8. SITE 541: TOE OF THE BARBADOS RIDGE COMPLEX!

Shipboard Scientific Party?

Date occupied: 13 February 1981

Date departed: 21 February 1981

Time on hole: 7 days, 16 hr.

Position: 15°31.2'N, 58°43.7'W

Water depth (sea level; corrected m, echo-sounding): 4940
Water depth (rig floor; corrected m, echo-sounding): 4950
Bottom felt (m, drill pipe): 4961

Penetration (m): 459

Number of cores: 50

Total length of core section (m): 459

Total core recovered (m): 400.75

Core recovery (%): 87.3

Oldest sediment cored:
Depth sub-bottom (m): 459
Nature: Radiolarian mudstone
Age: early Miocene
Measured velocity (km/s): 1.70

Basement: Not reached

Principal results: Drilling at Site 541 penetrated 459 m of Quaternary
to lower Miocene hemipelagic-pelagic sediment. The cored section
ranges from marly calcareous ooze to barren mud to radiolarian
mud with a concentration of ash beds in the Quaternary and lower
Pliocene. Quaternary to Pliocene calcareous muds accumulated at
or just below the lysocline, whereas upper, middle, and lower Mio-
cene rocks were deposited principally below the CCD (calcite com-
pensation depth). The absence of terrigenous turbidites suggests
deposition of the entire section on a physiographic high.

A reverse fault and associated scaly foliation and stratal disrup-
tion occur at 276 m coincident with stratigraphic inversion of up-
per Miocene mud over upper Pliocene nannofossil mudstone.
Smaller-scale repetitions of a sequence of nannofossil zones and
ash beds suggest reverse faults at 75 to 80, 172, and 263 m. In the
basal 100 m of the hole, cores show progressive development of
fracturing, intense scaly foliation, and stratal disruption; these
cores locally resemble fault gouge. This conspicuous zone of de-
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formation may overlie a décollement separating offscraped and
underthrust sediment packages.

BACKGROUND AND OBJECTIVES

The fundamental goal of Site 541, and indeed of Leg
78A, was complete penetration of the toe of the seismi-
cally defined deformation front of the Barbados Ridge
(Figs. 1 and 2). Great water depth, thick sediments, and
unstable hole conditions had prevented penetration into
the seaward margins of Pacific subduction zones. Drill-
ing through an active deformation zone provided an un-
paralleled opportunity to define stratigraphic, structur-
al, and diagenetic sequences that can guide interpreta-
tions of similar ancient terranes.

The location of Site 541, near the intersection of seis-
mic profiles A1D and A1E on Figure 2, minimized both
the total and sub-bottom depths to basement and in-
creased changes of a complete penetration (Fig. 3; Ngo-
kwey et al., this volume). The shallow depth to base-
ment at Site 541 is due to the elevated Tiburon Rise en-
tering the subduction zone just to the east. Specific
objectives of Site 541 were:

1) to determine the origin of the discontinuously re-
flective, possibly allochthonous unit; to establish whether
it is scraped off the ocean crust or slumped from some
location upslope;

2) to define the structural geology and physical prop-
erties of the acoustically chaotic unit and investigate
whether folding, faulting, or stratigraphic changes ac-
count for its westward thickening;

3) to date and establish the structural nature of the
prominent reflector lying below the discontinuously re-
flective unit;

4) to define the lithology and structural nature of the
layered sequence;

5) to date the ocean crust underthrusting the defor-
mation front; and

6) to emplace a downhole seismometer and tiltmeter
in the ocean crust.

OPERATIONS

San Juan to Site 541

After the vessel was safely clear of San Juan harbor
traffic, a 20-min. stop was made to test the ship’s thrust-
ers and dynamic positioning system and to “soak” posi-
tioning beacons to be used on Leg 78A.

The 500-mi. transit from Puerto Rico to Site 541 was
uneventful, except that headwinds of up to 31 knots the
first day were followed by swells of up to 9 ft., which
persisted into the second day of site occupancy. This ad-
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Figure 1. Regional location map. (Note position of deformation front defining eastward boundary of Bar-
bados Ridge and Tiburon Rise underthrusting deformation front near Site 541. Leg 78A drilling area
enclosed in box. Contour intervals are in kilometers.)

verse weather combination held the Challenger’s aver-
age speed to 7.5 knots.

Following a 1.75-hr. presite survey, a positioning bea-
con was launched at 1404 hr. Friday, 13 February, about
135 mi. east-northeast of the Island of Martinique.

Site 541—Toe of the Barbados Ridge

Initial positioning of the vessel was complicated by
divergent wind, swell, and current directions and re-
quired 2 hr. before the pipe trip could begin.

