt, Vesicular clasts decrease in site and aburdance below. Grading clear in
several clasts

Below 40 cm vesicle clasts become emaller and seem o be more ssimilated by the groumbmass, Vertical filament
structures becorns rare. The impression is slio of & subile decrease in grasn sioe. Vesichrs alio decresse i sire, Large
open vesicles ae absert betow 50 e and small inegulsr Tlled vesicles ae mare stundant though concentrated m
srragular patchs,

80 cm: Contact fine gramed phyric vesicular basalt (medium gray — N&—NS) above coarses veiieular basatl, Fine
(0.5 mm) infilled vesicles (black — N2} grade down into open veslcies (1 mm). Open and infilled vesicles have paler
oanet — this in base af unit between Preces 5C and 6.

Pinees 7 and 8: Grayah red (SR 472) w0 dusky rod (SR 34) scoriaceoes (e, Extremely vesicular in patches. Viesi
cles elongate (sub = . S ion ol wveral large lithic clasts in finer groundmass, Sparse to
rare dusky green (SG 3/2) inhills to wesicles,

Piece 10: Vary dusky red [10R 2/2] with very dark red (SR 2/6) paiches. Scoviacecus, Several large lithic clasts of
wisicular basalt in finer groundmass. Note clasts ditfer in veticularity,

Thin Section = 101 em: Altered lithic walcanic breccia — wariaceous lava flow top.

CORE-SECTION 471

474
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g . ;g s . " § ¢ £ . : ¢ CORE 48, SECTION 1 Depth 587.5-580,0 m
% .! g H .! 1 ‘g AE k- 5 & 3 5 g a E i 5 L £ § 5 @ 0-12 em: Medium gray (N5) phyric vesicular basalt, Vesicles rangs In size from 0.3 mm down and aro open and
§ g 5 E LE 2 T8 5§ E E _‘g & E 3 TS 5 «F € E % 3 e E H E _§_ E 0§ % H fikind, Opan lirad with light gray N5) snd black (NB) which ix also seer in filled vesicles, One vesicle clast,
% E H = S g 88 T & H _E =3 % H g g it H .g 3 £ £ §g - E 1238 eam; Medhum gray (NS) phyric vesiculas basalt, Vesicles larger (2 em—0,1 em) prodominentiy flled. Largest
=z E 5 z 5 5 s & £ § 5 S 5 5 § & 6 3 g g E g5 é é g g g ﬁ z § S& 15 ﬁ 2 wetlels inclined and Hattened slong 45, Vasiches infilled with black lining and white corn, One vesiche clast,
em « < R 38--100 cm: Medium gray INS) phyne vesicular hasalt. Vesicles decrease in abundance by 50% compared 1o above,
= — — — — — r— ~ — 7 =x] 1 T Maximum size 0.7 e Some vesicles infilled with grayish yellow [5Y B/4] and wery light gray (NB) — quartz and
. — ] colcitel?). Otherwise vesicles generally closed with black infill. Vesicles in Pisce 3D spparently inclined a1 80",
1 Groundm: i taths with smaller graing of pyroxena(?) locslly concentrated into irreqular
—] | tensoid wrachytic texture sparse to core. Black infill t wesicles under binocular commonly has dusky green com
= ¥ — — oftan with complex white liligree structure.
- = . 1 100150 em: Madium gray (NS) vesicular ohyrie basalt, Vesicles sparte and sbaut 1 em In diamatar. Typicatly
T8 ) = wery light gray [N} core and black Lining. Horizontal streaks towardi base of Piece BA sne sparsely in Piece B8
- - = e = Wesicles in Plece BB roughly inciined at 80°,
;"ﬁ. Thin Section — 17 cm: Tholsiitic basalt.
- A - 3 1
2 \‘; d i _| comreas secTionz Depth 589.0-580 6 m
=1 . 8 Rt
W "@ — o Medium gray (NG| phyric basalt.
= o 1525 em: Reddaned 2one (pate red — BR 6/21.
= _ S 7| Principal varistian s the continusd (from Core 48, Section 1] decresse in vesicls abundance. Vieira at 60 em are
i = | inclined at 50-50" . Balow 60 em only sperse Large (0.5 em) vesicles arn present, The changs s more o¢ less cainei.
(1] A - dent with an incraats in prominence of late stage fractures. Those ase inclined at high angles or are horizontal; the
50— ‘l‘. N ﬂ = —]  change from one to the other it sbeupt (0. 9. ot 99 cm),
3 Fr — Small weiny [sub-horizontal and parsdlel to fractures ane infiled with & bisck (NG} mineral but & large vein (2 cm)
- = e T In Pisce 3C has & black lining and (s coloe banded from yellawish gray [6Y 8/1) to light greenish gray (6G B/1)
- all towards the center. Both boundarses sre sharp. The black lining appedrs to have ingrown into the inner yeliowish
o = "“ﬂ . o gray core.
= o }' == o WVesicle clasts ae spare to rare,
] — 2l * | Geoundmass: 1) Reddanea zone, plagiockss laths and - thase 4 in patches. Red minarsl
= =5 o 1 gramns {abered pyroxene] sccount for the red color. 2) Outside the reddened rone, tha groundmass comiats of plage-
- —l . é - Clasw laths with the pyraxenes concentrated in small irreguiar patches or concentrated in thin Byen.
- i e 1= c Thin Sectian — 21 em: Tholeiitic batait,
=] =D ;F - CORE 48, SECTION 3 Depth 580 5-592.0 m
1—0 1 I = Tha principal vasiatian in the altitude of the fractures and In the presence ol a zone of shundant vesicles. Vesicle
— . =% h — —I elauts woour sparsely, A faint reddening is present sbove the vesicular zone,
A ‘: R — 4 30-40 cm! Ditfuse red color ([groundmass — sparse red mimersl — altered pyroxene?),
// i 'I & 40-63 om: Aburdant unfilled wesicles (black or Black and light gray [N2] core).
100—| '__—___'_' I _‘_: — P l with typically within sireake Trachytic
= e - toxture spare.
o= =" = Wuins typicatly infilled with black (M2) mineral,
ol L b —
| .3 o CORE 48, SECTION 4 Depth 592.0-503.5 m
=} Medium gray (NG] phyrac basall,
- = —
= 9 15 cm: Dittuse boundary.
- = - T 15-36 em: reddened {10R 62). Groundmass: dilfuse patches of red and discrete graim of a red mineral laltered
& = | pioneneri,
= |~ 36 cm: relatively sharp boundsry,
- = | e principle vasiations are the reddened zone. Vesicies are 1parse 10 commen between 10 and 30 em. Sparse to 115
= o~ z,- .- —]  em and sparse to common belaw, Tha vesicies beteseen 10 and 30 em are dightly larger in mean sizs 13 cm than
- 18~ those 81 the bass,
- - B 94 um e b | binck laminae compased of pyroxene.
. o / L L] t L | - L] L il i tathi ot clise anc pyroxene. Pyrosene i concentrated in streaki,
CORESECTION 481 4ud CORE 48, SECTION S Depth 503.6-595.0 m

Medium gray (NS) phyric basalt — vesicular,
Vesiclos {0,158 m—0.5 mm) oceur to sub-hori fractures with stroaked out
wlong them acour thraughout. Vesicls clasts are spares.

¥ laths with ymallar pyroxers grains, Pyroxene grairs concentrated in darkes
layers. In variaty of dark layers, thers is & also of preterred ot lnths,

Thin Section — 57 em: Thelalitic balt,

CORE 48, SECTION G Depth 595.0-596.4 m

Medium gray [NE) ohyric besalt,
Viesicles are small {05 mm or less] and tparse 1o rare throughout the section, Visicle clasts (up 10 3 em] occur spar-
adically and show varying degree al resction with the groundmass,
The principle variation is in the sititude of the fractures. These sre 0=25 cm: sub-horizontal, 26-63 om: moroxi-
mately w1 random, B3-70 cm: ~B07, 70-117 em: ~70°, and 117130 &m: ~70°,

|ag laths and Iubaedinats), Thare ion that the latha may be
oriented i to i streaks of
46 cm: 1 stickenided.
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CORE 48, SECTION 1 Depth 568.5-508.0 m

Matium gray (N5) phyric vesicular basalt,

Down 1o B0 em there are major vaelations in fithology. Vesicle clasts up to | em occur sporadically. Black patches

of pyroxene show a randam to rare sub-horizontal orientstion, The base of this interval is defined by a 2 me dark

gy band near B0 cm.

