7. SITE 558!

Shipboard Scientific Party?

HOLE 558

Date occupied: 3 October 1981

Date departed: 11 October 1981

Time on hole: 196 hr.

Position (latitude; longitude): 37°46.2'N; 37°20.61'W
Water depth (sea level; corrected m, echo-sounding): 3754
Water depth (rig floor; corrected m, echo-sounding): 3764
Bottom felt (m, drill pipe): 3766

Penetration (m): 561

Number of cores: 44

Total length of cored section (m): 403.5

Total core recovered (m): 239.16

Core recovery (%): 59

Oldest sediment cored:
Depth sub-bottom (m): 408
Nature: Nannofossil chalk
Age: lower Oligocene

Basement:
Depth sub-bottom (m); 408
Nature: Basalt and serpentinized gabbro

HOLE S558A

Date occupied: 11 October 1981

Date departed: 12 October 1981

Time on hole: 28 hr.

Position (latitude; longitude): 37°46.2'N; 37°20.61'W
Water depth (sea level; corrected m, echo-sounding): 3754
Water depth (rig floor; corrected m, echo-sounding): 3764
Bottom felt (m, drill pipe): 3777

! Bougault, H., Cande, S. C., et al., Init. Repts. DSDP, 82: Washington (US. Gov.
Printing Office).
Henri Bougault (Co-Chief Scientist), IFREMER (formerly CNEXO), Centre de Brest,
29273 Brest Cedex, France; Steven C. Cande (Co-Chief Scientist), Lamont-Doherty Geologi-
cal Observatory, Columbia University, Palisades, New York; Joyce Brannon, Department of
Earth and Planetary Sciences, Washington University, St. Louis, Missouri; David M, Chris-
tie, Hawaii Institute of Geophysics, University of Hawaii at Manoa, Honolulu, Hawaii;
Murlene Clark, Department of Geology, Flnnda Stal: Uruwrsuy Tallahassee, Florida; Doris
M. Curtis, Curtis and Echnls Geologi Texas; Natalie Drake, De-
partment of Geology, University of M. husett Amh:rst. M I Durmhy Ech-
ols, Department of Earth and Planetary S W University, St. Louis, M i
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versity, Palisades, New York (present address: Department of Geology, Peshawar University,
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Penetration (m): 131.5

Number of cores: 16

Total length of cored section (m): 131.5
Total core recovered (m): 123.69

Core recovery (%): 94

Oldest sediment cored:
Depth sub-bottom (m): 131.5
Nature: Nannofossil ooze
Age: late Miocene

Principal results: Hole 558 (Site MAR-4) was drilled between Anoma-
lies 13 and 15 on the west flank of the Mid-Atlantic Ridge about
30 miles south of the Pico Fracture Zone on a flow line passing
through the FAMOUS area and the Leg 37 drilled sites (Fig. 1).
The total penetration depth is 561 m, comprising 408 m of sedi-
ments and 153 m of basement.

In order to optimize the limited sediment program on this ocean
crust leg, the shipboard scientists agreed that Site 558 would be
suitable for continuous coring through the entire Neogene section
and most of the Oligocene. The sediments recovered from the two
holes cored at this site (558 and 558A) provide the first section of
lower Oligocene through Pleistocene calcareous pelagic sediments
from the North Atlantic.

The entire sediment layer (408 m) has been cored through a
combination of piston coring and rotary coring; except for a 26-m
gap where Holes 558 and 558A do not overlap. The recovered sec-
tion provides an almost complete stratigraphic sequence from the
Oligocene through the Pleistocene, with a minor hiatus in the lower
Pliocene. There is a major change in the sediment lithology in the
lower middle Miocene. The lower part of the section is character-
ized by a lower accumulation rate and a lower carbonate content.
Nannofossils found within basalt breccias at the top of the base-
ment are dated between 34 and 37 Ma, which is in agreement with
the magnetic anomaly age. The magnetic reversal stratigraphy ob-
tained from the lower part of the sedimentary section is very dis-
tinct and will provide strict limits for dating.

The upper 110 m of basement consisted almost entirely of aphyr-
ic pillow basalts and pillow breccias. Below this level, 43 m of ser-
pentinized gabbros, serpentinite, and serpentinite mylonite were
cored down to the bottom of the hole (561 m sub-bottom).

Six chemical units are distinguished within the pile of aphyric
pillow basalts. Depleted (Nb = 3 ppm, Zr = 65 ppm), flat (Nb =
8.5 ppm, Zr = 83 ppm), and enriched (Nb = 15 ppm, Zr =
90 ppm) basalts are all represented. Interpretation of these results
in terms of mantle plume and geodynamics will be very complex
and will necessarily require isotopic and Ta/La data. These sam-
ples will be very valuable on the basis of fundamental and compar-
ative geochemistry.

A complete set of logs was attempted. Because of poor hole
conditions the logging runs were only partially successful.

OPERATIONS

Approach to Site 558

The criteria for Site 558 (MAR-4) were that it be on
or near Anomaly 13 and on a flow line passing through
the FAMOUS area and Site 335 of Leg 37 (Aumento,
Melson, et al, 1977). The optimum sediment thickness
was about 400 or 500 m, which we planned to continu-
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Figure 1. Site location map for Leg 82.

ously core. As at Sites 556 and 557, we wanted to avoid
drilling on any irregular basement features that could
not be considered typical oceanic crust.

The only existing geophysical data in the area were
three magnetic lines (on which Anomalies 12 and 13
could be tentatively identified) and a poor quality seis-
mic profiler record that showed an undulating basement
with widely variable sediment thicknesses. Based on these
data, we made a tentative site selection at 37°41'N,
37°19'W and laid out a track to survey it on the Chal-
lenger (Fig. 2). We were concerned that the site might be
on one of the many fracture zones that offset the Mid-
Atlantic Ridge near the FAMOUS area.

The survey on the approach to the site demonstrated
that Anomaly 13 trended 12° west of north, which was
unexpected because the trend of Magnetic Anomalies 12
and 13 further south near the Kane Fracture Zone is
about 15° east of north. Basement relief is very irregu-
lar, and it is not clear whether the basement relief fol-
lows the same trend as the magnetic lineations. The rea-
son for the anomalous trend of the magnetic lineations
and the irregular basement relief is not known and re-
quires more detailed surveying. It might reflect either
oblique spreading at the ridge crest or possibly a series
of small left lateral fracture zones that cannot be re-
solved at the spacing of our survey. We prefer the former
interpretation of oblique spreading, because the peaks
of Magnetic Anomaly 13 line up perfectly on all of the
tracks with no hint of small, discrete offsets.

It was difficult to find a site within the survey area
that met the requirements of a nominal 500 m of sedi-
ments underlain by a typical piece of oceanic basement.
In general, the basement relief was quite irregular and
the sediment cover was too thick to be continuously
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cored in a reasonable length of time. After completing
the original planned survey of three east-west tracks par-
allel to the flow line, we found ourselves leaving the sur-
vey area without a prime site selected. At 1045Z, 3 Oc-
tober, we doubled back and headed for a site crossed at
0430Z on the north-south leg of the survey. However, we
could not relocate this exact site and instead found a
promising site about 5 miles north of our original tenta-
tive site selection (made before the survey was run). The
beacon was dropped at 1146Z, 3 October, on a rolling
basement hill covered with about 0.5 s of sediment (Fig.
3). Profiling was continued for a mile beyond the site
and showed that the beacon had been dropped on a
moderately steep slope. The actual site was offset 2500
ft. east of the beacon to a more level location in 3741 m
of water.

The site is located on the negative anomaly between
Anomalies 13 and 15 and has a theoretical age of 37 Ma
based on the Lowrie and Alvarez (1981) time scale.

On-Site Operations

Hole 558 was spudded at 2122 hr. 3 October. No mud-
line core was taken and, in anticipation of hydraulic pis-
ton coring at the end of drilling operations, sediments
were washed down to a depth of 158 m sub-bottom.
Continuous coring was then started; the first core was
on deck at 0220 hr. 4 October. Basement was reached
around 1600 hr. 5 October at a depth of 406 m sub-bot-
tom during cutting of Core 558-27. Coring within base-
ment continued until 0754 hr. 9 October when, at a
depth of 561 m sub-bottom, coring was halted because
of a slow drilling rate and low recovery within thick
serpentinite (Table 1). Total basement penetration was
155.5 m. After two attempts, the drill bit was dropped.
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Figure 2. Approach and site survey tracks for Site 558. Heavy line is ship track with hour marks in GMT. Faint line is magnetic
anomaly projected perpendicularly from the ship’s track. Circled numbers are magnetic anomalies based on work at La-
mont-Doherty Geological Observatory.
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Figure 3. Glomar Challenger seismic profile approaching Site 558. For
location of profile, see Figure 2.

Circulation was stopped at 1430 hr. 9 October and the
end of the drill string pulled up to a depth of about
110 m sub-bottom. Logging operations were carried out
between 1600 hr. 9 October and 0330 hr. 11 October. These
operations are described in detail in the Downhole Mea-
surements section. After logging was completed, prepa-
rations were made for hydraulic piston coring, which
commenced at 1350 hr. 11 October and continued until
0930 hr. 12 October. A total of 132 m was piston cored
(Table 1). Piston coring was halted before complete
overlap of the sedimentary section when the pins hold-
ing the inner core barrel sheared and the core barrel be-
came lodged in the hole, which forced us to abandon
the hole. Piston coring operations were plagued repeat-
edly with the premature firing of the core barrel. How-
ever, this did not appear to affect the recovery of sedi-
ments, which was generally 100%. The Challenger was
under way to Site 559 (MAR-8) by 1700 hr. 12 October.
During the drilling of Holes 558 and 558A, operations
were repeatedly hampered by a bad combination of cur-
rent and swell that occasionally required a halt in opera-
tions for periods as long as 5 hr.

SEDIMENT LITHOLOGY

Two holes were cored at Site 558 in order to recover
the upper portion of the sediment by hydraulic piston
coring.

The first hole (558) was washed to 158 m before con-
tinuous rotary coring was begun. In this first hole a to-
tal of 561 m (measured from mudline) were penetrated,
of which 408 m consisted of calcareous pelagic sedi-
ments.

After the first hole was successfully logged, Hole 558A
was piston-cored to a depth of 131 m. Unfortunately, we
were forced to stop operation at this depth before over-
lapping with the top of the cored interval from Hole
558. This left a gap of 26.5 m, which represents approxi-
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Table 1. Coring summary, Site 558.

Date Depth from Depth below  Length Length
(Oct.  Time drill floor seafloor cored recovered Percent
Core  1981) (Z) (m) (m) (m) (m) recovered
Hole 558
H1 4 0039  3766.0-3924.0 0.0-158.0 0.0 0.00 0
1 4 0220  3924.0-3933.5  158.0-167.5 2.5 9.15 96
2 4 0353 3933.5-3943.0  167.5-177.0 9.5 8.78 92
3 4 0515  3943.0-3952.5  177.0-186.5 9.5 9.48 99
4 4 0652  3952.5-3962.0  186.5-196.0 9.5 9.65 100+
5 4 0800  3962.5-3971.5  196.0-205.5 9.5 9.40 99
6 4 0954  3971.5-3981.0  205.5-215.0 9.5 9.05 95
7 4 1120 3981.0-3990.5  215.0-224.5 9.5 0.89 9
8 4 1300 3990.5-4000.0  224.5-234.0 9.5 5.65 59
9 4 1450  4000.0-4009.5  234.0-243.5 9.5 3.28 35
10 4 1610  4009.5-4019.0  243.5-253.0 9.5 1.54 16
11 4 1740  4019.0-4028.5 253.0-262.5 9.5 2.74 29
12 4 1910  4028.5-4038.0  262.5-272.0 9.5 7.05 74
13 4 2055  4038.0-4047.5  272.0-281.5 9.5 9.00 96
14 4 2159  4047.5-4057.0  281.5-291.0 9.5 9.59 100+
15 4 2325  4057.0-4066.5  291.0-300.5 9.5 9.09 96
16 5 0057  4066.5-4076.0  300.5-310.0 9.5 9.70 100+
17 5 0236  4076.0-4085.5  310.0-319.5 9.5 7.43 78
18 5 0354  4085.5-4095.0  319.5-329.0 9.5 6.86 72
19 5 0525  4095.0-4104.5  329.0-338.5 9.5 7.60 80
20 5 0651  4104.5-4114.0  338.5-348.0 9.5 6.47 68
21 5 0805 4114.0-4123.5  348.0-357.5 9.5 3.64 38
22 5 0925  4123.5-4133.0  357.5-367.0 9.5 5.42 57
23 5 1045  4133.0-4142.5  367.0-376.5 9.5 9.36 99
24 5 1210 4142.5-4152.0  376.5-386.0 9.5 5.98 63
25 5 1340  4152.0-4161.5  386.0-395.5 9.5 8.97 94
26 5 1500 4161.5-4171.0  395.5-405.0 9.5 6.94 73
27 5 1801 4171.0-4180.5 405.0-414.5 9.5 3.78 40
28 5 2354  4180.5-4189.5  414.5-423.5 9.0 3.09 34
29 6 0553 4189.5-4198.5  423.5-432.5 9.0 3.29 37
30 6 1038  4198.5-4207.5 432.5-441.5 9.0 4.08 45
31 6 1538 4207.5-4216.5  441.5-450.5 9.0 2.20 24
32 6 2050  4216.5-4225.5  450.5-459.5 2.0 5.00 56
33 7 0435  4225.5-4234.5  459.5-468.5 9.0 3719 42
34 7 0801  4234.5-4243.5  468.5-477.5 9.0 1.50 17
35 7 1110 4243.5-4252.5  477.5-486.5 9.0 4.12 46
36 7 1445  4252.5-4261.5  486.5-495.5 9.0 3.09 34
37 7 1928  4261.5-4270.5  495.5-504.5 2.0 1.29 14
38 8 0110  4270.5-4275.0  504.5-509.0 4.5 2.45 54
39 8 0605  4275.0-4284.0  509.0-518.0 9.0 4.83 54
40 8 0858  4284.0-4293.0  518.0-527.0 9.0 3.37 37
41 8 1350  4293.0-4302.0  527.0-536.0 9.0 4.10 46
42 8 1955  4302.0-4311.0  536.0-545.0 9.0 1.78 20
43 9 0224  4311.0-4320.0 545.0-554.0 9.0 1.30 14
44 9 0754  4320.0-4327.5  554.0-561.5 7.5 3.39 45
403.5 239.16 59
Hole 558A
1 11 1415 3777.0-3777.5 0.0-0.5 0.5 0.47 94
2 11 1523  3777.5-3787.0 0.5-10.0 9.5 9.36 99
3 11 1639  3787.0-3796.5 10.0-19.5 9.5 9.51 100 +
4 11 1752 3796.5-3806.0 19.5-29.0 9.5 9.32 98
5 11 1920  3806.0-3815.5 29.0-38.5 9.5 9.71 100+
6 11 2040  3815.5-3825.0 38.5-48.0 9.5 9.70 100+
7 11 2145 3825.0-3834.5 48,0-57.5 9.5 8.22 87
8 11 2255  3834.5-3844.0 57.5-67.0 9.5 7.78 82
9 12 0025 3844.0-3851.0 67.0-74.0 7.0 4.76 68
10 12 0147  3851.0-3854.0 74.0-77.0 3.0 3.24 100+
11 12 0305  3854.0-3863.5 77.0-86.5 9.5 9.63 100+
12 12 0425  3863.5-3873.0 86.5-96.0 9.5 8.47 89
13 12 0546  3873.0-3880.0 96.0-103.0 7.0 6.98 100+
14 12 0652  3880.0-3889.5  103.0-112.5 9.5 9.65 100 +
15 12 0810  3889.5-3899.0  112.5-122.0 9.5 8.11 85
16 12 0910  3899.0-3908.5  122.0-131.5 9.5 8.78 92
131.5 123.69 94




mately 1-3 Ma of sedimentation. Because this gap rep-
resents such a short time span, and logging results
through the same section in Hole 558 indicate that the
lithology remains unchanged, we believe that we are jus-
tified in extrapolating sedimentation rates and lithology
through this interval. Also for this discussion we have
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SITE 558

treated the cored sediment from both holes as one con-
tinuous section (see Fig. 4).

Based on carbonate and clay content (see Fig. 5) and
the consequent color change, we have divided the sedi-
ment section into two major units. The lithologic unit
descriptions are discussed in order of their deposition,
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Figure 4. Lithologic column for Site 558. Water depth = 3766 m. T.D. = total depth. See Explanatory Notes chapter (this

volume) for lithologic symbols.
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Figure 5. Percentage plot of major sediment components for Site 558,

beginning at the base of the sediment section with Unit
2 (summarized in Table 2).

Unit 2

This unit consists of 108 m (558-16-3, 40 cm through
558-27-2, 130 cm) of marly nannofossil chalk and lime-
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stone, marly foraminiferal nannofossil chalk, and dolo-
mitic marly nannofossil chalk of the early Oligocene to
early Miocene time (from 17-19 to 34-37 Ma). Colors
of the chalks and limestones vary from brown (10YR
5/3) and yellowish brown (10YR 5/4) to pale brown
(10YR 6/3). The color changes are usually gradational



Table 2. Sedimentary lithologic units at Site 558.

SITE 558

Sub-bottom
depth
Lithologic  (thickness) Main Main Main
Interval unit (m) colors lithology components Structure Age
All of Hole 558A 1 0-300.0 Shades of white = Nannofossil ooze; MNannofossils, Uniform with  late Pleistocene
and 558-H1 (300) to pale siliceous foraminif- foraminifers moderate to early
to 558-16-3, brown eral-nannofossil mottling Miocene
40 cm ooze; foraminiferal-
nannofossil ooze
558-16-3, 40 cm 2 300.0-408.0  Yellowish Marly nannofossil chalk ~ Nannofossils, Uniform with  early Miocene
to 558-27-2, (108) brown to and limestone; foraminifers, moderate to early
130 cm brown marly foraminiferal- clay, to intense Oligocene
nannofossil chalk; dolomite mottling

dolomitic marly
nannofossil chalk/
limestone

with few sharp contacts. These color changes reflect the
change in carbonate versus clay content, although in
Cores 26 and 27 the presence of dolomite may be the
cause of darker shades of brown.

We observed no sediment transport textures or struc-
tures. Bedding is massive. Bioturbation/mottling is mod-
erate to intense. Burrows (2-3 ¢cm in diameter) have white
halos around darker cores and are somewhat ellipsoid.
Open ocean pelagic sedimentation began at this site in
the early Oligocene and has continued to the present.
But the deposition of sediments characterized by low
carbonate values (40-50%) and high clay content (45-
55%) ended in the late early Miocene. The presence of
clay minerals is confirmed by X-ray diffraction analysis.
Clay percentages were calculated by subtracting the per-
centage of carbonate (determined by carbonate bomb
analysis), siliceous microfossils, feldspar, and other com-
ponents (estimated from smear-slide examination) from
100 (Fig. 5).

Throughout this unit, siliceous microfossils and vol-
canic-derived debris (i.e., volcanic glass, feldspar, pala-
gonite, and heavy minerals) occur in only trace amounts
to a few percent. Manganese micronodules are also pres-
ent in trace quantities in all the cores, although in Cores
558-17 through 558-15, larger nodules (1-3 cm in diam-
eter) do occur. The presence of these manganese nod-
ules suggests a low sediment deposition rate. This obser-
vation is supported by an average sedimentation rate of
about 8 m/Ma calculated from biostratigraphic data
(Fig. 7).

Carbonate values change very little within Unit 2 with a
slight increase from 41% at the bottom of the unit to
50% at the top (see Fig. 5). Discussion of the carbonate
component in terms of foraminifer-nannofossil ratios
is complicated by the presence of authigenic dolomite
rhombs in Cores 27 through 23. In the chalks and lime-
stones of Core 27, the dolomite content is between 15
and 20%, then increases rapidly to 30% in Core 26.
From Cores 26 to 23, the dolomite decreases to trace
amounts and is absent from the rest of the sediment sec-
tion. The constant carbonate composition through this
section and the decrease in foraminiferal and nannofos-
sil components with increase in dolomite would suggest
that the dolomite is forming at the expense of the origi-
nal carbonate constituents. Dolomite was observed en-

crusting (and possibly replacing) tests of washed fora-
minifers. In smear-slide examination, the majority of
the dolomite rhombs are euhedral, although some show
textures of previous resorption and recrystallization. Oc-
currence of the dolomite is discussed further in the Pore
Water Chemistry section of this report.

The foraminiferal content changes from 5% or less in
the zone of maximum dolomitization to an estimated
10% at the top of the dolomitized section in Core 25
and continues through Core 21 at 8-10%, with lower
values in some samples (Fig. 5). Between Cores 21 and
16, the foraminiferal content is less than 5%, but in-
creases erratically upward from the upper part of Unit 2
in Core 558-17 through the transition zone into Unit 1,
reaching a maximum of 15% in Core 558-13.

The nannofossil abundance curve is essentially a mir-
ror-image of the foraminifers, except in the dolomitized
portion where both are in reduced abundance. Again
beginning in the top of the dolomitized zone, nannofos-
sils increase from an estimated 35% in Core 558-25 to
55% just below Core 558-16 and maintain values aver-
aging 40-50% until the top of the unit in Core 558-16.
Nannofossil percentages in the transition zone between
Unit 1 and Unit 2 average between 60 and 70%.

Unit 1

This unit consists of 300 m (Hole 558A to 558-16-1,
0 cm) of nannofossil ooze and chalk, foraminiferal-nan-
nofossil ooze and siliceous foraminiferal-nannofossil
ooze. Unit 1 represents a period of deposition from the
late early Miocene to the late Pleistocene (0 to 17-19
Ma) and is a continuation of the open ocean pelagic
sedimentation from Unit 2, but with less clay deposition
and higher sedimentation rates averaging 16 m/Ma.

We observed no sediment transport textures or struc-
tures. Bedding is massive. Bioturbation/mottling is mod-
erate, when observed, although the lack of color con-
trast may have resulted in underestimating the degree of
intensity or in overlooking these structures.

The lower portion of Unit 1 is transitional from Unit
2. In fact the first signs of the transition begin within
Unit 2 at 558-18-4, 90 cm with the first minor occur-
rences of white (10YR 8/1) to light brownish gray (10YR
6/2) nannofossil chalk. These interbeds of nannofossil
chalk (10-20 cm thick) continue irregularly uphole until
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558-15-5, 40 cm, where they become the dominant li-
thology. The pale brown (10YR 6/3) to very pale brown
(10YR 8/3) clayey interbeds persist uphole to 558-13-4,
60 cm, becoming less frequent, thinner, and less clayey
(less than 10%). The change in lithification from chalk
to ooze also takes place here.

Within the transition zone the nannofossil content
(60-70%) varies inversely with the clay content (see Fig. 5).
The foraminifers vary erratically from 1 to 15%. Be-
cause the total carbonate values are calculated from car-
bonate bomb data, a more reliable method than smear
slide estimates, the variation shown by its curve (range
70 to 90%) demonstrates best the transitional nature of
the lower portion of Unit 1.

Most of Unit 1 above the transition zone, through
Core 558A-8 is very uniform in composition and this is
reflected in coloration that varies only in shades of white
(2.5YN 8 to 10YR 8/1). The total carbonate curve (Fig. 5)
maintains a rather uniform average value of 90% with a
range of 83 to 97%. Through this interval, nannofossil
abundances range between 70 and 90% and foraminif-
eral abundances range from trace amounts to less than
10%. Clay, like the total carbonate curve, remains rath-
er consistent at 10% with a range of 2 to 17%. Siliceous
microfossils along with volcanic-derived material are ab-
sent or occur in trace amounts only. Micronodules of ei-
ther pyrite or manganese minerals are present in trace or
small amounts and may produce black streaks on the
cut surface of the cores as a result of the core-splitting
process.

Above Core 558A-8, the sediment color is white (5YR
8/1) up to 558A-1, which is pale brown (10YR 6/3), and
sediment constituents depart from their uniform nature
as previously described. Although overall clay content
departs very little from its previous average value of 10%,
except for a tendency to decrease near the top of the sed-
iment section, a noticeable difference in the clay abun-
dance curve is the increased variation in the range of
values (2-20%).