The pipe trip was lengthened by 4.5 hr. as 41 suspect
joints of drill pipe (identified by the magnetic inspection
in San Juan) were laid out. An inner core barrel was
pumped down the pipe as the final preparation for spud-
ding. No pressure indication of the barrel landing at the
bit was noted after an appropriate interval of pumping.
This indicated that the inner barrel had been stopped by
a partial obstruction in the pipe or that it had been
pumped out through open-ended pipe. An attempt was
made to “find” the core barrel with the sand line and

108

overshot, but when the length of the sand line exceeded
that of the drill string, we concluded that the hydraulic
bit release had operated prematurely during the trip.
The sand line was recovered undamaged.

The drill string was then tripped; when the drill col-
lars had been recovered, we discovered that the outer
core barrel had come unscrewed from the top sub and
had been lost. A new outer core barrel assembly was
made up and the drill pipe was again run to the seafloor.
Hole 541 was finally spudded at 1525 hr., 15 February.
Coring data for the hole are presented in Table 1.

Coring then proceeded smoothly and with excellent
core recovery through about 215 m of nannofossil-rich
clay, followed by about 60 m of clay. At this point a re-
verse fault was penetrated and the younger nannofossil
clay sequence was reentered. No drilling problems were
experienced until a second major deformation zone was
reached at about 430 m sub-bottom. Coincident with a
very low-recovery core (Core 46), high pump pressure
and torquing and sticking of the drill string occurred.
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Figure 2. Detailed site location map (box, Fig. 1). (Note position of deformation front and lo-
cation of seismic reflection lines used for site survey. Bathymetry is in meters. Lines AlA to
AI1D are from IFP/CNEXO survey [from Ngokwey et al., this volume].)

Two-way traveltime (s)

Deformation

Figure 3. Seismic reflection line A1D (from Ngokwey et al., this volume.) Reflector 1 separates discontinuously reflective and acoustically layered
seismic units. Reflector 2 represents a prominent horizon within the acoustically layered unit. Reflector 3 is top of oceanic crust.

The hole was flushed with mud and three additional full
cores were taken. Up to 18 m of fill were encountered
following the cores, despite repeated flushes, and stick-
ing tendencies persisted on connections. Rotation could
not be regained following the connection for Core 50,
and it was necessary to terminate coring operations. A

short core was cut by lowering the power sub to the limit
of its travel on the guide rails. The core was recovered
and a hydraulic bit release go-devil was pumped down to
actuate the release mechanism. About 20 min. of ma-
nipulating the drill string and pump pressure were re-
quired before the bit and associated components were
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Table 1. Coring summary, Site 541.

Depth from Depth below

Date drill floor seafloor Length Length Amount
Core  (Feb., (m) (m) cored  recovered recovered
no. 1981) Time top bottom top bottom (m) (m) (%)
| 15 1635 4961-4962 0-1 1 0.82 80
2 15 1810 4962-4971.5 1-10.5 9.5 8.44 88
3 15 2005  4971.5-4981 10.5-20.0 9.5 5.66 60
4 15 2155 4981-4990.5 20-29.5 9.5 9.81 103
5 15 2350  4990.5-5000 29.5-39.0 9.5 4.04 42
6 16 0125 5000-5009.5 39-48.5 9.5 1.12 12
7 16 0550  5009.5-5019.0 48.5-58.0 9.5 9.83 103
B 16 0736 5019.0-5028.5 58.0-67.5 9.5 9.80 103
9 16 0912  5028.5-5038.0 67.5-71.0 9.5 9.82 103
10 16 1050 5038.0-5047.5  77.0-86.5 9.5 9.77 103
11 16 1216  5047.5-5057.0 86.5-96.0 9.5 6.15 65
12 16 1540  5057.0-5066.5 96.0-105.5 9.5 9.92 104
13 16 1732 5066.5-5076.0 105.5-115.0 9.5 9.88 104
14 16 1905 5076.0-5085.5 115.0-124.5 9.5 9.90 104
15 16 2040 5085.5-5095 124.5-134.0 9.5 7.85 83
16 16 2230 5095.0-5104.5  134.0-143.5 9.5 8.97 94
17 17 0243  5104.5-5114.0 143.5-153.0 .5 9.4 98
18 17 0429 5114.0-5123.5 153.0-162.5 9.5 8.31 87
19 17 0617 5123.5-5133.0 162.5-172.0 9.5 9.52 100
20 17 0756  5133.0-5142.5  172.0-181.5 9.5 8.53 89
21 17 0945 5142.5-5152.0 181.5-191.0 9.5 4.44 46
22 17 1125  5152.0-5161.5  191.0-200.5 9.5 9.40 98
23 17 1302 5161.5-5171.0  200.5-210.0 9.5 9.40 98
24 17 1436  5171.0-5180.5  210.0-219.5 9.5 B.64 90
25 17 1619 5180.5-5190.0 219.5-229.0 9.5 9.84 104
26 17 1808 5190.0-5199.5 229.0-238.5 9.5 7.88 83
27 17 1958 5199.5-5209.0 238.5-248.0 9.5 9.89 104
28 17 2150  5209.0-5218.5  248.0-257.5 9.5 9.92 104
29 17 2345 521B.5-5228.0 257.5-267.0 9.5 9.04 95
30 18 0133 5228.0-5237.5  267.0-276.5 9.5 9.89 104
31 18 0312 5237.5-5247.0 276.5-286.0 9.5 9.94 105
32 18 0503 5247.0-5256.5 286.0-295.5 9.5 9.27 98
33 18 0640 5256.5-5266.0 295.5-305.0 9.5 10.14 106
34 18 0830 5266.0-5275.5 305.0-314.5 9.5 9.10 9%
35 18 1014  5257.5-5285.0 314.5-324.0 9.5 10.03 106
36 18 1155  5285.0-5294.5 324.0-333.5 9.5 2,32 24
37 18 1418 5294.5-5304.0 333.5-343.0 9.5 9.80 103
38 18 1555 5304.0-5313.5 343.0-352.5 9.5 9.53 100
39 18 1759  5313.5-5323.0 352.5-362.0 9.5 4.46 47
40 18 1943 5323.0-5332.5 362.0-371.5 9.5 9.83 103
41 18 2137 5332.5-5342.0 371.5-381.0 9.5 9.01 95
42 18 2320 5342.0-5351.5  381.0-390.5 9.5 9.72 102
43 19 0115 5351.5-5361.0 390.5-400.0 9.5 8.98 95
44 19 0250 5361.0-5370.5  400.0-409.5 9.5 9.83 103
45 19 0430 5370.5-5380.0 409.5-419.0 9.5 9.98 104
46 19 0740 5380.0-5389.5  419.0-428.0 9.5 0.69 7
47 18 1225 5389.5-5399.0 428.5-438.0 9.5 3.28 34
48 19 1531  5399.0-5408.5  438.0-447.5 2.5 7.89 83
49 19 1818  5408.5-5416.0 447.5-455.0 7.5 7.28 76
50 19 2320 5416.0-5420.0 455.0-459.0 4.0 3.79 9
Total 459.0 400.75 873