Below this level, the vesicle clasts are mone abundant and largar {2 cm) thowing sharp and diffuse contacts with the

mattix. Betwen 30 ard 106 em, 3 sevies of 3 mem madium gy (NS) 5t medium dark gray (N4] tends s present.

Balow this lavel, the dark bands are cracked wrtically but cross-cut inelined (10° ) bancs near the ass,

Note: Just abave the contect at B0 em, hinocular exsminations shows a ttrong vertical prefesrod orentation af the
o and in th

laths and lacally showing & or

1o the pyroxens streaks.

CORE 48, SECTION 2 Depth 508.0-599.5 m

Medium gray (N5} phyric basait

Vesicle clasts (up to 1 om) occur sparsely through the section. Vesicles are small (0.5 mm or bess) and minor, The
principle variation it & subtle variation in color from medium gray [NB) towsrds medium dark geay {NS) refiecting
the abuidance ol the darker (5 4/1) horizondal Layess.

Some evitence of vertical Wresking of the pyroxenes i Piece 1A

Groundmass: Plagioclase laths with minor pyroxenes concentrated in the darker layers.
CORE 49, SECTION 3 Depth 599.5-601.0m

Only significant differersce from Core 48, Ssction 2 i3 tendency for pyromene 1o be concentrated in 3 mm leyers
of horizontal 1o subhorizontal altiiude down eore. Viesicln clasts spares and typiesily without resctian rims.

Gi i laths and L S that laths and long axes of dark minerals are onlented
perpendicular to the darker lnyers which appesr diffarent jsmallec?) in grain size then intervening groundmass,

115 em: 2 mm smsctite wein with thin streaks of light gray [N7) = caleits(?],
Thia Section — 77 em: Thalelitic bassl.

CORE 49, SECTION &4 Depth 601.0-602.6 m

Madhusm gray (NG phyric basalt.

Vinicles sparse throughaut.

Qeeasional 1 mm vaing infilled with smectite are present and sparse wesicle clasts of up 1o 1 em size.
Horizontal to slightly inclined beds of pyrosens oceur throughout.

The mast proeninant feature in the 1 cm wide vein i Pece 1C inclined a1 sppeoximanely 707,

Grayish black (N7} wein lining also penetrates host reck Dlack vein lming contains fight gray (NB) and tusky grien
patches that penatrate main vein filling. Sparse dusky red patches sl present.

laths ch with py in irregutar patches or horzontal sub-

harizantl layers
Thin Section — 64 em: Vein quariz — chalcedony and gosthite.

CORE 4%, SECTION S Dapth 602.5-604.0 m

Medwm gray (N5} phyric basals,
Sparse weticles (0.5 mm) occur throughout infilled with black vesicle clasts sparse. Principle variations in ahundance
of dark streaks which incraase into lowsr part of the section which is closer to medium dusky gray (N4].
Groundmas: plagioclese laths with pyroxenes. Sparse trachytic tectune.

Principle texture of the section is the brakded vewn wiructure betwaen 95 and 124 cm. One 5 mm thick and ane 1
mm thick wein e paraliel and inclined st 70° . The weirs cut and truncate conter veins parallel to the foliation in the
basalt. Included with black IN2] infill af the vein are 3 em angular fragments of madim gray (NS} basalt, Their
presance and o suggestion of slickensidus in the face of ore of the viins suggests & small Teult.

CORE 49, SECTION & Depth 604.0-506.3 m

Medium gray (NG} phyric vesiculsr basalt.

Principde feature It an increass in vesicle size and sbundance towards the base of she unit,

The principle festurs (s the complex syitem of fractures extending the length of Pieces 14 and B, The fractures have
2 wain infilling ranging from Black [N2) o black with light olive beown (2.5Y 5/8] patches and 1ght gray (N7}
btilling. Anguiar and ruptured basslt fragments occur theoaghout the length of the wein. Horizontal vein in the
host basalt truncata againgt the vein.

Groundmass: plaglocisse laths and pyroxens without prifered orientation, No doweward change in grain sire
spparent. Note: Fault continues into top of next flaw unit whers it is seen in the scorlaceous top of the undar.
Iying unat,

78 em: Top of naxt unit.

Pieces 3 and 4: Dusky blue (BPB /2) deferred layer resting in dark gray (N3} of lapilli passing down into (Pieces 4A
and B} scoriaceous unit comisting of dark gray |N3) snd dark reddish brown [TOR 3/4) lragments of vesicular
basalt showing all grades berwesn thess extrames. Numerous angular lithic fragments in the groendmass. Veistles in
isasalt infillad with dusky blue green (58G 3/2).

Pisce 5: Extremely vesicular basall. Large vesicles [ 1 em) and umall infilled vesicles contain light blue green (5BG
/B minaral.
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CORE 50, SECTION 1 Depth 605.5-607.0m

Mutiim gray [N5) phyrc vesiculor tasalt,

Pioces 1, 2, and 3 have aplit naturally along o slckensubed surface. Slickansides wortical with pale olive (10% 872}
fistou patches stio dickensided. Nat present below Piece 3. Possibls faull,

Pieces 4—0: Abundant large open veticles (0L5 # em) i medium gray (NS) phyrie basaly,

Pieces 10-15; Sharp decrame n abundance of lerge vesicles and shap increass in abundgnce of small vewcles to
common. Tranition i in Piece 8. Small vesicles are 0.5 mm or lew in size. Lage vesclos unfilled, Both contain
light gray (N7} and light bive green (SBG B/6) in lining of tlack mineral.

Pieces 16-21: Decresss |n abundanca of unall vesicles to sparse. Larges vesicles still present but lamgely infilled.
Light geay (N7} comman in lerger vesicles. Large veiicis sizn (1 em).

Groundmass: plagioctass laths with smaller pyroxens graim. Genersl imoression s of increasing grain vize with
decruasing abundance of ymall vesicles

CORE 50, SECTION 2 Depth BOT.0-B08.5 m

Medium gray (NG1 phyric vesicular basair.

0-13 em: Sparse vedicler, Large vesicle a1 5 em black (N2) lining snd infilled with grayish yellow (5Y 8/4] and light
uray [N7).

13-27 cm: Zone of sbundent vesicles apparently stratified. Largest vesicles (0.5+ cm) random but smaller vesscles
crowdaed, Clear contact with basalt above and below lava with smaller vesicles larger in geain e than the smaller
size associated with the larger vesicles,

28 e Veln(?) lined with black — predominantly light gray [N7) coro with minoe light olive gray [5Y 8/1)

050 cm: Fractures vertcal.

50-130 cm: Abundart tractures speced a1 1 cm inteeval, No small vesscies, Sparse large vosscles (1.6 em) have black
iming and gt gray (N7) core imtergrowm with minos black (NTY mediem gy (RG] phyric basalt

G latha with . Tendency for pyroxanes to be adienied along horizontai planes,
130150 em: Sharp but gradational incress in vesicle size, Vesicles mean size 0.3 cm.

Thin Section — 61 em: Tholmitk baalt,

‘CORE 50, SECTION 3 Depth B08.5-610.0 m

Mediim gray [(NS) phyric vesscular basalt.

0-37 cm; Incragsing abundance ard decremving visecis size (1 ocm-0.5 mmj. Unfilled wesicles raie. Vesicles typscally
infilled with black (N2} with light geay (N7} flecks.

a7 om: Base ol Now unit. Top of mext flow unir.

Piece 2: Graylh red (SR 472] vesicular bacalt,

Pieces 3 and 4: Blackish red (BR 2/2) scoriacenun vesicular hatalt. Vesicles linad with dark dusky green (SBG 3/2).
Upper part of a flow unit extends 10 base of section. 11 is a bleckish red (vary light) scorisceaus visiculsr basslt.
A dark dusky green (SEG 32) 10 light grayish green [SBG 5/2) mineral typically lined many of the small vesicles.
Imppression is of & decrease i vesicln size downward, Groundmiass is very grained aphyric to aphanitic.

