13. SITE 564!

Shipboard Scientific Party?

HOLE 564

Date occupied: 28 October 1981

Date departed: 1 November 1981

Time on hole: 96 hr.

Position (latitude; longitude): 33°44.36'N; 43°46.03' W
Water depth (sea level; corrected m, echo-sounding): 3820
Water depth (rig floor; corrected m, echo-sounding): 3830
Bottom felt (m, drill pipe): 3830

Penetration (m): 365

Number of cores: 9

Total length of cored section (m): 81

Total core recovered (m): 34.75

Core recovery (%): 43

Oldest sediment cored:
Depth sub-bottom (m): 284+ (in the basement)
Nature: Limestone
Age: lower Oligocene

Basement:
Depth sub-bottom (m): 284

Nature: Basalt

Principal results: Hole 564 (Site MAR-11) was drilled on Anomaly 13
on the west flank of the Mid-Atlantic Ridge about 60 miles south
of the Hayes Fracture Zone (Fig. 1). Site 564 is located about 6
miles north of Site 563.

The sediments were washed down to the basement, which was
felt at a depth of 284 m sub-bottom. The basement was cored for
81 m. It is composed of aphyric basalts (both pillows and massive
units) belonging to a single petrographic chemical group, even
though some small variations close to the limit of precision of con-
centration measurements are observed. Nb varies from 2.8 to 6.1,
Zr from 86 to 100, Ti from 8250 to 9000, Y from 38 to 42, and V
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from 345 to 463 (all measured in ppm). This range of variation is
consistent with either depleted ([Nb/Zr]., ~0.38) or flat ([Nb/
Zr]y, ~0.54) rare earth patterns, but additional onshore measure-
ments are needed to confirm this downhole variation.

A complete set of logs was run. As at Sites 556 and 558, two
distinct sedimentary units are evident. Two temperature profiles were
recorded; the first was run 18 hr. after circulation was stopped and
the second 10 hr. later. The two profiles were identical down to be-
low the sediment basement interface, showing a low gradient of
about 6°C/km. Between 45 and 60 m in the basement, an increase
of 2.5°C was observed. This is additional evidence at Anomaly 13
of downflow of seawater when the sedimentary layer is pierced.

No sediment accumulation rates could be calculated at this site,
and no samples were taken for pore-water analysis.

OPERATIONS

Approach to Site

After drilling at Hole 563 ended, we decided to drill a
second hole at MAR-11 but located about 5 or 10 miles
away from Site 563. The Challenger got under way at
0730Z, 28 October, and headed in a northwesterly direc-
tion. Within two miles, basement became buried by a
thick blanket of sediments. By 0850Z it was apparent
that a suitable drill site might not be crossed for a long
distance along this track. The course of the Challenger
was altered to 090°, on a track that would pass about 6
miles north of Site 563 and that might cross the same
basement ridge (Fig. 2, site chapter, Site 563, this vol-
ume). Upon crossing the ridge, we noted a location at
1005Z that fulfilled the requirements of thin sediments
(less than 350 m) and smooth basement (Fig. 2). The
course of the Challenger was reversed at 1022Z, and the
beacon was dropped on Site 564 at 1047Z.

On-Site Operations

Hole 564 was spudded in at 1743Z, 28 October. Sedi-
ments were washed to a depth of 284 m sub-bottom
where basement was hit. Coring within basement pro-
ceeded at a much faster rate than at Site 563 and with-
out any major difficulties. Between 0305Z, 29 October
and 1520Z, 30 October, nine cores were recovered, a to-
tal basement penetration of 81 m (Table 1). After Core 9
was recovered and we found out that a tropical storm
might pass close by within 24 hr., we decided to begin
logging operations three hours earlier than originally
planned. The logging operations, which are described in
detail in the Downhole Measurements section, proceed-
ed smoothly and the tropical storm did not appear. Log-
ging was completed at 2355Z, 31 October, and the drill
string was pulled for the final time on Leg 82. The Chal-
lenger started on course to the Virgin Islands at 0847Z,
1 November.
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Figure 1. Site location map, Leg 82.
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Figure 2. Glomar Challenger seismic records of the approach to Site
564. For location of profile see Figure 2, site chapter, Site 563, this
volume. C/C = course change.
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Table 1. Coring summary, Hole 564.

Date Depth from Depth below  Length Length

(Oct.  Time drill floor seafloor cored  recovered Percent

Core  1981) (Z) (m) (m) {m) (m) recovered
HI1 28 2122 3830.0-4114.0 0.0-284.0 0.0 0.00 0
1 29 0305 4114.0-4123.0  284.0-293.0 9.0 340 k]
2 29 0805  4123.0-4132.0  293.0-302.0 9.0 iy 38
3 29 1240 4132.0-4141.0  302.0-311.0 9.0 4.10 46
4 29 1735 4141.0-4150.0  311.0-320.0 9.0 4.87 54
5 29 2202 4150.0-4159.0  320,0-329.0 9.0 5.19 58
6 o 0312 4159.0-4168.0  329.0-338.0 9.0 5n 64
7 30 0740  4168.0-4177.0  338.0-347.0 9.0 ) | k)
8 0 1049 4177.0-4186.0  347.0-356.0 9.0 1.98 22
g k] 1520 4186.0-4195.0  356.0-365.0 9.0 2.74 30
£81.0 34.75 43

SEDIMENT LITHOLOGY

At Site 564 a single bit hole was drilled and washed
down to basement at 284 m, and 9.6 m (564-H1-1 to
564-H1-7 and 564-H1,CC) of sediment were recovered.
The site is located approximately 10 km north of Site
563 on Anomaly 13, in water depth of 3830 m. Al-
though the sediment directly overlying the basalt was
not recovered, the core catcher was dated as early Oligo-
cene (34-34.5 Ma).

The 9.6 m of sediment recovered in Core HI are pre-
dominantly foraminiferal nannofossil ooze, with chalky
intervals increasing from Section 564-H1-4 downward,
and an interval of clayey ooze in Sections 564-H1-3 and
564-H1-4. Section 564-H1-7 and 564-H1,CC contain dol-
omitic nannofossil chalk and ooze. The sediment colors
change from predominantly white and light gray (10YR
8/1-8/2, 5YR 8/1-7/1, 7/2) in Sections 564-H1-1 and
564-H1-2 to brown and yellowish brown (10YR 6/3, 6/
4, 5/4, 4/4) in Sections 564-H1-3 to 564-H1-7. Bedding
is massive; bioturbation/motiling and burrows are pres-



ent throughout, increasing from mild in Sections 564-
H1-1 to 564-H1-3 to moderate in Sections 564-H1-4 and
564-H1-5, but almost absent in Sections 564-H1-6 and
564-H1-7. Carbonate content, measured by carbonate
bomb, is over 90% (up to 98%) in all sections except in
564-H1-3 and 564-H1-4 (83-89%). This repeats the re-
sults at Site 563. Principal sediment components are nan-
nofossils (60-90%, except for 47% in the dolomitic chalk)
and foraminifers (3-25%). Clay content is equal to or
less than 10%. Dolomite rhombs are present in Sections
564-H1-6 and 564-H1-7 (2-10%) and 564-H1,CC (15%).
Micronodules are present in trace amounts in most sam-
ples and are estimated at 3-5% in 564-H1-4 and 564-
H1,CC.

We have given this detailed description of the litholo-
gies found in the wash core because it shows the strong
similarities to the lithologies at Site 563. Although con-
densed by discontinuous recovery in wash Core H1, Site
564 contains the same two sediment units with similar
lithologic characteristics and similar stratigraphy. Even
the transition zone between the units can be recognized
in Sections 564-H1-3 and 564-H1-4 where the color
changes, the carbonate content decreases slightly, and
the samples contain lower middle Miocene to upper lower
Miocene nannofossil zones.

BIOSTRATIGRAPHY

Summary

One washed core was retrieved above basement at
Site 564. The sediment recovered ranges from lower Oli-
gocene to upper middle Miocene based on calcareous
nannofossils. Planktonic foraminifers from 564-H1,CC
indicate that the base of the section is Oligocene and be-
longs to the Chiloguembelina Zone (lower NP21).

Calcareous Nannofossils

One washed core (H1) was obtained above basement
in Hole 564. The top of 564-H1-1 is upper middle to
lower upper Miocene and on the basis of Discoaster ha-
matus is placed in the D, hamatus Zone CN7 (NN9).
Section 564-H1-7 is assigned to the lower Oligocene S.
predistentus Zone on the basis of the absence of S. ci-
peroensis and S. distentus. The core catcher of Core H1
contains Reticulofenestra umbilica without Coccolithus
Jormosus and belongs to the Helicosphaera reticulata
Zone, Reticulofenestra hillae Subzone CN16¢c (NP22),
which is lower Oligocene.

Both 564-H1-7 and 564-H1,CC contain Braarudo-
sphaera rosa. This species is also found in the same
stratigraphic range at Site 563 and may be related to the
environmental events in the South Atlantic that pro-
duced the Braarudosphaera chalk.

IGENOUS PETROLOGY AND GEOCHEMISTRY

At Site 564, basement rocks occur below 284 m sub-
bottom depth. We drilled 81 m through a pillow basalt
sequence cut by two minor massive lava flows. We rec-
ognized five lithologic units, which appear to belong to
a single chemical group.