released. The pipe was then pulled until only the BHA
(bottom-hole assembly) remained in the hole, and prep-
arations were made for logging.

On the first logging attempt, temperature was being
logged downward when the logging sonde was stopped
by a soft clay “bridge” only 10 m beyond the end of the
pipe. When attempts to work the tool past the obstruc-
tion failed, the tool was recovered and a “short trip”
was made. This trip consisted of running the open-end-
ed pipe down to the top of the hole fill at about 415 m
sub-bottom and then pulling back to one stand (28.5 m)
below its earlier position to keep the trouble spot behind
pipe. A second logging attempt was aborted due to an
electrical problem in the tool that developed about one-
third of the way down the pipe. On the third attempt,
the sonde logged temperature to about 18 m beyond the
pipe before it again stopped in the soft clay. After nu-
merous attempts to work the tool past the bridge, a stat-
ic temperature check was made and log function was
switched to the density-caliper-gamma ray mode in an
attempt to log the approximately 46 m of open hole that
could be exposed by raising the pipe in the derrick. Un-
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fortunately, the tool had been damaged by the attempts
to penetrate the bridge, and no log could be recorded.

Operations in Hole 541 were terminated at this point
and the drill string was recovered, with all pipe on deck
at 0600 hr., 21 February.

SEDIMENT LITHOLOGY

Lithostratigraphy

Site 541 is located in 4950 m water depth, about 3 km
west of the toe of the accretionary prism. The hole was
continuously cored to a sub-bottom depth of 459 m. Re-
covery of the cored material was excellent (87.3%, see
Table 1) and provides a good record of the lithostratig-
raphy of the Lesser Antilles forearc accretionary prism
(Fig. 4).

Two major tectonic units are present at Site 541, sep-
arated by a reverse fault at a sub-bottom depth of 276
m. Tectonic Unit A is 276 m thick and consists of Recent
to upper Miocene sediments. Tectonic Unit B is 184 m
thick and consists of middle Pliocene to lower Miocene
sediments. A summary of the seven lithostratigraphic
units cored at Site 541 is shown in Table 2. Carbonate
percentages measured downhole at Site 541 were deter-
mined with the shipboard carbonate bomb (Fig. 4).

The sediments of Tectonic Unit A can be divided into
four distinct, conformable lithologic units based on mac-
roscopic core descriptions, smear slide analyses, and car-
bonate bomb data from the cored interval.

Lithologic Unit 1 is a relatively uniform, 65-m-thick,
lower upper Pleistocene to lower Pleistocene nannofos-
sil mud with common ash layers and disseminated ash
particles that has been highly deformed by drilling, The
upper 40 m of the unit is olive gray (5Y 5/3) in color,
gradually changing to grayish brown (10YR 5/2) in the
lower 25 m of the unit. The ash beds are predominantly
dark grayish brown (10YR 3/2) to dark gray (10YR 6/1)
in color.