Thin Section — 26 em: Alwered tholsute basalt
CORE 51, SECTION ¥ Depih 614,5-618.0m

Mediurm gray (N5} phyric bosalt. Apart from the rones of inclined vesicles and the flawage in Plece 8. the principle
variation down section it 4 decreass in the ol vesicies and tha apps i i
location. Vesicles predominatly bleck IN21 with light gray [NT] core.

10 ‘#in with horizontal ilickenuides and fincous calcite, black minesal s saponite,

3B om: Light gray INT) yellawith (5 B/1) vesicls infill

45 am: Contect betvween basslt with vesicles Hattened parallel 1a |ocation and below.

Pieca 5: Zone showing complex flow similer in veticls concentration. Bass of thia lithology seen in top of Piece B4
and base of Piece 5, In the lithology, vesicles typically fractured betwoen vesicls clasts, Yesicle in flow 2ong has
unusual “red groen” color and may be present in smaller vesicles [nearest b 5BG 3/2).

5565 cm: Vesidles inclined slong 807

B0 cm: Vescles inclined a1 40°

125 om: Caleite vein (fibers perpendicular to vein edge). Vein inclined at 80° but fute stoge fracture not ditgpisced
althaugh slickansides present.

CORE 51, SECTION 2 Depth 616.0-817.5m

Medium gray (N5) phyric hasalt

s in tha aby and of the tate stme facture fodlation,

Pince 1A, the foliation |s sbvhorizontal and comeits of discrety 1-2 mm wde mediumn dark gray (N5) bands com.
posed of pyroxenei(?),

In Pigce 2C, the foliaten has a crihogonsl pattern but then becomes sub-harizontal mainly to the bass af the core.
Mora steeply inclined foliation (60" ] is evident in Pioce 20 at 190 em and in Piecs 2E.

Lined with a blsck mineral. The center is afther an intergrowth of black (M2} and light gray INT) or & mixture of
Vight alive gray |BY 6720

lathy with altered(?] pyroxene disposed in imegular patches or foliation,
120 em: Caleite vain.
140 cm; Light gray (N7) and olive {5 4/4) wewn,

CORE 51, SECTION 3 Depsh 817561787 m
Midiurm geay (NS] phyric basalt.

Sparse vesicies infilled with light gray (NT),

Principls variation is sharp change in altitude of folistion from horizantal 1o vortical downhale,

£6S H1IS
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CORE 52, SECTION 1 Depth 61B.0-6185 m

i z 3 ki 2 z z
> - 3 c = e E 3 -] E £ q 5 . "
2 j 5 -4 i 2 2 g ! =} S - K E k-] 2 Piece 1: Dusky biue (5PB 3/2), light brownah gray [BYR 6/1) 10 medium gray (NG} alterad vesicular bacalt
= & = @ £ @ = % 5 .E g @
E = § g E 5 5 E = g E = S -3 E E S E E E g g § ‘= 10 em: Base and top — seciion probably missing?
= £ E B E % = 2 E g B = 2 g E ] 2 2% B ‘E g = _E. L) E k] z 2% & E H 2 2 E ‘i i Pisce 2: Pranciple variation down core s i number and stundance of foliaton. In Piece 2A toliston i srregular
8 FE 8 E3 3 g2 3 B ] 3 'E-g § 8 B EEE R i§ §5 5 &5 ‘g #2 8 £ 3 E $: 2 but e vertical i the upper part 10 cross cul. A sequence of iclined (50 ) Taliation in the lows! part
om & da S &< & dx S B E S &< = 8 & & < a2 & & 9 & Be 5 B S & & In Pisces 2B—F the foliation decraases in induration 1o become subsharizontal and also the spacing docreases from
0= I e = — — |_ — — s |_ — — —  wround 1.0 em above to 0.2 em in the lower part,
Sparse vasicles prasent and infilled with black (N2} ar black intargrown with light gray (N7} occasional light clive
g 1 1 ray (5 611 patehes,
— — ! Weins are lined with black and infilled with lght gray (N7} to buish white (58 5/1) crystali {not Hbrous) — caleine?
(‘* Stickensides abuent.
f 2 | and py , these digposed in folistion of in wmall ireguiar patches.
ket 1 3 —] =1 COREGS2, SECTION2 Depth 610.5-621.0m
- [ ) . ' 1 Medium gray INS| phiric basatt.
pt ‘ I = Principle variation well developed folistion is present in the 1op of Placa 1A [spacing 3 mm) tut detreases in specing
] down pigge to 0.5 cm becoming inclined, Ia the series of umall pieces below, large (1 cm) opan vesicles appes in
a1 2| W L T Piece 3 end continue thiough Piccs 5. Belaw Pioce 5, umall (2 mm or e size vesicles becom mare aburdant with
\ l— i an pccompanying decrease in 42e o leis than §mm lowered the hase of tho flow. Visicles rare 10 absant in Piecrs.
— § m =1 -2
- %‘ F - Typically from ] Ta1hs st pryrooene. Much lower grained thin in Cors 52, Section 1.
7 é WVeticles: bisck (N2) lining with typecal light grary subsdral crysts in open ones.
b0 Fﬁl B I 68 cm: Foliation ends and spersa toliat:on begine below.
- & 7 4 85-95 cm: Large vesicies.
— e 1 100-135 em: Increasing sbundance and decrease i tize of vesicles downwards,
2\ i 10 130 em1 Broken g fracture (sl ides near varticall.
7 2 T 140 em: Base of fiow and top of Bow.
] — n m i 7| coresz secTion: Depth 621.0-822.6 m
o - 7 i i
'_-.-ﬁ Piecy 1: Scorscenus dusky rod (SR 3/4) to medimn gray (NB) wesioular basalt. hrreguiar clasts of vesiculsr basalt
= —= 12 n =  showing different degraes of reddening and are set in a matrix of ymadler anguiar clasts, Sparse lafge vesicies prevent.
’_/ 2l j @ Pisca 2: Angular clasts of med INS] basalt reddensd grayish red {5R 4/2),
- 5 1 — - 1 Piece 3: Medium gray [NS) vesicular (0.5 cm) basalt
— j—"-—. ._E i 13 = 26 cm: Contact between agglomaratic top of Now smd vesicutar bosalt below medium gray [NS] vesiculsr (0.5 mm)
= a (75 — 4 passes upward then reddened (GR 4/2) zans 10 agglomerate.
Ij — == fall & ! 1y Pisces B, 6, and 7: Grayish rod (SR 4/2) 1o medium pray vesiculsr basalt, Vesicies show strong vartical orieatation,
100— k & E = | Breceisted basalt at base of Piece 7. Clasts 0.3 em.
"‘T L1 Pieces 8 arid 0: Breccisted [agglomerate) groyish red |SR 4/2) basalt. Clasts 1 cm—0.3 cm with contact igradotional)
- =] SN = to modium dark gray (N5) vesicular basalt at 5 cm
2 = 1| €5 Yoid | Pieces 10-15: Weak red (10M 5/2) highly vesicular basalt, Viesicles typically 0.3 cm and Hattened with Large axes
== —n vartical, Flattening decreases downward to Pieces 14 and 15 does nat show preferred origntation and has only round
- 0 : 8 E o e subreund vesicles, Abrapt change to small veslcies between Pisces 15 and 16,
— L Places 16-18: Graylsh red (SR 4/2) veslcular (0.1 mm] basalt typleal. Sparse large (Lare stage?] 1 cm vesiches,
o ,! 130 em: Bas of Sow and 106 of flow.
7 R 18 = Peece 19: Extrumely vasicular (1 em| basalt.
— 10 | Pece 20: Pradominantly medium cark gray [N} to grayith red purple [SAP 4/2) sgglomerate. Large class of
wesicyilar basalt with wvesicles often showing strong preferred circulation.
N —— w < Thin Section — 71 em: Tholeiitic basalt.
- 1 E‘ —{ Thin Section — BB em: Tholsitic basait.
-l s E 20 TS Thin Sectien — 143 em: Altered tholeiite basait.
1|~y 7
150 — L] h-! L = o L ] - I - L L | _} CORE &2 SECTION 4 Depth 622.5-623.6 m
COREAECTION 21 m2 82 24 Pices 1-5: Vary dusky red purple ERP 2/2) wesicular basalt. Principal trend down to trarsition at 45 cm is &

decreate with purple color and @ changs to & medium gray (N5) vesicular basalt. Vesicle size (0.5 men} unitarm
throughout with sparse open {1 cm| vesicles. Some indurstion af praterred orientation of wesicies in Piece 5,

Ploces 6-14: Trantition 1o medium light gray ING) vesicular basalt. Large irregulsr partly open and infilled vesicles
(0.5 £m) have bong axes near vertical, Vesicles typicaily lined with black (N2) and light gray (N8) cores common
but oocasional pale bius green (BBG 7/2] presant.