SITE 564

Lithology (Fig. 3)

Unit 3 (284.0-332.5 m)

Unit 3 consists of aphyric pillow basalts. We pene-
trated about 37 pillows, ranging from 20 to 150 cm in
diameter with a mean thickness of about 75 cm. The pil-
lows are separated from each other by black glass mar-
gins up to 3 cm thick. Aphanitic basalt close to the glass
grades through a variolitic zone into fresh, fine-grained
basalt pillow interiors. Up to 2% of clay-filled, subhe-
dral-to-anhedral pseudomorphs of olivine micropheno-
crysts, ranging up to 2 mm in diameter, are present. Pla-
gioclase laths, forming glomerophyric clusters up to 2
mm in diameter, are sparsely and randomly scattered.

g
oy ] %
5 Eg|s
<] - s g £
é 6 Lithology 5 5 3 £ |Comments
1
290 —
2
300
r
3
310
E
£ 320
B
]
k-]
E I
2
3
a
&
2 330
070,60 4
340
] 5
= 8 Aphyric
pillow
basalt
=] D § Scattered
-—_'t?f?o 0.4 6 | metallic ::s:r""c
360 9 o flow
7 Olivine
}ooooooﬂ microphyric
40 ¢ 4 pasalt flow

Figure 3. Basement lithology column, Hole 564.
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SITE 564

Round and irregular vesicles are usually rare through-
out the unit (less than 1%), but often show an increase
in abundance close to upper pillow margins (2-3%).
Most vesicles are empty, but if they are filled, calcite ex-
ceeds clay.

Interpillow breccia (hyaloclastite) was recovered in a
few places. Black, angular-to-subrounded glass clasts
occur either in a very pale brown limestone matrix or
within a sparry calcite cement. Thin palagonite rinds on
the glass are common throughout the section.

Unit 4 (332.5-336.5 m)

This unit (~4 m thick) consists of a massive aphyric
basalt flow, containing a large amount of acicular pla-
gioclase, ranging between 1 and 4 mm in length. Anhe-
dral olivine microphenocrysts are replaced by dark brown
clay. The base of the flow is marked by variolitic basalt
with a narrow rim of weathered glass.

Unit 5 (336.5-355.5 m)

This unit is composed of fine-grained aphyric pillow
basalts with pillow sizes ranging between 40 and 70 cm.
Black glassy pillow margins are often slightly altered to
palagonite. Black brecciated basalt glass, embedded in
limestone and/or calcite, occurs between many pillows.

Unit 6 (355.5 to 358.0 m)

Unit 6 is a massive, olivine microphyric basalt. The
occurrence of a few chilled black glass pieces in the up-
per half suggests that it may consist of two separate
flows. At the bottom, a chilled glass margin is present.
The minimum thickness of Unit 6 is about 2.5 m.

Plagioclase laths up to 5mm long are abundant in
most parts of Unit 6, but they seem to decrease in size
downhole. Olivine phenocrysts, ranging in size between
0.5 and 1 mm, are mostly replaced by brown clay. Their
abundance decreases from about 5% at the top to about
1% at the bottom.

Fractures and veins, usually horizontally oriented, are
common. They are mostly cemented by calcite, but light
green chlorite occurs on fracture planes in some places.
In Unit 6 (Section 564-9-1) we found native copper, form-
ing small needles and plates (0.5-4 mm in size).

Unit 7 (358.0-365.0 m)

We only recovered fragments of this lowermost unit,
which consists of fine-grained, aphyric pillow basalts,
topped by a basalt glass breccia. In the upper portion,
two pieces are highly vesicular with round-to-oval vesi-
cles up to 5 mm in diameter; these vesicles are either
empty or filled with clay or calcite. Pieces with black
glass rinds are also present.

Petrography

Ten thin sections were examined from this site. All
are aphyric and all are similar in mineralogy, although
there is some variation in olivine abundance. None of
the lithologic units appears petrographically distinct, ex-
cept that Unit 6 (Sample 564-9-1, 45-47 cm) appears
more altered. Noteworthy is the occurrence of small
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amounts of native copper in Sections 564-6-4 and 564-
9-1.

Basalts of Site 564 are characterized by the presence,
in varying proportions, of domains of contrasting grain
size and texture. Both fine-grained and relatively coarse-
grained domains are present, regardless of mean grain
size or proximity to pillow or flow cooling surfaces. The
relative abundance of coarse-grained domains appears
to increase with increasing mean grain size.

Coarse domains range from isolated radiating clus-
ters (10-15% of rock) surrounded by fine material, to
continuous domains (60-70% of rock) surrounding cir-
cular or irregular, isolated fine-grained domains. Coarse
domains are characterized by radiating clusters of hol-
low plagioclase laths (up to a maximum of 3 mm long)
grading to randomly oriented aggregates in larger do-
mains. Radiating clusters are frequently centered on one
or more grains of olivine; relatively coarse, granular cli-
nopyroxene fills the remaining interstices. Within these
domains textures are intergranular or subophitic. Oliv-
ine, generally about 5% but ranging from 1 to 10% in
abundance, is largely confined to these domains. It oc-
curs as diamond-shaped, pseudohexagonal, or anhedral
microphenocrysts and is seldom fresh, being altered to
aggregates to pleochroic green montmorillonite (e.g., Sec-
tion 564-6-4), green brown clay or, in some cases (e.g.,
Sample 564-5-3, 119-122 cm), to light brown zeolite sim-
ilar to (?)heulandite of Site 559.

Fine domains are dominated by sheaflike or branch-
ing aggregates of clinopyroxene with an equal propor-
tion of plagioclase occurring as interstitial patches, small
laths, or (less commonly) plumose aggregates. Intersti-
tial glass, colorless when fresh, crowded with extremely
fine opaques and skeletal magnetite, and frequently al-
tered to clay or zeolite, forms up to 15% of these do-
mains. Granular magnetite (5-8% of rock) is largely
confined to fine domains.

The precise cooling history of these unusual rocks is
difficult to interpret in detail. However, it is clear that
olivine and plagioclase were crystallizing together at an
early, probably preeruptive, stage. Plagioclase contin-
ued to crystallize without further olivine after eruption-
forming coarse domains. Final crystallization of clino-
pyroxene, plagioclase, and magnetite together formed
the fine domains.

Alteration has had varying effects throughout the
hole. Most samples show small amounts of brown or or-
ange clay attributable to weathering. Zeolite, similar to
heulandite identified at Site 559, has replaced olivine
and glass in most samples. Montmorillonite, pleochroic
from green to pale green. or yellow, with 2V, approxi-
mately 10° and occurring as relatively large (up to about
0.2 mm) single grains or optically continuous aggregates
is also present replacing olivine in several samples. Trac-
es of pyrrhotite and native copper occur in Sample 564-
6-4, 44-46 cm. In Section 564-9-1 visible native copper
occurs as scattered small granules within about 1 cm of
small calcite-filled and chlorite-filled veinlets. A thin
section from one such occurrence (Sample 564-9-1, 45-
47 cm) contains up to 20% altered material; glass has



been altered to a mixture of green and brown clays and
possibly chlorite. Olivine has been altered to near-
opaque to dark brown hematite and (?)goethite along
with brown clay and calcite. Pyrrhotite is also present in
trace amounts in this specimen.

Geochemistry

Twenty-six samples have been analyzed from Hole
564; the analyses are presented in Table 2, and selected
elements are plotted against sub-bottom depth in Fig-
ure 4.

The analyzed basalts appear to compose a single
chemical group, although there is apparent chemical
variation downhole for some elements within this group.
Table 3 contains the average analysis of 20 fresh basalts
from Hole 564, together with average analyses for the
six uppermost and six lowermost basalts in the hole.
The average analysis for all fresh basalts suggests that
much of the chemical variation may lie within analytical
precision. However, the average analyses for uppermost
and lowermost fresh basalts in Table 3 do indicate some
significant differences, notably an increase in Fe,0;,
TiO,, Zr, Nb, and perhaps MgO abundances, and a de-
crease in A1,0; and CaO abundances and Zr/Nb ratio
downhole. The reported Nb values all lie within a factor
of three times the analytical precision. For all elements,
the downhole chemical gradient is continuous, making
it impossible to define chemical subgroups.

In comparison to the fresh basalts, the altered basalts
analyzed (Table 3) display chemical changes consistent
with those described for altered basalts from Sites 559

SITE 564

and 562. The abundances of, particularly, Zr and Nb,
and the value of the Nb/Zr ratio, do not change upon
alteration (Table 3). Thus, the apparent increase in Zr
and Nb content and in Nb/Zr ratio downhole cannot be
correlated with secondary processes (such as degree of
alteration) or with simple primary processes (such as var-
iation in phenocryst content). At this stage, the signifi-
cance of the downhole chemical gradient is uncertain.

Plotted on a modified Coryell-Masuda diagram (Fig.
5), all of the basalts from Hole 564 have depleted trace
element characteristics. However, Figure 5 also illus-
trates the less depleted nature of the basalts from the
deepest levels of the hole ([Nb/Zr]., ~0.54).

MAGNETICS

Oriented minicores were taken for on-board study of
paleomagnetic properties. After measuring the natural
remanent magnetization (NRM) and initial susceptibil-
ity, a few samples were subjected to alternating field (AF)
demagnetization. Typical results of AF demagnetization
are plotted in Figure 6. An orthogonal plot of the com-
ponents of magnetization (Fig. 6) suggests the presence
of univectorial direction, with shallow downward incli-
nation value. Median demagnetizing field (MDF) is cal-
culated using Figure 6. The detailed results of AF de-
magnetization, NRM, and susceptibility are given in Ta-
ble 4.

The stable inclination and susceptibility values are
plotted versus depth on Figure 7. All samples have shal-
lower inclination values compared to the samples from
previous holes, and the values are more shallow than the

Table 2. Analyses of major elements (in wt.%) and trace elements (in ppm) of Hole 564 basalts.