This increase in range and variation is common to all
the sediment constituents, although noticeable trends are
observed with sedimentation (uphole). The total carbon-
ate range is from 70 to 88%, with a decreasing trend
with younger sedimentation. Nannofossils, while still the
dominant sediment component, have a range of 80 to
45% with a decreasing trend with younger sedimenta-
tion. Foraminifers have a range of 2 to 29% with an in-
creasing trend with younger sedimentation. Siliceous
microfossils like the foraminifers also increase with youn-
ger sedimentation and have a range of trace amounts to
20%.

The relative increase of ratio of foraminifers and sili-
ceous microfossils to nannofossil abundances may re-
flect an increase of productivity of the surface water.
The higher variability may be due to cyclic environmen-
tal changes that cannot be resolved by our sampling
density.

Miscellaneous Sediments

Intrapillow-basalt (volcaniclastic) limestone is com-
mon throughout the basalt units. It occurs either be-
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tween pillow margins or as fillings in basalt cracks. Col-
ors vary from light brownish yellow (10YR 6/4) to white
(10YR 8/2). The volcaniclasts are mostly derived from
the adjacent vitric rims of basalt pillows. Along with
these volcaniclasts, foraminifers and micronodules are
roughly stratified (geopetal texture?).

The degree of recrystallization of the former pelagic
ooze is variable. The present limestone is mostly com-
posed of micritic calcite, along with some rare unrecrys-
tallized nannofossils, although irregular patches of spar-
ite are common. These limestones have been heavily
mineralized by dendritic manganese oxides.

BIOSTRATIGRAPHY

At Site 558, located near Anomaly 13, two holes were
drilled; Hole 558 and Hole 558A. Hole 558 was washed
down to a depth of 158 m and then sediments were con-
tinuously cored to a total penetration above basement
of 408 m. The sediments recovered range from late Mio-
cene to early Oligocene. The age of the oldest sediment,
based on the microfossils, is in agreement with the esti-
mated age of basement at the site.

Hole 558A had been piston-cored to a total depth of
132 m when mechanical problems in the inner core bar-
rel forced termination before biostratigraphic overlap was
accomplished. Sediments recovered from Hole 558A are
Pleistocene to upper Miocene.

The combined section recovered from Holes 558 and
558A as dated by calcareous nannofossils ranges from
Pleistocene to lower Oligocene. All major zones of Oka-
da and Bukry (1980) are represented except CN1la and
b, CN10b and ¢, and CN8. Nannofossil preservation is
generally good in Hole 558A and remains so down to
Core 558-5, which is middle Miocene. Preservation is
only moderate from Core 558-5 down to the base of the
sediment column.

Figure 6 shows the cored intervals, approximate ages
based on foraminifers and position of the biostratigraph-
ic gap. Foraminiferal ages are in general agreement with
the nannofossil dates. Planktonic foraminifers are com-
mon to abundant and preservation moderate to good
throughout most of the section (except for the middle
and upper Miocene sections where there is evidence of
dissolution and in the Oligocene section above the ba-
salt where there is evidence of destruction of foramini-
fers by the growth of dolomite crystals in and on the
tests).

Benthic foraminifers are fairly common and diversi-
fied and are indicative of deep water.

Other elements of the fauna such as well-preserved
diverse ostracodes, radiolarians, sponge spicules, fish
teeth, echinoid spines and Bolboforma (calcareous al-
gae?) are significant (see Echols, this volume, for dis-
cussion of Bolboforma).

Calcareous Nannofossils

Hole 558

Hole 558 was washed down to a depth of 158 m where
Core 558-1 was taken. Core 558-H1,CC contains an up-
per Miocene assemblage that includes Discoaster neoha-
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Figure 6. Preliminary zonation of Holes 558 and 558A.
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matus, Calcidiscus macintyrei, D. bellus, and Triquetro-
rhabdulus rugosus and is characteristic of the D. neoha-
matus Zone CN8 of Okada and Bukry (1980) NNI10.
Because of the common occurrence of D. bellus, it is
possible that Core 558-H1 corresponds to the lower part
of the D. neohamatus Zone.

Cores 1 to 3 were recovered by rotary methods and
are assigned to the upper middle Miocene to lower up-
per Miocene based on the occurrence of D. hamatus
and Catinaster calyculus. D. hamatus is the index spe-
cies for CN7 (NN9) and according to Okada and Bukry
(1980), the base of C. calyculus is the marker for Sub-
zone CN7b.

The core catcher of Core 558-4 contains C. coalitus
without D. hamatus and is placed within the C. coalitus
Zone CN6 (NNB8), which is middle Miocene.

Cores 5 to 11 occur between the first appearance of
C. coalitus and the last appearance of Sphenolithus het-
eromorphus. This interval is assigned to the D. exilis
Zone CN5 (NN6-NN7) and indicates an accelerated ac-
cumulation rate for the middle Miocene. D. exilis is abun-
dant and occurs with D. variabilis, D. bollii, Calcidis-
cus macintyrei, Coccolithus pelagicus, and T. rugosus.

Cores 12 to 14 are assigned to the middle Miocene be-
cause of the presence of S. heteromorphus with the com-
mon occurrence of long-armed discoasters. Core 15 con-
tains S. heteromorphus but the long-armed discoasters
are absent, creating an overall change in the appearance
of the assemblage. This suggests that Core 15 probably
should be attributed to the Helicosphaera ampliaperta
Zone CN3 (NN4-NN3). H. ampliaperta is absent in
Cores 12 to 15, so the first appearance of the long-
armed discoasters is used to separate Zones CN3 and
CN4.

The core catcher of Core 16 is lower Miocene, based
on the presence of S. belemnos CN2 (NN3-2).

The Oligocene/Miocene boundary occurs within Cores
17 and 18, which are placed into the T. carinatus Zone
CN1 (NN1-NP25). The assemblage is characterized by
T. carinatus, D. deflandrei, and Cyclicargolithus flori-
danus.

The interval 558-19,CC through 558-22,CC contains
S. ciperoensis and is assigned to the upper Oligocene S.
ciperoensis Zone CP19 (NP24-NP25). S. distentus, whose
last appearance datum marks the boundary between
Subzones 19b Dictyococcites bisectus and 19a C. flori-
danus, is not present until 558-21,CC. The interval 558-
19,CC through 558-21,CC is assigned to Subzone 19b,
and 558-22,CC is assigned to Subzone 19a.

The core catcher of Core 23 is assigned to the lower
upper Oligocene S. distentus Zone CP18 (NP23) be-
cause of the occurrence of S. distentus without S. ciper-
oensis. A lower upper Oligocene CP17 (NP23) assign-
ment is inferred for 558-24,CC because of the presence
of S. predistentus in the absence of S. distentus or Retic-
ulofenestra umbilica.

The presence of rare R. umbilica in 558-25,CC indi-
cates that this sample occurs within CP16¢c (NP22) H.
reticulata Zone, R. hillae Subzone. The core catcher of
Core 26 and 558-27-2, 42 cm contain R. umbilica and
Coccolithus formosus, which indicate that this interval
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belongs to the H. reticulata Zone, C. formosus Subzone
CP16b (NP21). Cores 25 to 27 are lower Oligocene.

Hole 558A

Hole 558A was cored by the hydraulic piston corer
(HPC), and 123.69 m of sediment were recovered. Core
1 contains abundant Gephyrocapsa caribbeanica and G.
oceanica, indicating the upper Pleistocene. The pres-
ence of Emiliania huxleyi is indefinite because of the
difficulty in recognizing this species with the light mi-
croscope. Core 1 contains common and well-preserved
Ceratolithus telesmus and C. cristatus. Although 558A-
2,CC is Pleistocene, assignment to a particular zone is
questionable because of the small size of the nannofos-
sils present: exceptions are Cycloccolithus leptoporus and
Helicopontosphaera sellii. Calcidiscus macintyrei is en-
countered in Core 3 above the extinction of Discoaster
brouweri. This sample corresponds to the lower Pleisto-
cene C. macintyrei Zone of Gartner (1977) (NN19).

Cores 4 to 7 are upper Pliocene and are assigned to
the D. brouweri Zone CN12 of Okada and Bukry (1980)
(NN16, NN17, NN18) on the basis of the occurrence of
D. brouweri above the last appearance of Reticulofenes-
tra pseudoumbilica. The core catcher of Core 4 contains
C. macintyrei and D. brouweri without D. pentaradia-
tus. This indicates the uppermost Subzone CN12d of
the D. brouweri Zone of Okada and Bukry (1980). Cores
5 and 6 contain D. pentaradiatus and possibly D. surcu-
lus and are placed within the Subzones CN12b-c. D. ta-
malis is first encountered in 558A-7,CC, and the sample
is therefore assigned to Subzone CNI12a.

Very rare R. pseudoumbilica are found in 558A-8,CC,
as well as D. tamalis and Ceratolithus rugosus. Because
specimens of R. pseudoumbilica are so rare and Sphe-
nolithus abies is absent, this sample is assigned to the D.
brouweri Zone, D. tamalis Subzone CN12a (NN16).

The core catcher of Core 9 contains a color change
that marks the position of a lower Pliocene hiatus. The
top of the core catcher contains R. pseudoumbilica, D.
asymmetricus, and D. famalis and is assigned to the D.
asymmelricus Subzone of the R. pseudoumbilica Zone
CNI11b (NNI15). The lower part of the core catcher con-
tains Amaurolithus primus, A. delicatus, and a possi-
ble C. acutus. Two specimens of Triguetrorhabdulus ru-
gosus are also present but may be reworked. This places
the lower part of 558A-9,CC in either the C. acutus
or T. rugosus Subzone of the A. tricorniculatus Zone
CN10a,b (NN12). Subzone CNl1la and CN10c of the
lower Pliocene are absent, signaling a hiatus during this
interval.

The interval from 558A-10,CC to 558A-12,CC con-
tains 7. rugosus with A. primus, A. delicatus, and A.
tricorniculatus. This indicates that this interval is upper-
most Miocene. Because the presence of D, quinquera-
mus could not be clearly established, Cores 10 and 11
are thought to occur within the A. tricorniculatus Zone,
T rugosus Subzone CN10a (NN12).

The interval from 558A-13,CC to 558A-14,CC is at-
tributed to the upper Miocene D. quinqueramus Zone,
A. primus Subzone CN9b (NN11). D. quinqueramus is
observed in these samples as well as 4. amplificus and
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A. primus. The core catcher samples from Cores 15 and
16 also belong to the D. quinqueramus zone. The ab-
sence of A. primus and the presence of D. berggrenii
place this interval within the D. berggrenii Subzone CN9a
(NNI11).

Foraminifers
Hole 558

Miocene (upper)

Hole 558 was washed down to a depth of 158 m. The
first rotary core taken recovered a white nannofossil-fo-
raminiferal ooze with an abundant and well-preserved
middle-upper-Miocene fauna. Although placement is ten-
tative, abundant specimens of the Globorotalia menar-
dii-(cultrata) s.1. lineage and the presence of Globigeri-
na nepenthes, Globoquadrina altispira, G. dehiscens,
Sphaeroidinellopsis subdehiscens and S. seminulina seem
to be indicative of foraminiferal Zone N15 (10-10.5 Ma).
The core catchers of Cores 2 and 3 contain a similar
fauna, but the planktonic foraminifers in 558-3,CC show
signs of fragmentation. The core catcher of Core 4, which
also shows fragmentation and/or dissolution, is assigned
to lower Zone N15/upper N14 because of the presence
of very abundant Globigerina nepenthes,which makes
its first appearance at approximately 12 Ma.

Miocene (middle)

The core catcher of Core 5, Zone N14, is significant
in the marked increase in numbers of Globogquadrina
dehiscens and G. advena and for the interesting tiny
spherical to flattened spherical calcareous forms found
in the finest fractions. These forms probably belong to
the incertae sedis Bolboforma, originally described from
the Oligocene and Miocene of northwestern Germany
by Daniels and Spiegler in 1974. Since then the forms
have been recorded from Miocene sediments drilled dur-
ing DSDP Legs 35, 48, and 80 (Régl and Hochuli, 1976;
Murray, 1979; and Graciansky, Poag, et al., in press, re-
spectively). In these reports they have been referred to as
cysts or reproductive bodies of an unknown algae, and
it has been suggested, because the species described have
distinct stratigraphic ranges, that they may be regional
markers in deep-sea sediments (see Echols, this volume).

The core catcher of Core 6, which is older than 12
Ma, shows considerable fragmentation of the plankton-
ic forms and, because of the selective dissolution, a high
proportion of large, well-preserved diverse benthic fora-
minifers. The rare specimens of Globigerina nepenthes
present are attributed to uphole contamination. In 558-
7,CC, planktonic forms are common and moderately
well preserved. Sphaeroidinellopsis seminulina and S.
subdehiscens are the dominant forms in the assemblage.
This sample is assigned to the middle Miocene Zone
N13. The fauna in 558-8,CC shows some fragmentation
and overgrowths on the globorotalid forms. The core
catcher of Core 9 has a fairly abundant but fragmented
fauna. Globorotalia peripheroronda, which becomes ex-
tinct around 14+ Ma, is first encountered in this sam-
ple. Orbulina universa and O. suturalis are also present



in fair numbers, indicating an age older than 14 Ma and
less than 16 Ma. This sample is assigned to Zone N11.
The core catchers of Cores 10 and 11 are also middle
Miocene but are heavily contaminated with Pleistocene
and Pliocene material. In 558-12,CC, foraminifers are
common but fractured. G. peripheroronda, S. subdehis-
cens, and S. seminulina are common, and Globigerinoi-
des sicanus is rare.

Miocene (lower)

The core catcher of Core 13 is assigned to the forami-
niferal Zone N8, upper part of the lower Miocene. In
this sample Globigerinoides sicanus, Globoquadrina de-
hiscens, and Globigerinoides trilobus are common and
Orbulina species are absent. In this sample the siliceous
element is apparent; radiolarians, diatoms, and sponge
spicules are very abundant and diverse. The core catch-
er of Core 14, lower Miocene, contains abundant and
well-preserved Globoquadrina dehiscens and globoro-
talid forms, such as Globorotalia praemenardii and G.
praescitula.

The core catcher of Cores 15 and 16 are also lower
Miocene. In the larger fraction these samples contain
very abundant Globoquadrina dehiscens, and in the fin-
er fractions abundant Catapsydrax and Globigerinoi-
des. The core catcher of Core 17 is assigned to Zone N4
based on the assemblage of Catapsydrax dissimilis, Glo-
borotalia kugleri, Globoquadrina dehiscens, and Globi-
gerina [ripartita.

Oligocene (upper)

The core catchers of Cores 18 and 19 are considered
uppermost Oligocene. The core catcher of Core 18, al-
though contaminated with Pliocene-Pleistocene materi-
al, does contain abundant Globigerina tripartita, G. ve-
nezuelana, and Catapsydrax dissimilis. The core catch-
er of Core 19 also contains these forms in abundance
along with Globoquadrina baroemoenensis (= dehis-
cens of some authors), Globigerina gortanii (Catapsy-
drax of some authors), and rare Globorotalia opima.
Very large specimens of C. dissimilis have been used,
where other markers are missing, for the Oligocene
assignment (the Globorotalia opima opima Zone). The
core catcher of Core 19 is assigned to N2/P21 G. opima
opima Zone.

The core catchers of Cores 20 and 21 have essentially
the same abundant well-preserved fauna, whereas 558-
22,CC and 558-23,CC have in addition abundant well-
developed Chiloguembelina cubensis, Globorotaloides su-
teri, Globigerina praebulloides, and Globorotalia opima
nana. This assemblage is assigned to the lower part of
P21, or upper part of P20.

Oligocene (lower)

The core catchers of Cores 24 and 25 have a similar
fauna with abundant Chiloguembelina cubensis and in
addition, abundant Pseudohastigerina sp. These sam-
ples are assigned to the zonal interval P20/P19.

The core catcher of Core 26 contains abundant Pseu-
dohastigerina sp., planispirally coiled specimens com-
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mon in the lower Oligocene, and a similar fauna to that
found in the preceding cores. Although this sample is
not particularly diagnostic, it is tentatively assigned to
P19.

Of interest in this sample is the fact that the foramini-
fers show some destruction, and dolomite rhombs are
growing in and on the foraminiferal tests. The pan frac-
tion of this sample consists of dolomite crystals and tiny
corroded foraminifers.

Basalt was reached in 558-27,CC at approximately
408 m. The washed residue of a sample 1 m above the
basalt contains nothing but dolomite rhombs, rare frag-
ments of foraminifer shells, and manganese(?) nodules.

Age of basement based on the foraminifers is esti-
mated at 32-35 Ma.

Hole 558A

Pleistocene

Sixteen HPC cores, to a total depth of 131.5 m, were
drilled into Hole 558A. Core 558A-1,CC, a white nan-
nofossil-foraminiferal ooze at 5 m, recovered Pleisto-
cene sediments. Dominant elements of the foraminiferal
fauna that are characteristic of Zones N22/N23 are Glo-
borotalia truncatulinoides, G. inflata, G. scitula, Globi-
gerina bulloides, Globigerinoides ruber, G. obliquus, Neo-
globoquadrina pachyderma, and Orbulina universa. Ben-
thic foraminifers, ostracodes, and abundant beautiful
diverse radiolarians are well preserved.

Sample 558A-2,CC (which is also Pleistocene) con-
tains essentially the same fauna with an increase in the
abundance of Globorotalia truncatulinoides and the ad-
dition of abundant G. tumida, G. flexuosa, and G. cras-
saformis.

Pliocene-Pleistocene

Core 558A-3,CC at 19.5 m is lower Pleistocene-up-
permost Pliocene. Besides the fauna found above it con-
tains abundant Pulleniatina obliquiloculata. Core 558A-
4,CC is considered uppermost Pliocene (N21) and is char-
acterized by a reduction in numbers of Pleistocene
species and by the appearance of the gradational forms
in the Globorotalia truncatulinoides lineage (i.e., G.
ronda and G. fosaensis). The core catchers of Cores 5
and 6 are also upper Pliocene (N21). G. fruncatulinoides
is very rare in 558A-5,CC and absent from 558A-6,CC.

Pliocene (lower)

The core catchers of Cores 7 and 8 contain foramini-
fers indicative of the lower Pliocene (N19). (Zone N20
of Blow, 1969, if it exists, was not recognized in this
hole.) Both samples have very abundant, well-preserved
foraminifers in a white nannofossil-foraminiferal ooze.
The core catcher of Core 7 has very abundant and large
Orbulina species, abundant Globorotalia crassaformis
(crassula), G. ronda, Globigerinoides conglobata, G. sac-
culifer, and pink G. ruber. The core catcher of Core 8
contains essentially the same fauna in different propor-
tions and in addition large well-preserved Globorotalia
pertenuis. The fauna indicates a warm-temperate climate.
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Samples from 558A-9,CC are also assigned to Zone
N19; but the fauna indicates a slightly older age. As a
matter of fact, reexamination of the core catcher seems
to indicate that the Miocene/Pliocene boundary may
have been penetrated in this section between 558A-9,CC
and 558A-10-1.

Therefore, until detailed zonation is complete, 558 A-
10,CC and 558A-11,CC are tentatively assigned to the
lowermost Pliocene-uppermost Miocene.

Miocene (upper)

The core catchers of Cores 12 through 15 are upper
Miocene and are assigned to the N17 foraminiferal zone.
Zone N18 is either missing from the section or just not
apparent in the core catcher material. Further study of
the sections may resolve this question. The planktonic
fauna in the core catchers of Cores 12 through 14 show
fracturing and/or dissolution in all size fractions, and
the forms are considerably smaller in size than the pre-
ceding sample. This may be more apparent than real and
due to the fact that the larger forms are fractured. The
core catcher of Core 15 contains very abundant Globi-
gerina nepenthes and may be representative of the lower
part of N17.

The core catcher of Core 16 at 131.5 m, the last
HPC core recovered from Hole 558A, contains a well-
preserved, diverse, robust fauna of abundant G. nepen-
thes, Sphaeroidinellopsis seminulina, S. subdehiscens,
large G. bulloides (praebulloides?), G. atlantica, and Or-
bulina. This sample is assigned to N16 and may be dat-
ed at approximately 8 Ma +.

Biostratigraphic overlap with Hole 558 was not ac-
complished (Fig. 6).

SEDIMENT ACCUMULATION RATES

Sediment accumulation rates are plotted from fora-
miniferal and nannofossil biostratigraphic zone deter-
minations from core catcher samples. Because prelimi-
nary age designations show some differences between
nannofossil and foraminiferal dates, we have plotted the
age ranges at each core catcher depth (Fig. 7) and have
calculated an average sediment accumulation rate for
each stratigraphic interval, based on the boundaries de-
termined from nannofossils and foraminifers respective-
ly (Fig. 7; Table 3).

The changes in sediment accumulation rates corre-
spond approximately with stratigraphic boundaries. The
most obvious change in sediment accumulation rate (from
16.6-26.2 m/Ma to 4.7-5.8 m/Ma) near the top of the
lower Miocene corresponds to the boundary of Litho-
logic Units 1 and 2. This boundary is defined by a down-
hole decrease in carbonate content and an increase in
the clay content. In the transition zone between the two
lithologic units (approximately 277 to 304 m), we calcu-
lated a sediment accumulation rate of 7 to 9 m/Ma.

The causes of the quite abrupt decrease in sediment
accumulation rate and carbonate content (to less than
50%) were discussed extensively on board ship but no
conclusions were reached. The following are possible fac-
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tors that were considered. (1) Dissolution may account
for only part of the reduction. Preservation of the nan-
nofossils is only moderate throughout the interval from
the top of the lower Miocene to the base of the sediment
section, although the site has probably been above the
calcite compensation depth (CCD) throughout its histo-
ry. (Backtrack curves for this area in the vicinity of the
Azores Triple Junction have greater uncertainty.) Dis-
solution resulting from characteristics of the Oligocene
to early Miocene water mass is also a possibility. (2)
Changes in carbonate productivity may have some af-
fect. (3) Possibly, the carbonate underwent some dis-
solution and some proportion of the nannofossils may
have been “winnowed” away by bottom water move-
ment, reworking, and bioturbation, leaving reduced nan-
nofossil percentages and increasing clay and foraminif-
eral percentages. The irregular basement topography and
the fact that the site is situated on a basement high
could well be the key cause. Similar problems have been
discussed by Berger and von Rad (1972).

In the upper portion of the hole, above the lower Pli-
ocene hiatus, the upper Pliocene has an extremely high
sediment accumulation rate (40.8 m/Ma). This high rate
may correspond to increased productivity of the surface
waters. As shown in Figure 5, this same interval shows
an increase in siliceous microfossils content. The pres-
ence of siliceous microfossils is used as an indicator of
surface water productivity.

PORE WATER CHEMISTRY

The results of the interstitial water chemistry analysis
for Hole 558 and Hole 558A are shown in Figure 8 and
tabulated in Table 4.

The values of pH, alkalinity, and chlorinity remain
fairly constant with depth. The salinity values, on the
other hand, are very erratic, which may reflect contami-
nation by surface seawater (seawater is used as a drilling
fluid in rotary coring).

Except for the sample taken immediately above the
basalt, the calcium and magnesium concentration gradi-
ents are typical for calcareous pelagic sediments overly-
ing basalt; that is, the pore waters are enriched in calci-
um and depleted in magnesium. However, the pore wa-
ters sampled immediately above the basalts are just the
opposite, being depleted in calcium and enriched in mag-
nesium. The possible cause for these anomalous values
could be the result of seawater contamination, but note
that this pore water sample was taken from dolomitic
(authigenic, 20%) nannofossil chalk.