€55 ALIS



8LI

B0
CORE-SECTION

Orlentation

531

Shipboard Studies

] Altsration

Pioce Number

PZITIEU

0

=
ll\.
e

u

-u: J|

[\%

2

o

Orientation

Shipboard Studies
Alteration

Shipboard Studies

i
2
1

78

T

Graphic
Raprasentation

Orientation

634

Shipboard Studies
] Ameration

Pieca Number

[ Graphic

Reprewntation

Origntation

Shiphoard Studies
Alteration

Pmce Mumbar

|5

ation

Orientation

Shiphoard Studies
| Aneration

Pisce Number
‘I Graphic
Aepresentation

Oriantation

Shipboard Studies

Alteration

| I

CORE 63, SECTION 1 Depth 62356250 m

Pieces 1-66; Medium gray (N6} to medium light gray [NEB) phytie vesiculss besalt, Principle variation s in the
sppesrance of A17ings o) vesicles linked by Black (N2) vebm. Thess aie prevalent down 1o B5 em. Within this interval,
they vary in inclination from B0° to 40° . The vesiclss range in size from | mm ta 1 cm and typically nfilled by
iblack (N2} smectite, Some partly open vesicles have a light gray [N7) core. Piece BA s cut by @ dickensided fracture
inclinad at 80", Slickensides acrous the fracture olane at 50,

Pieces GC=H: Bolow 65 cm, large vesicles are comman and the horizontal folistion becomes important. The large
vesicles form small geodes Lived with calcite and quartz, but occasionally completely lilled by light bluksh gray
{58 7/1] and light grasnith gray [5G 8/1) minersts.

107 om: Slickenssded frocture.

Thin Section — 98 em: Tholeitic bealt,

Thin Section — 132 an: Alimed tholeilc baslt,

CORE 53, SECTION 2 Depth 626.0-628.5m

Piocer 1-3: Medium gray (NS] phyric vesicular basalt. Principle varistion i 3 downward increase in vesicla sbun-
dance, Folistion dies out downward at 25 em, Vesiclas bacome sipecially stundait down [iom 48 em, Betwesn 48
and 82 cm, the vesicles average | em—0.2 cm diameter. Below a sharp trarition a1 67 em, vesicles decreasn in size to
become sparse dowrward, Below @ transitional contact ot 84 cm. Small vesiches [1-2 mm) and spaise lorge vesicies
becomae abundant to the base of the flow,

Vesiches: Typicalty infilledt with black (N2) smectite, Larger visicles have black {N2) intergrown with Hight gray (N7)
and yallowish gray [5Y B/1) parches,

Groundmass: plageociase laths and pyroxanss.

1B cm: Fracture with dlickensides|?).

85 cm: Base of flow and top of Now.

Pinces 4—13: Blockish red SR 2/2] to dark groy (M4} vesicular basall, Seiall vesicles in upper part grode downward
to large [1 6m) open vesicles in lawer part (Fisces 11,12, and 13) associnted with incraase in gray color

Vevcles lined with black and infilled whally or partly with tight gray (N7} or modaerate hiue green (EBG 478,

CORE 53, SECTION 3 Depth 526 5-528.0

Pioces 1-4: Medium dark gray (N4) basalt beecin. Small angular basalt fragments (1 mm) interbedded with vesiculas
basalt, Top of unit (Piece 2) much mare vesicular
I3 em: Base of unit and top of wnit?
Pioces § and 6: Blackesh red (BR 2/2) vesicular basalt. Vesicles infilled with light gray and dusky greanish gray, bat
&lya larier color is basalt,
Pieca 7: Blackish red [BR 272) 10 dusky purple [5AP 2/2) to medium grav [NS). Vescular basalt dusky green band
at 65 e Impeession & of downward doecreasa in reddening. Green color also decreases downward and is absent in
i gray basaly in wesicles.

Pligees 817 Mediam gray (NS) vesicular phyric basaly,
Wesicles gre abaundant down to 101 em and show folding indicating Late stage deformation of flow. Vieucles decrease
balaw thiz levsl and become masre.
Large {2 em] vesiclen ste developed (0 Piece 17 whore incipient lofiation i present, Che nice geade s present.
Vimicles have & light bluish gray (58 7/1) or bhuish white (S8 9/1) eore. Same have a light blus green (586 6/6) ar
dusky blue green {SBG 3/2) core. Concentric growth evident. All have black lining.
108 cm; Large vesicle lied with black with light gray (N7) and yellowish gray (5 8/1) smygealvidal core,

Raths and

CORE 53, SECTION 4 Dnpath 628.0-626.8 m

Fieces 1-5: Medium dark gray (N1} phyrie vesscular basals.
Parches 1-2 mm of black and white intesgronm crystals.

1 mm vesicles in Bands.

33 em: Base of unit. Top of unit. Contact with brecciated 1op of underlying flow s grayh red (SR 4721 and sharp,
Piece G: Abundant wmall [1-2 mm] fractured and corroded vesscular besalt clasts with dutky green (58G 3/2) in
matrix.

Pisce 7: Main body of How: medium gray (N5) phyric betslt, Vesicles are sparse snd & weak horizontal folistion
in present, Veicle lists are peesent in Plece 78

B5 crn: 5 i wein lined with Black (NZ) smectite, Conter predhominantly In intergrowih of Hght bluish gray (58 7/1)
snel bhuish white (58 (/1) with yeflowish gray [5Y 8/1) cocurring more sparsely.

€65 ALIS
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CORE 54, SECTION 1 Depth B32.5-8340m

Medium gray [N5) phyrsc vesicular basalt,
d fracture (63" ). Sl ided orianted ocourance sbong Tmslt plane in Pisce 1. Clasts [3 mm) of basalt

are in fault breccias.

Betweer 0-75 em: A weakly developed subhorizantal follation is present. Only gperse Large vesiches (0.6 on) ane
present and are both open and nfilled, Vesicls clasts 12 em) occur in Piece 7, Vesicle infill in eithor black (N2)
smoctits o« & mix of light bluish gray (B8 7/1) and yellowith gray (5Y /1),

Balow 75 cm: Vesicles increasa in abundance and are arranged in layars ofton ‘graded” and inclined at 30° , Below
110 em [Piece 14) wesiculation is in vertical bards with light gray (NB} almes: vesicle free bands [0.5 el ssparating
widy [3 cm) bands continuing randomly distributed small [1 mm} vesicles.

80 emn: Horlzontal fracturs with busalt clasts.

At 178 em: A sharp contact defines the base of the sbove. Below abundant vesicles are present.

Grownemass: 52 cm — having random plagioclase laths and pyrosens granules: 106 cm — a8 8t 52 em bt oeeassonal
xenoliths of plagioclase snd pyroxere phenccrysts; and 135 em — a phyric(?) very small plagiociae laths snd pyrox.
enns.

CORE 54, SECTION 2 Depth: 634,0~£35.5 m

Pisces 1-6; Medium gray {NA] phyric vesicular batalt, Principle variation taward hase of flow it a docrnase in vesicle
size and grain size. Contact with underlying flow evident in Piece 8 and apparently chilled vesicles in Piece 1 flae-
toned and concentrated in inclined bande (307 ) with intervening wesicie free hands. Somn wggestion if inverted
grading,

srmall laths and
38 em: Base of flow and 1op of flow,
Peces B-13: Agglomernte, bisckish red (SRt 2/2), very dutky red (10R /2], very dusky purple (SAP 2/2) frag-
ments of veticulsr basaie Freguently anguiar and ranging in sze from em 1o mm. Visicles often vertical orientation.
Sparse large cm wesicles, Grayish blue green (SBG 5/2) comman in upger part but minas balow Piece 11
82 em: Base of sgglomarats,
Pioces 14=21: Medium cark gray (N4} highly vesicular basait. Abundant oftan elongate vesiches (1-3 mm) through-
out. A large grayish black (N2) clast (4 cm) with resction rim present m Piece 19,

CORE 54, SECTION 3 Depth 836.6-837.0m

Pieces 1 and 2: Madium gray [N5] phyvie wesicular basalt, Abundant snall vesickes [1 mm or less). Large wealches
Fane 10 absent.