Lithologic Unit 2 is a 70-m-thick, lower Pleistocene
to upper Pliocene, bioturbated marly nannofossil ooze
or marly foraminiferal ooze that has fewer discrete ash
layers and a higher calcium carbonate content than is
characteristic of Unit 1. It is lighter in color than Unit 1,
ranging from light olive gray (5Y 6/2) to olive gray (5Y
5/2). There are only two major ash deposits in Unit 2,
both closely spaced in Core 12. Although this unit has

Table 2. Lithologic units, Site 541.

Depth
Core range below
(core-section, seafloor
Unit Lithology cm level) (m)
1 Nannofossil mud with common 1to8 0-65
ash layers
2 Marly nannofossil ooze and 9to 15 65-135
marly foraminifer ooze with
rare ash layers
3 Nannofossil mud with ash layers 16 to 24-3, 50 135-215
4 Mud 24-3, 50 to 30-6 215-276
5 Nannofossil mud with ash layers 30-6 to 37 276-340
6 Mudstone 37 to 47-2, 50 340-430
7 Radiolarian mudstone 47-2, 50 to 50 430-459




been moderately to very deformed by drilling, faint bed-
ding planes indicate that layering is horizontal. Coarse-
grained, foraminifer-bearing gravity flow deposits 2 to
4 cm thick characterize the lower portions of this unit
(Cores 13-15).

Lithologic Unit 3 is an 80-m-thick, upper Pliocene to
upper Miocene nannofossil mud that contains common
ash layers and disseminated ash particles. It has been
moderately deformed by drilling. The mud ranges'from
gray (5Y 6/1) to olive gray (5Y 5/2) in color and con-
tains faint, dispersed ash mottles in bioturbated inter-
vals. The clay content of the mud increases systemati-
cally downsection, as expressed by the generally darker
shades of gray characteristic of the lower cores of Unit
3. The ash layers range from dark olive gray (5Y 3/2) to
dark gray (5Y 4/1) to black in color. Bases of these ash
beds dip as much as 40° from horizontal.

Lithologic Unit 4 is 60 m thick and is differentiated
from the overlying sediment by a distinctly lower per-
centage of calcareous components. It is an upper Mio-
cene, gray (5Y 5/1) to greenish gray (5GY 5/1) mud with
medium light gray burrows and mottles filled with redis-
tributed altered ash. Drilling laminations are found
throughout the section. The lower 25 m of Unit 4 con-
tain several layers of olive gray (5Y 5/2) marly nanno-
fossil ooze, perhaps due to fluctuating levels of the
CCD associated with sea-level changes in the late Mio-
cene. The mud is internally deformed and is character-
ized by variably developed slickensided fracture surfaces
throughout the section. This internal deformation is as-
sociated with movement along the reverse fault that sep-
arates Unit 4 from the underlying Unit 5 of Tectonic
Unit B.

The sediments of Tectonic Unit B can be divided into
three distinct lithologic units based on macroscopic core
descriptions, smear-slide analyses, and carbonate-bomb
data from the cored interval. The boundaries between
these units are somewhat arbitrarily defined.

Lithologic Unit 5 is a 65-m-thick, upper Pliocene to
upper Miocene, bioturbated nannofossil mud with thin
ash layers and dispersed ash particles. A major fault at
276 m sub-bottom defines the top of this unit. The nan-
nofossil mud ranges from light gray (5Y 6/1) to gray (5Y
5/1) to olive gray (5Y 5/2) in the top portion of the unit,
gradually changing to a darker grayish brown (10YR
5/2) downsection. The color change results from an in-
creased clay content toward the base of the unit. The
ash layers range from dark gray (5Y 4/1) to black in col-
or. Bedding dips up to 40° from horizontal. The age and
the lithology of Unit 5 is comparable with those of Unit
3 of Tectonic Unit A.

Lithologic Unit 6 is a 90-m-thick, brecciated, intense-
ly fractured, upper Miocene to middle(?) Miocene mud-
stone with infrequent ash layers and dispersed ash parti-
cles. It is differentiated from Unit 5 by a lower percent-
age of calcareous components. The mudstone ranges
from light gray (2.5Y 5-6/2) to olive gray (5Y 5/2) in
color and consists of internally fractured drilling “bis-
cuits” (coherent lumps of mudstone) in a matrix of
smaller, extensively sheared fragments of similar litholo-
gy. These biscuits are commonly bioturbated, with larg-
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er biscuits having burrows filled with dark gray (5GY
4/1) mudstone. The lower 50 m of this unit contain bis-
cuits of considerable color variation, indicating a mix-
ing of different lithologies. This heterogeneity could be
either an artifact of caving between cores or a fault zone
fabric. There are several thin layers of nannofossil and
foraminifer chalk distributed throughout this unit, sug-
gesting that the level of the CCD fluctuated during its
deposition. The age and the lithology of Unit 6 are com-
parable with those of Unit 4.