IGNEOUS PETROLOGY AND GEOCHEMISTRY

Igneous rocks, consisting mainly of pillow basalts and
varying amounts of interpillow breccia (hyaloclastite lime-
stone breccia) occur below 408 m sub-bottom depth
throughout the drilled basement section. Two thin, mas-
sive basalt flows were encountered within and above the
pillow layers. Serpentinite rocks, initially moderately al-
tered grading down through fresh serpentinite to highly
sheared serpentinite mylonite, were drilled from 520 m
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Figure 7. Sediment accumulation rates, Site 558.
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Table 3. Sediment accumulation rates.

to the end of drilling at 561.5 m. Eleven lithologic units
and six chemical groups have been identified in the

Nannofossils Foraminifers basement at Site 558 (Units 3-13, Figs. 9 and 10).
S:rmigr_aphic Age Depth Rate Depth Rate
unit (Ma) (m)  (m/Ma) (m) (m/Ma) Lithologic Units
Pleistocene 1.8 0-18 10.0 i -
upper Pliocene  1.8-3  18-67 40.8 Unit. 3 (400-414.9'm)
lower Pliocene 3-5 57‘74}1_ ; The first igneous rock unit, occurring below sedimen-
1atus . .
upper Miocene 5212 74-186 16 86-205 17 tary Units 1 and 2 is a moderately altered, weathered,
middle Miocene ~ 12-16  186-291  26.2  205-272  16.7 fine-grained aphyric massive basalt flow. Unit 3 has been
lower Miocene 16-24  291-329 4.7 272-319 5.8 i i 1
UfberOligocens: 432 3538 3 s 2 1nterpret_ed as a massive flow.becausellt lacks_ g']z!ss or
lower Oligocene ~ 32-37  386-414 5.6 other evidence of internal cooling margins. Variolitic ba-
salt is observed in the upper 40 cm of this unit. The size
Hole-Core-Section pH (ﬂ:::’ll:‘m:r} S?';::F Calcium {mM/liter) Magnesium (mM/liter} Ch:(;;:nliw
7 8 2 468 | 343337 | 10 15 20 25 30 35 40 45 50 55 60 18 19 20 21
T T T T T T T T T T T T T T T T LB T T T T T T 1 71 T
Standard seawater L ] L ] ® L L ]
ol Surface seawater L] ® ® L] L] L] =
558A-2.7
50} 4
558A-7-4
1001~ 558A-12.3 .
150+ {foraminiferal) Nannofossil ooze -
E 558-1.6
£ 200 | -
g
z 558-6-6
B 250: 558-8-3 E
g
4 300~ 558135 7
@ I
350 558-18-4 e ; / 7
(foraminiferal) Nannofossil chalk !II
400 568-23-6 ‘{o ~‘
558-27.1 nIZ)Yt:llt:lrnit'u: ?snno_fussil chalk-
80y e e T |
| Oy 'Y O eadusilaal L L -_'),“‘::J:":1"":«1'»1:1‘-1"3._1” 1 1 | O
Note: Anomalous values from Sections 558-23-6 and 558-27-1 may be the results of seawater contamination.
Figure 8. Pore water chemistry water profile, Site 558. Hole 558 results are open circles; Hole 558A, squares.
Table 4. Pore water chemistry results, Site 558.
Sub-bottom : :
Cal M ..
Core-Section depth Alkalinity  Salinity hm i Chlorinity
(interval in cm) (m) pH  (meg/liter) (%) (mM/liter) {%a)
Hole 588A
2-7, 12-19 10.0 7.43 3.47 35.1 10.67 52.16 19.55
7-4, 144-150 56.0 7.44 3.19 36.3 10.67 51.40 19.62
12-3, 143-150 92.0 7.42 3.20 36.1 11.02 51.05 19.65
Hole 558
1-6, 144-150 167.5 7.36 2.99 37.6 11.00 50.71 19.48
6-6, 140-150 215.0 7.43 3.50 36.4 12.13 49.99 19.41
8-3, 110-120 230.0 7.42 4.79 353 12.60 50.05 19.58
13-5, 144-150 280.0 7.31 3.92 36.8 13.39 50.15 19.62
18-4, 110-120 325.0 7.34 4.03 353 14.08 48.28
23-6, 140-150 376.5 7.39 3.27 35.3 15.20 47.81 19.04
27-1, 140-150 411.0 7.13 3.00 36.2 12.09 53.27 19.31
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Note: The anomalous values from Sections 558-23-6 and 558-27-1 may be the results of seawater contamina-
tion.
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SITE 558

of the varioles increases downward, ranging from 1 to
6 mm in diameter.

Unit 4 (414.9-423.5 m)

This unit consists of fine-grained aphyric basalt pil-
lows, which are sometimes separated by multiple chilled
glass margins. It is overlain by a thin hyaloclastite layer
containing flat, angular pieces of glass altered to pala-
gonite at their rims and aligned parallel to one another
within a limestone matrix. The whole pillow sequence is
highly fractured and contains strongly weathered zones
close to the fractures. The remainder of the rock ap-
pears fresh to slightly weathered. Pillow thickness, about
60 cm in the upper part of the unit, increases slightly to-
wards the bottom.

Unit 5 (423.5-455.5 m)

This unit consists of approximately 32 m of aphyric
basalt pillows with abundant interpillow breccia. The
fine-grained pillow interiors appear to be fresh to mod-
erately altered and grade outwards through an altered
variolitic zone to fresh aphanitic basalt close to cooling
margins. Basalt glass usually occurs as a rind around
the pillows. Interpillow hyaloclastite breccias consist of
glass pieces with minor basalt clasts in a limestone ma-
trix or calcite cement. Glass clasts smaller than 5 mm
are mostly completely altered to palagonite, whereas the
larger clasts are only rimmed by alteration products.
Roughly 30 pillows were recovered in this unit, ranging
in drilled thickness from about 30 cm to approximately
1 m.

Unit 6 (455.5-459.5 m)

Unit 6 consists of fine-grained aphyric massive ba-
salt. A vertical fracture filled with calcite extends along
the length of the cored section. Weathered areas extend
0.5 cm on either side of the fracture. Vesicles are rare;
they are small (less than 2 mm), round, and clay filled.

Unit 7 (459.5-495.5 m)

This unit strongly resembles Unit 5. It consists of
about 36 m of fine-grained aphyric basalt pillows, near-
ly all of which are separated by fresh glass margins. The
amount of interpillow breccia, although less than in Unit
5, increases down the unit. Altered variolitic transition
zones commonly separate fresh or moderately altered,
fine-grained pillow intertors from fresh aphanitic to glassy
outer zones. Calcite-filled veinlets and fractures occur
throughout this unit.

Unit 8 (495.5-496.2 m)

This 70-cm-thick unit consists mainly of limestone
with interbedded altered basalt breccia and hyaloclastite
layers. Smaller clasts (less than 1 cm) are mostly altered
to palagonite, whereas the larger clasts are fresh with
narrow palagonite rims. The limestone contains a den-
dritic pattern of black oxides. In places, cavities are
filled with calcite cement.

Unit 9 (496.2-505.0 m)

Unit 9 consists of fresh to moderately altered fine-
grained aphyric basalt, occurring as pillows and interpil-
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Figure 10. Downhole variations in chemical abundances, Hole 558. Chemical groups are designated by Roman numerals.
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low breccia. Clasts of glass derived from pillow mar-
gins, aphanitic basalt, and variolitic basalt are common
in the breccia. The majority of glass shards are approxi-
mately 2 to 10 mm long and are slightly altered to pala-
gonite.

Unit 10 (505.0-518.0 m)

Unit 10 consists of moderately altered fine-grained
aphyric basalt forming large pillows. Pillow rims are
marked by a gradation from fine-grained aphyric basalt
through variolitic basalt to aphanitic basalt. The drilled
thickness of the pillows ranges from a few tens of centi-
meters to about 1.5 m; most pillows are less than 80 cm.
Clay-filled or calcite-filled fractures and calcite veinlets
are common throughout the section.

Unit 11 (518.0-520.0 m)

This unit is a basalt breccia composed of angular to
subrounded aphyric, fine-grained to aphanitic basalt
clasts. Clast size ranges from a few millimeters to a few
centimeters. The matrix is mainly limestone accompa-
nied by some sparry calcite cement.

Unit 12 (520.0-531.5 m)

Unit 12 consists of brown altered serpentinite and
serpentinite breccia (often described as sheared gabbro
in visual core descriptions) and mylonite with minor,
less strongly serpentinized, anorthosite veins. The ser-
pentinite is highly altered gabbro with rare relict pyrox-
enes 1-5 mm in size. The serpentinite breccia consists of
clasts of serpentinite in a matrix of clay minerals, talc,
and additional serpentine. The clasts range in size from
approximately 1 mm to several centimeters. Two meters
above the bottom of Unit 12, the mylonite zone con-
tains angular, moderately altered basalt clasts, including
one large basalt clast at 529.9 m.

Unit 13 (531.5-561.5 m)

Unit 13 is composed of strongly sheared blue green
serpentinite mylonite containing clasts of serpentinite
up to 1 m in drilled thickness. Serpentinite clasts are
dark green to black, and weakly to moderately sheared,
with sinuous, white, chrysotile veinlets varying in abun-
dance from 2-20% and ranging from 0.1 to 20 mm in
thickness.

Petrographic and Chemical Groups

Basalts from Site 558 can be divided into six groups
on the basis of chemical analysis (Tables 5 and 6). Chem-
ical group boundaries do not always coincide with litho-
logic unit boundaries described in the previous section.
Samples from each chemical group are also petrographi-
cally similar regardless of lithologic unit, but not all
groups are petrographically distinct (Groups I, 1V, and
V are very similar).

All basalts from this site are aphyric and few are ho-
locrystalline; the majority of samples examined display
intersertal textures, with more glass-rich textures occur-
ring closer to pillow margins. Weathering is pervasive
throughout Site 558; most samples show at least some
brownish discoloration in hand specimen, and orange

SITE 558

Table 5. Average analyses for the six chemical groups from Hole 558.

Chemical group | 11 m v N vi
N 1 3 13 5 6 1

Major elements (wi.%o)

50y 50.67 5086 5070 50.19 4937 48.71
TiOy 1.22 1.12 1.33 1.22 0.96 0.92
Alx03 1410 1501 1482 1465 1549 1581
Fe;03 1092 1008 1017 1098 1017 10.73
MnO 0.16 0.15 0.15 0.16 0.16 0.16
MgO 9.87 7.69 8.33 8.90 9.48  10.55
Ca0 1055 1223 1164 1190 1206  11.56
K70 0.18 0.18 0.30 0.30 0.20 0.10
P305 0.14 0.12 0.18 0.13 0.12 0.07

Trace elements (ppm)

Ti 7320 6720 8280 7308 5780 5520
v 207 255 275 266 224 194
Sr 128 92 175 144 115 107
Y 27.0 29.7 28.7 28.1 22.9 23.0
Zr 83 66 88 80 61 51
Nb 8.6 32 14.8 10.5 7.3 2.0
Mg’ 67 63 65 65 68 69
Al03/TiO, 11.6 13.5 10.8 12,0 16.1 17.2
Ti/Zr 88 102 94 92 96 108

Mote: N is the number of samples on which the mean is based. Mg' is the atomic ra-
tio of 100 x Mg/(Mg + Fe2+), calculated using an assumed Fe;03/FeO ratio
of 0.15. Averages are calculated from data listed in Table 6.

brown iron hydroxides are present in varying amounts in
virtually all thin sections. Brown discoloration is strong-
ly developed in variolitic zones throughout the hole.

Twenty-eight samples from Site 558 were analyzed for
major and trace elements. The data are shown in Tables 5
and 6, and in Figure 10, depth is plotted versus each of
the following elements: Zr, TiO,, Al,0;, CaO, Fe,0,,
and MgO.

Chemical Group I is defined by a single sample from
Section 558-27-3. It is clear from Table 5 and Figure 10
that this sample has a unique chemistry compared to the
other chemical groups. The CaO content of this sample
(10.7 wt.%) is very low compared to that of the other
groups.

Chemical Group IV consists of five samples from
Cores 558-35 and 558-36. There may be a minor subdi-
vision in this group between the samples from Cores
558-35 and 558-36. The two samples from Core 558-36
have lower MgO and Mg-numbers than Core 558-35
samples, and higher concentrations of TiO,, Zr, and
Nb. As a group, however, the Zr/Nb ratio is consistent
at values of 7-8.3. This is greater than the Zr/Nb ratio
value exhibited by chemical Group III but less than for
Groups I and II, reflecting the slightly enriched nature
of this group, which shows up on the extended Coryell-
Masuda diagram (Fig. 11).

Chemical Group V consists of six analyzed samples
from Cores 558-37 to 558-39. In terms of most of the
major and trace elements, this group is chemically ho-
mogeneous with the apparent exception of the two sam-
ples from Sections 558-38-2, and 558-39-1, which have
low MgO contents (8.2-8.4%) and Mg numbers (63-65)
compared to the other basalts in this group (MgO, 10%;
Mg-number, 69). Basalts of this group display relatively
enriched Coryell-Masuda patterns, similar to those of
Groups I and IV (Fig. 11), but with somewhat lower ab-
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Table 6. Analyses of major elements (wt.%) and trace elements (ppm) from Hole 558 basalts.

Core-Section Sub-bottom

(interval in cm) depth Chemical

(piece number) (m) group Si0p TiOp AlO3 Fe03 MnO  MgO Ca0  Ky0 P05 Total Mg’ Ti vV S Y Zr Nb
27-3, 74-77 (8) 408.9 1 5067 122 1410 1092 016 987 1055 0.8 0.4 97.81 67 7320 207 128 27.0 83 8.6
28-1, 91-94 (9) 415.4 5095 112 1504 1022 045 751 1228 021 0.2 9770 62 6720 256 93 293 63 2.8
28-2, 121-125 (15) m.z} 1 51.00 113 1518 948 016 822 1224 011 013 9762 66 6780 257 96 297 69 3.5
28-3, 60-64 (7) 418.2 50.62 1.11 15.03 10.55 0.15 7.35 12.18 0.21 0.10 97.30 61 6660 253 88 30.2 65 3.2
29-1, 120-125 (TD) 424.8 5217 1.3 1476 1012 0.4  7.68 1142 043 019 9834 63 BSBO 277 176 30.2 97 153
29-4, 71-76 (6) 428.7 S0.88  1.41 1483 1037 0.5 808 1153 039 021 97.85 64 8460 273 171 29.6 91 157
30-1, 60-64 (8A) 433.1 5030 1.39 1434 1047 0.8 866 1130 026 0.8 97.08 65 8340 281 165 29.8 97 143
30-3, 99-103 (10B) 436.5 50.28 1.43 1484 1035 015 831 11.60 034 0.19 9749 64 8580 278 173 302 96 152
30-4, 55-59 (4C) 437.5 51.57 142 1477 1007 0.4 778 1150 023 020 97.68 63 8520 268 172 288 90 16.0
31-1, 62-64 (5C) 4422 5107 139 1461 1044 015 832 1137 029 019 9783 64 8340 277 174 311 89 164
31-2, 128-130 (9) 4443 i 5127 141 1464 1021 005 852 11.44 028 0.9 9811 65 8460 280 172 289 90 172
32-1, 106-110 (8A) 451.5 5033 1.42 1476 1028 015 849 1174 035 0.9 9771 65 8520 280 171 305 87 150
32-3, 63-67 (4C) 454.1 50.09 132 14.89 964 0.13 844 1168 0.26 0.8 9663 66 7920 274 173 262 Bl 139
32-5, 66-70 (2B) 456.2 49.77 136 1568 1039 0.15 7.8 1231 030 009 9792 63 8160 291 187 273 BO 129
33-1, 77-80 (9A) 460.2 50.05  1.31 1488 1009 0.4 849 1180 024 0.16 9706 65 T80 267 180 28.0 82 13.0
333, 142-145 (9D) 463.9 5070 130 15.12 9.87 0.4 894 11.90 028 0.7 9842 67 7800 274 183 257 83 139
34-1, 34-38 (3B) 468.8 S0.62 129 14.62 992 0.4 877 1172 021 017 9746 67 7740 255 177 265 79 142
35-1, 128-131 (11C) 478.8 50.24 119 1437 1029 006  9.06 11.65 033 0.6 97.45 66  T140 261 146 277 75 104
35-2, 97-102 (6A) 480.0 5008 1.21 1475 1022 015 928 1192 025 0.5 98.01 67 7260 273 146 265 79 9.3
35-3, 100-102 (8B) 481.6 v 50.25 118 14.38 998 0.5 941 116l 030 043 9739 68 7080 250 141 266 69 9.4
36-1, 62-65 (5) 487.2 4994 124 1469 1036 0.6 830 1209 028 016 97.22 64 7440 284 139 299 B3 1L5
36-2, 107-110 (5E) 489.1 50.45  1.27 1506 1007 016 843 1221 033 0.7 9815 65 7620 265 149 30.0 93 121
37-1, 137-141 (19A) 496.9 49.18 094 1535 1012 0.5 1019 1195 0.21 009 9818 69 5640 243 113 227 SB 6.4
38-1, 126-130 (16) 505.8 4882 096 1533 10,02 0.6 1001 1202 0.5 0.1 97.58 69  S760 222 113 225 65 18
18-2, 84-88 (5B) 506.8 v 4985 100 1602 1055 0.6 817 1242 020 0.3 9850 63 6000 235 117 232 56  B.4
39-1, 83-87 (5G) 509.8 49.64 100 1601 999 017 843 1229 0.9 03 97.85 65 6000 223 115 237 62 6.9
39-2, 35-38 (3A) 5109 4977 094 1527 1021 0.7 1010 1187 022 0.2  98.67 69 5640 218 112 231 61 69
39-4, 131-135 (6) 514.8 48.97 094 1493 1011 015 995 IL79 020 0.1 9705 69 5640 204 121 224 62 7.1
41-2, 143-146 (6F) 529.9 Vi 4871 092 1581 1073 0.6 1055 1156 0.10  0.07 9861 69 5520 194 107 230 51 20

Note: Measurements were made on board using ignited samples. On-shore analyses have shown the loss on ignition to be less than |%. The concentrations listed in the tables of compiled data
(Appendix at the end of this volume) include volatile contents. Mg’ is the atomic ratio of 100 x Mg/(Mg + Fe2*), calculated using an assumed Fey04/FeO ratio of 0.15.

solute abundances. The variation of chemical composi-
tion between the higher and lower MgQ members of
Group V could possibly be explained by subtraction of a
small proportion (few percent) of olivine.

Basalts of Groups I, IV, and V are composed of
30-40% hollow, elongate plagioclase laths up to 0.5 mm
long, often arranged in parallel or slightly radiating bun-
dles; different bundles have random orientations. Euhe-
dral-shaped, diamond-shaped, lantern-shaped, or prism-
shaped olivine (5-10%) ranges from completely altered
(to green brown clay) to less than 50% altered with fresh,
clear cores. The remainder of each rock is made up of
about 20% granular clinopyroxene and 30-40% dark
mesostasis. Depending on the degree to which each sample
has crystallized, this mesostasis may be composed of
fine granular of sheaflike clinopyroxene and dark brown
devitrified glass in almost any proportion. Associated
with the mesostasis is about 5% fine granular or skeletal
magnetite. An unusual feature of some of the rocks in
these groups is the presence, in plagioclase, of numer-
ous, tiny dark brown octahedra of spinel.

Chemical Group II comprises the three analyzed sam-
ples from Core 558-28. In terms of both major and trace
elements, this group is homogeneous, except for a high-
er MgO content (and consequently higher Mg-number)
in the sample from Section 558-28-2. In comparison to
Group I, the aphyric basalts of Group II are notably
lower in TiO,, MgO, Fe;0;, Sr, Zr, and Nb but have
greater abundances of Al,O, (Table 5 and Fig. 10). Al-
though both Zr and Nb are lower in Group II basalts
with respect to Group I, Nb is more strongly depleted
than Zr, as is shown by the extended Coryell-Masuda
plot for the Group II average in Figure 11.
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Group II basalts are almost olivine free, containing
at most 2-3% small diamond-shaped olivine euhedra.
They contain 30-40% randomly oriented hollow pla-
gioclase laths, 30-40% granular clinopyroxene, and 20-
30% dark brown devitrified glass with approximately
5% skeletal magnetite.

Chemical Group 111 encompasses Lithologic Units 5,
6, and part of 7. Thirteen analyzed samples from Cores
558-28 to 558-34 compose chemical Group III, which
has been subdivided into two homogeneous subgroups
denoted IIIA and IIIB, encompassing, respectively, sam-
ples above and below Section 558-32-2 (Fig. 9).

Although there is no obvious lithologic or petrograph-
ic break between these subgroups, the chemical distinc-
tion is quite clear (Table 6 and Fig. 10): IIIB has lower
TiO,, Zr, and Nb and slightly greater Sr, Al,0;, and CaO.
Both groups have similar Fe,0,, MgO, and, hence, Mg-
numbers. Section 558-32-5 is slightly different from Group
I11B; there is a marked change in CaO, TiO,, and MgO.
The general chemical coherency of this group is demon-
strated by the constant Zr/Nb ratio, which reflects the
enriched nature of this group when plotted on an ex-
tended Coryell-Masuda diagram (Fig. 11). This contrasts
markedly with the patterns exhibited by chemical Groups I
and II.

Group 111 basalts contain unusually large amounts of
olivine. Glassy rocks adjacent to pillow rims are char-
acterized by up to 10% diamond-shaped and lantern-
shaped microphenocrysts as well as abundant chains,
branching aggregates, and other skeletal forms of oliv-
ine. Plagioclase is present in such samples only in var-
iolites. More-crystalline members of this group contain
as much as 20% olivine as small (less than 0.3 mm) dia-



mond-shaped or prism-shaped euhedra, largely altered
to clay or, in some cases, to colorless high birefringent
aggregates of talc. In these rocks, plagioclase (25-30%)
is subordinate to clinopyroxene (30-40%). Granular to
skeletal magnetite is unusually abundant (about 10%).

Because these rocks contain twice the amount of oliv-
ine usually observed, a high Mg-number is predicted;
this, however, is not the case here. The absolute amount
of olivine is offset by a larger absolute amount of opaque
minerals. This relative abundance of magnetite explains
the small difference in MgO content between this and
other less olivine-rich groups.

Finally, chemical Group VI consists of a single basalt
clast from the serpentinite breccia of Unit 12 (Section
558-41-2). This sample is depleted on an extended Cor-
yell-Masuda diagram (Fig. 11). It is quite different in
nature and chemical composition from the depleted sam-
ples of chemical Group II (Table 6, Fig. 10).

Geochemistry

The normalized magmaphile element concentrations
for the five chemical groups recognized in Site 558 are
plotted in Figure 11. Depleted (Nb with respect to Zr),
flat, and significantly enriched distributions in the most
magmaphile elements within the same hole compose the
major results and striking characteristics of Site 558.

Interpreting the Nb/Zr ratio, of the five chemical
groups, in respect to the mantle source characteristics,
leads to the conclusion that the basalts recovered from
Site 558 have a complex origin. At least three different
sources appear to have contributed to the basaltic layer.
However, the relative enrichment or depletion of the most
magmaphile elements (e.g., Nb) with respect to the least
magmaphile elements (e.g., Zr) is a function of both the
chemical “fingerprint” of the mantle source and of the
extent and method of melting. Thus, onshore measure-
ments of rare earth elements, Ta/La (or Nb/La) ratios
and Pb, Sr, and Nd isotopic ratios are necessary before
distinct mantle sources can be confirmed.
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Figure 11. Extended Coryell-Masuda diagram for averages of chemi-
cal Groups I-VI, Hole 558.

SITE 558

In Figure 12 normalized Ta concentrations (which are
the same as normalized Nb concentrations) are plotted
against normalized La for basalts from a variety of lo-
calities. All analyses are from the laboratory of P. Sue
of CNRS (Treuil et al., 1973).

In general, all samples presenting flat to enriched Cory-
ell-Masuda diagrams have a chondritic (Ta/La), ratio
(1, by definition) (e.g., Mid-Atlantic Ridge from Azores
Triple Junction to Hayes Fracture Zone; Leg 37 and 49
samples from near the FAMOUS area; continental al-
kali basalt [El Azzouzi, 1981]; basalt from seamounts
[Cambon et al, 1980]).