Sub-

Core-Section bottom

(interval in cm) depth

(piece number) (m) Si0p TiOy AlO3 FepO3 MnO MgO CaO  KyO P05 Total Mg Ti L Sr Y Zr  Nb
1-1, 108-111 (10A) 285.1 50.48 1.42 14.68 11.05 0.16 7.16 12209 0.27 0.17 97.48 59 8250 385 112 39.0 89 34
1-1, 140-143 (12A) 285.4 50,77 1.44 14.53 11.05 0.17 7.26 12,10  0.34 0.15 97.81 60 8640 413 108 42.0 91 33
1-2, 74-78 (5D) 286.3 49.85 1.43 14.89 11.99 0.18 7.06 12.13  0.26 0.14 97.93 57 8580 397 106 39.0 89 3.6
1-3, 103-105 (8B) 288.0 49.37 1.45 15.02 12,33 0.16 5.98 12.48  0.29 0.14 97.22 52 B700 403 104 396 92 4.0
2-1, 53-55 (4B) 293.6 48.81 1.46 15.28 12.50 0.18 6.13 1247 0.19 0.15 97.17 52 8760 426 107 373 % 34
2-2, 46-49 (3B) 295.0 49.49 142 14.62 11.80 0.17 6.93 12.05 0.31 0.14 96.93 57 8520 378 102 38.2 88 3.2
2-3, 60-63 (5) 296.6 49.67 1.41 14.45 11.87 0.17 1.75 11.98 0.24 0.14 97.68 60 8460 380 106 38.4 94 43
3-1, 25-28 (2B) 302.3 50.09 1.42 14.42 11.69 0.17 7.09 12.00 0.28 0.15 97.31 58 8520 372 105 39.7 89 28
3-2, 70-73 (5C) 304.3 48.75 1.45 14.76 12.14 0.18 6.46 1243  0.26 0.15 96.58 55 8700 396 106 40.0 88 1.9
3-3, 138-141 (8B) 306.4 50.65 1.42 14.46 11.67 0.16 6.84 11.86 0.15 0.14 97.35 57 8520 377 107  38.6 92 4.6
4-1, 61-65 (4C) 311.6 50.14 141 14.26 11.57 0.17 7.54 11.80 0.26 0.15 97.30 59 8460 376 106 38.6 85 5.6
4-2, 102-106 (6A) 313.5 49.67 1.43 14.61 11.81 0.18 7.14 1194 0.28 0.15 97.21 58 8580 394 106 404 89 19
4-4, 81-85 (3C) 316.4 5033 1.43 14.53 11.78 0.17 7.07 11.81 0.34 0.15 97.61 57 8580 345 104 41.6 86 4.6
5-1, 17-19 (1E) 320.2 49.26 1.47 14,99 12.08 0.18 6.42 12.16  0.25 0.15 96.96 54 8820 405 105 40.3 9 54
5-2, 98-100 (4B) j22.5 50.67 1.44 14.44 11.85 0.18 7.56 11.79  0.13 0.16 98.22 59 B640 383 98 39.2 95 4.8
5-3, 119-122 (5G) 324.2 50.44 1.45 14.47 11.03 0.19 7.81 11.84 0.20 0.15 97.58 61 B700 424 118 40.2 97 45
6-1, 33-36 (1B) 329.4 50.33 1.45 14.32 12.11 0.17 7.55 11.72  0.06 0.15 97.86 58 8700 392 101 40.3 97 5.6
6-3, 63-66 (SA) 332.6 49.81 1.45 14.24 12.18 0.18 7.41 11.52 037 0.14 97.30 58 8700 388 102 40.7 87 5.5
6-4, 44-47 (2D) 3340 49.56 1.42 14.25 11.88 0.18 8.25 11.54 0.18 0.15 97.41 61 8520 383 99 384 93 4.5
6-5, 43-46 (1) 335.5 50.61 1.49 14.40 11.55 0.18 7.20 11.74  0.22 0.15 97.54 58 8940 385 103 40.3 98 6.0
7-2, 20-23 (1D) 339.7 49.63 1.49 14.41 12,31 0.18 7.15 1.7 031 0.16 97.39 57 8940 398 104 423 98 5.4
7-3, 58-61 (4C) 341.6 50.21 1.47 14.03 12.11 0.18 7.62 11.60 0.18 0.15 97.55 59 8820 378 108 41.6 9% 5.5
8-2, 0-3 (1A) 348.5 50.12  1.47 14.24 12,21 0.17 7.38 11.60  0.35 0.13 97.67 58 B820 378 108 409 9% 6.0
8-2, 75-77 (N 349.3 48.66  1.50 14.94 12.92 0.18 5.94 11.98 0.24 0.17 96.53 51 9000 463 109 424 9% 6.1
9-1, 43-45 (1D) 356.5 49.29 1.47 14.61 12.61 0.18 6.59 11.96 0.31 0.15 97.17 54 8820 463 108 42.5 99 54
9-3, 72-75 (4B) i58.3 49.75  L.46 14.05 12.25 0.19 7.40 11.49 0.16 0.15 96.90 58 8760 375 102 40.8 100 4.6

a On-board measurements were made on ignited samples. Onshore analyses of loss on ignition are less than 1% in most cases. Compiled data tables at the end of this volume

T

(Appendix) i
Total Fe as Fez03.
€ Mg’ is the atomic ratio of 100 x (Mg/[Mg + Fe2 T ]); cal

volatile comp

d using an

d Fep043/FeO ratio of 0.15.
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Figure 4. Downhole variations in chemical abundances, Hole 564. Symbols in parentheses indicate concentrations affected by alteration.

expected dipole inclination value for the latitude of this
site. This may be due to tectonic rotation of the crust
since the acquisition of magnetization by these basalts.

PHYSICAL PROPERTIES

A section of 81 m was cored through basalt base-
ment. Lithologies include massive, glassy, and vesicular
basalts and hyaloclastic breccias. Physical measurements
could not be obtained for the breccias because the clasts
were commonly 10 mm across, and a representative bulk
sample of a suitably small size for laboratory measure-
ments was not available.

All the samples measured were basalts, which make
up the vast majority of the recovered material. Sonic ve-
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locities, bulk densities, and porosities were determined
by the standard DSDP methods (see Explanatory Notes,
this volume), and the results are presented in Table 5 and
Figure 8. The data have a scattered distribution, shown
on the expanded plot scales of Figure 8. There is an ap-
parent variation of properties downhole with a peak in
velocity at about 295 m followed by a gradual decrease
to 315 m. This is almost certainly an artifact of the sam-
pling, because much greater variability is seen where the
sampling density is higher between 320 and 340 m sub-
bottom. In this section, samples taken from within a
few centimeters of each other for the separate determi-
nation of vertical and horizontal velocities show large
differences that are not attributable to systematic seis-
mic anisotropy down the section.



Table 3. Average analyses of basalts from Hole 564.

Uppermost Lowermost
Fresh Altered 6 fresh 6 fresh
basalts basalts basalls basalts
Element = a 5 a X a X a
Major elements (wt.%)
5i04 50.11 0.40 49.02 0.29 50.06 0.45 4998 037
TiO9 1.44 0.02 1.47 0,02 1.42 0.01 1.47  0.02
AlyO4 14.42 0.20 14.93 0.21 14.60 0.16 1423 0.15
Fea03 1,79 038 1243 029 1158 038 12.05 0.26
MnO 0.18 0.01 0.18 0.01 0.17 0.01 0.18 0.01
MgO 7.36 0.33 6.25 0.25 7.21 0.26 750 037
Ca0 11.82 0.20 12.25 0.22 12.06 0.05 11,62 0,10
K20 0.24 0.08 0.26 0.04 0.28 0.03 0.23 007
Pa05 0.15 0.01 0.15 0.01 0.15 0.01 0.15  0.01
Mg’ 58 1 53 I 58 1 59 1
Trace elements (ppm)
v 385 16 426 28 388 14 383 8
Sr 105 4 107 2 107 3 104 3
¥ 40.00 1.30 40.40 1.80 39.40 1.20 40,70 1.20
Zr 92 4 93 4 90 2 97 2
Nb 4.60 1.00 4.70 1.00 3.40 0.50 5.30  0.60
(Nb/Zr)eh, 0.46 0.1 046  0.09 0.36  0.04 0.54  0.06
Note: Averages of 20 fresh basalts and 6 altered basalts are d from data p d

in Table 2. The altered basalts are samples from Sections 564-1-3, 564-2-1, 564-3-2, 564-
5-1, and 564-9-1 and from Sample 564-8-2, 75-77 cm. X is mean; ¢ is standard devia-
tion; Mg’ is the atomic ratio of 100 x (Mg/[Mg + Fe2*]), calculated assuming an
Fe205 ratio of 0.15.

Rock/chondrite
\

5 T

Nb Zr  Ti Y '
Figure 5. Extended Coryell-Masuda diagrams for basalts of Hole 564,
Solid circles are average of lowermost six fresh basalts: (Nb/Zr)y,

~0.36. Open circles are average of uppermost six fresh basalts:
(Nb/Zr),, ~0.54.

Also apparent in Figure 8 is a negative correlation
between density and seismic velocity, which is the in-
verse of the usual relationship. The bulk densities were
determined while the ship was in moderately heavy seas,
and weighing errors account for this unusual negative
correlation.