Lithologic Unit 7 is a 30-m-thick, bioturbated, brec-
ciated and highly sheared, light yellowish brown (10YR
6/4), middle Miocene(?) to lower Miocene radiolarian
mudstone. The upper part of this unit (Core 47, Section
2 through Core 50, Section 1) also contains lumps and
highly sheared zones of light olive brown (2.5Y 5/4) and
greenish gray (5Y 5/1) bioturbated mudstones. These col-
or variations indicate that several rock types have been
mixed in this section of the hole. This could be the fab-
ric of a fault zone, but hole conditions indicate a lot of
caving between cores, so some of the observed mixing
and heterogeneity of rock types may be artificial.

The vast majority of the sediments cored at Site 541
show no evidence of having been deposited by current
action, but instead seem to have been accumulated by
pelagic-hemipelagic settling. The ash beds do not ap-
pear to have been redeposited as turbidites, so they
probably settled to the seafloor following volcanic erup-
tions on the Lesser Antilles Island arc. The thin, fora-
minifer-rich beds at the base of Unit 2 lack distinct
grading and lamination, but are probably gravity flow
deposits. An alternative explanation is that the level of
the CCD fluctuated as oceanographic conditions changed,
and deposition of foraminifer-rich beds occurred at times
when the local CCD was depressed. This alternative is
less likely, however, as such fluctuations are gradual and
would not likely produce thin, well-defined foraminifer-
rich layers.

The environment of deposition of sediments cored at
Site 541 was in quiet, deep water adjacent to the Lesser
Antilles island arc. Although it is true that terrigenous
turbidites were not found in the cored section, this ab-
sence may be due to location of the site on a topograph-
ic high rather than to great distance from any terrige-
nous source. Common ash beds and disseminated ash
particles in the cores indicate a substantial input of vol-
canic material from the Lesser Antilles island arc.

Comparison of the ages, thicknesses, and lithologies
of Tectonic Units A and B and the distribution of ash
layers in Lithologic Units 3 and 5 (see the section on
Volcanic Ash, this chapter) suggest that Lithologic Units 3
and 4 above the major fault are lithologically correlative
with Lithologic Units 5 and 6 below the fault. In other
words, Lithologic Units 5 and 6 represent a repeated
section of Lithologic Units 3 and 4. Units 5 and 6 were
emplaced beneath Units 3 and 4 by movement along the
fault that separates Tectonic Units A and B.

It is uncertain whether Lithologic Unit 7 should be
considered a part of Tectonic Unit B or designated as
the top of another, deeper Tectonic Unit C, inasmuch as
evidence for shear in Unit 7 is abundant and could indi-
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Figure 4. Summary lithology, sediment composition, structure, physical properties, and seismic stratigraphy,
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cate another fault. Geophysical profiles indicate that
drilling at Site 541 may have just penetrated Reflector 1,
in which case Unit 7 may represent the topmost litholo-
gy of the sedimentary section below that reflector.

Bioturbation

Probably the entire section is bioturbated, but bur-
rowing is much more pronounced in the lithified muds
of the lower tectonic unit. Bioturbation was first noted
in Core 8, but no burrows could be identified due to in-
tense drilling disturbance. The first burrowed ash bed
occurs in Core 10, Section 3. Gray ash beds generally
have bioturbated contacts, with gray ash carried down
into olive gray mud below, and olive gray mud from
above carried down into the ash bed. These occurrences
provide way-up evidence. Burrow mottling occurs from
Cores 10 to 18.

The first recognizable Chondrites appears in Core 19
and is accompanied by larger (up to 5-mm diameter) cy-
lindrical burrows mostly oblique to bedding. Through-
out the section, Chondrites burrows are 1 to 2 mm in
diameter. Core 21 contains Chondrites, Planolites, rarer
Cylindrichnus, and a possible Zoophycus. Burrow mot-
tling was noted in Cores 22 to 35, but few ichnogenera
were identified.

Core 36 was the first to be sawed in half rather than
cut, and the sawed surfaces expose burrows extremely
well. Planolites is abundant, and Cylindrichnus, Chon-
drites, and composite burrows also occur. A few vertical
burrows resemble Teichichnus in shape and size but lack
a meniscus fill. Cores 37 and 38 are mottled; 39 is too
soupy to see burrows. Cores 40 to 45 have a well-pre-
served burrow assemblage as follows:

Planolites — abundant
Chondrites — abundant
Zoophycus — common

Planolites/Chondrites — fairly common
(composite large)
Cylindrichnus — rare
in addition to abundant nondescript near-cylindrical
burrows.

The yellow brown mudstone in Core 47 contains only
a few indistinct Chondrites burrows.

All these burrows have been previously described
from many DSDP cores. They are made by deposit feed-
ers that thoroughly rework the sediment and destroy
original bedding. However, where traces of bedding re-
main in cores (e.g., ash beds) and also in outcrops,
many burrows tend to be either flattened parallel to bed-
ding (e.g., Planolites) or to occur in bedding-parallel
rows (Chondrites and Planolites). This fact is important
for structural measurements.