Samples with depleted patterns such as basalts from
Site 395 at 22°N on the Mid-Atlantic Ridge and Site 483
on the East Pacific Rise have (Ta/La)qy, ratios close to
0.5. Exceptions to both generalizations do occur. Basalt
from Site 409 on the Reykjanes Ridge have (Ta/La)cy, of
1 and slightly depleted patterns (Figs. 12 and 13), where-
as basalts from Walvis Ridge (Fig. 12) and dolerite from
Morocco (Figs. 12 and 14) have enriched patterns with
(Th/[ﬂ)(:h of 0.5.

Chondritic (Ta/La)g, ratios (1.0 by definition) are
thought to reflect an initial property of the mantle and
are characteristic of most alkalic and transitional basalts
(Bougault, 1980). (Ta/La)cy, values of 0.5 may be char-
acteristic of depleted mantle or they may be attributable
to fractionation of Ta and La (Nb and La) despite the
similarity of their physico-chemical properties (reflected
by the constancy of these element ratios over a wide
concentration range). Such fractionation could only re-
sult from very high degrees of partial melting or from
specific melting processes such as dynamic melting (Lang-
muir et al., 1977) or step melting (Bougault et al.,
1979).

In either case, it is clear that the range of extended
Coryell-Masuda plots observed at Site 558 will be better
understood when isotopic data are available; both ex-
tended Coryell-Masuda plots and isotopic data will con-
tribute to the understanding of the variations of the Ta/
La ratios and the cause of these variations.

Independently of the geodynamic-geochemical target
of Leg 82 (to try to obtain a perspective in space and
time of mantle heterogeneities), the results obtained at
Site 558 are interesting from the purely fundamental point
of view of geochemistry. Using these results in conjunc-
tion with isotopic data, we may be able to answer ques-
tions such as the following: (1) what are the relative con-
tribution(s) of the “fingerprint” of mantle source(s),
and (2) what is the effect of melting on the distribution
of magmaphile elements, according to an extended Cory-
ell-Masuda plot?

The relative contributions of mantle source and melt-
ing effects could not be resolved on board, but the ex-
tent of fractional crystallization and magma chamber
processes can be determined. Within chemical Group V,
low MgO samples from Sections 558-38-2, and 558-39-1,
may be derived from the subgroup of the four remaining
samples by removal of 5% olivine. However, major and
minor element contents suggest that it is not possible for
the different chemical units to be derived from one an-
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Figure 13. Extended Coryell-Masuda diagram for basalts from Hole
409.

other, solely by fractional crystallization. In addition,
the large differences in their extended Coryell-Masuda
plots make it highly unlikely that the parental liquids of
the different units could have resided in the same mag-
ma chamber, or that magma mixing could account for
the observed geochemistry. The results obtained at Site
558 fit much more easily with the hypothesis of magma
batches from different short-lived magma reservoirs.
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MAGNETICS

Basalt Paleomagnetism

After 158 m of sediments were washed down and
256.5 m of sediments were cored, 114 m of basalts were
cored. Twenty-six minicores were collected from basalts
in Cores 558-28 through 558-39. The intensity of natural
remanent magnetization (NRM) and other paleomag-
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netic properties are given in Table 7. Samples from Sec-
tions 558-28-1, 558-28-3 and 558-29-2 are weakly mag-
netized compared to the samples from the rest of the
cores. This may be the result of alteration of titanomag-
netite or a different grain size of the same mineral. De-
magnetization was not done on board so that additional
properties could be studied on shore.

Based on NRM inclination values, two groups were
identified. The samples with negative inclination are dom-
inant and suggest that the site is located between Anom-
alies 13 and 15, whereas the samples with positive incli-
nation suggest either a later time of intrusion or acquisi-
tion of secondary magnetization caused by the present
magnetic field of the earth. However, some of the sam-
ples with positive inclination may not be in situ; they
were collected between brecciated layers.

Inclination values are much shallower than the expected
dipole inclination for the latitude of this site (37°46");
this suggests tectonic rotation since the acquisition of
remanence.

Sediment Paleomagnetism-Magnetostratigraphy

We cored 256.5 m of sediments before hitting the
basement basalts. Using small plastic cubes, we collect-
ed oriented samples at intervals of 25 cm. However, be-
cause of the varying degree of compactness of the sedi-
ments, some of the samples were collected at 40-50 cm
intervals, and other samples were taken at intervals of
10-15 cm.

The samples from Cores 558-1 through 558-14 were
very weakly magnetized (0.001-0.01 pG). Their intensi-
ty was very close to or even below the noise level (0.01
wG) of the Digico spinner magnetometer and the mea-
surements were not reliable. Therefore, the samples from

Table 7. Paleomagnetic properties, Hole 558.

SITE 558

Cores 558-1 through 558-14 were collected for onshore
studies at Lamont-Doherty Geological Observatory, where
a cryogenic magnetometer is available.

The intensity and directions of NRM for samples from
Core 558-15 through Section 558-27-2 were measured on
board. Only 7 of 191 samples had reversed polarity. A
few samples were selected for progressive alternating-
field (AF) demagnetization to see if the remanence di-
rections were stable or not. A typical result of AF de-
magnetization is shown in Figure 15. Most of the sam-
ples had a secondary component of magnetization caused
by the present-day earth’s magnetic field, but the sec-
ondary component is removed after AF demagnetiza-
tion at 50-75 Oe. An AF of 100 Oe was selected as an
optimum field to remove this secondary component of
magnetization. Therefore, all samples from Core 558-15
through Section 558-27-2 were demagnetized at a single
step of 100 Oe. The stable directions of inclination and
corresponding polarities are plotted in Figure 16.

A brief look at the paleontologic ages assigned to sed-
iments from these cores suggested that (1) the Oligo-
cene/Miocene boundary was in Core 558-18, (2) Core
558-15 was older than 15 Ma, and (3) Section 558-25-2
was 34-35 Ma old (for details, see Sedimentology and
Biostratigraphy section). Based on these observations, we
compared the correlation of the observed magnetic po-
larity reversal sequence with the Magnetic Polarity Time
Scale (MPTS) of Lowrie and Alvarez (1981). The long
normal in Core 558-16 is correlated with Anomaly 6,
the long reversal in the upper part of Core 558-19 with
the reversal between Anomalies 6C and 7, the long nor-
mal at the top of Core 558-15 with Anomaly 5C, and
the long reversal in Cores 558-25 and 558-26 with the
long reversal between Anomalies 12 and 13. After this,

Dec.
INRM NRM
(x 1073 emu/emd) (%)

Core-Section
(interval in cm)

X Q
(% 10— 6 emu/em3 Oe) (= INpRM/0-45%)

28-1, 52-54 0.29 101.0
28-3, 2-4 0.25 130.7
29-1, 126-128 2.65 240.0
292, 124-126 0.76 325.9
29-3, 7-9 2.76 91.7
29-3, 101-103 2.74 72.6
294, 3-5 4.17 355.1
30-1, 72-79 3,80 357.3
30-2, 12-14 1.22 81.1
30-3, 81-83 2.25 189.7
30-4, 65-67 2.96 206.2
31-1, 56-58 3.26 270.8
31-2, 97-99 4.87 271.2
32-1, 15-17 1.55 5.7
32-3, 4-6 5.04 355.9
32-4, 120-122 2.41 207.0
32-5, 36-38 1.85 104.2
33-1, 46-48 431 314.0
33-2, 2-4 4.99 231.8
33-3, 120-122 6.59 27.3
34-1, 23-25 7.01 325.2
38-2, 28-30 3.71 264.7
39-1, 127-129 2.28 14.9
39-2, 15-17 4.28 278.1

-10.2 53 12.07
33 95 5.74
-21.7 84 70.21
52.4 71 23.70
57.0 147 41.79
=13 93 65.55
-33.8 112 82.75
-39.1 110 76.70
—46.0 100 16.06
—41.8 84 59.65
-30.5 81 81.31
-35.7 66 109.75
38.9 76 141.83
—-353 65 52.81
—-40.1 105 106.76
—24.5 90 59.40
—43.3 80 51.32
-32.0 84 113.93
—-28.2 95 116.70
—-34.4 126 116.27
—-28.7 266 58.58
37.5 68 121.29
-27.2 77 65.70
—-16.5 100 95.15

Note: JiygrM is the intensity of the natural remanent magnetization; Dec. is declination; Inc. = inclination; x

= susceptibility; Q = Konigsberger ratio.
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Figure 15. Vector diagram showing the results of alternating field de-
magnetization. NRM = natural remanent magnetization.

the rest of the correlation is checked and compared with
the standard MPTS. The correlation chart given in Fig-
ure 16 suggests that an almost complete sequence of mag-
netic polarity reversals is recorded in these sediments
and that a precise age can be assigned to the sedimenta-
ry sequence using magnetostratigraphic studies. See Khan
and others (this volume) for the results of magnetostrati-
graphic studies for Cores 558-1 through 558-14 and for
Hole 558A cores.

After the observed magnetic polarity reversal sequence
was correlated with the standard MPTS, the sediment
accumulation rate was calculated by plotting age versus
sediment depth (Fig. 17). A very steady sediment accu-
mulation rate of 0.47 cm/ky was calculated for Core
558-15 through Section 558-22-2, whereas a higher rate
of 1.0 cm/ky was calculated for Sections 558-22-3 through
558-27-2. Although no drastic change is observed at this
break, it does correspond to a slight change in lithology
from CBS5 (nannofossil chalk) to CB7 (nannofossil-fora-
miniferal chalk). For details, see Sedimentology and
Biostratigraphy section. Based on the depth versus age
curve of Figure 17, an age of 36 Ma is calculated for the
basement basalt, which agrees with the location of this
site between Magnetic Anomalies 13 and 15 (close to
13).

In conclusion, the sediments in Core 558-15 through
558-27-2 range in age from 16.2 to 36 Ma and record an
almost complete sequence of magnetic polarity reversal
of earth’s magnetic field for this span of time. The sedi-
ment accumulation rate calculated for Sections 558-22-3
through 558-27-2 is twice the rate calculated for Core
558-15 through Section 558-22-2.
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PHYSICAL PROPERTIES

Sediments

Combination of the cores from Holes 558 and 558A
gives an almost continuously cored section with good
recovery. Measurement of seismic velocity, density, and
thermal conductivity was made systematically with all
core sections being run through the continuous GRAPE
system. The preliminary results are shown in Table 8 and
Figure 18.

The density data are rather sparse in this report be-
cause of the difficulty of taking discrete undeformed
samples from the soft sediments. When the continuous
GRAPE data are processed, a complete record will be
available. Data shown in Figure 18 are a combination of
2-minute GRAPE on rock chunks and cylinder samples,
as well as some points from the continuous GRAPE an-
alog records.

Velocity data above 330 m sub-bottom were measured
on core halves in liners and are hence measured horizon-
tally, parallel to any bedding traces. Below this depth,
the rock was sufficiently lithified to be cut into discrete
samples and measurements were made parallel to the
core axis, normal to bedding. Because sediments of this
type typically show velocity anisotropy of around 5%,
we would expect values for sediments below 330 m to be
systematically lower by this percentage. Such an offset
is apparent in Figure 18. All measured velocities are low
compared to those recorded by the Schlumberger sonic
log (see Downhole Measurements section). This could
be due either to drying of the cores to undersaturation
by pore water before measurement, or to the removal of
the cores from their in sifu confining pressures. Because
care was taken to sample core material as soon as possi-
ble after splitting, and the data are consistently lower
than the downhole values, we deduce that the major
factor in reducing sample velocity is release of confining
pressure.

The thermal conductivity data were measured by the
routine needle-probe technique and show an increase in
conductivity with depth. Units used in Table 8 and
Figure 18 are in mcal cm—! s—! °C—!. Accuracy of val-
ues is about +8%. One surprising feature of the con-
ductivity measurements is their lack of dependence on
the degree of deformation of the core. Because measure-
ments were made on unsplit cores, occasionally, when
the core was split, the measured volume was shown to
be significantly deformed. Such positions are noted in
the righthand column of Table 8. The data from these
points are included in Figure 18 and do not show values
significantly different from those of undeformed core,
so are not separately identified on Figure 18.

Vane shear strength measurements were made on all
sediments sampled down to 270 m sub-bottom, after
which the state of lithification precluded measurements.
Apart from showing an increase in shear strength with
depth, and a high dependence on the state of deforma-
tion of the core, the data are unremarkable and are not
plotted in Figure 18.

The variation of physical properties with depth shown
in Figure 18 reveals only one major feature. There is a
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Figure 16. Downhole plot of magnetic inclinations and polarities, Hole 558. All polarity reversals are based on at least two samples. Black =
normal polarity; white = reversed.
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Figure 17. Sediment accumulation rates based on paleomagnetic data,
Site 558.

gradational but fairly rapid increase in density and seis-
mic velocity, and a rather poorly defined increase in
thermal conductivity between 280 and 300 m sub-bot-
tom, centered on 290 m sub-bottom. This feature is far
greater in amplitude than progressive compaction ef-
fects and must represent a change in the composition of
the sediment or a sudden increase in age (disconformi-
ty). This feature correlates with a change in accumula-
tion rate detected by nannofossils and foraminifers and
with a decrease in carbonate content of the sediment.

The change in density and sonic velocity at 290 m
sub-bottom results in a marked change in acoustic im-
pedance, which is gradational over a depth interval of
30 m and correlates with the similar features seen in the
log curves for Site 556.

The underway profiling data near both Site 556 and
Site 558 show no continuous reflector, which presum-
ably indicates that the transition in physical properties is
a gradation as shown by the physical property measure-
ments and the downhole logs, rather than a sharp bound-
ary. This would in turn suggest that the boundary rep-
resents a compositional change in the sediment rather
than a disconformity.

At the base of the sedimentary section, the two last
velocity measurements show a rise in velocity, then a
sharp decrease. The feature is due to a dolomitized hori-
zon in the sediments and the velocity change is clearly
seen in the sonic downhole log (Fig. 21) just above the
basement interface.

Basement Section

Within the basement section of the hole, sampling
for physical property measurement was difficult because
of the friable nature of the altered basalts and gabbros.
Measurements are hence strongly biased towards fresh
specimens of each lithology. The values measured are
unremarkable and are mainly of use as a control on the
wireline log data.
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DOWNHOLE MEASUREMENTS

Logging
Operations

Logging of Hole 558 was made difficult by extremely
bad hole conditions. After the bit was dropped, the drill
string was pulled to a sub-bottom depth of 127 m by
1600 hr. 9 October, and the sonic log was run first. On
the first run (recording velocity), it reached a depth of
546 m, but on the second run (for waveform recording),
the hole was blocked at 452 m sub-bottom. The recorded
data are very noisy, and the depth scale is distorted by
repeated jamming of the tool in the hole, which had
closed in places to a diameter of 4 in. These runs were
completed at 2300 hr.

An attempt was made to run a temperature log (small
diameter tool) that only reached 189 m sub-bottom. We
decided to wash down the hole to total depth, then flush
with 100 barrels of gel mud. This operation was per-
formed between 0400 and 0915 hr. 10 October.

The laterolog was run to nearly total depth, 544 m
sub-bottom, but during the attempt to repeat the sec-
tion, the tool hit a blockage at 444 m sub-bottom, indi-
cating very rapid deterioration of the hole. This opera-
tion was completed at 1500 hr. Density and porosity logs
were lowered with great difficulty to 445 m and the cali-
per was broken in spudding the tool during attempts to
penetrate further.

A second attempt to run the temperature log was start-
ed at 2045 hr. Because of the low tool weight and large
heave motion of the ship, the tool was overrun and the
cable became knotted. Fortunately, the cable and tool
were successfully recovered through the drill pipe. Total
depth reached by the tool is uncertain but probably
about 200 m sub-bottom. Logging operations were con-
cluded at 0300 hr. 11 October. Total logging operations
required 37 hr. The operations are summarized in Table 9.

Sediment Section

Figure 19 shows the density, sonic velocity, and resis-
tivity, and natural gamma-ray logs for Hole 558. The
data generally are of good quality. An exception to this
is the density log (shown dashed) and the porosity log
(which is not shown). Throughout the sediment section,
the hole is washed to a diameter greater than the span of
the excentralizer on the density and porosity tools. The
result of this is that the tools make poor wall contact
and read erroneously low density and high porosity.

The logs show that the sediments below the drill pipe
can be divided into two units with a gradational bound-
ary at about 290 m sub-bottom. The density increases
from 1.8 to 1.95 g-cm~3, the sonic velocity from 1.9 to
2.1 km-s~', and the resistivity from 0.9 ohm-m to
1.3 ohm-m. These changes are also apparent in the
physical properties measurements (Fig. 18). The bound-
ary at 290 m separates geophysical Units I and II. These
correlate with Lithologic Units 1 and 2, and the bound-
ary is a change of carbonate content from 90 to 50%.
Within each unit, the logs show small-scale variability
that is above the noise level of the logs, but the interpre-
tation of which is uncertain.
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Table 8. Physical properties measurements, Site 558.

Sonic GRAPE
velocity r.lmsiii' Gravimetric
Core-Section _[kml Thermal (g/cm?) density i
(interval or Sub-bottom conductivity Wet-bulk  Water Acoustic shear
depth in section depth Temperature (mcal/ densil! content ¢ impedance  strength Lithology
in cm) (m) Y. H. *C) [em - deg-s]) V. H. (g/cm) (%) () (g/lem-s])  (g/em?) or remarks
Hole 558
1-2, 30 159.8 2.05* 21.0 2300 Nannofossil ooze
*Sample deformed
during velocity
measurements
1-2, 57 160.1 2.18* 21.0 1400
1-2, 115 160.6 2.22¢ 20.0 31 900
1-6, 84 166.3 2.10* 21.0 1400
2-2, 66 169.7 1.59 210 3.38 35 1000
2-2, 135 170.4 1.57 21.0 700
2-4, 138 173.4 1.67 21.0 1200
33,16 180.2 1.59 21.0 800
3.3, 85 180.9 1.59 21.0 700
3512 183.1 1.57 21.0 500
42,76 188.8 1.57 21.0 3.38 2000
4-2, 138 189.4 1.56 21.0 1700
45, 57 193.1 1.54 21.0 34 700
4.5, 141 193.9 1.58 21.0 800
52,79 198.3 1.58 21.0 1,80 1100
5-2, 139 198.9 1.58 21.0 1100
5-5, 37 202.4 1.58 21.0 k) 1500 Nannofossil coze
5-5, 130 203.3 1.60 21.0 750
6-2, 12 207.1 1.56 22.0 1700
62, 131 208.3 1.56 22.0 3.52 1200
81, 14 224.6 1.58 220 1900
8-1, 120 225.7 1.59 2.0 1500
82, 111 27.1 3.60
9-2, 15 235.7 1.54 20 2300 Slight green color
92, 119 236.7 1.56 22.0 2400
11-2, 15 254.6 1.57 22.0 1000 Shear strength under-
estimated
11-2, 44 254.9 1.67 2.0 1500
122, 18 264.2 1.59 22.0 1600
12-2, 135 265.4 1.62 22,0 3.82 2000
12-4, 14 267.1 1.59 2.0 2200
12-4, 98 268.0 1.65 220 1800
13-2, 15 273.6 1.62 22.0 Nonlitnified sediment
crumbles, does
not shear.
13-2, 98 274.5 1.58 2.0 3.59 Nannofossil ooze
13-4, 12 276.6 1.60 22.0
13-4, 132 277.8 1.63 2.0
15-2, 12 202.6 1.74 22,0
15-2, 86 293.4 1.75 2.0 4.62
16-2, 22 302.2 1.67 21.0 Velocity low because
of poor condition
(deformed)
16-2, 146 303.5 1.73 21.0
17-2, 14 3116 1.80 21.0
17-2, 81 312.3 1.72 21.0 4.44
18-2, 35 321.4 22,0 4.12
18-2, 136-139 1224 1.71 22.0 1.94 3.3
19-2, 29-33 330.7 1.66 22.0 4.10 2,00 i3
19-2, 80-84 331.3 1.67 22,0 1.99 i3
20-2, 28-31 340.3 1.67 2.0 1.96 i3
20-2, 107 341.1 31.92
21-2, 89-92 350.4 1.64 22.0 1.94 3.2
21-2, 137 350.9 4.20 Nannofossil ooze
22-2, 26-31 359.3 1.67 22.0 1.93 32
22-2, 132 360.3 4.0
23-2, 8-12 368.6 1.65 2.0 1.81 3.0
23-2, 103 369.5 4.02
24-2, 65-69 378.7 1.63 20 1.97 32
25-2, 57-61 388.1 1.66 2.0 1.92 32
25-2, 133 388.8 4.22
26-2, 46-50 397.5 1.66 20 2.02 3.3
27-1, 16-20 405.2 1.74 22.0 2.11 2.0 21.2 42.5 1.6
27-2, 113-118 407.7 1.64 22.0 2.08 34 Dolomite rich
28-3, 4-14 417.6 5.39 22.0 Basalt
29-4, 15-25 428.2 4.45 2.0 2.63 1.7 Glassy margin of
pillow basalt
30-3, 19-30 435.7 5.36 22,0 3.9 2.79 15.0 Basalt
33-1, B6-96 460.4 4.9 2.0 2.7 133 Slightly altered basalt
34-1, 20-34 468.8 5.45 22,0 199 2.79 15.2 Basalt
35-3, 122-127 481.7 4.91 22,0 Altered basalt
36-1, 5-20 486.6 475 22.0 2.70 12.8 Basalt
38-2, 71-78 506.7 5.30 22,0 2.82 14.9 Basalt
39-4, 114-115 508.7 2.7 5.0 13.2
40-1, 123-129 5193 .79 22,0 2.78 2.20 8.3 Breccia
40-3, 109-110 520.6 24 1.6 18.4
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Table 8. (Continued).

Sonic GRAPE
velocity d:nsilsy Gravimetric
Core-Section ﬂ Thermal wiems) Seary Vane
(interval or Sub-bottom conductivity Wet-bulk ~ Water Acoustic shear
depth in section depth Temperature {mcal/ density  content & impedance  strength Lithology
in cm) (m) V. H. (°C) fem-deg's)) V.  H. (g/md) (%) (W) (g/lem-s)) (g/em?) or remarks
Hole 558 (Cont.)
41-1, 60-63 521.6 3.58 22.0 2.44 8.7 Serpentinized gabbro
41-3, 8-9 528.6 2.8 1.8 5.0
43-1, 40-50 545.4 3.26 22.0 2.35 7.7 Altered gabbro
44-1, 22-31 554.3 3.55 22.0 6.08 2.49 8.8 Altered gabbro
Hole 558A

2-2, 35 23 1.58 23.0 600 Nannofossil ooze
2-2, 113-115 31 1.56 23.0 2.43 1.63 2.5 400
2-5, 77 7.3 1.57 23.0 42 600

2-5, 136 7.9 1.57 23.0 700

32,19 11.7 1.54 23.0 600

32,114 12.6 1.55 23.0 2.79 1.81 2.8 1000

3-5, 14-16 16.2 1.55 23.0 44 2000

3-5, 140-142 17.4 1.56 23.0 1700
42,23 21.2 1.59 23.0 1000
4-2, 123 222 1.59 23.0 27 1.77 2.8 800
45,35 25.8 1.59 23.0 2000

4-5, 134 26.8 1.59 23.0 1200

52,17 30.7 1.61 23.0 1400

5-2, 133 i1.8 1.58 23.0 311 1.82 2.9 1300

5-5,17 5.2 1.58 23.0 2300

5-5, 137 6.4 1.60 23.0 7 2400

6-2, 35 40.3 1.61 23.0 1600 Nannofossil ooze
62, 131 41.3 1.60 23.0 115 1.84 2.9 1900
6-5, 20-23 4.7 1.60 23.0 1800
6-5, 132-135 45.8 1.62 23.0 2600
7-2, 66 50.2 1.60 23.0 1500 Very deformed
7-2, 130 50.8 1.58 23.0 3.28 1400 Very deformed
7-5, 18-20 54.2 1.61 23.0 36 kN | 2000

7-5, 135-137 55.4 1.61 230 1900

8-3, 18-20 60.7 1.59 23.0 2000

8-3, 130 61.8 1.59 23.0 .37 1.91 3.0 2200

8-5, 20-22 63.7 1.59 23.0 37 1800

B-5, 124-126 64.8 1.62 23.0 1300

9-2, 132 69.8 3.36 Very deformed
9-3, 104-106 71.0 1.61 23.0 1.93 36 kB | 1500

10-2, 15-17 5.7 1.58 23.0 kk] 1000

10-2, 116-120 76.7 1.60 23.0 750

11-2, 131 79.8 1.59 23.0 362 T00 Very deformed
11-5, 21-23 832 1.62 23.0 11 1600

11-5, 135-137 B4.4 1.62 23.0 2.07 34 2750

12-2, 26-28 88.3 1.57 23.0 700 Deformed
12-2, 128 89.3 1.57 23.0 3.75 1300 Deformed
12-5, 20-22 92.7 1.58 23.0 1.94 13 31 1300

12-5, 140-143 93.9 1.59 23.0 1600

13-2, 15-17 97.7 1.58 23.0 1100

13-2, 129 98.8 1.58 23.0 3.66 1.97 il 2700

13-5, 27-29 102.3 1.60 23.0 31 2200

14-5, 24-26 109.2 1.58 23.0 i3 2100

14-5, 130 110.3 1.59 23.0 3.75 1.92 3.0 2500

15-2, 14-16 114.2 1.58 23.0 2500

15-2, 129 115.3 1.57 23.0 1.96 kN | 2400

15-5, 13-15 118.6 1.58 23.0 32 2500

15-5, 134-137 119.9 1.59 23.0 2900

16-2, 10-12 123.6 1.56 23.0 1500 Nannofossil ooze
16-2, 136-138 124.9 1.58 23.0 3.62 3000

16-5, 15-17 128.2 1.56 23.0 3.62 33 2600

16-5, 137-140 129.4 1.58 23.0 1.94 3.1 3800

Note: V. = vertical, H. = horizontal; water content is corrected; ¢ = porosity. All values measured at laboratory temperature and pressure. For details of techniq

Notes, this volume.