Pieces 3-8: Mudium gray (NS) phyric vescilar bassll Groundmass: having random plagiocisss laths and pyroxene
crysts. Irregular to sub-rounded large [2-5 mm) vetickes sbundant. Vesksle infill: black (N2) dusky blue green
158G 3/2), Wuish white 158 9/1) with minar ysllowish gray (5 8/1),

Pece BA and B: Small vesicles sparse. Largs 1-5 cm vesicles prasent. Black (N2) lining infillad with dutky blus
geen [BBG 372), Strong gecsdal structune. One lage vasicle infilied with light blusih gray (5B 7/1] with yellowish
sray (5Y B1).

70 em: Vesclus inclined 01 40°.

Pepces BC—E: Viesicles sparse. Principal varation i sppearance of horizontal folistion and o weak vertical fobavon
in Plece BE.

90 cm: Slickonsided fracture (307 inelination].

125 cm: Large 1.5 cm vesicla, yellowish gray (5 8/1) and light gray (N7)

CORE 54, SECTION 4 Depth 637.0-6385m
Whedrum gray (N5] physic basalt. Vesicles rare to atment throughaut. Princinsi variatlon w in the degree of develop-
mant of the weak foliation, A nice contact between nes vertical folistion and sub-horizontal braided follation
clear in Piece 2E,

Groundmass: Plagiocise laths and pyroxenes m nesrly equal proportiont shawing oocational trachytic Taxture,
78 em: Siickensided fracture (40° ) with fibrous calcita.

Thin Section — 78 em: Tholeiitie basalt.

CORE 54, SECTION & Depth GI8.5-6I0.8 m

Madium gray [NS] phyric basalr.

12 om: Slickensided fracture (inclined 60" J. Stickensides paraliel to vertical axt.

30 cm; Slickensided fracture (Inclined 70° ). Slickensices inclined st 50° 1 havizontal

Plece 2: Face of tracture in these pleces,

Principle festurs is the well developed traided follation saen in the lower part of Cors 54, Section 4,
lath: with pyroxens,

€SS A1IS
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z £ 2 g k] £ k] CORE 55, SECTION 1 Depth 641.5-643.0m
5 3 H 3 x & 2 s 5 z 5 3 « - E H 3
g § .! 2 5 2 = @ E = S .! '5 & 2 g g = @ Pieces 1-5: Grayish red [5H 4/2] vesiculsr basalt. Piece 2 comtaing an angular clast of grayivh red basalt and a very
E E s g E B § § E § g £ % K ; g E £ & § E 5 5 _g S dusky rod [TOR 2/2) matrix — a similas fithology s in Piecs 6 langlomerats?).
z = g = z 4 E : = 2 bl i 1 2 ¥ % § g z % = E = g g 3 E z ¢ 2 é & Piecws 6-B: Very dusky red (10R 2/2) sgolomerate 1o grayish red purple (BRP 8/2) agglomersts clats are vosiculal
g $p § 5 3 E £ s¢s 3 £ 5 25 i §E E 23 ‘g RE E 285 3 E5E E: B BE ERE basait recidanedd 3t edges. [nterstices amygdalosdat un ifilfed with grayish blus green (586 5(2) tn moderats e
o ax &= i & 53 & &g & & < T 0 © & T 5 &5 fd £ 062 & &< e G O & < green [BG 4/8) minaral, Edges of clasts have weldid awpect?
0— — - — — BRE — F — — = Pieces §-17; Vesicular very tusky red (10R 2/2) to grayish red purple (SAP 4/2) basalt. Vesicie sizes 1-2 om but
i 1 c :l 3 ' oooasianal Lerger vesscles (3-4 em) present. Vesictis infillod wath outer black (N2) lining. Then moderate blus
b — Yy 1 green (5BG 4/6) layer. Thin amygdular core at light greensh gray (56 8/1) ehedra,
= b A ] Pisces 1721 Medium gray (NS] phyric vesicular basalt charactorired by 1-2 cm vesicle clast,
= L Laths and Wesiches shaw tame color pattern as above.
1 g —
< =) | ] |0 3 CORE 55, SECTION 2 Depth 643.0-644.5 m
= | 4] i <]
@ Pieces 1-12: Dusky blue (SPB 3/2), very dusky purple (SRP 2/2) and grayish red purple (SRP 4/2) clast (35
N ' = 1 cm) of basaht in matrix of smaller angulas clasts (3 mm or bew) of came, Agglomerateiscorisceous top of flaw}
- c —|  Reddering {5R 4/2] saurent sround basalt clasts, Lame ersgular vesicles (oprosant unfilled interstaces bn elasts
(O © ] Vasicles typicaly intilied with aliva (5Y 5/4].
b . . g ! At 1A T 110 em: Gradanional base of agglomarate.
—1 A l = Piece 13: Medium dark gray [N4] phyric basalt, Vertiesd 1o inclined joints present infilled with tslack (N2) or olive
L} L ! < {5Y B/4) mineral. Becomos brecciatod again towards the bats.
—
N . L] | ThinSection — 77 em: Lithic voléanic hraceis — scarssceos 1ap of lavi.
B 1 P_q 80> —| coress, secTioNa Denth: 544,5-546.0 m
< ’ ‘ 1E -
L.‘l ] Pieces 1-7: Scoriafagglomerate. Dusky blue (5P8 372], vary dusky purple (SRP 2020 and grayish red purple (SAP
- = A72) vencular clasts of basall, Clasts are rounded to sisbrourded. Lisger clasts up to 3 om m diameter wath @
v -x = abundance of smaller & mm clasts in 8 matrix of smaller clasts of the ame, Clasts show cosrosion and fractusing,
" — b B 4 Vesichrs present throughout sod have formed in the terstices, Dusky bl groen mineral common (n intersticss,
B b ’_/ wesscins and veining clast,
7] — 0 1o // T 110em: Base of seoriaiaggiomenats.
- [ = Piece B: Madium gray (NS} phyric vesicular basalt, Abuncant small wesicles (0.5 mm|. Severad 1 cm size vesicle clants
1= Ty wth reaction vim in the uppsr part of Piece 8.
B 5] 7= ]
a (s CORE 55, SECTION 4 Depth B4G.0-647.6 m
- P = s — g
1. . o
1 ‘ T, | Medwm gray (NSJ phyric visicubar busait
—1 - Princighe variation ki i the divtribution of vesicles and veuned microfisctisns.
-1 a @ 1 o At 5 em vevicles exhibin fow sirculation aroumd lage clad ard sgain it 20 em, Vesicin shio dipased in an incline
= // E r./ (407 at 32 em. A preforsed inclinstion of the vasiches also 52 86 em (inclined 40° ).
‘4 / f"{:: Betwesn 33 and 70 em, abaendant sstomesing ven fillod fractures inclined at 30-50°,
. L..J il /, - o Below 90 e the strugture s mare wniform. A Lage zone of mure venculas basall between 88 and 110 om & banded
=) P Ty phpric basalt (n which vesicles are minar.
] = f;,’: Void ] Faenr vertical follamion i prosent towards the base of Flece 3.
4 =) 25 A F0em: Stickensided fracture inclined a1 40"
hi i v |asar tathe and {alteredt), Somwe trachytic texture developed betwesn 100 and 110 em
@ | T e around elast betweun 0 and 10 cm,
E Veid
7 7 coness, secTions Depth 547,5-648.0 m
- 2 . 134 -
‘-.—_.‘I Mediem gray phyric basalr. Principle variation dowm section is in the atundance of minor concentrations of vesicles
= () = and the development of vein fracture filling.
— ] 0 vl — DB em: Vertical traint of velicles,
ao B-67 ern: Vesichel rase, parse wpsicle clasts. No folistion
a9 J J J Grounidmas: Altersd plagicelasr lains and pyroxens graims,
=t e O L L = b — - —  B7cm: Sharp comact between untracturnd basalt snd zone of vertical fracture vein filling.
CORE-SECTION 551 552 554 55.5 56.6 7584 cm: Incfined foliation and vain linking sparse vetiches {inclined 30° ). Below 100 em prominent vein lspating

05 em thickness 1 mm inclingd a1 45° seperated by 3 em band af wnfrectured unveined phyre basalt,
Thin Sectian — 36 em: Thaleiitic el

CORE 56, SECTION 6 Depth 645.0-650.05 m

Medium gray (N5} phyric basall, Prircipal variation In the section is in the sppestsnce of & well developed Toliation
olten shewiny flow texture freguently fallowed by Nattansd vesicles, Foliation alte fows sround the wparse sesicls
ehasts.