Zoophycus burrows extend across cores at a low an-
gle to bedding (see Ekdale, 1974). It was noted at this
site that the meniscus fill of Zoophycus is not always
symmetrical about the center but tends to be offset with
a long limb and a short limb (Fig. 5). The long limb is
downsection. In heavily burrowed, tectonically disturbed
sequences this could be the only method to detect the
way up of the strata.

114

cm
17

18

19

20

21

22

23

24

25

26

27

Figure 5. Zoophycus burrow with asymmetric meniscus fill (Sample
541-40-5, 17-28 cm). (The larger limb of the asymmetric fill is
downsection.)

The intense bioturbation at this site, particularly in
Cores 40 to 45, indicates a slow sedimentation rate al-
lowing time for complete reworking. All the ichnogen-
era occur in a wide depth range, so the assemblage gives
no definite indication of water depth.

X-Ray Mineralogy

Sixty-five samples from Cores 11 to 50 were analyzed
using the shipboard X-ray diffractometer. Samples were
prepared on glass slides in the same way as smear slides,
then dried on a desiccating oven for at least one half
hour. Each sample (one per core, plus some distinctive
layers such as ashes) was X-rayed twice (oriented dry
sample from 26 = 3° to 35°, and glycolated, from 26 =
3° to 15°). Minerals were identified by their characteris-
tic peaks on the diffractogram (Carroll, 1970, table 12).

Minerals identified include quartz, alkali feldspar
and plagioclase, calcite, and the clay minerals kaolinite,
illite, and smectite. The shipboard diffractometer gives
a pseudo-peak at 20 = 7%:°, with a blank glass slide as
the sample. Results are summarized in Figure 4.

Quartz is present in all samples and shows no system-
atic increase or decrease down the hole. One or both
feldspars are present, in most samples: their proportions
appear to vary widely and unsystematically. There is
very little feldspar from 115 to 200 and 270 to 320 m
sub-bottom (except for an ash layer at 180 m). Calcite,
more accurately analyzed by the carbonate bomb meth-



od, is present from 0 to 205 and 270 to 345 m sub-bot-
tom. Of the clays, kaolinite is present in all samples. IlI-
lite is present down to 340 m, where it decreases rather
sharply (much lower peak height): this decrease corre-
sponds to a downward increase in smectite peak height
and sharpness. Of the distinctive lithologies, all the gray
and black ashes have a high feldspar content and the
feldspar peaks are very sharp. The bluish and greenish
muds associated with the ashes are rather variable, some
being feldspar-rich and others calcareous. There is little
difference between gray brown and olive gray muds ex-
cept that the latter may contain slightly less kaolinite:
colors may result from chemical rather than mineralogi-
cal composition.

The smectite-rich interval below 380 m corresponds
to the zone of pervasively sheared, scaly clays.

Volcanic Ash

The eastern slope of the Barbados Ridge is in an un-
usually favorable position for the preservation of ash
beds derived by explosive volcanism from the Lesser
Antilles arc. The sediments are almost entirely hemipe-
lagic and lack obvious turbidites (although some rede-
position of foraminifers has occurred—see the section
on Paleoenvironment, this chapter); hence redeposition
of ash has not occurred. Therefore, ash from individual
eruptions, particularly the major eruptions, is well pre-
served, with bioturbation being the only disturbing sedi-
mentological factor.

In Hole 541, recognition of volcanic ash in the upper
few cores was complicated by intense core deformation
during drilling., Not even the distinctive Roseau ash
(e.g., Sparks et al., 1980) is recognizable in the the up-
per few meters of Core 2, where it should occur. Through-
out most of the cores below the intensely disturbed up-
per few meters, major ash falls are readily apparent,
although minor fine ash falls have been largely redistrib-
uted by burrowing organisms. In or near tectonic shear
zones (Cores 25-30 and 40-50), additional disturbance
of ash beds has undoubtedly resulted from faulting. All
of these factors complicate interpretation of rates, fre-
quency, and volume of explosive Lesser Antilles volcan-
ism in the affected intervals. The least disturbed por-
tions of the cores are from about 60 to 200 m below the
seafloor (Cores 8-23) and 290 to 330 m below the sea-
floor (Cores 32-36). Cores 8-23 represent a nearly strati-
graphically uninterrupted sequence of marly calcareous
oozes and clays ranging in age from Miocene to late Pli-
ocene.

Ash beds in cores from Hole 541 are as much as 7 cm
thick, but are clearly recognizable as ash beds even when
only 1 to 2 cm thick. The thicker beds typically have
sharp lower contacts and bioturbated upper contacts.
All of these have a uniform grain-size distribution and
no scour or internal bedding, hence are not turbidites.
They are generally very dark gray, nearly black, in color,
and some are rich in crystals (plagioclase, quartz, clino-
pyroxene, orthopyroxene, amphibole, and biotite, in or-
der of decreasing abundance). This reflects the marked
density sorting between crystals and glass that occurs in
the atmosphere before the materials are deposited, with
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crystals settling faster than glass (Carey and Sigurdsson,
1980). Thinner beds can be either black or gray in color,
with gray colors possibly resulting from a high concen-
tration of leucocratic minerals in the ash, high SiO, con-
tent of glass, or mixing with adjacent hemipelagic sedi-
ments. Very thin beds tend to have been dispersed up
and down the cores for tens of centimeters by burrowing
organisms. Many of these can still be recognized by the
specks of almost pure ash in the burrow traces. Much of
the glass in the ashes of all the cores has been extensive-
ly altered to clay minerals (illite and smectite, as revealed
by X-ray diffractograms). In smear slides, the glass ap-
pears charged with moderately birefringent clays and
iron hydroxides.