Figure 20 shows the equivalent logs from Hole 556
where no sediment cores were taken. The correspondence
between the logs is remarkable; not only does a major
change in physical properties occur in Hole 556 at a pro-
portional depth in the sediment section, but minor vari-
ations in the logs are correlatable from Site 556 to Site
558. It is inferred that the sediment lithology and depo-
sitional history of the two sites, which are on the same
isochron and at similar water depths, were the same.
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The change in density and sonic velocity between chem-
ical Units I and II generates the only appreciable acous-
tic impedance contrast within the sediments. It may be
expected that this horizon could be traced through the
area between the sites on seismic profiler records. Initial
study of underway data shows several weak reflectors,
which are geographically discontinuous within the lower
part of the sediments. The quality of reflection at the
Unit I/Unit 11 boundary will be strongly related to the
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Figure 18. Physical property variations in the sediment section of Holes
558 and 588A. Symbol diameter shows the measurement error of
that physical property. Density values above 320 m sub-bottom
depth are taken from analog GRAPE records and do not appear in
Table 8.

sharpness of that boundary, and this may well vary geo-
graphically.

Basement Section

The poor hole condition resulted in data that were
generally poor in quality. The laterolog was the only
tool that reached the bottom of the hole and provided
good data, although this tool had a broken caliper. The
sonic log also reached near-bottom on the velocity run,
but the data are very noisy, probably because of wall
contact. The sonic caliper log contained spikes because
of tool malfunction (which also occurred during the
logging of Hole 556). Both sonic and resistivity logs
have distorted depth scales because the tools became

SITE 558
Table 9. Schedule of logging runs.

Run 1. Sonic velocity (DDBHC), natural gamma ray (GR) caliper (CAL)
Pass 1: sonic velocity
Logger on bottom 1830 10/9; maximum sub-bottom depth =
546 m
Pass 2: waveform recording
Logger on bottom 2030 10/9; maximum sub-bottom depth =
452 m
Run 2. High resolution temperature (HRT)
Logger on bottom 0300 10/10; maximum sub-bottom depth = 189 m
0400-0915 10/10:
Wash to total depth; flush hole with mud
Circulation stopped 0815 10/10
Run 3. Dual laterolog, GR, self potential (SP)
Logger on bottom 1130 10/10; maximum sub-bottom depth = 544 m
Run 4. Gamma ray density (FDC), neutron porosity (CNL), GR
Logger on bottom 1800 10/10; maximum sub-bottom depth = 445 m
Run 5. HRT
Logger on battom 2300 10/10; maximum sub-bottom depth = 200 m

Note: Circulation stopped: 1400 hr. 9 October.

jammed in the lower part of the hole, but these can be
recognized by steps in the tension log that are part of the
original records. The porosity and density logs appear
to be of good quality but only extend to 37 m below the
basement interface.

As at Site 556, the basement section has been divided
into geophysical units in the lower part of the hole based
primarily on the resistivity log. These units are shown in
Figure 21 and Table 10. Comparison with the lithologic
column shows that the pillow basalt units and altered
gabbros give a similar log response to that seen at Hole
556. However, the interpretation of the interval from
405 to 425 m reveals complexity that is not apparent in
the lithologic column.

The density log shows a progressive increase in densi-
ty down through the dolomitic nannofossil ooze, with a
sharp decrease just above the basalt at 408 m sub-bot-
tom. These changes can also been seen in physical prop-
erty measurements (Fig. 18) and are reflected in the son-
ic and porosity logs. The basalt, Lithologic Unit 3, can
be clearly identified by its high velocity, resistivity, den-
sity, and low porosity and is shown to be only 2 m thick.
Below this is a unit of variable density around 2.2 g/
cm?, low porosity, high resistivity, and high but variable
sonic velocity (about 4.7 km/s). This is interpreted as a
sedimentary unit; however, it is difficult to reconcile the
low density with the high sonic velocity. Using a Schlum-
berger sonic-density crossplot diagram, we can see that
the porosity and velocity are appropriate for a lime-
stone, but the low density requires a lower grain density
such as that of gypsum. No material was recovered from
this unit, possibly because of a blockage of the drill bit
as indicated by the slow drilling rate. This unit is 6 m
thick.

Below this, pillow basalts occur in the lithologic col-
umn and are shown by high resistivity and high, variable
sonic velocity as was detected at Hole 556. Within the
pillow basalts, a lower unit from 497 to 522 m sub-bot-
tom is distinguished by a high and relatively constant re-
sistivity of 250 ohm-m. This unit corresponds to Litho-
logic Units 9 and 10 and Chemical Unit V. Although the
sonic velocity is also high and steady at 5.2 km/s in this
unit above 514 m sub-bottom, the sonic log is extremely
noisy below this depth.
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Figure 19. Wireline log curves for sedimentary section of Hole 558.
Density curve drawn with dashed line to indicate the poor quality
of the data.

Below 522 m, the resistivity and sonic velocity fall to
lower values in the serpentinite, Lithologic Units 12 and
13. It is not clear whether the basalt breccia, Lithologic
Unit 11, occurs above or below the logging boundary at
522 m.

Downhole Temperatures

Because of the poor hole conditions, no temperature
measurements were made in the basement section of the
hole or in the lower sedimentary unit (Unit 2). The avail-
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Figure 20. Wireline log curves for the sedimentary section of Hole
556. Density curve drawn with dashed line to indicate the poor
quality of the data.

able data from the mudline to a depth of 234 m sub-bot-
tom are shown in Figure 22. Two depth profiles are avail-
able from the two attempts to run a temperature log.
For a depth of some 100 m below the mudline, the logs
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Figure 21. Wireline log curves for basement section of Hole 558. Curves have been redrawn omitting noise spikes. Gaps indicates intervals where

noise obscures data.

were run inside the drill pipe, and the minor rise in tem-
perature at 3820 m below rig floor may be a feature of
the drill string or of contact between the drill string and
the sidewall of the hole.

The rise in temperature with depth over the short in-
terval logged is taken as evidence that there is no large-
scale water flow in the hole and that the hole is reequili-
brating. Because the hole was blocked below the logged
depth, this result is not totally unexpected. The lower

temperature gradient in the upper part of the hole may
be due to the pumping action of the drill string caused
by the heave of the ship.

The mudline temperature of 0.5°C is lower than ex-
pected, and a temperature log was made of the ocean
water as the log was raised through the drill string after
pass 2. The results are shown in Figure 23. The tempera-
ture tool was accurately calibrated in the interval be-
tween logging Hole 556 and 558, and temperatures at
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Table 10. Geophysical units identified by logging measurements, Hole 558.

Depth Sonic
range Resistivity  velocity  Densit Porosity
Unit  (m sub-bottom) (ohm m) {(km/s) (g/cm (%) Lithology Remarks
1 0-290 0.9 1.9 1.8 A Nannofossil Carbonate content =
ooze 90% 0-17 Ma
11 290-408 1.3 2.1 1.95 3 Nannofossil Carbonate content =
ooze 50% 17-34 Ma
1 408-410 500 4.5 2.6 15 Massive pillow Tight constraint on layer
basalt thickness
v 410-416 200 4.7 2.2 15 Unknown: Inferred sedimentary
limestone? layer
v 416-423 200 4.7 2.7 15 Fractured pillow Very uniform properties
basalt
VI 423-441 150 4.4 2.5 30 ' High gamma-ray value
Vil 441-450 400 5.1 275 17 Very uniform properties
VIII 450-497 100-400 3.7-4.6 Broad (15-m wavelength)
variations in sonic
Pillow basalt velocity and resistivi-
< and interpil- ty; X-ray peaks at
low breccia 474, 488, and 494 m
IX 497-522 250 5.1 Very uniform resistivity
throughout; uniform
sonic velocity above
514 m; poor sonic
N~ return below
X 522-581 3-10 34 Fresh and altered  Resistivity decreases
serpentinite toward bottom;
gamma-ray peak at
524m

Note: Top of basement taken to be 4170 m on resistivity log and 4172 m on sonic velocity and porosity/density logs.

4 Data unreliable because of poor sidewall contact.

558 should be accurate to +0.2°C. It is hoped that the
information in Figure 23 may be useful to physical ocean-
ographers; depth profiles such as this are simple to ob-
tain and incur neither financial nor time cost at any hole
that is logged.

SUMMARY AND CONCLUSIONS

Site 558 is located between Anomalies 13 and 15 on a
flow line passing through the FAMOUS area and sites
drilled during Legs 37 (332, 333, 334, 335) and 49 (411,
412, 413). We decided to have a complete program of
coring basement and sediment and logging because of
the large amount of data already available near and at
the ridge crest.

The upper part of the basement drilled at Site 558
comprises nine lithologic units of aphyric basalt. Most
of these units are composed of pillow basalt with varia-
ble amounts of interpillow breccia or of basaltic brec-
cia. Fresh glass is very common at the margin of the pil-
lows throughout the basaltic layer and is usually embed-
ded in neoformed calcite filling cracks and interpillow
spaces. The lower part of the basement comprises two
lithologic units of altered serpentinite, serpentinite brec-
cia, and mylonite. A basalt clast was found in one of
these units.

The chemical analyses of 29 samples of the basaltic
layer define six homogeneous chemical groups whose
average major and trace element concentrations are given
in Table 6. Five percent of olivine fractionation can ac-
count for the small compositional variations observed in
Unit V. There is no cogenetic relationship between the
different homogeneous groups. The most striking result
obtained at Site 558 is the occurrence of depleted ([Nb/
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Zr]cy = 0.4), flat ([Nb/Zr]cy, = 1), and enriched ([Nb/
Zr]cn = 1.6) patterns of magmaphile elements present-
ed in Figure 11. After Holes 413 (Leg 49) and 504B (Leg
69-70), Site 558 is the third site presenting this feature.
Isotope data and other trace elements are necessary to
go further in interpretation in terms of mantle sources
and petrogenetic processes.

The entire sedimentary layer (408 m) was cored through
a combination of piston coring (Hole 558A) (0 to 131.5
m) and rotary coring (158 to 408 m). The recovered
lower Oligocene through Pleistocene pelagic calcareous
sediments provide a more complete stratigraphic section
than has yet been obtained from the North Atlantic.
The age of oldest sediment (34-37 Ma—as determined
from the nannofossils found in basalt breccia at the top
of basement—and 36 Ma—as determined by magneto-
stratigraphic studies) is in agreement with the position
of the hole between Magnetic Anomalies 13 and 15. A
major change in the sediment lithology at a depth of
300 m (approximately at the boundary between lower
and middle Miocene) corresponds to a change of car-
bonate content (90% in the upper part, 50% below) and
in the accumulation rate (16 m/Ma in the upper part
and 8 m/Ma in the lower part). The well-defined mag-
netic polarity stratigraphy in the lower part of the sec-
tion should provide reliable limits on the ages of bio-
stratigraphic zones.

A complete set of logs was attempted; because of
poor hole conditions, the attempt was not entirely suc-
cessful. However, the major lithologic boundary in the
sediment is clearly evident within density, sonic, and re-
sistivity logs. A similar change in these logs was noted
at an equivalent depth at Site 556, implying that this li-
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Figure 22. High-resolution temperature (HRT) log curves for Hole
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boundary = 4056 m; sediment/basement boundary = 4171 m.

thology change is probably a broad regional feature.
Other minor changes within the sets of logs at Sites 556
and 558 also appear to coincide.
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SITE 558 HOLE CORE 7 CORED INTERVAL 215.0-2245m SITE 658  HOLE CORE__ 9 CORED INTERVAL  234.0-243.6m
¥ FOSSIL o 1
z E FOSSI
« |E CHARACTER « & CHARACTER
LM EMARE gz § 12T
EEEHE 2 % £l a QRAIC B LITHOLOGIC DESCRIPTION = 8% HETE Bl g GRAPHIC =
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o O
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SITE 558  HOLE CORE 10 CORED INTERVAL 2435-253.0m SITE 558 HOLE CORE 12 CORED INTERVAL _ 2625-272.0m
£ FossIL g FOSSIL
3 £ | chamacten « |5 | _cwanacten |
MARE z| = 2 |zulelz z| g
D o ol & pulE| = =]
f% :5 ; S B ngra[gv o LITHOLOGIC DESCRIPTION SE 55 HE E E E’ Lf]:]?;_"n'gy LITHOLOGIC DESCRIPTION
N = @ s Nz
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. g (e, = P
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1,70 = B9 et gl 1 Cale. rannofossils 80 80 80 90 90
i By Band R Diatoms T - - -
3 .A._i.l..i].. bt ?Lm spicules 1- 1, -:_- ;; T
SITE 558  HOLE corg 11 CORED INTERVAL 263.0-262.5 m T " ) . o
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§ SITE 558 HOLE CORE 13 CORED INTERVAL 272.0-281.5m SITE 668  HOLE CORE 14 CORED INTERVA 2815-2910m
o o
g FOSSIL [ v
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SITESSE  HOLE co 281.0-300.5 m 568 3005-3100m
% FOSSIL g FOSSIL
« |B CHARACTER « |& CHARACTER
EREANE @ 2 le l2TeTe z2| =
oe = El & swl 2l = -3 u
Te Eé & E E E|E LITHOLOGIC DESCRIPTION SE HE HE 2 & F LITHOLDGIC DESCRIPTION
w3 g z < 2w 2 w= (IN|Z( 2] < 2w B
» 2| E E £ S g H E g
LR HEE ! 5 HNHHE A T
HHEH 5 MHEHEE :
TOY A 6/2
0¥ R B/4
ﬁ?m:::r:;:;:;tn:r::s& l - iy DOMINANT LITHOLOGY MARLY NANKOFOSSIL OOZE
10¥ A 62
Light brownish gray to light yellowih brows in altereating
TEYR 82 T i I changes cish white (7,5 YA B/2) 10YR 68 vague cycin, some dark micronadules
1o light brownish geey (10YR 6721, these colors grade o
white (10¥R 8/1-10¥R 8/2) and occasonally to grayish This cobie change & ssociaten with roduction of carbonate to
brown (V0 R 5/2) and light gray (2.5Y NT) 50% lsze below).
Fractured by drilling Firm 1o hard, very ightly deformed, friable
10YR &1 . . 10YR 62
Mottied by hiaturbation to lighter colar than sumounding Boturbatest to highly  Bioturbated, halo burtews common:
sediment nodules, Massive bedeing with vague color changey. Small frac
. tuees of dickersided laufts with very minar ofher ipenecanten:
No obvious bedding paranpous deformationd,
tavi e (2] MARLY NANNOFDSSIL CHALK
10YR BN SMEAR SLIDE SUMMARY {%):
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28Y MY aray (10YR 6721 1o pals brown (10Y R 831, -
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10YR 872 -~ I Clay 1B 45 45
)
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LI LA : éan'nln':m mipec. 2 1 ;,
o ! p
i [} Composition = mein.:u" 1 a 4
= | Faldspar Tr 5 T T T Calc. nannoforsile 78 40 42
Hoavy minetais Tr - T Tr T Dintoms T 1 T
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Valcarike glas Tt T T = Tt RLLE:T Sponge spicules ] Tr ;
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Carbanate snspec. 16 10 8 i 05 s
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Cale. nannafossils 70 25 o FL ?;nm- 5‘; Bomb (%)
i Diatoms T - Te ~ T 8
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SITE 658 HOLE CORE 17 CORED INTERVA 310.0-319.5m SITE 558 HOLE CORE 18 CORED INTERVAL 3195-329.0m
— P
H FOSSIL & 0581
« |8 CHARACTER o § CHARACTER
8 |Eu[E[2]E Elo g [Eule[alzE] z| ¢
N EH HELE S GRAPHIC H g, |Gu - g Ak Aine.
I EEE | B | uTHowoay |, B LITHOLOGIC DESCRIPTION 2|23 % g : £ LITHOLOGY < LITHOLOGIC DESCRIPTION
3= 5|53 |2 SZEE 2 w3 ¥ 21g| |8 EEE
I HE b2l ; = |E |E|2)g)z B S
<] < 2 a g e
2 (B33 3 S |8l213(3 R
x - | ! 1gYRaa
: - : ] I roveen DMINANT LITHOLIGY, SARLY THANORGERITHALY COMINANT LITHOLOGY MARLY NANNOFOSSIL CHALK
1 - L
1 cam | b 0YR 743 Fole oy ST RER1 N shin Wmbus st YR 200 Pale brawn (10YR 6/3) with & small laver of lighter colors in
: L : \ | Firm 1 hard, bt commonly fractured by drilling 1 Section 4,
vt »
- YR B3 Misséve bedding except for thin whits interbeds Fiem to hard, but eommonly fractured tiy drilling
s i ) ) .
e ] |',- 10YA 81 Martled throughout core Masiive bileling axcent for Section 4. 80100 cm
L [ | tovRER Micrataults are comman in Sections 1, 2, and 3. Matiod throughout care
= =3 -
= | 10¥R7/2
—- L : 4 | Nodutes |manganesaT] are scattared throughout Sections 1 end 2, Microtaulis are comman throughou cory
= i i
2l ¥ - Tha white interbwy are more highly bioturbated. (Are thess 2
3 e et et et 4 10YR &3 SMEAR SLIDE SUMMARY (%]:
1 e 3,80 4,82
] i SMEAR SLIDE SUMMARY (%) o M
1 ear o I 1,31 1,43 3,80 Companition:
: ; LI Faldspar T
< Composition Heavy mineraly Tr T
-1 Feicspar Tr T T Cly a3 4
] . Husvy minesaly 1T 5 3 Viluatte s T
g o Chy = wos = H Palagonits - T
= a 7 Volcanic glass wm T T 3| 3 3 Opniost e
= - Palagonits - - i = Micronodules ' 2
] H YRR Nodule g 2 Zeolite ™ T
£ § Irag. o g| 2 Fovmrinifers 55
G| = Cabonate wnme. 10— - E} Cale. nannalonil 44 3
% Faoraminifers = 1 2 b3 Dighoma Tr Te
2 Colc. manntoomils 20 B4 B0 g Facdiolariam 2 2
& Dintoms - - g Sponge spicules Tt Tr
! iotarians = 1 ° Siloflsgeltares T
g Sporge wpiculm — T &
g 4 i Carbonate Bomb (%)
| - i} pan SEe
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558  HOLE CORE 19 CORED INTERVAL 329.0-3385m SITE 5568  HOLE CORE 20 CORED INTERVAL 3385-3480m
H FOBSIL g FOSSIL
« |3 CHARACTER « |& CHARACTER
R EAEAEE gl g R EMAEE 202 |
e |22 5] 2 2 GRAPHIC £ |€ ] < RAPHIC
HEHEIE AR gl LITHOLOGIC DESCRIPTION TE =8| 8|2 El & LITHOLOGY LITHOLOGIC DESCRIPTION
JE|ER| 2 : gz 5|2~ 2 % ¥ = 2
£ iz @ H HEIF & £
£ |g 5 s 13 EE
] g - § E RO 3
& | [ o zZlz|3 =
+ -
% - DOMINANT LITHOLOGY MARLY NANNODFOSSIL CHALK DOMINANT LITHOLOGY MAALY NANNOFOSSIL CHALK
o511
i = | Light yeliowish brawi (10YR 6781 grading 10 vellowsh brown Light yellawish beown (10YR 6/4) grading to yellowish brown
1 + 1I0YH Eid) oY R 5441
I
1o—H—— I Firm to hard sut commonly fractured by drilling Firm 10 hand, bt commonty fractured by diiliing
y -
e oY A B4 Massve bedding with Tine, sregule laminstians of darker s Masive bedding with occasional fine, darker lamination
s [ mont. Darkes seamy of laminations may be diuohmion boun-
1 ] tharies ~ 10, bedding planes with clay residue. Mottied thioughout core
ok
[ | p—naye .
1= : L | Mottied throlghout core [Diotubation) g 107 R 04 Microtaults m Section 2
R T - 4
2 T = t Migroteulls sre commun in Sectams 3 and 5. a8 Trace of dolomite crystaly
T o
1 i - =
£ o o Iy SMEAR SLIDE SUMMARY (% SMEAR SLIDE SUMMARY {%)
a 1 3,80 3,92 380 4.8
L o D o T
o Void — AR
2 3 1avR 8 Comeasitiant Feichas oW
I— 4] [CoiovRsM Feldipar Tr Tr Heavy mirsrais T Tr
3 Sani Hasvy minerals  Tr Tr Clay 0 a9
7 Clay a6 a5 Valcanie glass Tr -
Vodcanie glas T Tr Micronodules Tr=1 1
Palaganite Ti Zuolitk Tr=1 2
3 7 Micranodules (R = Foaraminifers 5 1
10YR 574 Znolite 2 £ Cale. nannafosils 41 45
3 . Foraminifars 3 g Distirm '
Cale nannofomiin 45 48 5 Radiolarians 1 1
g Diatoma Tr = = Spange sicules "
<] Radiolarians 2 2 = Dalamite Tr -
E ] s . E | 10YR B/ i
i~ ] Shcoflageilutes:  Tr - - 10YR 84 Carbonate Bomb (%):
g 34048
z - Carbonate Bornb [%): = 10YR 54 g
. 3,40« 48 ] 10YH B4
E ) Eﬁ
"1
¢ 10YR &4 E 5%
1 e
5 § g;
i4 B
=3 ]
z o — G |ac TOYR6/4
5= s| SITE 568 HOLE ., CORE 21 COREDINTERVAL 348.0-357.6m
S B = 3 FOSSIL
E 8 (suleTeel T 12| ¢
LT & = GRAPHIC
CC; 10VA 64 L E HE £l & | urnolosy LITHOLOGIC DESGRIPTION
w3 H 3 g ol g g ]
a4 il
B 3 3
- T 9] cavings
== =2 DOMINANT LITHOLOGY MARLY NANNOFOSSIL CHALK
i 'O
n_r.—_ v — | Saupy 1o hard, drilling fragtures
.
o ranan §
g ¥ —— | | ILight yellawith beown [10Y R 84 10 10YA 6/3)
L
% i . | + Fainy matfing and bioturbation; butrows
= ' Matsive bedding
i 10¥R 614
] - I i
s 3 | :qun 53 SMEAR SLIDE SUMMARY %)
T3 . 2,108
(5] =
B -
E 2 - Composition
=3 It Feldspat Tr
H . Heawy minerals  Tr
=& B . Clay 52
I ] Mictonodules  Tr
% |85 Zealite T
i L - Carbonate unspes, 2
] 2 Foraminiters 8
; iz 3 E Cale. nannofossits 37
=2 = Raddiolariam T
4§ [AG) AG) [+
Carbanate Bomb [%):
1,70 = a7
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SITE 658 HOLE CORE 22 CORED INTERVAL 357.5-367.0m SITE 568 HOLE CORE 23 CORED INTERVAL  367.0-3765m
2 FOSSIL ) FOSHL
- § | _cHARACTER = g CHARACTER |
§.— EME R £ gl g APHIC o g N HEE gl g GRAPHIC
..'3 551t g 5 E E umHoLoGY | £ LITHOLOGIC DESCRIPTION : -g- §§ E ] % £ E LGy . LITHOLOGIC DESCRIFTION
-3 o A -
S £ g g2 = 2 &2 g al 2 2 3
A HHEHE T A AHHHE =1k
@ |2 z|a c O ) & |2|2]|2|& I o | &
3 [h
En i DOMINANT LITHOLOGY MARLY NANNOFOSSIL CHALK o
€ i 1} .
e = | Toti-serhd, Friwnun by deliting 1 DOMINANT LITHOLOGY MARLY FORAM NANNOFOSSIL
1 ] 1 | CHALK
] ! Light yellowish brown (10 624} |
10— ! | Light yallewish brown [10YH 6/4)
5 n Il Burrows, 10Y R B/4 !
+ I I 10VA 8 Fractured by drilling, fiem 10 hard
73 Masvive badding with faant mattling and beoturbation ]
=1 - 4 10YR 84 | Faint motiling eoturhation and burrows of very pale brown
H T , . T H (10¥ R 873 muatorial, otharwise massive bodding
El 2 T m SMEAR SLIDE SUMMARY (%): ~ x [
§. 1 i — :E Faint darkor straaks and darker brown (10YH 874} mattting ar
= o v Sectun 5. S em,
i 2 | Compsition; 2
- i Feldspar Tr
3 e Heavy minershi Tr ]
)3 Clay 52
- 2 Zeolite Tr (]
_E Carbonate unipec. 2
s Forumyinifurs il | SMEAR SLIDE SUMMARY [%):
T | : Cale. mannofessil 36 380 428 43 55
T — ' Handioshae iars 1 . o M M W
= y ) H Compasitian:
st k] B 13 Cartronate Boents {%) i 1 1lae Felddsgar ™ T T Tr
=8 - L Rk & Heavy minesahi T T Tr T
i — | ! Clay 51 48 48 a8
3 § L 10VR B4 e WVolcanic glass - Tr T
- B v Palaganite - T -
k] Micranodites Tr 1T Tr
glgy J Zealitn Tr 1 2 T
HE: " _ o TR Bl
S ;zu @) * AT A1 A1y Fodaminiters 2 10 10 2
522 4 | 7 ki Cale.nannafosih 43 40 40 44
i B9 i . Radtioiarians il T T
5 . Sponge spicules - 1
o L) | Silicotisgellates  Te  Tr
i Dotomite T "
] Carbarate Bomb (%)
I e 3,80 - 47
HH
H
"
H
5 '
H
A}
!
m
1]
H
. .I
s n
H
g g. I
2 i
if:3 !
-] ;-‘ L] H
1= | 1
it |
¥ :
B i
G| am 7 —— = H I
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SITE 558  HOLE CORE 24 CORED INTERVAL 376.5-386.0 m SITE 558 HOLE CORE 256 CORED INTERVAL 386.0-335.5m
] FOSSIL -] FOSSIL _—|
« |E CHARACTER L |2 CHARACTER
FREMAE R - 8 |=.lel= w
= - = & = =
“I‘: .‘%§ . § 2 = Lf&?ﬂ:gv LITHOLOGIC DESCRIFTION TE Eg & g é B LFTHH?]’:IE? za LITHOLOGIC DESCRIPTION
HtE H ol L e e +E =Rz al & 06 2 .
HAHHHAREE o HHRHE S
F |8 Bl E § A Ik E
] § HEE =] = |£|z|&e|d 3 g
B g =]
— = 2
— | 1 s DOMINANT LITHOLOGY MARLY FORAM NANNOFOSSIL t DOMINANT LITHOLOGY MARLY FORAM NANNOFOSSIL
ik U CHALK P ol CHALK
4] o5+ !
1 ! Light yellawish beawn (10YR B4} 1 g f ' ! Light yellowish brown (10YR 64)
A " o
E Firm to hard, drilling fracturs 10——4— { Mard wiih sait 1o firm ntervals
- 131
!‘: Massive bedding = ] Massave bedding
Numnerous burrows lellipticsl pnrdlult bediting plane) _@ war ] 4 1 Fasni motiling — teotirhation, Intende Burowing. burrows
it 10YR /4 rounded by 10YR 873 (iight]. Faint mattling — bicturbation — A fillad with very pale brown (10YR B3): round or elfipticsl
T i
t Tt 10YR 64 :
1 SMEAR SLIDE SUMMARY (%): = 1 | i Drilling fracture
2 " §.32 3,80 2 H— "
Moo +—+ i's SMEAR SLIDE SUMMARY %)
i Composition - L 3,70 3,80 6 80
i i Feldspar ™ T - i Meoeon
Hoavy minsrals Tr Tr i Compasition:
& 7 Clay a5 L] 1 Fetddspan Tr T Tr
= Valcanic glass T ]. Heawy minerais T Ti T
5 g 3 Micronodules T ] 1 Clay a5 47 AR
S il Zeolite T T £ Ta= H Voleanic glass = ¥ Ty
- Carbionste uniges. 2 ] § ——] = Micranodules T VT
EE 5 t Foraminifers 0 = % D : | i Zoolits T 2
g . Cale. nannofousils 40 33 - | Foraminifors 01 8
5 I Diatoms Tr i = - Cale. nannolossis 40 36 37
5% i Aadiolarisns LI ;‘ = Radiolarian 1 1
i 2 -i Didomite T = % -t Dolomite 3 5 1
;i i Carbonats Bomb (%) - I
z i 3,45-45 i Carbonare Bomb (%1:
g 3 I 3.B0 =47
! 4 1
Eg ﬁ g | i
o . >
&7 4 % 4 it
2 ] I AL
i §
£C s I
——t b
A |aM —F ' ] l it
M
i
% | |
L
3 i
= [ e
5| 4 i
- —. 1
S,
|
= ] 0G
é mESES I n
F J+=+
%-g B b L
— i
E 6| JH+ [ 4] .
o= e y
= EeerE=| ||
"
P
T = | [#] ==
cC = i
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SITE 558 HOLE CORE 26 CORED INTERVAL 395.5-405.0 m SITE 558  HOLE CORE 27  CORED INTERVAL 4050-4145m
o
g FOSSIL 2 FOSSIL
5 E
§ § | enanacten g g jﬂﬁm
A RENE £l g e [al=]g z
R H g GRAPHIC =53 2 g = H
HAHAE 2 E |, | Rnamc, LITHOLOGIC DESCRIPTION BAEE 2 = GRAPHIC gz LITHOLOGIC DESCRIPTION
MAFCIH H gl & A HEE H Gl | umowoy LaEs
g E"3|5|2|E| |¥ ] g |e% 5|z |21E] (%% = FE
- |8 § 3 g = E 2|5 |Z]3(8]¢8 £ 3 5
H z & = s |8 ; HE = L
- i I B
e caving 1 E i
B — QOMINANTLITHOLOGY MANLY, -BOLOMRIC NANNG 1= OOMINANT LITHOLOGY MARLY DOLOMITIC NANNO
T CHALK Pl - tle CHALK
05— |+ % o5 L 4 WOYR 5/4
i = Brown (10YA 0/4 10 10V E/4) bocoming darker towards hass i o o i [T
s g — af cars 2 B e o H
J= J4- 4 10YR &3
N i w4 " Brown {10YR 6/4) 1o yellowish brown (10YR 6/3)
-‘-_"I Duarker [10Y A 5/4) &t botrem of Section § A a 10YR 44
e 3 ] e A M iovren Morttest and binturbated throughout, with dak specks 10 bin
— Fi hard i . !
- 4 wm 1o i E— w turbated sections.
| — 1 = il
— A Intanse bioturbation, massive bedding = - i L] Bioturbation incresses downward and caler slho darkern from
it g e $ ) — \ 10YR 574 1o 10YR 578,
fn I Driling fracture i =+ 2= i
G
S 1 i a -1 | n i
2 g I 10YR 614 The presence of authigenic dolomite rhomis incrasses in this g?, 2 Lo b wl . Intonse ioturbatian in Section 2.
L £ O e = i
j A corn fram the small parcantages s in Core 25, £ H B - futhigenic dolomite rhombs present theoughout (15207
T = g |3 Al o e i
e _H!: SMEAR SLIDE SUMMARY {%): 3 |f + - A #| roveas Minot lithalogy
e 1,100 2,6 3,80 & 60 4.11057% § Marly nennalossi ismestons
H‘._I_J-— & pe . o H Vaidd v
qa|l— Campenition ] Basan Pabe yellawish Lrown, a5 broken pieces just above basalt, 1 iy
[ o Faldspae L I 1 B . ] ltored Himestone.
] s Huavy minerals Tt Te  Tr . W = 4
5 e rw— Clay &0 &1 49 &0 50 51 = 3 = SMEAR SLIDE SUMMARY %)
E 3 B Voleanic glass T T - - T & . 1,40 1,120 1,135 2,20 2,80 2,120
H 11— Palagonite - - T - - - z ] 0 M 0 D
—| e Micronodules 1 L T 1 1 Tr -4 — Composition:
T Corbonate umpes. 1 1 1 % 1 = & ] Fldsgan L R 7 L T
I Fargminiters , 2 5 2 2 3 2 Henvy minstals Te Tr L Tr Tr T
T Calc nannofowils 20 20 185 20 0 1 Clay 4 67 56 66 56 66
| Aadiatarians T T 1 Volcanic glass - T - = T =
s B | Silieoflageliates - - ™ LA Palagonite . T T T i 1
i Oaiomite % 2 W 2 B 10 Micronouules 1 1 1 L (I
5 - n Zeolite Tr - Te - T
= A b A Carbonate Bomb (%) Foramnifers 1 1 1 2 2 2
i s 3,79-47 Cale nannofowsis 26 70 200 20 20 30
3 - Raodiolarians = = 1 1 1T m
TR B ] e Spongespicules —  Tr - - - -
gl - 1 Salsenllaguilutes = - - - T
g . ——rn Dolamits 1 W W WU W W
o= | -
e :_‘j_A' Cartanain Bamb (%};
2
22 N 1,78 - 41
8 s| =4
e 10YR 5/4
E e
a = e
A A cel .o 10YR 5/4
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Piece Number
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© 9] Representation
Orientation
Omentation