Wesicles increase in abundance 1o sparse towards base aned s fiied with black (N2 o dusky biue green [SBG 3/2)
Imaade tiack liming, Occasioral light bluish gray infill with veliowith gray (6 8/1) patches intesgrown with black
(M2} bath of lining and within wicle eunter,

Groundmass: Plagiociase latha and ryroxenes that are altersd 1o beown?

B em: Largo vesicular clast shawing well developed ‘grading”
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é g E ‘g g £ CORE 58, SECTION 1 Depth 650.5—652.0 m
s 5 3 5 . 5 g
2 '.E @ i £ e W 3 £ E é 'g E ] 2 c & g § & % & Pioces 1-8: Medium gray (NS} phyric basait, Principle lithalogic varistion in fap 4% om 4 8 gradual increass in
E £ § 25 £ E 2 2 E E £ v 2 8zg % 2 g8 E £ 5 B £ s rumber of vesicles. The sparse vesicles ar generally 0.5 em in size and typically flamened. Waak foliation s presant
2 28 3 E T 2 g8 E i £ 2 23 F i g 2 8 ] i3 248 ¢ % £ 2283 §3 3 » E g _g £ Small | cm wesiche clasts in Section 1. Ve assacieted with breceiation of the hasal extends throuh Preces 2.
8 B 525 ggg.i_E B8R § 6F 3 ER EEE pefE2f pEbP g EE gL s el 3,4,and5
f 62 5654 & G 6 Ba & B2 & & 2 E 02 8 4 & 62 5 2 & O & G 4 ot 6 B T 49 em: Sharp transition fram parse large vesicles 10 abundant vesicles ol uniform 1 mm kize, Towsrds base ol Plece
0— 25 e = ki - . . 1. vesicles decrease in size 100,1 mm, Vein inclined at 80°, Slickensides ot 70° to cut piece of com
Al D o0 70 cm: Base of Nlow and top of flow,
7 m 1 ot : 1 D Cy 1 Pieces 8-10: Contact in Pisces 8 and 8, anpears chillod, Aphyric meditim gray basslt rests an grayish red beawn
| e o —— | [5R 472) wonacesus sgglomaratic vary dusky purple (SRP 2/2), grayish purple (SAP 4/2) and medium gray (NS]
e == 3 “'—Q He basalt. Matrix hetwoen angular corroded and fractures clasts (s 12 em) is very dark med (BR 2/8), Sparse visicios
- B i o o o | deusloped i nterstices ase infled with pale olive {5Y /1) itergrown with black (N2] snd light bluisth gray (58
B @ — 741 erystaks
= ——— S 3 D o = Grayish red purple [5RP 4/2) diminithes downward toough dusky blue (SPB 312) o medium gray (NG) basalt,
ﬂ m ‘ e —— Vesicular thraughout with vesicles entrained ejther borizontally {Pieces 158) or vertcally (Fiece 15A), Minor red-
1 l NS 1 dewing presont in Piecs 16,
= au e © ——— 2 = Pecwi 19-18: Modium gray [N5) phyric weticular bassll. Groundmass: sphyric 1o sphantic, Not resolvable with
x| 22 sl o tnaculrs,
7 b _Q T Thin Section — 73cm: Lithic — vitric voleanic brecea,
il &
] =3 % ———a af( ) ] CORE 86, SECTION 2 Depth 652.0-6635 m
- = LS o T -
. 712 4 Medium gray (N6) phyric vesscular basslt.
] o Void —  Na veining or taulting i present, Pranciplo variation |6 an increass in vesicle size in Pieces 1 and 2 1o mach & unifarm
3 ] 3 mm size that continues down to the base of the section. Vasicles are typically Infitled with black IN21 smsctite
7 i A but light bluish gray (58 7711 anel grayish blue groen [SBG B/2] infitls are alin present,
o I ‘ 4 . o | Groundmass: predominantly plagioctass taths and pyraxane crystaly showing trachytic texture.,
= 5 Thins Section — 37 cm: Tholaiitic basaly.
| @ 5 éa _| coress secriona Depth 65356548 m
e s|¥0
| & ] 7 | Pioces 1-10: Medivem gray INS) phyric wmsicutar tanaiy.
2 10 a 0 em: Abundent 3 mam vesicles occur down 10 50 cn but then decrasss in number 10 80 em. Piece 10 thows 3
- = —{  sharp increess in vesicke ubundance with an sssociated deciossy 0 siog 1o 1 mm, This is probably the wesiculated sone
w[C at thi basa of the fow. Vesicles are peedaminantly infillsd with black (N2) umactita. Sem have fight Blulsh gray
. 9 — = IBB /1) and binck (N2} inteeqrowih with sparse light olive gray (5 6/1] intergrowth, Fracture [inclaed B0 °) snd
- 2 Ej wliekensides but no displacenment visible in crossout vesicles,
T-j 100 eem: Base of fliow and 1op af How. Nominsl only — small pisces in this sectian and top of Core 57, Section 1
. 1w M- et oot in place to within 3 m or s,
= E?' Pieces 11 -13: Pisces of breccisted vesiculnr basalt, medium gray [NS) 10 grayish red (57 4/2). Vesicles and fracture
ﬁ = wain filling in breceis, pale blue gresn (SBG 7/2) eolor.
" ®
T = =| CORES7,SECTION 1 Depth G58.6-661.0 m
= 1% T Pieees 17 are & mentues of medusm gray (NS) phyric vesiculer basalts and the blackish red (SR 2/21 and grayish
" | ved {BR 472} scoriscaous basslt, Thess pioces are not in place, Tho medium gray basalt probably dorives fram the
7 overlying hasslt flow and the highly vesicular Pisces 1, 2, 3, and § [imall vesicles size] probably represent its hase.
] —]{ The remaining scoriaceous Pleces 4 and 7 probably represent the wp of the uriderlying flow.
” Piece 8! Scoriacenus/sgghomuratic grayish red (SR 4/2), dusky red (GR 3/4) and anguler basaltic clasts st n o
= - C] ™ blackish red (6R 2/2) matrix. Viesicubar interstices part infilled with alive (BY B/61.
— 1 —{  Pioces 9, 10, 11, and 12: Medium gray (NS} vesicular basalt, Vesicles show gas stroaming and are typically 3-1 mm
—O—'— -l m gize with light afive gray (5Y 8/1) centars.
" 0 Pieces 13, 14, and 15: Medium gray (NS) vesicular basalt vesiches ane much smalber foss than 1 mm),
- Qo = Pioces 16, 17, and 18: Coarsely vesiculss medium gray (NS) basalt, Large 0.5<1,0 cm open wesicles partly infilled
h Q with light aliva gray {BY 8/1).
03 Groundmass: plagioclsse laths and slierd pyroxene (redd ~ sparse patches of plag: and
s et —— p——r — 0 P — L S et - pyroxens phenocrysts.
CORE-SECTION 561 heds 2 Thin Section — B0 cm: Lithic veleanic breeeis — seorlbceous tap,

CORE 57, SECTION 2 Depan 661.0-661.5m

Paoce 12 Not in place. Four pebbles of medium gray (N5} phyric vesicular basalt and | petibils of scoracecus lavs
[Core 57, Section 2),

Pisces 2 and 3: Madium gray [NS) phiyree vesicidar basslt, Same segregation of vesicle 1ize evidont,
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CORE 58, SECTION 1 Depth 668.5-670.0 m
Top at Haw.