In all, there are 119 ash beds in the Hole 541 cores, of
which 29 are major ash falls more than 2 cm thick. The
upper 18 of these major ash beds range in age from late
Miocene to Quaternary. The remainder occur below the
distinct reverse fault in Core 30, and of these, 10 repeat
major ash beds in the upper 18. In all then, 19 intact
major ash falls appear to have been sampled. There are
two dominant intervals of major ash-producing erup-
tions, one in the early Pliocene, and one in the late
Pleistocene. Miocene and late Pliocene activity was
more subdued.

The unusually high recovery throughout most of Hole
541 allows an interesting comparison to be made of the
ash stratigraphy in age-equivalent strata above and be-
low the fault in Core 30. Shear deformation appears to
be minimal in the carbonate-rich segments of the hole,
whereas it is extensive in clays and mudstones. In Cores
18 and 33 there occur two closely spaced ash falls, sepa-
rated by fewer than 10 cm of hemipelagic carbonate
ooze. Assuming that these are identical ash beds, com-
parison of core photos shows that near the pair, there
are no fewer than 7 other major ash beds that occur at
precisely the same depths in both groups of cores (see
Natland, this volume). Cores 19 and 36 are markedly
more enriched in clays than higher cores, but occur at
almost exactly the same depth below the ash-bed pair
both above and below the fault. For about 30 m or so,
evidently, precisely correlative sequences from above
and below the fault can be matched. Below this, how-
ever, in the clay-rich materials, faulting and shear defor-
mation occur in both sequences, making it impossible
to correlate ash beds. The differences in stratigraphy of
these two clay-rich intervals occur because one or both
of them contain faults.

STRUCTURAL GEOLOGY

The most conspicuous structure documented at Site
541 is a reverse fault at 276 m (Core 30) along which Mi-
ocene mud has been emplaced structurally above Plio-
cene nannofossiliferous mud. More pervasive, smaller-
scale deformational features are progressively developed
in the 75 m of section immediately above this fault.
Three stratigraphic inversions also occur above the fault.
The Pliocene section immediately below this fault is gen-
tly dipping but otherwise undeformed. Approximately
100 m above the base of the hole, fracturing and pene-
trative shearing are again important and probably formed
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in or adjacent to another major fault zone. In this sec-
tion of the Site 541 report, structural features are de-
scribed in detail, proceeding from the top to the bottom
of the hole. Observations are depicted graphically in
Figure 4.

Horizontal layers that had not been reoriented by
drilling were first noted in Core 8, below 59 m (sub-bot-
tom depth). The first dipping layers were measured in
Core 14; they have true dips of about 20°. From this
point until the onset of internal fracture and flow in
Core 23, alternating sections of mud and ooze 5 to 15 m
thick are characterized by either horizontal attitudes or
layers dipping on average 20°, but as much as 40°. In
several cases, attitudes were obtained on right-way-up
ash layers with sharp bottoms and bioturbated tops.
Note that dips do not increase progressively downhole
as would be the case if tilting had occurred during depo-
sition. The alternation of horizontal and dipping layers
indicate instead that some restricted stratigraphic inter-
vals are either tilted or gently folded, perhaps due to
gravity-driven slumping or small displacements along
décollements.

The first hint of more pervasive deformation occurs
in a few 10-cm intervals in Cores 23 and 24, but most of
Cores 25 to 29 and the upper 130 cm of Core 30 are
characterized by incipient to thorough internal disrup-
tion. Bioturbation structures (burrowing, mottling) are
undistorted locally, but generally they have been obliter-
ated. Cores are pervaded by slickensided, polished sur-
faces that can be broken out of drilling biscuits on a
scale of 1 cm or so. These are interpreted as slip surfac-
es, accommodating and distributing small (<<1 mm)
displacements throughout the section, but the surfaces
appear not to have any preferred orientation. They are
definitely less penetrative and oriented than “scaly” fo-
liation, which is developed for about 20 cm above the
fault in Section 6 of Core 30. Scaly mudstone is com-
mon in Cores 42 to 50 and is more fully described later.
A 7-cm-long sharp fault, dipping 60°, with striations
pitching 80° on its polished surface, occurs in Core 25,
Section 5. The deformation and distortion in Cores 25
to 30 is described best as mesoscopic plastic flow ac-
commodated in part along mesoscopically visible dis-
continuities (= polished surfaces). This flow has also
resulted in stratal disruption, because some layers of
distinctly colored mud were broken up, or disharmoni-
cally folded and swirled, sometime prior to the develop-
ment of drilling laminations. Other layers, such as in
Core 30, Section 6, apparently were juxtaposed along
steeply dipping faults. The stratal disruption was obvi-
ously complex, but its nature is obscure because disrupt-
ed layers have been subsequently rotated along horizon-
tal drilling fractures. We believe all of this internal de-
formation is related to the major fault discussed next.