Oriantation
Orientation

SITE 558, CORE 27 Depth 406.0-4145 m
SECTION 3

0-106G cm: The pieces in the imterval are of guestionable order

Pieces 1-5: Variolitic texture. The variobes rargs from 1-8 mm In duseter. The varsoles rarge from dark brown
in the eantr o light Brown a1 the edgus. Some pockets of devitrified glass igray| (e between the variole.

Pince B9 Fina grained dark gray (2 5YR N4/D) aphyric basalt, There ane many isreguloe and undulating T
tures filleat with caleits. Alteration 4 mote extenvive in the basadt glong the fracturet. Veucles [ < 1 mm) are rare
and fifled

Pince 10: Badly shared aphyric basalt with calcive filled fractures. One edige has 2oned calcite sedimantation:
1) atich vl Nine grained ealelte with mixed layer clay mineral {XAD determinates) , 2] iratapatent ey caltite, ond
) fine graned white caicite.

Pince 11! Has the ssme description s Pieces 6-8 of this section (3),

SITE 558, CORE 28 Depth 413 5-4236m
SECTION 1

HIGHLY FRACTURED APHYRIC PILLOW BASALTS

Pinces 1-3: Fina geained aphyric hanalt; color renges fram dark geay (7.65YR NA/M) in Pisces 1 and 2 to gray
|2.5YR NG/ in Prece 3, Piece 3 appears strongly fractured — some small vains wre filled with calcite comany,
Vesicles are rare; in Piece 2 are some iound vetickes filled with elay (sire ~ 2.0-2.5 mm) some are smpty fsire
<0 5 mim)

Fisce &: Hyalaclaitite interpiliow bruceis (basalt glass breccia), Elpngated glass pieces e 1-30 mm) are sligned
horirantally and ané fresh. Cnly their rims and some sery imall braccia plecas are alfered to bravwn clay. One vertical
arented glass plees thows multiphe glass rinds separated from one another By clay. At tha top of this plece oocurs
teanapaent caleite coment Matrix of breccia is limestane

Pieces 5-14: Fing-grained aphyric besalt; color gray (7.5YR NS/} Fractures are common, Vesicies are very
rare and sometimes filled with clay. Pisce 3 thows transition from vitric basslt st the top to tachyiitici ) devitrified
masalt, At the borsom of Piecer 10 and 11 occur piflow rinds of fresh glass — the sind of Piscs 11 % multiple one;
thie glass b separated by clay and caleite

SECTION 2

FRACTURED APHYRIC PILLOW BASALTS

Light geay (7.5YR B/0), merzied brown sltaration afang seme brakan and fractured surfaces. Scattered vesiche
artially [ifled by white of gray(?) sealites.

1638 and B2 B8 cm: mattind gray ~light brawn (10Y A B/41 varlalitic hasalt {choss 10 pillow marginsh,

Thin Section g1 122124 cm: Aphyric Basslr, intersertal texture, ling grained, 35% plagoclase (0.7-0.4 mm)
skeletal 1o sccieulai, 20% grarular clinopyroxans (0.01-0.05 mm), I% granular magnetite (0.01-0.04 mm), 5%
evitrifd glas, 360 mesostans, 1% vesicls.

SECTION 3

FRACTURED APHYRIC BASALT iPILLOWS?)
Light gray (7.5YA NGO Calcite viing occasionally Tound; slight slteration to light gray brown [7.9YH NE/Z).
51-53 em. Slightly altered) basalt, slightly hrown—gray in color. Small plagiocksse erystals 1--2 mm dismetern
winibihe (7.5 R K672, Sore dark parches noted; whentification uncertain.
Pieces 3, 8, and 16: Actally collections of tmall pebhie-sized basslt fragments (Similar to Sections 1 and 2.
Thin Section at 183 ce: Aphyric 1o spansely phyric hyalopititie, tachylitic bt

SECTION &

FRACTURED APHY RIC BASALT
brown slong fractures.
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g E z 2 B 4 £ SITE 568, CORE 29 Depth 423.5-4325 m
= £ 3 E & E £ 3 £ i . E E
= g é v'=1 .g é @ 2 E @ 3 % e @ 2 g e & § 'g & SECTION 1
EEETs s E § 8w t fEzs E.téizy S.3fizy E.iirs
R B = g 2 ¢ i E E = 2 2 E _§ E 2 2 5 g ) 2 &2 § g ¥ z 2 E ] % k-1 APHYRIC PILLOW BASALT
ek £ §REOGD TEPGGE BRRiGE yiRiGf iEiaag o 3 Sy i _ .
i 2 g 5 54 &3 a G & & = E B8 & & =2 GE & & 2 2 5 5 £4 & 5 3: ] ‘I‘:I:![;l:?*:;mhﬂnduulnvlhmq nrm:n:: asalt with limeseone fillings in fractuees | st Fine grained brownith
0= " - 1 B r 7 o ] ] B ] BE B7—T46 cm: Single pillow with gy brown (10VA 6/2] vanoditic edges (top B8-82 e, bortom 140 - 146 cm),
\ L L1 1 Hine grained. gray (1.5 NE).
n | LA |1 A fi G486 cm; ~ 5% vesicles fillad with hiack clay
i
i
— ' -
] L~ A SECTION 2
- A 4
T LA 1 APHYAIC PILLOW BASALT AND INTERPILLOW BRECCIA
o 1 L ol 0110 and 143148 e |terflow breooia
LA 1 1) Aghanitic, aphyric black bassit ctasts, sparsaly vesicular, aitered Gray groen at wdges, Sometimes gading
| F 4 nto 2] funshmbed
/ / 20 Finw groned aphyric oealt | medum gray (2.5 500) ipillow menor). genarally aferen motsed groy and
— 1 = light brown [10YR 6/2) {thown by verticsl dashes)
1 ) Smaller 1+22 om) anguiar glass fragmants, largely palagomtized, bul most with tresh centers.
-1 L = 4) Limstons matrix {dotied), butt colored {7.5YR 7:2) lithified Fmestone with small calcite veins [disgonally
1A | hatehea),
- L] 110140 em: Pitlow of dark gray (5% 4/0) aphyric basal with black aphanine upper masgin (manar glassh and
| L / A1 ] matrow (@ eml gray brown [10Y R 4/20 vasiolithe 2one
L]
SECTION 3
50— /| |
Vv 1
- L] 4 PILLOW BASALT FLOW, WITH INTERSPERSED LIMESTONE CEMENTED INTERFILLOW BRECTIA
LA A As i Sectiom 1 and 2 [ull description Sectien 21,
= - A47-51 em, Place 5C: Aphyric haaslt with gresn [10G NB/Z1 discolored imestonas marrix, glass ftragmants e
T weithin, Vesicles fifled with calcite; ireguler black patches interpersed,
. L e A r = 5453 cm: Aphyric basalt with a lighter shade of gresn than above.
.
= T secTion4
] 11 1 0-32.cm: tntumiow breacels with spsery ealeitn samant
T ¥ 3388 cm: Single aphyrez fine groined basalt pillow & in Section 2.
2027 em: Occational large (510 mm) caleite filled vesicles.
= A 1 L~ 4348 om: Vescular |~ 5%) zone inside vanolitic cone. Vencles (1-2 mm) wither unfilied or calcite fied
1 -
= 4 |~
— A He
1
- A % -
100—] ] -
A ] L
A
- A 1 I
- 11 4
-— d LA d il
~ | / B
i ke
7 LA
B 11 A 4
= - —
4/- e
d L
150 — L | L - L - — - M- L | o]
CORE-SECTION 81 204
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SITE 558, CORE 30 Depth 4325441 5 m

SECTION 1

APFHYHRIC PILLOW BASALT AND INTERPILLOW BRECCIA

0-84 em: Black aphyric aphanite batalt grading 1o graylsh brown (10YR 6/2) varioline basalt larming broken
pillow Togments. Matrix of smaller { <2 om) anguben ghass tragmnts legely palaganitized cemented by clear spany
calcitn

84145 cm’ Fine grained aphysic basil, dork gray (2.5 4/0) attered to gray-brown (10 R 5/2) along fractunes
Fillaw marging grade theough wariolitic_and sphanitic zones 1o glass where shown, Irreguiar, caicite Hiledi(?, vesicles
forin ~ 5% of rock from T5-B5 om, scattened slprehore. Needles of soolite(7) in caleitn

Mote shight darkining (2.5 5/0-2 5% 4/0) of fine grained basslt from Core 29 1o Core 30,

SECTION 2

APHYRIC PILLOW BASALT

0--25 cm' Modium gray {7.5YR NB), fina grained basalt with calcite in fractures.

33-77 e Medum brownaeh gray [2.5Y NG) ungle pillow with yellow trown (2 5Y 6/2) vacnolitic sdges {top
33-38 em, bottom BE-70 em) and 5% round empty vesicles lup to 2 mm) 2 top snd caleite in frectures and
irveguilar cafcite and groon eliy fillad vedicles [up 1o B mmj

¥2-79 cm: Interpillow breccia in calcite matrin. Mary glass angular clasts, some altered 1o yellow brown and
e clayt

70148 cm: Fine grainad grading town through varkditic sone {138 138 om) umo blsck sphunitie zooe (128
146 cm | with caleite in fracties

SECTION 3

AFHY RIC PILLOW BASALTS AND INTERPILLOW GLASS/CALCITE BRECCIA

Ag i Seetions 1 and 2, Pillows durk gray (25Y 44} w color, gradiog fo gray beovn (10 R 572 slong lrectures,
1o black aphanitic sphyric batalt rimmed with glaw.

0-20 cm; Glass/calcite brocesa {sparry coloite matrix] 2 mm (o 1 om digmoter glass fragrents

20-55 om {piltow unith glass ta vasialitic aphanitic aphyric tack basalt 10 varolitic, dark gray brown 1o grey
aphyric bessly, rverse seguence on bottom,

84122 g1 Single pilbow unit; seguence same & far 2065 cm pilkosy

8488 om ! roeguilar weacles, magosity of which appeas emply nes top of segment 1o mostly calcite sndfoo

J ctay titied,

80120 em: Cabctw ninds on aghyne basalts get thicker and mare moled
120125 om: Aphyric basalt grades thraugh vasialitie textise 1 glasiy botom.
126150 em | Glassfraleite brecria o in 0--20 £m; Iragments aee Lager, some up 10 =4 em in legth

SECTION 4

APHYRIC PILLOW BASALT

0-5 cm: Glass 1 with caleite followed by aphamtic black tasalt

G-30 ern: Glaws tim 1o sphanitic black bawll grading into fine grasned medium gray 125Y NE) wian empry
wesicles n aphanitic fone snd calcite Iled vesicles in line gramed fons.

30108 cm: Single pillow with no fop and varoditic lower edge {79-83 cmi

1DB=120 em: Interpillaw Breccia — fresh glass clasts in caloite matrix with rime altered 1o yallow hrawn clay

SITE 558, CORE 31 Depth 44154506 m

7 SECTION 1

Sechion comprisss aphyne basall; color dark grav (255 NAL thin mostly caleite filled Bractures are common.

Fresh glass in Places 1, 2.4, 5A, and 6 partly sliered to palagonite

Varhitic texture in Pieeen 2, 3, 58, and 8, Varmlites are< 2 mm.  Empty round visatles coow seatisned theough
out Peeces 2-4 [size < 2 mm}, Round vesicles in Pieces 7 and B are filled with calcite snd clay (tre <2 mm}. One
farge glongated vescle pecws 31 the bottom of Peeoe 8, 1iled habt with green clay and hat? with calcite [sie=~203 3
mml. Plece 5-6 & ‘s separated pillow with chifled rinds ar the top and battom: the ameunt of vesicles decrese
oo

| secion 2

APHYRIC PILLOW BASALT

0-30 con: Bottoon gt of sngle pilbow, medum gay (257 NEL fiw gratned with mediom yellow brovwn
T10Y A B2 very warinlitic lower eidge (2628 cm) und calcite in hactures and i irmegulan vesicles [T%)

3073 e lsotated pisces of pillow basalt, Plece 2 with vasiolitie edge (35-37 eml art Plsce 34 with glass rim
in caleite matro.

73-B5 em: lnterpillow breceia freh glass elonis dwith yallow/arange timib in calcite matix snd one lorge 12 cmi
cawily with druiy caloite,

85133 e More solated peeces af pillow hasalt as in 30-73 em Piece 6 has variaditic edge a1 88-80 cm Pisca
B has variclitic edge a1 111-118 em, plus empty vesicles (up 13 4 mm} Below varsalitic edge and caltite filled wesiciey
i interias af pallow,
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51T 658, CORE 32 Depth 450 54585 m

SECTION 1

Fresh 1o moderately sltered aphyne pellow hasalt; color dark gray (2.5Y N4/0); chilled glass omibs oocus 0
Pisces 4, 5, and 9; close Lo these rinds to the intersor of pillows occurs variolinie trenainon from vivne to Tae grivned
exystalllzed basaly

Vmicles aro comman and partly rownd (e < 2 mm), partly uregular shaped (sze <8 mml. In the intersw of
pillow (Piece 78 o upper part of Piece BB uasicles aro rase, Vetiels fillod with esteite and clay

Fruciures and velos are filled with calete.

SECTION 2

Piece 1 is part of & chill margin with calcite veint

Pieces 215 are vuniclitic basalt, durk gray 12.6Y N4/0L Vanales are beown,

Pieces 1,7, 8,8, 10, and 184 has chilled marging

Pieces B and 10 have calcite butween broken pieces of glas.