DOWNHOLE MEASUREMENTS

Logging
Operations

Logging operations were started at 1530Z, 30 Octo-
ber with the intention of making as many logs as possi-
ble before the arrival of a predicted tropical storm. Be-
cause it seemed likely that bad weather would necessi-
tate an early termination of operations, the order of the
logging runs was changed so that the resistivity log,
which has consistently given the best results, was first.
We originally planned to run the porosity/density logs
second, the sonic third and, if weather permitted, the
high resolution temperature sonde (HRT) last. However,
after the resistivity and porosity/density logs had been
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Figure 6. A. Vector diagram showing change in NRM after alternating
field demagnetization (Sample 564-3-1, 39-41 cm). Solid circles
are plotted on the horizontal plane and open circles are plotted on
the vertical plane. B. Percent natural remanent magnetization
(NRM) versus peak alternating field with the determination of me-
dian demagnetizing field (MDF).

run, the predicted storm had not developed. Because
there was not enough time to carry out a piston coring
program, we decided to make two runs with the temper-
ature probe.

Hole conditions were generally good. The amount of
heave was the lowest of all three holes logged during this
leg. High quality records were obtained for all logging
runs despite minor problems with the caliper log and the
porosity/density tool, which consumed about 1 1/2 ad-
ditional hours. Because of problems at the previous two
logged holes in lowering the HRT down the hole, the
tool was weighted by being placed inside a perforated
core barrel. This modification is described in detail in
the Downhole Temperatures section. A schedule of log-
ging runs is given in Table 6.

Sedimentary Section

All tools were logged continuously from the basement
interface to the drill pipe at 100 m sub-bottom. The data
quality is regarded as good because of the low sea state
and good hole condition. In particular, the hole was not
washed out beyond the limits of the sonic caliper (16 in.)
and a full caliper log was recorded. Below 130 m sub-
bottom, the maximum diameter is only 14 in., and al-
though this is slightly greater than the reach of the den-
sity/porosity excentralizer (13 in.) this tool was very close
to the hole wall, if not in contact with it, for most of the
logged section. The density log contains more detail and
less random noise than in Holes 556 or 558, but because
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Table 4. Hole 564 basalt paleomagnetics.

NRM  Stable
Core-Section INRM inc. inc. X
(interval in cm) (% 103 emu/cm3) ) *) (% 10=6 egmu/cm3 Oe)

3-1, 39-41 3.75 26.8 22.6 180
3-2, 35-37 3.47 19.3 17.0 76
3-2, %0-92 4.13 20.5 18.5 85
3-2, 129-131 .19 36.0 27.1 70
3-3, 36-38 4.63 17.0 15.8 90
4-1,7-9 113 28.2 21.8 115
4-2, 37-41 3.40 13.2 1.9 115
4-2, 49-51 2.30 36.9 30.5 105
43, 4-6 2.82 10.7 1.3 125
4-3, 137-139 2.16 9.6 9.4 117
4-4, 3-5 4.01 14.1 12.5 134
4-4, 78-80 2,38 24.0 19.9 115
4-4, 140-142 2.80 15.3 11.8 130
5-1, 6-8 4.04 26.4 20.7 160
5-1, 81-83 4.26 26.4 25.6 113
5-2,31-33 2.88 16.1 11.7 120
5-3, 95-97 241 29.8 25.6 160
5-4, 144-146 1.55 17.8 17.1 161
5-5,27-29 4.18 7.2 7.2 135
6-1, 26-28 571 283 15.6 234
6-2, 48-50 2.92 45.3 33.3 160
6-3, 145-147 2.31 50.4 30 166
6-4, 123-125 5.87 36.8 14.6 318
6-5, 32-34 118 20.9 12.3 124
7-2, 11-13 3.45 27.3 23.7 127
7-3, 102-104 1.89 24.5 13.1 167
8-1, 41-43 331 23.6 21.2 128
9-1, 8-10 4.36 311 21.7 384
9.2, 128-130 2.69 26.1 19.7 204
9-2, 142-144 0.59 4.1 25.1 142

Note: Jygpm = intensity of natural remanent magnetization (NRM); inc. = inclina-
tion; x = susceptibility.

it contains obvious noise spikes, it is drawn dashed in
Figure 9, which compares density, velocity, resistivity,
and natural gamma logs.

As was noted in the physical property measurements,
there is no boundary within the sediments as clearly de-
fined as the boundaries at Holes 556 and 558, although
a gradational rise in velocity and density superimposed
on the background compaction gradient can be seen over

Table 5. Physical properties measurements, Hole 564.

Susceptibility
Inclination (*) {x 108 emu/cm3 Oe)
5 0 20 100 200 300 400
284 T | .I T . ¥ I : :
- L e
292 -
- -
- - .
300+
. . .
4 . [ )
308 -
. b
. ..o .o.
Z 316 . % ':
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Figure 7. Downhole plot of stable inclinations and susceptibility of
Site 564 basalts. (Values between 284 and 300 m sub-bottom are
not listed in Table 4.)

the depth range 160-200 m. Over this range the sedi-
mentology changes character as described in the Sedi-
mentology and Biostratigraphy section. Density, sonic
velocity, natural gamma, and resistivity values ali in-
crease from 270-285 m sub-bottom towards the base-
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Sonic Gravimetric density
ol velocity
bottom (km/s) ‘Wet-bulk Water
Core-Section depth Temperature densit content ¢
(interval in cm) (m) V. H. (°C) (g/cm7) (%) (%) Lithology or remarks
1-1, 35-40 284.4 5.28 23
1-1, 112-114 285.1 5.12 23
1-3, 18-20 287.2 5.52 23 2.88 2 6
1-3, 23-27 287.2 543 23
2-2, 16-21 2947 5.92 23 2.81 3 9
3-2, 121-131 304.8 5.5 5.26 23 2.82 3 9
42, 37-41 3129 5.27 23 2.87 2 5 All asaples bt
5-2, 44-56 322.0 5.05 24
5-2, 51-57 322.0 5.39 24 2.87 2 5
5-3, 68-75 323.7 5.25 24 2.86 2 7
5-3, 82-84 323.8 5.7 24
6-1, 11-13 329.1 5.73 24
6-1, 80-90 329.8 4,88 24 2.76 4 12 Vesicular basalt
6-4, 48-52 334.0 5.31 24
7-1, 139-143 339.4 5.68 24
7-3, 13-15 341.1 6.17 24
7.3, 51-55 3415 5.62 2% 2.88 1 4 [ Allmmmpley il
8-2, 76-85 349.3 483 4.74 24 2.80 5 13
9-1, 25-35 356.3 5.07 4.87 24 2.84 3 10

Note: V. = vertical, H. = horizontal; water content is corrected; ¢ = porosity. Weighing accuracy below average be-
cause of rough seas.
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Figure 8. Selected physical property variations in the basement rocks
of Hole 564.

Table 6. Schedule of logging runs.

Run 1. Dual laterolog (DLT), gamma ray (GR), caliper (CAL)
Logger on bottom 2045 10/30
Run 2. Formation density compensated (FGT), neutron porosity (CNT), GR,
CAL
Logger on bottom 0330 10/31
Remarks: Three repeat sections made to observe variations caused by heave.
Run 3. High resolution temperature (HRT) #1
Logger on bottom 1000 10/31
Remarks: Sonde mounted inside modified core barrel to provide extra
weight. Tool stood up at 4115 m, 4158 m, 4172 m; stationary measure-
ments at 4135 m, 4178 m, 3830 m.
Run 4. Sonic velocity (DDBHC), GR, CAL
Logger on bottom 1500 10/31
Remarks: Transit time and waveform recordings both repeated.
Waveform in basement only.
Run 5. HRT #2
Logger on bottom: 2030 10/31
Remarks: Sonde mounted inside modified core barrel. Tool stood up at 4158
m, 4172 m; stationary measurements at 3815 m, 4158 m, 4170 m.

Mote: Circulation stopped: 1600 hr. 30 October.

ment interface, probably because of a dolomitized layer
as seen at Sites 558 and 563.

The most interesting feature of the logs is a cyclic
variation in values with a wavelength of about 10 m
within the depth range 180-230 m. Three prominent peaks
in these cycles are shown by dashed lines in Figure 9.
This variation was tentatively identified by physical prop-
erty measurements at Site 563 and probably correlates
with alternations of chalk and ooze as described in the
sedimentology of the core section of Site 563. This cy-
clic variation makes the identification of a distinct sedi-
mentologic boundary problematic. The best limits are
those defined above (the depth range 160-200 m).

Basement Section

The results of logging within basement are shown in
Figure 10. Each of the four major logs represents the
average, by eye, of two or more passes through the base-
ment.

The general character of the logs recorded in the base-
ment is more uniform than that of the logs of the pre-
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Figure 9. Wireline log curves for sedimentary section of Hole 564.
Dashed density curve indicates low quality data. Dashed horizon-
tal lines mark cyclical peaks discussed in text.

vious two logged holes. This is particularly true of the
resistivity log, which is remarkably uniform from the
sediment/basement interface down to a depth of 320 m
sub-bottom. This relatively uniform character correlates
with the thick layer of pillow basalts, Unit 3, at the top
of the basement. A narrow interval between 330 and 336
m sub-bottom of high sonic velocity, high density, low
porosity, and high resistivity corresponds to the massive
basalt flow, Unit 4. This unit is shown by a vertical bar
in Figure 10.