Pinces 1=3: Grayish red (5R 4/2) veticulsr basaly. Vesiches linnd with grayish biue groon (S8G 5/2) reddened ground.
sk of pure plegioclase ith ard sitered pyroxenes. Plagiociese phenocrysta {lathil common ond glomeroptiyres
of plagioclise and pyraxene.

27 em: Contact nat recoverad,

Places 4—B: Medium gray (NS phyric vesicular basalt. The prmciple charsctesistic i the variation in abundance of
wasicles and their concentration n discrete rones. Zones ol high vesicle conceniration [vesiele size typically 1-3
mm) shew bath grading and irverted grading, Thess zones are separated By vosicle free zones of finer grain size
in which veim composed of Ilack (N2) smectite have o distinct anechelon appearance. Faithiully following the
line of contact betwesn the vmsicle rock snd poar zones. Tha parern b reminiicant of Risdel showing,

The zonation with vesicly rich/poar zones in ganerslly sub-horizontsl to inclined at 10° but an inclined fone (50°)
i prosent In Piece 6C.

Groundmans: Vesicular basalts consist of eoarser latha andl . Sparse are ghomero.
phyres. Vesicles typically linsd with blsck (N2) than dusky bius gresn (SBG 3/2) then brawnith gray [5YR 4/1)
cote,

Wesicle free arca finer in grain but with same mincral composition. Riedel fractures have same colar compasition
and banding ss vesicies.
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CORE 58, SECTION 2 Depth 670.0-8711.5m

Pisces 1—3: Medium gray [N5) phyric vesicular basaly,

030 cm: Vesicles (1 mm) concentrated in horizontal bands with vesicle free material bavween.

25 cm: Traces of slickenside on tracture, dak greenish yellow (10 6/6) developed alorg face,

30 em: Top af fiow wmit.

Phoces 4—6: Dark gray vesiculss busslt shawing some reddening, thick finer grain. Groundmass: plagiocisse laths
ated pryroxenes.

Piecis 7—8: Seorlococus distky red (SR 2/4) vesiculas basalt with grayish green (5G 5/2) infill to vasicles.

Pigees 9—12: Medium gray (NG} phyric vesicular bassit. Principhe fosture is concentration of vesicles into discretn
bands separated by rones with mines vesiches. These rones are generally horizontsl bul occasionally se steeply
inclinad ostentibly cross cutting the harizontal fones, Distinct grading also apparent in vasicle rich rones.
Groundmas: plagioclase laths and pyroxene. Some suggestion of a decresse |n geain sire scrom vesicle rich/poor
transition, Within vesicle poor zone veining is parallel to contact and may be related to Riedel shows abave,

CORE 58, SECTION 3 Denth 671.56-672.06 m

Medium gray (N} phyric basalt. Major lithologic variation & sgain the presence of zoning imto vasichs rich and poor
zones. Distinet size zonation ks present within and between vesicle rich ranss,

Distinet “Riedal show' pattem developed in Pieces 2 and B and abways are found In vesicls fren 2one.

Curvaturs of 2one boundaries strongly uggest comtsmparsnsaur formation.

#2 o Stickersides?.

CORE 56, SECTION 1 Depth; 673.0-874.5m

Masdium gray [NB) phyric vesiculsr basalt. Principle veriation down section is an incresse i the size of the vesicles
{from 1 mm—3 mm) and in the proportion of open vesicles. The change occurs ot about 100 em. Faliation i atent,
There are hints of & preferred vesicis orlentation in Pieces 7 and 8.

laths and altered {7} locally
096 cn: Small wesiches, large open vesicies rare,
85-160 cm: Mare open large vesicles,

CORE 59, SECTION 2 Depth 674.5-876.0 m

Medium gray INS) phyric vesicular basatt, Pleces 1, 2, 3, and 4 vesiculas {1-2 mm] batalt with accasional glomero-
phyres — coarser in grain than Pigce 5. Vesicles lined with black in the light olive (10 5/4) cores,

Piece §: Fine grained medium gray besalt with glomerophyres and sparse Llarge vesiches,

36 em: Base of Now(7) and top of ow(?)

Pieces 6-8: Grayish purple [5P 4/2) vesicular basalt characterized by large (3 cm) open wesicles lined with drk
groenish gray (5GY 4/1), Smaller vesicles (1=32 mm) infilled with biack (N2 and reddened at edges. Microfracturing
present. Groundmasm: plagiociae laths and roddened (afered) pyroxenes.

Piwces 8-12: Madium dark gray (N4] phyric vesicular basalt gradational dowrward Into medium gray {N5) vosicular
ohyric basalt.

Piece 10: Small black [N2) wesicles and large (2 em) visgs. Vugs lined with black and have amygdsloidal structure of
tight bluish gray (88 7/1) and pale olive (10Y 6/2).

100 em: Inclined fractirn [50°) — not sickentided.

Wisgs bacame sparn in Piece 11, Balaw this lavel, sparse 3 em waicles are common, Some varicles are aligned stong
wein filled fractures.

dmass: laths and with sparss

Large wesicles have black [NZ) lining with core of intargrown light bluish gray (58 701 and pale ofive (10Y 621
1o light olive (107 5/4) and blsck (NZ),

CORE 59, SECTION 3 Depth 676.0-671.5m

Mediizm gray (N5} phyric vesicular batalt.

Large vesicies (0.2 em—1 em) predominats down to 15 cm and are filied with black lining with dusky green (56
3/2) coro o intergrowth of black (N2), lght bluish gray (68 7/1) and light olive gray IBY &/1),

Babow this lewel, vesicles occur sporsdically and the major structure s o marked horizontal follation that persists
down to the base of the section, Vertical foliation occurs in Piece 7.

Pieces 3B, 3C, 4, and GA: Fault. Breccated basalt fragments ocours alang fauly. Vesn infill slorg fault consists of
Iblack lining which has penetrated host rock, elongate sngular light biuish gray. Fibrous light olive {10 5/4) mineral
wlong dickensided face.

Inclination of fault (807}, Sfickensides (70°) to eirt face of core.

G ol lnths and small

CORE 50, SECTION 4 Degth 677.5—6788m
Medium gray (NS] phyric basslt.
Principle variation i in the presence af sub-horizontal foliation, Folistion first appears in Piece 1B becorming mast
pronounced (3 mm spacing] in Piece 5 and upper part of Piscs 6 to become less pronounesd in Pieces 6 and D,
Vesicles ara minar but occur throughout snd are typicaly less than 1 mm in size. Large veshcles resppear in Ploces
BC and D. The lasgest vuggy vesicle has 1 cm light bluksh gray bists with paln aliva (10 8/2) minaral in the inter-
aticws, Black lining has thin gray (NT) layeri. Bisck (N2} minersl sho present as phenocrysts within light bluish gray,
Soene suggestion that black lineng has been fractured and partly incorporated inte bluish gray sres — snguiar bisck
{N2] fragrments and panatration of bluish gray into black lining.