Pieces 164, B, and C ara fine grained aphyric gray basalt with many caicite filled fraciures,
<=1 men caleite filled round vesicles (2% occur in Pieces B, 7, and 12.

<1 men unfilled round vesicles [2%) occur in Pieces 2, 3.4, 5, 812, 14, and 15,

SECTION 3

Fine grained aphyric gray {7.5%R NS/0) bassit. Round vesicles up to 3.5 mm: iiregulae vessclos ate rere [<b mml.
Fresh glass dchidled pellow margin) in Pieces 2, 5, snd G always accompanied by varmlitic tansition zone
The whaote section i strongly fractured; veind are fifled with calcite (z== §

SECTION 4

058 em und 8676 om, Pioces 1B Aphyric, varsolitic pillow besalt with chilied rinds i Pieces. 2 aml B, color
dark gray {2.5YR N4/DI; vesicing aro cammen an round and emply {size<21.5 mm)

5804 em, Pioge 7: Hynloetastite (ealcite comunted plass breceia),

75--140 em, Pieces 9-12: Fine grainen aphyrec basalt, color geay (2.5Y R NS/0); vesecles are rase, round, and
filled fwith clay?). This basalt i mode altered han the upper ane [in Paeces 1-81. Fracturos see comented with
calcite and show partly sitared one betlds them

At TS em: Break? - end pellow lavas.

SECTION &

Singl tlow (cantinues from Section 41

Masive fine gesined sphyrc bealt: color gray [2.5YR NS/0): shows no vesicles: fractures and weiny are 1l
with ealcitn Izex|.

Frequent fine uaces (heabed fracueres?] altered Leown and ling martied brown shevation of mesostanst?,

Thin Section an 8670 em: Hyaloititic sphyric bty

120 em: End of tlow,

856 HLIS
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SITE B5B. CORE 33 Depth 4560 64686 m

SECTION 1

APHYRIC PILLOW BASALT

0-32 em: Light gray beown (10YR 8/2] aphyric haaslt grading through variolitic basalt 1o bleck ophanitic
aphryric basalt rimmed with glaw 12529 em).

33-38 em: Lorge glass Fragments (3 mm 10 4 em Jang] mn csleile matiis « breceis, Less cement (10 volume %I,
lots of glass.

50-103 em: Pilkoww unit, glass st top, grating into black sphanitic aphyric besalt, then dark gray (2.5Y 4000
aphyric basalt; bottom jrverse soguence of top. Irmeguiier vesicles thigughoul unit; mainly empty above varialitic
sone, calcite illed balow this zone through sahyric hasal

104113 em; Preces of dark gray aphyre basalt, One piece within Prece 12 nas & glass rinad (devinritied).

115135 em: Pillow unit, only 1op hall; down thiough semience to aohyric basalt.

SECTION 2

APHYRIC PILLOW BASALT

Sequence cansisting of:

1} Fine grained aphyric basalt  ipillow interiors)  generally weatheced dark grayish rown [10Y R &2 wath
occavanal large (B mm|, wregular caleite-filted vesicles. Small {1 mm) vesicles wp to 5% may be concentrated sija-
cant 10 varlolitic 70nes. These ate Miled by caleite or pars filled by dark bluith gray clay (ahowm by vertical dashes),

2] Varmditic pale trown {T0VR 6/3) basatt lerosses in circlesi

3} Bleck apnendtic batalt sdjacent to pillaw rems white),

4| Fresh basslt glass [black) generally weined Iy, or loeming angulae fragments within white ealeite, Moskeately

d edges {calcite oo v hatchad

SECTION 3

APHYRIC PILLOW BASALT SEQUENCE CONTINUED

0=78 cm: Lithology and symibals a4 for Section 2.

TE-147 em: Single aphyric pillow. Caleits veins us shown (disgonal netch). Caleite present also slong ll frac-
tures. Lithodogins a for Section 2 except fomh tin gained aghyrie dask gray [7.6Y R NA| basalt fram 118147 com,

SECTION 4

APHYRIC PILLOUW BASALT

Dark gray (2.5Y 4/0). Cadote rinm sdyes of moit poces; seversd are venml Veuckes scattered, <1 mm in diam-
e,

16820 em: Pieco of large idiameter ~8 mm | wincle, cafeits flled

30-34 omi: Multiphs pisess of dark gry aphyrsc basalt

SITE 558, CORE 34
SECTION 1

Deoih 4GB 54776 m

APHYRIC PILLOW BASALT SEDUENCE

0-13 em, Pecen 1A, B; 0104 em, Fiece 40: 103-106 cm, Piece 6A: Aphyric basalt, black, aphanitic with
ghas rimm as shown, Grading 10! Vasolitic basaly, light beawnish gray (10 R 6721, maving inward froem plilaw mae-
gins,

1589 art 106150 cm: Aphyric bagalt, fine grakned, dark gray (7 EYR N4} grading to brown (T.5YR 4/d1
with alteration, mpecally adjocent 10 frectuves. This rock 1ype represents pillow witeriors. Vescles: scattered,
iregular ~ & mm caleite filled. Smafl (<1 mm] blussh gray o gresn clay (lllsd concentrated fup to 5%) just inside
variolitic zones,

0-10, 5270, and 107 <115 can; Calcite veoinlets idagona hatched)

85S HLIS
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SITE 558, CORE 36 Dupth 47754885 m
SECTION 1

APHYRIC PILLOW BASALT SEQUENCE
Lithalugres and symstabs a6 in Core 34, Saction 1
0-33, 58-76, and 119—135 cm: Anhyric batatt lina-grained, ltered grayish brown (10YR 521
33-38, 54-57, T7-87, 100111, and 137147 em: Aphyric basalt, black, aphanitic grading 10 variolitic busait
4146, 8298, and 144148 em Aphyiic black basalt glast, moderately palagonitized and veined by calcite
—  Calcits vws throughout as shawn and abundancs is greater than in previout cores.
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SECTION 2

= APHYRIC PILLOW BASALT SEQUENCE

Lithology urnd symbols us for Core 34, Section 1.

B-58 and 94122 cm: Firw grained besalt & in Section 1. Fresh{?) oniy a1 33-37 and 107-115om
0-20, 62-66, arwd 120 145 cm: Aphanitic and variolitic basalt a1 in Section 1

=1 0-10, 60-64, B0-88, and 120-130 em: Basaln glewm, moderaaly altaced 1o palagonite snd seined by cal

ERRY

Y

N

1 secrion s

Ly

APHYRIC PILLOW BASALT SEQUENCE

0- 10 cm (Pisces 1A and 8] Interpiliow braccia af frash gl
8080 cm (Pieces TA and Bi: Clasts in calcile matrix.
- 58-77 em [Pwces BA-E}. Interplllaw braccia of altersd light brawnish gray (10Y R 8/2) hasalt clases and black
aphanitic basal clasts . caleite matrix, some with fine bits of glass and basslt ground ug in it Paces BA=CI

17-68 cm (Pacss 2-5) and 77-117 cm [Piece 7-8]1 Pisces of fine gramned pillows with no varolitic sdgei
fexcept a1 1820 cml and 2% (<3 mm| rounded visiches, some Fiiled with elay, soma with calcite. Frasher parts are
gray [7.5YR NS} and more sitered parts (M) are light brownih gray (10YH 6/2)

117120 om [Piece GA): Clasts of Tresh and aliered glass with calcite between.

120-140 om: Single pillow of fine graied highly altesed grayich teown (10YR 8/2) basalt with vinsolitic edge
top 1122128 em) and battom [139- 140 cm grading into bleek sphanitic bawlt

140150 e Top of sevond piliow with black aphanitic hesalt grading thaough variolitic edge 1o same 'teied
banalt interior. Bath pillows hava calcite n froctures snd Piece B0 has 1% | <2 mm) rounded and aregular vesicles
Filled woith caleite

N

N

n

T SNT

N

SECTION 4

PILLOW{?] BRECCIA, HYALOCLASTITE MATRIX

Bsait lithaloges as in Core 34, Section 1 and Core 35, Section 1

0-24, 4045, and 77-113 em: Aphyric basalr, tine gracned dark gray (7 5YR 84) grading to brown (TE8YR 4/4]
7] with sitaraticn (tresh ondy from 102108 em].

512 anud 26- B2 cm: Hyaloclastite breccia. Angular 1o subrounded clasts of variatly altered aphanitic 1o vang-
litie basatt (< & om) and gunerslly completely palagonitized glass | <1 cm), Matrin donunated by finely grownd
basivie material with whordinata caleita

RS T

= SITE 558, CORE 36 Depth 4865 -468.5 m

b S L O I ===————r % LT e R N VI |
RN
| T T |

e T I

i

= SECTION 1

f

T PILLOW BRECCIA, HYALOCLASTITE MATRIX

Basalt lithologers a3 in Care 34, Section 1 and Core 28, Section 1,

018 erm: Aphytie, fine grained basslr; ealor gray (2.5Y N5/D) 1o light brownish gray (2,5% NG/Z) i altered
partt,

0108 cm: Hyaloclastite breccia, consisting of anguiar ta subrounded clasts of mastly palagonitized glass
o [ =30 mm} and aphanitic to veriolitic besslt [ <2 16 cm), Breccia s mostly cemented by calcite, but fing grained
mmatrix of basalt alteration prostuets i also prasant

x
AN

s

\
|

—_ - -
N

T T D . WO
AN

10T -127 em: Aphyric fine graited basalt 23 in Pieces 1 and 2 (018 om|

SECTION 2

b

| APHYRIC PILLOW BASALT SEQUENCE
Seties of iolated pillow pieces 33 in Section 1.
L =) BE-B82 om: 0% largs | << 7 mm) irregular vesicles Silled with calcite and some (< %1 light yeliowsh brown
363 1IOYR B4) clay, Heavy calcite veining thioughout.

=X NT

AN

150—
CORE-SECTION »1 ®2

SECTION 3

BASALT

170 em| Aphyrie, line gromed basalt; color gray (2.5Y N5.0) to light brownish gray (2.5¥ N8.2) in altered
zones abong fractures and veini. Shows no vesices.

2538 cm; Aphanitic to vanolitic textured basalt: vanales wp 1o 5 mm, Veinles are fiflod with caleito cement,

8¢ LIS
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LLT

é 5 k] z z ¥ ] SITE 558, CORE 37 Depth £95,5-504,5 m
e s 3 3 £ E £ % 3
-} 2 1 i3 b= = 5 =
.§ g . é 2 £ 2 I 2. & §F £, & ¥ €. & ¥ €. & & SECTION |
E 2 §pg £ £83sg E £ E85zz E fEzs E s T E £85 £§€ B
2 v§ 8 g s e s 88 32 & §E g2 2 2§ & 2 2 u§ % 2 28 § 2 3 082 em: Basalt breceia, hyaloetastite and limsstone,
Z £F & E EEF B £ ¥ £§ £ B 2 ;
g §§ § s § 858 3: B Eg’ 5§ 285 3 '§§ £ E:5 §gzf 8k 8 25 E 5 BB cms Bieal,
- 258 553 E SE5:5 :EE Sz s 58 553 25%s: 3 5E5 EZ 53 018 em Basalt Dreccia, Clnst of maderately 1o badly. alisred uphyric basalt [size <& em); ihe angulsr elasty
“niim” within 8 (imestons matrin — some cavities are camanted with caleite; color of chasts grayish brown
0— p - — |_. r_ — = [10¥R &/2),
| | A B L] 18- 82 em: Limestone, cobos brownish white (10YR /20 Black MeQ — dendiites are scattered throughout the
L P ? L1 L1 7 setimant, which & partly by b wolcaric glass {See Preces 34, 4, 5, BB, ana BC),
o, | A * L4 L1 The glaes i mostly altered o brown clay. Fiece 7 (73-78 cml! Claet of drilled basale glass with elayiey alieration
L1 1 L1 T abong frachines
A o B3-150 cm: Aphyric, fine grained fresh basalt color gray (7.5YR NGQ); vesicles are rare and fillad with clay
| A 1 L — b1 1 fsire <1 mm]
1 LA A it
- L1 |/ ] za l * A L1 =1
1
- LA SITE 568, CORE 38 Depth 504.5-506.0 m
L1 11 | . * L d
= A LA A — SECTION 1
- L1 - F'_‘ * b - =] 0-48cm: Basalt bieccia and pleces of aphanits basaltfaphyric baalt.
] d » LA i .' X7 48134 em: Aphyric basatt
A L~ =1 0-4, 11-13, and 3037 cm: Busal beoccia. Clasts of aphanitic bleck (10Y A 2.5/1] basale and glass fragments
i 7 ' F“J | set in calcite matrie. Aphanitie clasts ~ 1-2 cm i ahamates. Vesicles biegularly seatteied, some contalning elay,
Lt 1 LA & f |4 | A Glass 2 mm=1 em in diametr; majarity of fragments sightiy altered 1o palaganite. Clays observed along glass
50— 28 A | fractures
J: L~ l‘ A-11, 1334, sl 3748 am: Pioces of aphanitic basalt, dark gray [2.5Y NA/D) grading theough variolktic texture
- ' = L4 o light brovnsh gray (T0YR 6/2) aleed aphyric hasals to aphyric bassdr, gray [T0YR &/1).
LA p A LA Nk 1
- L1 ’ (¥ 3 L~ — AB-134 cmo Aphyree basalt, gray (2.5Y NS/O). Some poeces are fractured, with ealcite inalong the fractures.
. Calcitn rimy sre observed on tome pleces. Vesiches are varlable in feauency, some are eriply, mast are caleite-filled
.-.. d ¥
- - 1 o i3 ) ’ L = [« 1 mm] Slight weathering to a ditterents gray [T0YR 5/1) (s patchy and seen along the barders of most pleces.
| L | 4 + -| A Baurdsry of larger pillaw unit at 56 em?
Lt
11 11 b! 4 P —— L1 SECTION 2
of |4 4 - L1 7 -
] 0= A ¢
| A » 1 (Nl a8l 7 _| APHYRIC PILLOW BASALT
L * « o qd4 | New Unit? — larga pillows, rarrowd margins, na booccia, stightly coarser grained,
_ = LA 3E * 1 A 4 . 0=150 cm:; Aphyric basalt, gray (5Y 5/1], fine grained (dightly coarser than averlying unit). Plagiociae laths
F L] = ) = 0.6 mm) randomly attered or In radisting clusters altered desp groen (~chlorite?) Waathared grayish beown
— 1 mj + P —{ 125Y /2 w 10YA 5/2) sdjacen 1o fractures. Vesicies: 1% scattered throughout <05 mm filed mainly with
L~ o frayish graen chieite{?|
8 d = - d = 50-53 and 132136 cm: Pillow rims — lass to biack aphanitic basalt to gravish brown variolitic basalt.
[ 1 > L_‘:..,; » 0-70.cm: Minar velnlets and tracture fillings of caieits.
a i T
L} 3
ac[Ig
— 1 L1 1 L__ | : -| SITE 558, CORE 30 Depth 509.0-5180m
1 salC A L1
L1 A “‘ —| sEcTION 1
i p 1 & &)‘ ) - PILLOW BASALT
_ LA = | Large pillow unie,
= L1 1 0=147 cmn: Aphyric basslt 53 In Core 38, Section 2
~ 1 scfe] 4 23--37 and 90— 108 ee! Pillow smargens a8 in Corg 38, Section 2.
d Y 5 E L 2
xL A = |- 7 O 26 cm: Glass altered to dark green clay/ehionite| T} Igrayish olive gresn — BGY 3/7),
l sl 4 — Caleite veindots b thawn, some with pale green (58 7/2) clay,
i | A | A L LA i 1 SECTION 2
10 x — L1 1 - h] : L1 i PILLOW BASALT
| | A =1 & T Large piltow unin.
N 158, T o d 7 . L~ 4 Aphyric bassit 2 in Core 38, Section 2 with small plagioctas larhs randomby otlented
|- 1 53] 8486, 103106, and 115117 cm: Varsolitic pillow margns i in Care 38, Section 2 and Core 38, Section 1
- — — _— o =t . — = Minor weinla tracture fillings of calcite and pals green (G 7/2) clay
CORE-SECTION 281 /4 -8 cm: Minor ghass class,

V11114 em: Glass rim of pillew.
SECTION 3

APHYRIC PILLOW BASALT

1843107120, and 143160 em: Aphanitic biack basalt and altersd aphyric basalt, nterspersed with calcite
veins [very small) ane greennly altecstion product, especially noticeable oo swrfece. Colors same & in Core 38,
Section 2 — aphyric haalt gray (6 5/1). Weathered and sltened grayish beown (2.6Y 672 to 10YR 5/2) adjscent to
aphanitic regions. Altered product possibly chiorite of smectite. Could imply hydrothermal processes in the regicn.

018, 43107, and 120143 cm: Aphyric basalt (5Y 6/1) relatively fine grained. Caleite fracture misreperied
throughout section; weathered gravith brown (2.5Y 5/7 1o 10YR 6/2) #long fractures, Patches of pillow rims: black
{10YR 2.6/1) aphanitic basslt to grayish brown variolitic basatt. Aphyric basalt pleces set within grayish brown
“massive” regian (s opposed to varoditic region]. Minor veine of calcite, alw present in fractures and some rim
edges.

107120 om; olive gresn {5Y 5/3) slieration poduct referced to in abowe description mpecially svidant. Same
canclusion rasched.

BECTION &

APHYRIC PILLOW BASALT

Larger unit, Plagiociasn laths are finer | ~ 0.1-0.2 mm), aphyric gray (2.5Y NI basslt with grayith brown
12.5Y N5/2) alwration (ndecated 1t.).

0=3 and T7-79 cm: Narrow variolitic edges, 2oning 1o biack aphanitic basslt, pillows e larger with farrower
wiiges.
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SITE 558, CORE 40 Depth 518.0-527.0 m
SECTION 1

BASALT BRECCIA

0-150 em: Aphyric, grayah brown [10YR 5/2) altered: aogulai 10 wbrownded bealt clasi.

- B em: Matrod i3 combination of calcite (whitel and limestone, Clage (< 10%) are rounded with black sphanitie
cores and altered rims

86— 150 cm: Matrx it wery fine basslt fragments with calesw o actmes. Smaller <1 cm) clasts generally mars
altered mctudeng  20% rededesh wollow (7.5YR 7/8) basslt clasts

T1-14 and 79-B5 cm: Rowunded clau with variclitie texture (= pillow fragment 1),

SECTION 2

0-34 e Basali breccla, Apdyric, soguls to subrounted beasdd clints of similsr libology 1o basates Bl o
holn. Same have ~ 5% vasicles, ofien sron oxide Niled, Matri® mamnly commanuted Dassitic matedial, letter calcie

36-47 em: Mylonite. Soti, clay-rich mylonite. Strongly shesred with afernating, 1=2 om. nregular bands of
willnwish beoswn (10Y R 5781 and mattled greenish gray (5BG 51 with pale groan [5G 8/21

49 150 coi: Shaared gabbro. Weakly shearnd, altered gebbro. overall dark gravish brown {10YR 472) Bronis
tedddigh brewin 15Y R 5/4) reliet pyroxens (5—10%)

128136 cm| Sheareef anorthosite vein Relaot coarse grans [1=2 em| of plagocise and pale green pyroxens
separated by intevlaced romes ol white faiely shoaied meteisl. Dessgnated (AL Vein margirg are Bighly areguls
Generalty abuts firng grained dark reddich brown (5YR 3/3) matorisl

SECTION 3

086 cm: Shearod fault breccis. Palymict beoccin composed of rocognizable gabtiro chunks and basait clasts
Entire breccia s shaared), rendering indivicdual boundaries undsfinabie. “Mateo' « beown (10YR 430 10 yellawinh
brown (10Y R 5/8). Baalt clast are gray (2,5Y NS/O) and range in size fram 1 mm 19.< 1 cm i dismater. Gabbira
etk range fom olive (Y 5/3) 10 alive gray (5Y 521, Clays abourdt

A7-43 and B2-80 em: Shearnd anorthonie. Anodthasite pieces roughly cemenlod togethin in 8 clay icalcite?]
miatrin then contplately shesrsd Anorthosite piecse ot 3743 om i@ more matsive and fese “fragmented” then at
B2-89 om, They are light gray/yray (2.5 N/

G682 anad 89113 cm: Sheared gabbro, Gaties, strongly altersd and shoared pyrcwenses and relics pyraxenel
are observed, 1 - < 6 mm diameter. Galsiea sanges fam dark gravish brown (0YR 4720 1o seddnh brown
|SYR 6/4] relict pyroxens parches (5-10% in placsa) 1o light radiish brown (BY R B8] pyroxenes 15— 10%), Clays
warked (ko faliest throusghoul.

107113 £m: Shearsd gatioro rubbie, Very small peces (5 man-1 5 om) of shesred gebbeo debas, with & lnge
wolume % of clays

SITE 558, CORE 41 Depih 527 0-536.0 m
SECTION 1|

0 150 cm; Shesred gabbro weccial. The galibeo clasis @e virongly sliered 1o clay minersls und serpentine, which
makes up the matrix, foo. Altered apx occurt throwghout tha secton leolor ight to dark beown, size«< & mm). The
clasts (size from  ~1 mm up 10 weesl contimeterd) are calared from light brownish gray (2.5Y B.2) 10 brown
(10YR 5/3}

43-52 and 126128 ¢m: Calcite veim; the lower one looks like sheared and shovws some greenish cley beside it

SECTION 2

SHEARED GABBRO (BRECCIAI

Slmidar to Sectinn | but mone aitesed and brecciated a1 it nears shear gane 2t 115-150 cm

053 cm: Shearvd gabtro, more altared and sheared than Core 40, Section 1

B3-150 em Gablwo teeccin grading anto shear sone of saft elay cch mylanite sith multiple ifeguls calomed
fanels very dark grayish brown (10 R 3/2); teown (10YR 2731, gray (1T0YR B/1) grakng into pale green {56 G/2)
with anguiar ciasts (< 5 mm) of same gresn. Mylanite zane aho contains arqular. moderately alwered s of Dasalt

it gray {7 5Y A NAT) coves o nae o brosendan yullos (10YR 678 altered (ims,
143 148 cm: Note senvgle Larger (T emi basalt clat in Plece 6F

SECTION 3

0-12 em: Palymict teweci. Claan Serpantimred, olive 15Y 5/1) colored gabbro bslee < & mm) and aphyric
baxain, fina-grained color geay (10Y A 6/1), Carmer iy fresh, vim s alteved 1o twown clgy. Ong clast shows Sresh biack
lags. Matiie sevpanitine and other clavs, gresnish.