The porosity and density logs show several zones 2 to
4 m wide of high porosity and low density indicated by
the speckled bands in Figure 10. To a lesser extent, these
intervals correspond to anomalies in the resistivity and
sonic velocity profiles. These low porosity zones reflect
interpillow sediments and/or gaps and crevices that can-
not be detected by drilling. The deepest of these high
porosity zones, between 328 and 332 m sub-bottom, may
correspond to the “thief zone” that has been inferred
from the downhole temperature measurements. This high
porosity zone also corresponds to the largest low-resis-
tivity anomaly recorded within basement.
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Figure 10. Wireline log curves for basement section of Hole 564. Curves have been redrawn omitting noise spikes. Gaps indicate intervals where
noise obscures data. Speckled bands mark zones of high porosity and low density discussed in text. Vertical bar between 330 and 336 m sub-

bottom depth marks the zone of high sonic velocity discussed in text.

It is not clear whether or not the high-amplitude,
short-wavelength (about 1 m) variations observed in all
four logs at the sediment/basement interface are real.
These short-wavelength variations show up consistently
on nearly every pass of the tools and also correspond to
short-period variations in the drilling rate, suggesting
that there is a very thin sedimentary layer just below the
top of basement. However, the width of this feature is so
small that the variation might also be due to the effect
of heave on the tool as it crosses the sediment/basement
interface. The wavelength of the heave is identical to the
wavelength of the observed variation.

Downhole Temperatures

The data from the two HRT runs, recorded logging
down the hole, are shown in Figure 11. The HRT tool
was modified by encasing it in a modified core barrel as
shown in Figure 12. The increased tool weight was suffi-
cient to allow detection of setdown by the logging winch
tension meter. On both runs it was necessary to spud the
tool through blockages within the basement, and both
times, after this the response of the tool was very slow,
apparently because of mud packed around the thermis-
tor, so that no useful data were obtained by logging
back up the hole. However, by the time the tool was
back up at the mudline, its response had returned to
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normal. The important result of the two runs is the dis-
covery of an equilibrated temperature profile with a very
low gradient (4° C/km) in the range of 190 to 300 m
sub-bottom as shown by the identical profiles on the
two runs.

During logging the bottom of the drill pipe was moved
between the depths of 3960 and 3930 m (100 and 130 m
sub-bottom). The disparity in the two profiles centers
on fluctuations at these depths and it is concluded that
these are due to the interaction of the end of the drill
pipe and the sidewall of the hole.

Within the basement, the temperature gradient is high-
er and more variable. Below 328 m sub-bottom, temper-
ature measurement was difficult because of mud cover-
ing the thermistor, and temperatures were determined by
allowing the tool to equilibrate at constant depth. The
values thus determined define a very high temperature
gradient of 250°C/km between 328 and 340 m sub-bot-
tom. These data can be explained by downflow of sea-
water to below the sediment/basement interface produc-
ing the steady, low-temperature gradient within the sedi-
ments. The water must escape from the hole through a
“thief zone” above the section with the high tempera-
ture gradient, and it probably does so through one or
more of the high porosity zones identified in the well
logs in Figure 10.

The rate of waterflow must be less than that at Site
556, where the temperature gradient within the sediments
was immeasurably low (less than 1°C/km). The impor-
tance of temperature measurements at Sites 556 and this
hole is the demonstration that the drawdown of seawa-
ter is a common, if not essential, feature of the ocean
crust when the overlying sediment blanket is pierced.

Ocean-Water Profile

The ocean-water temperature profile (Fig. 13) was
logged through the drill pipe as the HRT tool was being
recovered after the first run.

Below 1700 m, the profile is nearly identical to that
at Site 558, slowly decreasing from 2.5°C to a similar
rather cold bottom temperature of 0.4°C. Above 1700 m
the temperature gradient is higher, the temperature ris-
ing in a linear manner to 18°C at 80 m depth. Above
this there is a very sharp rise in temperature within the
surface water layer to 23°C.

1000 x

Water depth (m)
N
5]
Q
T
1

3000 il

A I
0 10 20
Temperature (*C}

Figure 13. Ocean temperature profile recorded by high resolution tem-
perature log within drill pipe.

This profile clearly defines three distinct layers within
the ocean water and contains a detailed record of their
boundaries. The drill string is regarded as being in equi-
librium with the water at any depth because, although
its conductivity is high, the temperature gradients along
it are low. Also because of the low gradient, the temper-
ature can be logged at the normal tool speed in drill
string of 10,000 ft./hr. Thus good oceanographic data
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are obtained for no cost, and we suggest that ocean tem-
perature logs be made for all future DSDP logged holes.

SUMMARY AND CONCLUSIONS

The poor penetration into the basement and the sin-
gle petrographic unit recovered at Site 563 necessitated
the drilling of another site nearby to document better
this area south of the Hayes Fracture Zone. After the
results obtained north of the Hayes Fracture Zone where
depleted and enriched basalts were found at two sites
(558 and 561), it was important to have the most exten-
sive sampling program possible south of the Hayes Frac-
ture Zone.

The sediments were washed down to the basement,
which was cored for 81 m. The basement consists of a
single petrographic unit of aphyric basalts forming pil-
lows (fresh glass were recovered from the top to the bot-
tom of the hole); two massive flows about 2 m thick
were also identified. Chemically, the recovered samples
form one single group even though a gradient is ob-
served from the top to the bottom. CaO, for example,
varies in a continuous way from 12% at the top to 11.5%
at the bottom with very little scattering. Concentration
gradients are also observed for the magmaphile elements;
it may be that the Nb/Zr ratio is not constant from the
top to the bottom but such a possible variation will have
to be confirmed onshore by measurements of La and Ta
concentrations, because the variations recorded in Nb
are less than three times the estimated precision.

In terms of (Nb/Zr), ratio, varying from 0.36 to
0.54, the basalts at this site are depleted. In terms of
rare earths, the patterns may range from depleted to flat
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according to the value of Nb/La ratio; onshore mea-
surements are necessary.

Considering the enrichment or depletion of the most
magmaphile elements compared to the less magmaphile
elements, previous researchers had shown that, at zero
age, a boundary exists at the latitude of the Hayes Frac-
ture Zone between “Azores” abnormal basalts and typ-
ical MORB (see Background and Objectives section).
With respect to such a boundary, only depleted material
was recovered from the drilled holes on Anomalies 6
and 13 south of the Hayes Fracture Zone, whereas both
enriched and depleted materials were recovered from the
holes north of the Hayes Fracture Zone; it was also
found that depleted and enriched basalts may occur at a
single site. Because these results do not fulfill entirely
the hypotheses made before the cruise and because more
fundamental geochemical problems have been encoun-
tered, additional data—isotopic ratios and other mag-
maphile element determinations—are necessary before
any further geochemical mantle sources-geodynamical
interpretations are possible.

A complete set of logs was run at Site 564. The most
important result probably concerns the temperature logs.
Two temperature profiles were recorded, the first one 18
hr. after circulation was stopped and the second 10 hr.
later to see if the hole had achieved equilibrium. The
two profiles were identical down to below the sediment/
basement interface showing a low gradient of about
4°C/km, which is only a fraction of the normal gradi-
ent. Between 45 and 60 m in the basement, an increase
of 2.5°C was observed. This provides additional evi-
dence at Anomaly 13 of downflow of seawater when the
sedimentary layer is pierced.
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LITHOLOGIC DESCRIFTION
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DOMINANT LITHOLOGY FORAMINIFER-NANNOFOSSIL
O0ZE AND CHALK

Whita 12 light gray in Sectioms 1, 2, and top half of 3; pale brawn
10 brown 1o yeliowish brawn from middle of Section 3-CC.

Soft in a few places, generally firm, stiff, to hard,
Several chalky beds; contacts indistinet.

Bedding massive exeept for chalk Layers, Bioturbation mid to
madarate. Burrows in Sections 4 and 5,

Dominant sediment components nannefosils, then forams.

Dolomite in Section 7 and CC 15%; 2% in Section 6. Mn 2-5%
scattored in Sections 1, 3, 4, 5, and CC. Carbonats B8—-83%: clay
=10% only in Section 3. 100 cm- 1o Section 4. 76 cm,

SMEAR SLIDE SUMMARY [%):
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WVadcanic glass - =
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Carbonate unipes.  — 4 2 =

Foraminifers 3 18 0 2%
Cale. nannafossils ﬂ‘l 78 65 62

5 T Tr
8 6

- M =
Tr 5
LA (A
- 4 -
% W0 %
66 60 47

FEB) i g
=2

Dolomite - - - - 2 W %
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CORE-SECTION H1CC 1 12
SITE 564, CORE HY Depth 0.0-2B40m

CORE-CATCHER

APHYRIC TO SPARSELY PLAGIOCLASE (OLIVINE] PHYRIC BASALT

017 cm: Basalt sppears fine grained, gray [7.5YR NG/D). Plagioctase forms glamerophyric clusters =2 mm jn
dismater), sbundance < 2%. Olivine phenocrytt residuas arn filld with brown clay; shape: euhedral 10 snquist, sise
L5 mm, abundunce <2 1%, Both pleces are partly slterad a2 marked); color grayish beown (25 NB/2), Visicla
[round) sre rare (<21%) srd clay-filed. Diameter- <1 mm,

SITE 584, CORE 1 Depth 784.0-293.0m

SECTION 1

APHYRIC PILLOW BASALY

Fine grained slightly —maderately altired gay (7.5YR NS/O1 aphyric pillow balt with {miesa) shenacrysts of
dark orange biown clay allerstion product, probably residue of ollvine.

Oliving may be present as a dark orangs beown chay residus, 11,56 mm in duimataer an-subihedrsl petches which
are spariely scattered,

Alteration ranges from wight to moderste slight causing only minor changes in the gray intenity to modersts,
light twoswmith gray (10 R B/2). Alweration sppears at peece odges sdiscent to calcits vains, and along rock fractunes.
Often it appears a3 an alteration fone rémming a fresher aphyric core, Exceflent examole in Pisces 124 and B, 140-
180 cm.