g laths and
B0 cm: Vein inclinatian 70°,
116 cm: large {3 ) vesicle.
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SITE 653  HOLE B CORE 1 CORED INTERVAL 0.0-4.6m
2 FOSSIL |
=
8 3... AE FEE
Ee 22l E g §_ | (onamue LITHOLOGIC DESCRIPTION
A HHHAR HE +5E
& AHiHHH Tk
@ H BEpE
Hil of 25w
| Foram ocope snd nanno-forsm goze interbedded with nanno-
2.5Y 714 foram marl and ealcarcous mud 18 cyelic seguences. Calcarcous
grds gozes are sham based and grade through mars into caleareous
10YR 673 muds, Color grades from light gray [2.5Y 7/2] and white [2.5Y
" and 872) in the aozes, to pale yuilow [25Y 7/4] and light brownish
1 TOYR 32 gray (25Y B/2) in the marls and light ofive beawn (2.5Y 6/4)
[ L1 in the muds,
£ { 25Y.002 Dozes are sandy In texture; muds largsly clay with coarss sand o
i‘ e} 25Y 504 granule size dropstones (pumnice, sanditane].
H K 26Y %2 Buttowing his caused mottling of pale brown (10YR 6/3) and
% Lid a5v 82 very dark grayish brown (10YR 3/2) and has disturbed some
1 conticts.
3 1 | e
= Core it undisturbed.
§ = M | 28y
g 25Y 504
S i 5 25Y 712
Laine of SMEAR SLIDE SUMMARY [%):
o]« | 2B 1,18 2,002 315 3,68
: o D [+] o
26Y B4 Taxtury:
Sand 0 40 30
g silt oo w2
z i * Clay 0 W %0 &0
= Compasition:
F4 Quarte 5 5 - 10
= = Feldipar 1 - 1 =
8 Haavy minerals 1 2 - 1
= H ABY:HR Clay 015 s 2
Carbonate unspec, 3 a 3 a
Foraminifers 80 10 4 15
Cale.rannofossilt 20 65 50 50
Diintoms T - T -
Sponge spicules Tr hid 1 Tr
Datomite - T -
CARBONATE BOMB: CaCO4 (%):
1.1=83 2,117=35
1,28 56 2,734 =64
1,60 =30 3,1=70
L8732 3,28=7
1L,119=32 35,8938
21=21 ERTT R
2,28 =45 3,61 18
2,61=51 CC,1=45
2,80=34

€81

SITE 653 HOLE B CORE 2 CORED INTERVAL 0.0-95m
g FOSSIL
= § CHARACTER
2 |= ] alz| e
oy = ol =
TE|E3 5 ] § BE| ¥ | oy LS LITHOLOGIC DESCRIPTION
M ECI K uZ ¥ g ]
£7|E Ilelze 7 ] o
A AHHHH b
g |slz]= g H E
26Y 74
"1 sotties Narina-f oz with nanne-f e
at el calesreous mud in cyelic ssquance. Oozes sre sharp based
2EY 82 ard grade o marks, calcareous muds and muds. Color grades
1 212 from white [Z5Y B/2), light gray (2.5Y 7/2), pele yellow [25Y
i 7/4) and light yellow brown (25Y /4] in th oates, to pale
2.5V 672 vellow (25Y 7/4), light browsish gray (25Y 6/2), very pale
2.6Y 54 brown [1OYR /3], lght olive brows (2.5 5/4] and light yellow
26Y 64 beown (2.5Y B/4) in the marfs, to light olive brown [2.5Y 5/4),
;:: ;g light yellow leown (2.5Y 6/} in the marls ard light olive (Y
R 6/3) andt olive {5Y &/3) in the muds, Texture grades from sand to
Larninse of mud through 1 cycle. Angular dropstanes [pumice, mudstons,
2.5Y 64 quartrite in mud unity,
2.5v 772
2.5Y 8i2 Core essentislly undisturbed,
2 26¥ 6
. 25Y8/2 SMEAR SLIDE SUMMARY [%):
2.5Y 54 with 1,26 2,100 2,132 584 § 100
. 2.5Y 872 mottles L o o o o
25Y 5/4 Texture:
§§¥ ;g Sand a0 40 50 40 8O
spvan i B ow o o®» %
£ 26Y872 Camposition:
3 4 287 84 uuarts woT i 1 3
: 25Y 714 Faldspar 3 - 1 1 i
s Huavy minnraly 1 - 1 = 2
5 25Y 87 Clay 10 5 20 Tr 40
H '§ Volcanie glas [ - - - -
2 ¥ 26Y B Carbionate umpes. 4 = 3 3 5
& Foraminifers 2 40 ;4 1
&2 iy Cale, nannofousils B 85 30 54 2
BY 6/3 Distoms ™ T - T -
Radiolsrian - T - Tr
icul - T = 1 -
% 4 26V 84 Spange spicules "
10YR 713 CARBONATE BOMB: CaCOj (%):
25Y 54 L1=24 2,80=81 4,30=27 6. 1=6
1,30=37 2,130=3 4.50=26 B8N=0
1,58=40 3,149 4,90=28 6 58«34
§§¥§2 1,80=53 3,30=41 4.110=22 6,80=37
25Y &4 1,122=35 3,58=62 4,123=35 6 1M=18
1,130=21 3,70=38 530=63 T 1 =d6
2,1=85 32-n 5,80=54 CC 35=48
2,30=67 3,124=52 5,66= 74
2.50=78 41-29 5,80 =82
H 25Y8/2 :
5 i =S| o with minor
larminae
% ) of 257 8/
1
11 25Y 5/4
2
g &
- 'E 1 "| svss
z
z ﬁ i 257 B4
5B g i 287 712
Zl =z 7
rufw] [ o,
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SITE 563  HOLE B CORE CORED INTERVAL 9.5-18.0m SITE 553 HOLE B CORE_ 4 CORED INTERVAL  19.0-285m
[ FOSSIL e FOSSIL
« |E CHARACTER « |E CHARACTER
g |=.lel= alz| w N EMEE glz| 2
T EH 2% HEIR GRAPHIC 2 |o% ik HEIR GRAPHIC
T :§ HEE Eel LITHALOGY LITHOLOGIC DESCRIPTION T :é E ilz S E LITHDLOGY LITHOLOGIC DESCRIPTION
¢> (75| 52| BElH| ® g S ERHEE S HE +FE
F 18 g g z|E2 E E I8 § H 2 ElE E i
& z 5 [#2 B @ z ENEL 3
__—|—_’_—|—_|_A-1-_ I 5B AN (5]
=== Nanno-foesm ooze interbedded with maris and calcarsous muds o A ot i oare, i marl, maiel and
L | g;;g in cyclic sequence, Dozes are sharp-based snd grode through ealcareoun mud i cyclic fashion: sharpbased oores grade
z o 5] &Y /2 marls into muds. Colors in oozes are very light gray INB) and thiogh marls 1o calcarsaius muds and muds, Color grade from
3 BY E? bluish white (58 /1), in marls are white (5Y 811, light gray white (BY B/1), lght gray (5Y 7/1) and gray (5Y B/1) in the
£ (SY 70}, pray (BY G/1), light greenith gray (5GY 8/1) snd olive oors, gray [6Y B1), ofive gray (5Y 52, 57 4/2), olive {5Y 5/3),
2 z syan gray (6 572); w muds are olive gray (5Y $/2, BY 4/2), dark light geay (5Y 772} and groenish gray (SGY /11 in the marls,
I Lantnee gray (5Y 4/1) and dark olive gray (S 3/2). Textures range from snd 1o dark gray (5 4/1) and oiive gray (BY 4/2. BY 4/3, 5Y
al sandy muds in the pores 1o mud with angulas granules or cobbies 5/2) in the muts, Textures grade from sandy muds joozes) to
i &Y 61 In the mud units, Dropstones are sharp and quartzite, muds with costse dropitonss (mudsl, Dvopstones @re mainly
o O guartzite.,
o gran. Some tections (oozer] are lamineted, and burrow mottling
-;m‘:-&r;.m ocoury n some Intarvals Fare lominge; burrows ars comman and Nave disturbed some
UL cantacts. Core partialty disturbed,
] Core intensely disturbed of soupy.
2
! sa9n SMEAR SLIDE SUMMARY %)
1,83 B, 106 7,20
- Laikins SMEAR SLIDE SUMMARY (%): L 1| o L B
= —t—.— al 5Y 81 4,13 6.8 6140 ! 5Y &1 Tentirai
1= +I+ = D D D mattled with S 6 s 20
L~ —l—_": 5Y Bt 5851 "
_|_ ——, — Toxtura: Sin 20 20 40
— - | -] Ne Sand 60 20 40 Clay 40 an a0
_|_| +|_ St n L) 0 5Y 573 Companinian:
e e o o [ f S Larinee of Clay M 4 80 Quartz 10 s 3
5| 3 e, e e 5GY 81 Compasition: L . s Fra Felcypar - 5
== == Quartz 1 15 0 & Haaey minerals 1 T 2
e e
] . =1 i sy 5/ Heary minersh  — T 1 x Clay 25 5 0
3 i s Clay w0 £ sy 413 Carbanate unspec. 16 - 5
H BR
a = Carbonate unspec, 4 a0 Ll Faraminiters 15 50 18
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