1450 em: Shearst tault breccla. Parallal textured multicalar layors of ditteront clays [color vanges trom dark
tmwwn ower pale Boown to dark grepnd, Calcite withan thin fesurm i common, Subrounded clasts of serpentinized
weliben sre scettered [iee <8 mmi

B 70 em: Lasger chait of serpenansed gabbro. Dunite? (no windie opx), Colar greenish gray (5GY /1)

71145 cm: Sheerod gabivo (beeccisl. Closts o serpentinaed gablwo (e <1 om) se separated Ly lissine
anel wwim, which are sy Glled with ealeile | the lower part vesolots wie Dllod wiih elay anid chiyialita
fmsbestas), Codor of rock durk green to dirk brown. Orihooyroxens | =5 volume %) is moderately altered lsze
< Gmm)|
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z N SITE 558, CORE 42 Depth 538.0-545.0 m
e g s ; é 'g '-g c = g g
] 2 .g CR 3 & g &2 ] 8 *E £, 4 _E 2 _& SECTION 1
R £3s § s §,583: § 35 S.3583s [ ; , , i
- £ & 2 u§ % 3 £ 2 u§ % g 3 : 3 28 ¥ E = 3 u § H ; 0-150 em: Saipantinized gebbro {dunite?). Rock: black serpentinized gabiteo (dunite?]; serpentine i fresh to
= § B §E §_ g E 5 o g i E & £ '§ moderataly aitersd. Smabl veiniets in 1he sarpentitite are 1lked with whits chrysotile ishawn disgramatieally s heavy
g g g g E g g :: - § 3 2 g 225 :3 S H é 52 5 5% § '55 g - blsek way fines). Clay (marked s | thess parts of the section probably consist of ighly sheared sorpentinity
cm = < o < e fground by drilling?). Atsmdant chryrotile fibers may be a0 indicator of the acturmence of thicker chiyiotile veins;
0= s e— — - o 1 |-- == ) T culor varies from white to dark gy
] L] — |~ y @ -1 4 :-»_-: 1 4 secTion 2
= = M— -] |,\__ o =] 0-39em: Shaared werpanitinite. Graund clayey sepentiniin as described in Section |
ey 9 Lo
=5 = [ % 4
A L1 | |
= d a P 2 _| simesss. core 3 Oroth 545.0-5540 m
= ] B
~ fme—
< p 4 a3 | secTion
fomrmems - =
7 —| SERPENTINITE
= 1 0-139 em: Black 157 2.5/1) sermentinite, weakly—inoderataly sheared with varying abundance of sawaus
4 f— LA = veiniets af white chrysatite (roprsented by hedvy hisck wavy fines),
| L— 06 cm: Several wmall aphyric baxs!t pebiles (fallen downhola ),
— = — 1;3— = BB-67 and 106118 .om: Highly fractured [by drilling! serpentinite
8688 cm: 2 em chrysotile wein
]
T A ;& T 70149 cm: 10-30% large | < 1 cml, pale graen {clos to SGY 772, grayih yallow grenn) cryerale of antigor-
50— g -
L1
- A ; 7 sive 558, core «a Depth 55405630 m
2. —_
N 3 SECTION 1
| < 2 1
=% SERPENTINITE AND SERPENTINITE FAULT BRECCIA
- 7 ©-38 cm: Sefpantinite axin Cors 43, Section 1.
}'}/.; j 38150 em; Serpavitinite fragmants | < 1 em ) in shewr-layored, soft, clay matrix,
- SECTION 2
l |- 954 —
/"f J SERPENTINITE FAULT BRECCIA
. {' ¥ H Ay in Section 1,
- 4 | -
23] ! SECTION 3
= > 1
i SERPENTINITE
100 P = O=20 crn: Serpentinite with laege 1<71 oml antigoritel?) erystals as in Cong 43, Seetion 1
. L] o % | CORE-CATCHER
L A
= L1 ‘ ‘i = SERAPENTINITE
A ‘ 0-8 cm: Serpentinite & in Cove 43, Section 1; large nugers | <51 em| ol antigorie erystal Chiysotile veins
- ) = represanted by nesvy wavy linex,
o 1016 em: Serpentinite mbible
q ] :
- " —
- LA s
7 < .4 -
= )
3 4
i) [ L L U EA B I I A
CORE-SECTION 421 422 “ “3 e
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SITE 558 HOLE A CORE 1 CORED INTERVAL 0.0-05m SITE 558 HOLE A CORE 2 CORED INTERVAL 0.5-10.0 m

FOSSIL FOSSIL
CHARACTER CHARACTER

GRAPHIC
LITHOLOGY

GRAPHIC

LITHOLOGY LITHOLOGIC DESCRIPTION

ARY

T
STAUCTURES
SAMPLES

LITHOLOGIC DESCAIPTION

uNIT
BIOSTRATIGRAPHIC
ZONE
FORAMINIFERS
SECTION
METERS
~ ROCK
UNIT
BIOSTRATIGRAPHIC
ZOMNE
FORARINIFERE

TIME - ROCK
SECTION
METERS

MANMNOFOSEILE
AADIOLARIANS
DIATOMS
NANNOFOSSILS
RADIOLARIANS
DIATOMS
TATLCTRG

TR

SAMPL|
TIME

DIST

85¢ LIS

.I.
+
E

10YR /3
10YR 63 DOMINANT  LITHOLOGY  SILICEOUS FORAM-NANNG
| «% 1W0YRTA FOSSIL O0ZE o

.I.
.I.

+
f

H DOMINANT  LITHOLOGY  SILICEQUS  FORAM NANND-
! FOSSIL O0ZE

t
y
1

]Lﬂ} _

+
1L+

T_li:xl!
i
i
it

i

e
.|.

10YR 172

i

Light gray 1o pirkish gray to white to light brownish gy with

2 1 YR 7/3 1
ala brown [10¥ R 6/3) to vary pale beown (10 A oecasinnal gray srraaks; dask sireaks in Section 4

7
it

Soft and soupy, but with wme “gelitmous” cohesiviness. No 1
bedding or biotisrbation abssrvable, but laine lighter-pale brawn
mantiing may ba bioturbstion,

Satt to firm; ditturbed

++
_f{+

.!.

}
UL

SYR71

ooeanica zone (late Pler

.|.

Fainily mottied snd indistintly bioturbiated; no evadence of
bediding or othe: yruciurs

+.

Principsl constituents: rarnos, forams, volcame glass, sliceous
arganism,

.}.
i

I Damimant are andl forarm.
Siliceous biogensc content variable,

t
i

it
L.

NZIINZZ (early 1 Iae P

SMEAR SLIDE SUMMARY (%):
1,501,586 2
[

o
i

i

SMEAR SLIDE SUMMARY (%]
1.80 3,80 580 6,25 6 120
o o D o 1]

5YR 172

+
¥

Compasition
Faldspar ™ Tr
Heavy mineral —
Clay '
Vilconic glats

lincl, clay size) 10
Carbonate unspec. -
Forominilers 0
Cale rannalouih 60
Diatomm -
madoiwios |10
Sponge srcules
Silicotiageliares

.I.

‘li{-

.|.

Campostian:
Feidspar
Heawy mingraly
Clay

Volcanic glas

+T
ik

T +T
|

+

? 1 Tr Ti Tr
- = T T
5 ] 5 2 2
20T LB (I
Opaguees - 1 1 [
Carbanate unigee, 3 - 1 2
Foraminifers W 2 0 o 1o
Calc nannctossh 50 45 75 65 75
3 1
i 2
7 B
5 1

T KN R WA J]__I_"ljlll TL I

1t
i

+
i

B¥_w
|

+

1

+
'lL

i
=

+

s

EYRLan Diatamt 1 1 2

Radialarians

Spangs wpicules
10YR 82 Silicollagetates

B 5 5
BT AL
1 2 3

CN14<15 INN20D <21} Emilisnia huxiey! rane;

.|.
1

+
i

Carbonate Bomib (%]
1,56-56 = 75

+
1

+
A4

1

X

| Carbanaty Bomb (%)
' 3,80-81- 70

IIITII me

1
1OYR &2

+
i

_i.
_1L+

i
i

in
i

10YA S
SYR AN

! SYR 7/2

Ht

SYR BN

.|_

_|.
t
1

g dlar il
I‘,
+

_l_T
i

£
f
ﬁffﬁ

.|.
1

i o TEYANE

Tt
if
i

it
e
+

5

(CN13-14) (NN18) Gephprocates Gesanica rone, Crenafithus doromicoices 2ons (eadly 10 late Plaistozene)
i
+ +++|
h

N23/N2Z [early to late Plestocene]

}
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A RE 4 CORED INTERVAL 19.5-24.0 m
SITE 558 HoLE A CORE 3 CORED INTERVAL 10.0-186m SITE 558 HOLE co

181

5 e g FOSSIL
g FOSSIL CHARACTER
« |Z CHARACTER § E A [ lz]| e 9
g |z 2 z| e g 82| 5] 3 i =4 GRAPHIC e LITHOLOGIC DESCRIPTION
g |o¥ 5 3 g 21 g GRAPHIC o LITHOLOGIC DESCRIPTION 1z |E8| 5 g z E B LITHOLOGY 9 g "
= EHEE 5| & | umowaey |, - w3 lZNIZ|E| 3 u|# EEjell =
S|EN|E(E]3 M = s 2 B |%|2 g E2E
g 3 s e B g = =18 |=|3|3]|= i o & ;
= |8 |z2|5|5 5 = % s |@|=|=|a S = o w| &
o - x = 1= -
; T [ SYR 771 i gy oy 25Y NB COMINANT LITHOLOGIES:
S N i oy ) DOMINANT LITHOLOGIES: ] _+_|:f"_‘:': 11 FORAMNANNOFOSSIL O0ZE
1 sl e mf 5YR 712 {11 FORAMNANNOFOSSIL OOZE TO NANNUFOSSIL 05—t == —H
0.5 “-':t— —|:|: ! \.'R an 00ZE 4== = — White, with wiitle enlar variations 1o ather shadas of white,
:}":1— —|:|: i ¥ 1 & :.__‘-_'_"ﬂ__': Hight gray 1o ey bed in Section 3, indistingt contact with
1 L H— —i;_—l— I . ] Whits 1o light gray with faint grsdual color changes l.o—__ —— —l:.: ] whitn. Black (Mn0,7] strmaks &nd spat in Sactions 1 and &
=t Fou I e e e
(00 B b i 1 B et e e e Sot 1o firm; disturbed
e e svR 1 B oo gertcng o
—]*—_.:'-_P_F_ i Moderstely 1o mildly broturbated. massive bedding. ditinet “I""';'_:'_H 1y Mattied and misdly bicturbated: massive vedding, e in.
:*_—P:F—!:.-' I. Hontwes 4y SENoN. 4. o DA rOnG R b e “:P_l_F"_‘_': E ' distinet bed contacts marked by subitle colar change.
o 7 i ] A= ===t -
:":"'—‘_E':_E ; focam nanne ooze [light gray ::‘:':‘__ =] 1 i Princioul. ‘constitiants. an nasnaloskils and facame, With
N e it 4 The neng ¢oazs may contain more elay; the lcrem.nanno ooze === varible quantities of silicvous comgorents and clay,
“}':l— ==+ mase silicsous and has =25% forams, ':‘_.L._{_'."_._p
3 ! i - ]
2| A== & i o e L' (2)  SILICEQUS FORAM NANNOFOSSIL ODZE
:]1—'—!— =+ {2} SILICEOUS FORAM-NANNOFOSSIL 00ZE _'-_':|— e ] i 10YR &1
b i i st o G e Asin Core 2.
] 1_—|:'_|—|— ML SYR A/ Continuss from Core 2, with gradual decrease In silicoois materisl _--_—F""—d:r——h
_}'_—l— =t ! od n carhanate. f—t— —— —-| EAR SLIDE SUMMARY (%)
- = and increase i = ==, = SMEA :
LR o v i I 1,453,804, 120 5,80
B i St e m «:|_‘!—_|_+_|: I'TY Tevian oo p @
_L._l_—l-_‘_-l-_l_ SMEAR SLIDE SUMMARY (%) =it —4:’: s
ju By st 3,804,110 6.80 _—'—|—'—|- E Faldspar L2 | ! \
Jebask-b b o o —_l_'_'_|:‘_. ' Hesvy mingrals T — =
i T R B Composition: 3l Jom e | e Clwy 8 1w 8 n
3 Ay .L_I_J- e Feldsnar LI (R 14 i —— — ) Voleanic glass 2 2 1 1
5= o Bt il Heavy mineeals  —  Tr - g e s it lEd Ersvane Opsaues 31 - -
[ s R T e P Clay 165 8 @ B —l-—_': 1 Thageman Micranodules ™ - -
g . _|_'I'.I..'L'.L Valeanic glasi - T T - :—I—|—§--|— 1) H : Corbonate urspec, —  — 3 -
] = T ol B Opegin o - g s o L I Freaminifers 5 WoWw 13
£ L il ] L Micsonadules - - ! ] == == | |} 10YR 8/ Cale. nannofossdy 66 60 70 62
|
i g Py oot pud T i Carbonate unspec. 3 L _I-—|-+-+—_':t- ' Diatarns
s e R Forambnitars b’ E it AU } |
H e e | & === | |} Radiolarian 4 8 8 12
gty Calc. nannafonih 70 64 = -t.; N Soonge wpicules
EE H=, _‘:F"_':l Digoms 1 7 4 -:'_ﬂ—_':'— - r H YR8 Siicoflageltates
o FEEEEA Ruolwians 1 |5 z doe =l ] | evae
o, Sporgespicutes 1 £ === Carbanate Boms (%]
e e i ===
iy e, } Silicoflageitates  Tr £ i H 3.B0-74
H= e g V| e| me £ e e e T M
R o o I T R B e || 28 N8 6,80+ 75
B | g iy ol 25¥ NG Carbonate Bomb (%] 5 === ||
e et = 25V N7 2,80 = 81 5 et B 10YR NE
oy o e
=, "+qj— | 4 =4, |} |
3 B oy e e, () B =====]|
=== | |* H e ' L Y
= i s o i
e e e IR p e e M
£ === | |t ) ey pu e 5YA 811
£ e o s, Il 5 J==E=H
5 5| Jepetoete] | g e e ot s !
El P o, o —1; | 1 25Y NE d I —EE ' ]
5 -+—'—|—'—|:, o £ o =iyl e )
E === ] 3 Feee (| [
2 e I O I IR H === |
£ = | £ Tetmm= |
2 4 == == |3 PH==t= |
i === 1 26Y NB B3 iyt 0 (L I
Tt | H b e I K
53 = —|—'—|—:—& [} P===e
2 & ;":|__|__|_ —4 i 3 4 _|_+_|__+: .
EE e = Y BRI L i ol
B :'_I_PI_'_—F l i E E 1:'_—1—_’:|: |
iz === ) iz W=t
-z . —l:'_ 1 £z 3 i
S g g ot = 25Y 811 BE W
bt Mo g i $ .
83 7 ===, |} A A e
25 J— = g3 M et
Ad| G fecl ==l A6 ef Jh=mmtey)
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86S LIS

SITE
Efa HOLE A CORE 5 CORED INTERVAL _28.0-38.6 m SiTe
= FOSSIL T | 558  HO
« iE | _cuanacren e LE A CORE 6 CORED INTERVAL 38.5-48.0 m
§_ Eull]Z2)8 Z| & » S cu:giﬁrgu
TsleE|t|E] 3 2l d GRAPHIC H 812 Iers
e EHEHHE E| & | umowey 3l LITHOLOGIC DESCAIPTION AR E HE
£712715|5(2|8) |#|% 22 3 4 A HEIE 2| & |  srasmc
|8 |z|3|8]zs o A HIEE 5| 3 | urHowoey | § LITHOLOGIE DESCRIFTION
R FFE A HHH N el
- z - =
—— EHHHE &
e ' " YR 8 |elz2|=|8
A === = 7. L 1] El
‘j:*"_._:|—|—‘:+ | i DOMINANT LITHOLDGIES: i o e (0]
o5 o = (1) FORAMNANNOFOSSIL OOZE TO NANNOFOSSIL g
1 = —0:'_ | OozE _'_I_‘_l_': i Caved material Section 1—Section 2, 20 em
B o =
~;+‘—‘|— —— = || .| | Wihite, grading subliy into othar thades of whitn and Ight ! —|—_':.__':|:O SO LT C0A% - FORAN| NANKOROSEIL: (0028
e | o ot eyl 7
I e e e I | rovren ray, with black sresks and spots common, und light gray ===t :
::‘:|_—|—_|_—|—_r el 10 wehite matifig ID—:—_'_—.:'__,:t (o} White to light gray with darker sireaks and gray to light gray 1o
E —= _*:’ I == gt | white matling
_'_‘..1__"._.:|_ 10YR BN Solt 10 firm, moteratoly deturbed J====— 6 -
- +|+ ~:|_+_‘_+ -1 10 firm, disturbed
T | - Mildly Hioturhated throughout with faint motiing; massive == +—§—'+'$ o
_—.4_.:‘..1__'__*__'_ iy paraliel budding indicated by indistingt to dtied colar 1 —— .1 [Mzsy MG et ; wvidence for in
B e et e I b ==, =, L] creases b lower part whers clay cantan
=T J== y contant probably Incresses
2| el ! e e s, (decraass In CO4 %)
=== ' i1 Frincipal compannrts are calcarsous narnatassis, foramin B i e
e i oy i, LR ers, il varying amiusits of S/CeoUs organisme 2 o e o Massive bedding; & few bad contacts am suggestedd by subtle
e e
7++ = | —|—_'_—|— B colar changes, disturbed Dedding snd flow-in delcrmatien shrough
1 ._,_"__.:._—':,, | i |2} SILICEOUS NANNGFOSSIL DOZE =k _|_—|-_$ Saction 4.
1 vt " - -\-| 25Y N7
. $ I 1Y Lighe ey o, giny, it rwctikar ot datkar gray, 10 whita s ettt Il Princioal constituents are reonclossits, farams, and. waryi
| way —= 25Y Ng e
:J_‘-I__L-L_._ ' = == = H * amounts of clay. Estimares of loram abundunce are higher whers
_J__L_J__L_l: i Satt 1o lirm i el == €0 content decreases and clay is believed 10 incresse
B — ===z K B
- i.I_:J_j: | v Mildiy bioturtated bl e Note: Section 1 has 50 om,
B o W B Tl U (1 —to o 25Y N8
J e | . st i GO cntot s ncrn b e rpriorn 3| o= - SMEAR SLIDE SUMMARY (%):
! J-J._-I-.L.J-.J " clayi?] Islightl, as we!l us slightiy darker colod, dis: et = 3,804,80 562 7.50
3 p At | : 257 NE tinguish this litha, e :':._—|—+—f: B D O o
. ) — 1= === Compaution:
1k Fererorery A I T ; oo H L — W1 1w
il % T IR SMEAR SLIDE SUMMARY %) z === Vaswy i = = = T
s gt ey S 1 1,821,110 3,80 6 120 7,30 Jo == - Clay 7 oa 1 1w
] _-J.-_L-I-J_-L. | O P D M D J==="=31 25 NE Micronodules L I
5 5 - ' Composition A= == == | Faramini
H J_._LJ'_..L_L | { ¥ J==== niters 15 18 18
] a Pl bl :l:low | t 4 1 1 1 % ._|__|:|,_ —— Calc.nannofouts 73 73 B8 50
avy manerals - = = "-—I_'_ Driat
;A_iJ_:L_J_j 11y Clay 9 9 9 1 T; 5 4| === Hachorariant i P
R Tt i MR Volwnicghs i T 1 2 2 ——|—_._'—|—'-_+: ¥ Sporge siculer | ooz
: ] i 1B L | W Upagues T T T A == Siticotiagaliates
s 5 Eppel Loy 19 | ===
Iy nsh Faraminifers w10 8 13 5 & _':'— ——— t
£ | Calc. narnofossils 70 70 76 70 68 5 1= ..,:"‘_,.—J: Cartanats Bomb (%):
E i S e e [ Sl ; P 25v N7 3.80-88
H S et g | st | 9 5 a4 5 Py e ! bjpcishie
. Fa oy e omysorill e i 25vna r0-79
s : S s o N icollageilue = = 25Y N7
£ s| Joatas & ometg
5 T | Carbonato Bomh (%) ¥ p e = |
- e L) "I 3.80 -84 5 5 -—*:P:':—r-l—
E Tt 114 10¥A 81 7.30+70 § —— =i | 2.5Y NB
y —1:'* = h SYR B/ g —F:._—i—_L-t |
g P i - I : ey 1
'4_"“'_|:+‘ =4 = ] t BY N7
E —t= ' = == =]
g pieccoc I ety |y
= Lo == | 2 b o e |
£ of IFiErEy E oo |
z Phoa! © === |1
= = - 6 i
= A | o zsvwr H —= =
i T -I"-I-I_I_' | z e it = O I
= R TE & p ettt N R B
G o S g | 1 = m e e e
g - gt Pt z ==, =, —=
AG| AM| 7 7 L-LJ_J_J_' | S --‘_|._4:|_ - E
T R ST { e spren 7 :;.p._:;_$ 25 N7
L L e e e I .
| amf cC B o i i f ==




€81

SITE 558 HOLE A CORE 7 CORED INTERVAL 48.0-575m SITESS8  HOLE A CORE 8 CORED INTERVAL §7.5-67.0m
o —
g FoshL § FOSSIL
G | CHARACTER 2 CHARACTER
- EMAEE z|l g g2 |2 0 a
3 - B GR. wll] 2 a
‘.'g' E3|f g 3 sle it LITHOLOGIC DESCRIPTION £= 2z|2 i 3 é e || ARAEEAC LITHOLOGIC DESCRIPTION
MEI L < ¥ 2g=S = A FEIH B E o ow =
L A E ; g # =+ g3 (2%)5(5)1218]| 4] ¢# Eh g
E = =
2 |8 FHE = i Folg |z g HH =
s || =% [ 3 s |2]2]|2)a E S g
= = =
RN o 1 2.5Y NE 1o N7 ] p—l—f-l:: 257 N8
s Rl B L2 ) DOMHANT LITHOLOGY HANRUFOSSIL OOZE e et DOMINANT LITHOLOGY FORAMMANNOFOSSIL OOZE
o5 A 1y 05_+.|_|_|_|_. TO NANNOFOSSIL ODZE
:-.I.- 'LA_'._ White 15 light gray to gray with faent mattling, black streaks, and - ‘_':I-—"‘_'—l‘_—_'_—k
¥ Jmy=, 1 inclestinet color banding ] ‘_‘§:|—|—|— I—-I- White 1o lght gray, subtly gadig, except whare colos bands
“-.I_-L.I_-l__L 1 -1, == ——,—H defing cabor changes: black stivaks common throughout
L o Erpel! ool Soft 1o firm; disturbed to Section 4 1.0 ;__|:.|__|:|_._r
iyt B = Soft 1o firm, disturbied thiough Section 2, 95 om
. -‘-.I_J_.J..,-.- i Mildly bioturbated and motted throughout: intense flow-in —.-""‘_|_'_|__" 2EY NT
- .l__'_.l_ | 2.5Y N7 delormation through Section &, 37 em, "—l—_|_—|-_|:|: ; Bicturbation and moitling mobsbly thraughout, though very
55 2 Dapopal ezl T - —':l— == =H | [P l Indistingt In some portons; bands 1-2 cm wide i Seetion 2
= A A Mussive bedding with faint color banding £ ] ._{-.I _|_| |t indicate more rapitl witernation of |thilogic character and sugess
o SN S Oy ' ) _ i lhl_i_l_':p ' 2EY Nl parnllol becding
] _I_-I_.I__‘__I_ . Pringipal afe cal 2 ouartity of £ =, =, .
2| A L5V HE iny sppuars 15 be variable E 2 :F'_;_"‘_.:" 1 ! Principal conmirusny wre nannotasiids and varying snosnts ot
& breronror N scean e SAwARY 4 £ S =T 1
ey i 3 | B ] e Minar lithology-
e e P T, 1 B %W :1"3 :{ > = T Tl B ZEY N “::’u:lnru?s‘l"l nanne oore
: SRy P— § R g e
- -"_t_J—J_'-‘-' M T T T 'LJ_'l'J_'l' ! 3 Black streaks, ms s Sectiom 4, 5, and B aro concentrations of
i I Ml Tl I /'. Horiy mloaale:  TE- = A ppse mincrals possibly marking bedding planes or depositional
s T M By L L ] o inuitis
S = S S R ! 26Y N7 o NE Clay b T I [} P i Ve incantinuities.
—=, = Micronodules T - 2 Y Sy
[ o S Mg o ===
3 oy Fariit vl (O 4 J=====d |y SMEAR SLIDE SUMMARY [5):
_ Ja oo Faraminiters 8 5 7 I e e L P 2,103 3,80 4,52
g i = St Bampt B H Cale. nannafossin 65 76 80 = =, * [‘} M
o L gl B ' = 5200y o
§ S Lo i oy Hatoind. | 3 = ! Composition:
£l & g o Radiolarien 81 T = j}:'__h+_|_._" X Fuldsgz T 1 1
g & 4 Sponge spicules ot |y 28Y N7 Heavy minerals  Tr - -
L Erppyed L s 25Y NT Silicoflagellatn F+ —|:|_ ' ol A a A
i e S B By N o e | Falagorit * =
3 e e i Bl g:: :E Carbonate Bomb (%) 3 -+;,_":|—"‘—E: : Dnrm‘ i ; =
i St iink s "o : e | e W 0
e : < g 2EY NB 1o repac. —
2 g+ et oo By N £ Carbona 1
= 4 Lo || s ‘E L e B Formninitirs 5015 1
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