Vesicles are sparsoly scatvered; rounded, < 1 <=2 mm in diamerer, oftan cakite filied, sometimes ciey filied,

No ghass pressnt,

B6 &m: Pillow margin — Grownish gray aphanitic mangins.

140150 cm: Aphanitic, light gray (7.5YR NG) pillow margini?]

— Orientation

% g § § E £ %
s %2 F¢4 H §: 5 £ 3552
RSB BRI
53 EBliss: 138l z: B3l
o - _
| | ” -
ﬁ 1© |
f] IR -
f ]
Iy an -
NI Ry
XT)
=1 —
¥ xr; 7 ‘DU 4
!/ xT -
| LA 'Q; .
/] O i
% { L) ]
g f 19D ]
[ %) b 99 |
A e B 3
d 7 V] = —
0 QI ,
n |—~ [ 73 N
L= [ i 4
7 | =
il = ,l_/ % ]
108 / o
T /] P Lo ] o) =
Fal 23
SECTION 2

APHYRIC PILLOW BASALT

D=5 cm: Aphanitic lght gray basalt [near piliow margind light gray {7.5YR N&) eitercd darker gray (7.6YR N5}
¥ e in feom sdge

5—8, 05117, ona 128130 om: Aphanitic pillow margine with namow (1-2 mm) glass nm where shown, Some:
times wariclitic. Altered jale brown (10YR 8/3). Up to 5% irregular, unfilled vesicles.

10~86 and 130180 cm: Fine grained sphyric baalt. Fresh gray (7.5YR N6} only trom 3545 cm. Slightly to
moderately altered (brownish cast) gray (10YR B/1) stsewhere. Qlivine microphenoeryats 0.5~ 1 mm altersd brown
tlay vory lem 0-2%.

22-26 cm: Limastona-calcita wein, Lowsr pert of calzite containing sbundant, wand-sieed dark pheces of basii?),
Limestone fine grained reddish yellow (7.5YR 6/6)

VIT=177 emn: Imevpiliow ghass breceia, caloite cemont. Glass fresh with narrow § < 0.5 mm) palaganite rms 1o
hyatoolastite.

SECTION 3

APHYRIC PILLOW BASALT SEQUENCE

Finn grained, sdightly -madaratsly aitersd gray (7,5YR NE/D) 1o brownish (10¥R 5/1) piilow hazatt. Microphano:
erysts of niiine sltered to dark orange brown residus are vidble. Altsration s moes about fresher cofe as well s
adjecent 1o calcite veing and fractures.

Dlivine occurs &1+ 1 mm microphenacrysts altered 1o form ax @ dark arangy brown resicus <.1-2 mm in diam-
wter. Arhasiral in fonm, Abundancs varies up to 2%

Alteration ocours sdiscent to rock fractures, colcite vesrs wnd pillow morging. Within pillows, atteration may
aliz sppeer a3 brownish yellow (1OVR 6/8) to yellow (10Y R 7/8) sones shout fresher cores of pillaw grading imo
@ay [75VR NE/O) sphyric basalt. Ateration slso present in varilitic zone.

Warsolitic pellow hasaly present a madbcated. Glisy rmangin grad wbo @ thin pone of wery dark gray (7 5YR N2/}
aphanitc basall to varsolite sone, yallowish beown (10YR 5/8 1o 10YR 6/8) huo gading imo gray (TSYR NEO)
pllow basalt,

Vesacles sre spaessly scattered, snc rounded, same led with ciays, othen filled, o iregular and corsentrated in
pillons mangin from 58 78 em; majarity in this zone ar empry.

Glass s present at pillow margin. Shight palagonitization of gless ocours within cracks and feactures of fid
Palsgonte-tinted calcire prostuct presat on BA and B ar well,

SITE 664, CORE 2 Depth 293.0.-302.0m

SECTION 1

APHY RIC PILLOW BASALT

441, 50-73, 104126, aml 130~ 160 cm: Fine grained, light teawnish gray (2.6Y 6/2] moderatily 1o vrongly
aleared pillaw haealt, 1-2% rounded and itregulss smpty vesicles (< 71—2 mm) especally nesr pdlaw mangim. Somwe
calcite in fractures.

04, 4148, and 128130 cm; Fresh, black glass clatts in calcite matrix.

76-102 con: Adveredd bassln Srewcin and alterod glass calcite matrin piocos anguls 10 subrounten ranging m sioe
trom barely vititle through 5 mm (moitly sitered glass elaad, 1.5-2 om (mostly tasalt plecss and seme paiily
altored glass clasts} to barge (7 cm) Lasalt fragment at B85-80 cm_ Glass fragments altased brevenish yellow |10 R 6761
This color atso stains the calcite matric

SECTION 2

APHYRIC PILLOW BASALT

Q-BBcm: Fire graied, greay i2.5Y NS) mostiy frosh aphyric pillow hasait

48-58 cm: Some alteration 1o light grayish brown (25Y /20 along pilavw margins, N vescles exceat <2 1%
on pillow masgin (with glass) a1 S5-57 em

B0-83 snd 106150 om: Aphyrec basalt ke above bul moderately 1o strongly altered {light olive brown -
25Y /4] 3-5% rounded amaty vesicies (<1 ~2 mm| near pillow manging (glass rimel. < 1% rounded calcite. fified
vosicles {=1 mm)

B 104 em:; Rlack fraah glass clasts. some with sparry calcite snd |imastons ‘calcite,

SECTION 3

APHYRIC PILLOW BASALT SEQUENCE

Fie grained gray (7.5YR NS/0) piliow basalt with variolite sones tinted broweish yellow (7.5¥ R 6/6]). Motied
in appearance. Cantaim dark oange brown patches of cliy residue altored abivine

Otiving is presant a3 & 1 mm microphenocryst altered to form dark arange teown fesidue <71 =2 mm in diemuote,
anhedral in form. Almbenes varie up 1o 2%,

Altaration aceurs adjacent 10 caicits vein, rock fractures and in variolite zones of pillow margins, Within pillows
alteration appears as mottling of intensity of gravs (7.5¥ R NS/D-7.5YR N6/O)

Variglitic pilow basalt present ss indicated. Glasyy margws grading into a sonme of very dark gay (7.5¥R N5/11
aphanitic batalt to varlalitie 2ons, yallowish beown (10¥ 7 5/6) to brownish yellow (7.5YR B/8) grading inta gray
[7.5YH NG/DI pitlow basal,

WVeticlas sre roundsd or irregulae, clay ined and/oc calcite Hiled, with calcie presont @3 wedl, Concentrated
pillow margin, 0-18, 765-107, snd 120127 cm in the pillow contect fone (aphanitic to varoliticl. Most of the
veslclae aen empry.

Glass is present ar pilow ma

in. No palagonitizateon 5 visible but glass 15 no1 extensive.
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SITE 664, CORE 3 Depth 302.0-3110m

SECTION 1

APHYRIC PILLOW BASALT

1666, 101121, and 129150 cm: Fine grained, grey [25Y N5) aphyric pillow bewll modesately sltecsd 1o
yellowish beown (2.5Y B8] slong pillow marging,

1620 em 1% round ealcite filled vesicles at altered pillow marging {1 -2 mm diameter )

3540 cm: < 1% brregular vesicles §1-3 man) filled with dark gresn clay (7). Calcite o fractures.

0-15, 7084, andd 122126 om. Aphyiic besalt m abewve but more Tighly altored 10 g yellowish brown
|2.5Y 8/4) thioughout. 2-3% round and lrregular smpty yancles 112 mm), especislly nes pillow margim. Caicite
iy fractures,

0-1, B8 undl G859 cxni: Glass rivins with caleite,

8699 cm: Black fresh glass with yallow (2.6 7/6] limestone calcite vein

BECTION 2

J APHYRIC PILLOW BASALT

Aphyric hasalt, fine geained gray (7.5YR N5} ranging to pale brown [10YR 8/3) where altered

Glags rims whare shown grade wito narrow 51 cm biack aphanitic and variclitic rims (pale brown —10Y R 8/31
anel then 1o Hiae grained hasalt.

Minor calcite weirs where shown

Vesicles up 1o 1.5 mm generally round, some ireguls concentiate 4p 1o ~ 5% within a few cm of upper pillow
mangin. Mot aee emgry, 8 few are clay filled.

SECTION 3

APHYRIC PILLOW BASALT
0-150 om: Fine grained, ahyric taslt, calac geay (2.5Y NS te grayich beown (25Y NS721 in altered parts

7 mainly close 1o fractures and veins (calcite tilked),

28-30, 56-87, and 91-84 cm: Frash black glass marging, up to 3 om thick; beginning pelagonitiration from
fractur e, varalitic sonm it very narrow (s few mml, waciolites se < 1.5 mm in diamater

From 0—67 em: Mo visible vesicies.

Fraen B8~ 150 tm:~ 2% round vetices | <15 mem in diameter), hail smpty, hatf caterfilket

SECTION 4

APHYRIC PILLOW BASALT

0-13, 47-50, prad 33-39 cm: Fine graned aphyric pillow basal as in Sections 1-3 — moderately altared,

010 cm: 2--7% roundad empty vesicles {12 mm] in pillaw margen.

4044 e Strangly altered [light brownish gray — 25Y 8721 aphyric basalt as in Sections 1-3. 1=2% rounded
smpty vesicles [1-3 men) and 1 rpunded calcite (ilad vasicle {2 mm)

F2-38 em: Fraher gray (7.5YR W41 aphyric basalt that i slighily to moderately sltesed. 1—2% tivy (1-2 mmi
odivinesl 7] slured to brown (7.5YR 5/4) elay(?)

1620 cm: Orie peece al tresh gray (7.5YR NB) aphyric baalt

$9¢ LIS
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£ £ % ¥ ] z ] SITE 564, CORE 4 Depth 311.0-3200m
s § 2 § 2 g s 5 s 3 . 5 3 g
E 0§ & ,g 2 @ £ 5 .5 £ . & ¥ & _3 E 2.4 £ £ _Z SECTION 1
T :s9%s § 5% £ 3gi; % Es £ B5%: f 858 £ 333,
2 ez E 32 2 2§ 5 82 2 £§E 3: 2 p% 3 EE : LE s 32 2 £33 H _gg g 352 APHYRIC PILLOW BASALT
; £ E 2 £ 8 E £ § § 8§ 55 § E ﬁ,é E £ § £% % % £ g £t ¢ E €L 5 2 5 015 and 3-890 m- Fine grained gray (2.5¥ NE| aphyric basslt, modacately sliered, and cosser grained than
& £ =3 525 2 2 Le e == 2 % £ £ & Lta = FZ g £33 ¢ = &2 Ew F 5-10% plugiocla nesdles (14 mm) randomly orionted ore same in radiating clusters. - 2% small
5 4 & ge Ed = < 4] £ oz - G ReRVIDUA COfEL o ¥ W
£ tge o @ 2 S @ et S 5 S & b S & e S & & GE © & . 11-2 mm} alivinee(7) slteeed 10 brown (7.5YR 541 alay(?]. Na vmbclns snd caicite m fracruees,
0= » r — m =1 o — = = 108136 em: Fine gramed, gray (25Y NE) pillow basah modarately 1o highly sltered 10 light beownish gray
FF ] {2.5Y 6/2), finer grained than basaly abave. 1-2% round and irreqular smpty vesicles {1-2 mm) eiseclally in altered
¥ g 1 + 1 14 ? T pitlow rims, < 1% irragular cabeis-filled vesicles [1-2 mm) calcite in fractures.
- 128132 cm: Gilsia rim.
- =T .
L ! .? L1 nt':' 1821 e (Piece 2A); Banalt Iveccia in calcite matrix.
- 138148 em: Fresh black glass clasts in calcite matrix,
| A 18 P - :‘ 0
1 (A 4
e t i SECTION 2
N V1 “ “ . 2
R ¥ 1 f APHYRIC PILLOW BASALT
L1 T1 0-160 em: Fine grained, gray [2,5% NG sphyric basslt, moderatsly to more strongly altered 16 light yellawish
— A 1| ? —| trown (2.5Y 6/4) wxpacially neat pillow margins snd fractures. 1--2% round and iregular vesicles 11-2 mm) smpty
f/ AL femey o Hilled with caleste wspecially noar sillow margini. Caleite in fractores
=1 L N BE-04 om: Black ghss pillow chill marging soma sltered to vellow [10YR 778) and sirong rown (T.5YR 5561
24 r clays.
— 7 - o
4 A 2 | secmiona
50— Tl V] 20 g _| APHYRIC PILLOW BASALT
i 0-33 cm: Fine grained, gray (75YR NB| aphysic baslt, Some modarata alteratian 1o light grayith brovn
4 2 K1 1 (28 82 2-3% olivinest ) 11-2 mm) altared 1o strang beawn (7.5YR 5/6) clavsi?.
/ L B-13 em (Piece 1B1:  ~15% of the baialt conuists of lawge (515 mem) iregular ealeite-filles Inteecannecting
| F b = cawiiies,
i H 34-77 em: Black glass clusts fangular to subrounded) in calcite matrfx with very pale brown [T0YR 873} lime-
M x —14 = stone in places.
( H|lp * 55~5B cm (Pisce 2F1: Glass mose altered lswong brown — 1.5YR %/8) snd lemestonafcalcite matrin i yablow.
= g =1 t2sv 86
-
9 TE-150 e [Piece 38) Finer grained sshyrc pillow basalt, moderstely altersd — << 1% vhibls olivines ans
‘I 2w ] T wesicies
A M1 B2-B5 cm: Basalt clast in celoite matrix with pale yaliow (2.5 B/4) limestone band, mare basalt ghasi in bards.
| SECTION &
A
| il ac| L % —| APHYRIC PILLOW BASALT
/ A / 0-150 cm: Fine grained, gray (2.5Y NS| aphyric pillow basalt, moderatnly 1o highly altersd to light beownish
- P | way [L5Y 6/2) especully slong fractures and pillow mangine. < 1% rourded, ematy vesiclss 11-2 mm) mastly
I LA in highly lteved parts, extansive cafcite fillod fracturing
48| %, ( -
e = *® :ﬁ l/ 4
/ i
Nl # j 4 _
= T s 4 A
- Ll o f d =
] 2 t 1l i
= B LA | —
- 1A <
w Bt
— LA v -
- L * 1 -
58
§ J e — - L LJ —

CORE-SECTION 1
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SITE 664, CORE S Daoth 320.0-328.0m
SECTION 1

APHYRIC PILLOW BASALT

Fine grainod moderately -highly alered gray (7.5YR N5/OJ 10 light yellowish beown (7.5Y R 6/4) and brownish
wellow {10YR 67} in sfterad and varialitic conss. Olivine 1 present e highly altered dark orangs brown revdue.

Oliving is present @ ~ 1 mm miciophenocrysts, scattered about gicces, ighly altered 10 dark arange Beows
residus,

Calcite parches ang present in W0me pusces, W o0 Others.

Vatiolitic basall ronet are prevant where indicated. Secquence of glass - blsck [7.5YR N2.5/0) sphanitic bassli

variolitic zone, frew cm thick, light yellowish brown [10¥R 64) to brownith yellow [10YR 6/6] grading ta
aruyish brown (10¥ A 577 into freshar geay (7.5YR NS/O),

Adteration presant whees Indicated: mijucent lo calcite vein, rock feactures and variolitic zones. Masimum color
change in highty altered regions (o browndsh yellow (T0YRA 6/8),

Vesicles sparsaly seatterd, wme ireguis and others rounded =1 mm—2" mm in dismeter concentrated in
variolitic zones. Some clay lined, others caicite Hiled, Glass present where indicated.

6268 and 134138 em; Glass clasts (fow mm - frw cm diamater) in & cabcite matrix, Palagonitization of smalier
lnity wyident.

T secrionz

APHYRIC PILLOW BASALT

0-150 cm: Fine grained aphyric basalt, color gray 17, 5YR 5/0) to grayish beown {10¥R 5720 in sltered parts
tas signed|, Small olivine (<16 mm} are sparsaly wcattored (< 1%] throughout the wction. It i mastly replaced by
& redish brown clay mineral.

O-18 and 130142 em: Round vesicles occur ar 0-18 em and 130142 em; they ane wither unfitled or halt or
completely filbed by calcite W22 min, <Z4%),

B5-B2 em: Occur very irrogular wesiches (<2 1.3 mm, ~ 5%1 which are caleity coated or comented or clay filled
llight green colared clay)

142144 cm: Fresh black glass (1.5 cm thick ) with varialitic sone sbove it 5 cm thick].

SECTION 3

APHYRIC PILLOW BASALTS

0-47 arad 172147 cm: Aphyric piliow margin mates al Frosh block glass plocos <™ 1 ém. thick ard rinde 1-2
mm. Muor palagonite snd carbonste. Grading through <1 cm black ashanitic basaly to gray (10YR NSI sshanive,
generally altored pale brown (10¥R 6/3) Varialitic whers shown, Vesicles round and irreqular & 2 mni) eancan
Wrated Lp 1o ~5% within & few cm ol piliow marging, Minar calcite veinkets 2 shawn.

47-122 em: Aphyric basalt ipiliow interlor). Geay to dark gray (7.5YR NS 1o NE) mortled with yuliowish
brown (10YH 5/6| patehes — nons complenely frash.

6167 e Irreuiar ealcite vein or covity feesicle tran?] filling

SECTION &

APHYRIC PILLOW BASALT

021 and 30— 148 om: Aphyrit pillow mater (sl sl margin & in Sectian 3.

2130 and 144—150 cm: Aphyric hasalt piliow interior gray to dark gray (7.5YR NE/T to 7.5YR NG| martied
with yellow brown [10Y R 5/8) patches none entitgly fresh as m Section 3

SECTION &

APHYRIC PILLOW BASALT

0-37 cm;

Firw grained pillaw hasalt gray (7.5%R NSD) with microphenocrysts of plagioctase snd of olivine presnt s dark
orangs brown patches of altared residus.

Ofivine & prasent as a dark arange brown alteration product; < 1—2 mm in dimeter, anbedral. Scartared in this
section,

Plagioclawe is prasant ax 1-3 mm bong microphenocrysts, neediedorm in shape, Localized concemration of
plagocisee,

Altered moderataly, mare so about caleite parches.
Vesicles rare; calcite fihed.
2027 em: Irregular patches of calcits set info pilkow basslt, 25 mem in diameter
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SITE 564, CORE & Depth 328.0-3380m
SECTION 1

APHYHIC PILLOW BASALT

0-42 em: Pillow interior, Aphyric basalt, hog gramed dark gray [7.5%R N7). Slightly aliered towads Brown
OYR B/1) clows 1w tractures. otharwise fresh. Abundamt scicular plagioclsse 10 3 mm and 2-J% round
~ 0.5 mm olivine microphenoeryits completly altsred brown or dark green.

41150 cm: Pillow margnal 2o Aphanitic basslt, gray [7.5YR NS) where Iresh. Ganerally altered, fight
teownlsh gray 1o pale trown (10YR 6/2-6/3). Variolitc where shanwn, Fresh glass wheie shaven, black ashanitic
st 12 cm thick baneath glass than variclitic 20ne up to seversl cm thick

SECTION 2

APHYRIC PILLOW BASALTS

0=30 and B0 115 cm Pillow marging - aphanitic basalt and glass & sn Section 1

3080 and 1785150 em: Fine grained basalt [pdilow interior) as in Secton 1

B5—B2 em: lrraqular, cabcina filled vesicles

116140 em: Vesicies, round corbionate filled. Abundance increases dowirwards from 1-2% to = B%. Sire in
crpases from =1 mm 10 2-3 min.

SECTION 3

APHYRIC PILLOW BASALT AND MASSIVE FLOW

-84, B0-70, BB 104, gt 112150 cm: Pdlow interior 3 in Section 1, Probably still part of massive fow
begun st 100 cm, Section 2. Altered 10 @ mattied comaination of fire grained dark gray (7,57 R 84| towaids brown
(10¥ R 5711 Plaghociass and olivine a5 in Section |

4658 and 105100 cm: Highly altered bassit with caleite/linveatons blebs, Indications of Mn — caleitr — basalt
Rltered Iight Brownish gray to pale brewn. Pillow msgin? Varialitic as indicatnd

T0-80 eri. levoguiar calcite patches. Sparry caltite intergrown inlo besdlt cavities.

50 crn: New massive How? Varialitic top

SECTION 4

APHYRIC BASALT

0160 em:

Fine grained dark{?} gray (7.5¥A N4/D] massive flow insrior. Pillow fiow continued from Section 3. Calcite
patches 16 om an indicated, Large amaunts of scicular plagesctase | —4 mm bn leagh,

Dlivine Macrophanocrysts present as dark orangs brown siteced rasidue snhedral

Alrgration is moderate. Olssrved s mussive section s mottied gray sppearance.

SECTION &

APHYRIC BASALT
064 cn; Fine grained masiive basall (low as in Section 4.
7085 cm: Aphanitic snd variolitec basatt pillow margen ibase of Tiow?] material as m Section 1
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SITE 584, CORE 7 Depth 338,0-342.0
SECTION 1

APHY RIC PILLOW BASALT AND GLASS BRECCIA

D49 andd 134150 cm: Fine grained dark gray (7 5YR NA/D] plilow basalt interlar, stightly sltered 1o & mottied
gray (7.5YR NS/0), or a light yollawith baown [10Y R 6/4)

A9-134 em:

Piliow margin sequence. Interpdiow gloss graing inta variolite zone (10YR 5/6— 10¥R 578 yohowish beown
gradding back inte gray (1.5YR N 4/0) aphyric baslt. Alterstion in virlolitic tone 1o colors descr ibed.

Variolitee gone @ iwlicated. Frw cm thick aphanive rone, few cm mone vanolitic zone gradiog inte apfyre

B3-97 cm: Glas Lrecca with clsits cementsd into & calcie(imestonn manrix, Clats are angular and alsgned
paraliel 1o ssch other within a piece. Caleite/limestone may be tinted slight palaganite color. and lso 3 light pink
tune 15 soen

SECTION 2

APHYAIC PILLOW BASALT
0-28 ardd 130140 cm: Fine grainod sphyric pillow intecior as in Core B, Sectian 1, and Cors 7, Section 1
28-128 om: Aphanitic basalt and glass pilow margin material us sn Core 8, Section 1 and Carp 7, Section 1
B5-105 em: Interpillow glaes beeccla. Matrix part white calcite, part light gray (1OYR 7/1) Hom grained lime-
SEOie.

SECTION 3
APHYRIC PILLOW RASALT

0-123 om: Fene grained dork gray [7.5YH N4/D| pillow basalt intesior grading sio an arterpiflow rone, consist
ing of gless — aphanitie black (10 R N2Z/O) basal —variolitic sona. Colors. alteration vesicles, otc. same as Saction 1

SITE 664, CORE 8 Diepth 347.0-356.0 m
SECTION 1

APHYRIC PILLOW BASALT

10-84 and 118-150 am: Fine gromed, gray (2,57 NBI sphyric basalt moderately (o highly altered 1o pale
teown (V0¥ R 673). Variolitic toxturs grading through black aphanitic basalt 1o black glass rims. <Z1% round smpty
and calcitefilled vesscies (12 mom) expecially in altered pillow marging. Caicite in fractures.

0-5 and G687 cm: Fresh to modoratety altercd glass elaste (roddith yallow — 7.6YR 68 nesssst glass to brovwn
= 1.5YR 4/4 furthar out from gles core] in calcite matrix

58, BE-63, snd 99113 cm: Mastly fresh black glass chlll masging with caleite in frastures.

0507 em: Sparry caleite rim.

SECTION 2

APHYRIC PILLOW BASALT AND OLIVINE MICROPHYRIC BASALT (FLOW?Y)

0-66 em: Aphyric, fire grained basalt, color gray [2.5Y NE/D) o light brownish gray [2.6Y NG/2) in srered
parts. Motly now vesicular, but et:

3624 arwl 5264 cm: Highly wesicular, round, 0.5 1o 2 mm in dlamater, 5 10%, eatcln
{empty b

Bieak a1 65 cm

65123 cm; Modsrataly ofivine micro-phyric basalt (~5% olivine], fine-grained bur coarser than upesr piflow
hasalt. Visible plagioctise laths up to & mm, Oliving phenocryets are randomiy swattered, sire <1 mm. Replaced by
becrwr: and green cluy. No waitibe vesscles.

120 em: Among the ehios ocour @ few black glass splinters.

iilod axcopt Plece 5

¥9¢ 4.LIS
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i o 2 & ] £ i £ k! SITE 564, CORE® Depth 35603650 m
& ¥ £ § 2 E E £ g a g § .E; i "5' g i g §s SECTION 1
5 £t 28 § P 8es § . 8%23:s § Bf3;: 5. %82 5 Fivs
E z = g 1 z £ 2 g 2 28 ] H 5 2 22 3 E g = é E % H 2 -Hg E E E MODEARATELY TO SPARSELY OLIVINE MICRO-PHYRIC BASALT FLOW
H 2 § 3 g B8E £ £ E g 23 E £ g ﬁ- 5 £ 25 ‘g B £ 58 ‘g gL 5 £ £ 0-150 cm: Fineqrained olivine micro-phyric hassl, color dark gray (Y 4/1), Dlivinie phenoctysts are mostly
5 S & < £ & & & & G 8 & = E GO 5 &84 & oz 6 B T G 5 & S &5 B < raplaced by clay (brown colarl; vive: <1 mm, -5%. Acicular plagh upto b i
the section
o I ] i M —] ] M . 7 1-5 and 128-133 cm; A Tow scattered lathsnaped o round mineraly occur, which inok like metalfic copper
- 1 i 1 4 twre 2 mm o0 < 0.5 mm). Fractures sie common and mostly orlented horizantal. Thiy shev calcitn Hilling and
F L 1| * 18] L4 in soma places — & soft dark 10 light green mineral on the fracture plare.
1 .
{ ﬁ ’ i H SECTION 2
- 2 o ‘ <
H H SPARSELY OLIVINE MICROPHYHIC 10 APHYRIC BASALT FLOW AND APHYRIC BASALT (PILLOWT
- e -1 * — 0-75 om: Spavsely olvine micro-phyric 1o sphync basalt, fine-grained, color dark gray [8Y #/1), Less ollving
F A N i han i Section 1 F2%). Plagiochise <1 mm.
1 H 73-74 em: Black glass margin with alterad basalt zone about it color dark grayish brown (10YR 4121
3| ? 1 Broak — end of flaw at 76.cm
& 1 M = f = 76-90 em: Fragmants of:
- i = Prces A anel D: Highly venculas basalt; round to oval vesiches |< 5 mm in diameter| are smpty, loht groen clay
L4 a6 G t1 ig o ] lilied of coated ar caleite filled, Color of baxalt: gray (5 5111,
— == T - Picce B: Basalt glass brecia. Palagonitieed glass clasts <8 mm; calite cement
6 r e Misca C: Flne grained, sparely olivine phyric besaly, color ark gray (257 N4/T)
- XL S H J 01 143em: Fine grained nphyric pillow(?) basalt; color qray (5 /1), Mo visibie vesicied
3
0 .
50— ) .;' 1 — secmionz
Qo i g
- = H 4 FRAGMENTS OF APHYRIC PILLOW BASALT
m i ac 8 0-12em: Fine groined, aphyric basalt, color gray {5 5011, Gewen clay|?) mawnsl on fracture planes.
= i 1 1 . 13-33 em: Pinces of ehilled pillow mamine. Black, highly Tractured, caleste-cemannd s sometimss palagon
4 -1 30 D | vized gluss s grading threugh variclitic 20ne (variales <2 mm) dita very fine yrained, very dark gray (2.5YN 3/0)
- pe— i aphyric banadt
- rl an q — 477 cmi Fine grawsed sphyric Daalt, color gray (5Y 811) with voibile plagocias tathe 13 mml. lrregular
? i wasicles aie sparsely scattored <2%) ard caleitn Niled
4 L H a8 D AL d 7 56-61 em: Piace 36 shvows variclites <27 men
. | = ]
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