This fault, emplacing Miocene structurally above Pli-
ocene, is visible in Core 30, Section 6, from 122 to 143
cm. Pervasively sheared, scaly, dark olive gray Miocene
mud is separated from lighter gray Pliocene nannofos-
sil-rich mud by a black-stained zone up to 5 mm thick
that represents the actual fault surface. Offset nanno-
fossil zones suggest 70 m of throw across the fault. The
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in situ orientation of the fault is difficult to determine
because it has been reoriented drastically by rotations
along drilling laminations, but its appearance in several
biscuits over the interval mentioned suggests that it is ei-
ther moderately to steeply dipping or perhaps folded or
imbricated in situ. In any case, we sampled only a min-
iscule part of the fault and can only guess its actual ori-
entation. It is important to note, however, that whatever
its attitude, reverse dip slip must have occurred along it
to emplace gently dipping older strata over younger.

In addition to the major fault at 276 m, nannoplank-
ton biostratigraphy indicates repeated sections near the
base of Core 9, at the base of Core 19, and possibly
within Core 29, although the actual physical features re-
sponsible for these inversions (reverse faults, small slumps)
were not observed in the cores. Two ash beds in Core 18
may be equivalent to ash beds in Core 20, and a paleo-
magnetic reversal event is repeated in Cores 18 and 20
(see the section on Paleomagnetics, this chapter). There
is also a change in dip, corresponding with this strati-
graphic inversion, from about 40° in Cores 18 and 19 to
horizontal in Cores 20 to 22. Although the vertical off-
set across the fault at 276 m is only 70 m, similar nanno-
fossil assemblages occur in Cores 23 and 38 (205 and
345 m), suggesting a total of about 130 m of throw. Thus
the fault at 263 m apparently accommodates about 60 m
of throw.

Aside from a few centimeter-scale, randomly orient-
ed polished surfaces and a sharp steeply dipping fault in
the first section of Pliocene mud below the fault at
276 m, the sediments appear to be internally unde-
formed in contrast to sediments above the fault. How-
ever, the section from Cores 31 to 41 is all gently to
moderately dipping; 16 attitudes (5 definitely right-way-
up) average 25° but range as high as 45°. A sharp, 50°
fault with striations pitching 65 to 75° cuts across Core
32, Section 6. Beginning in Core 40, interval deforma-
tion is again evident and is expressed as fracturing in
biscuits of coherent mudstone. Breccia is locally devel-
oped between some biscuits, probably having formed
from drilling-induced disruption of fractured mudstone.
The intensity of fracturing is variable in Cores 40, 41,
and 42. Judging from the fine preservation of burrows,
displacements along the fractures were negligible.

Core 42, Section 5 marks the first appearance of pen-
etratively deformed, foliated, scaly mudstone. This scal-
iness is the mesoscopic expression of slip along innu-
merable closely spaced subparallel surfaces. Typical sam-
ples of affected mudstone can be disaggregated into
small polished chips. The fabric of scaly mudstone in
these cores strongly resembles deformed, or “sheared,”
mudstones and serpentinites in on-land fault zones, and
there was general agreement on board that the preva-
lence of this feature from Cores 42 to 50 indicates that
we had penetrated another major fault zone. The pol-
ished surfaces are strongly oriented and impart a defi-
nite foliation to mudstone within drilling biscuits, but
the orientation of the foliation generally varies from bis-
cuit to biscuit, possibly due to rotation during drilling.
We estimate that horizontal attitudes are most abun-
dant, especially in Cores 48 to 50. Typically, scaly mud-



stone occurs in 10- to 20-cm-thick zones separating in-
tervals comprising biscuits of coherent or fractured bur-
rowed mudstone, but some scaly zones are as much as
1 m thick. Some zones include lens-shaped inclusions,
augen, or wispy streaks of mudstone or ash that are col-
ored differently from the scaly matrix and thus are pre-
sumably tectonic inclusions recording modest stratal
disruption and mixing in shear zones.

Some sections of Cores 49 to 50 also contain intervals
comprising angular fragments of different lithologies
surrounded by soupy drilling mud and breccia. Their
fabric is so different from the foliated intervals that we
interpret them as cavings that collected in the hole as the
drill string was run up and down to prevent sticking.
Some of the foliated and fractured zones undoubtedly
were further disturbed by drilling, as suggested by swirl-
ing patterns in Cores 49 and 50.

One other small-scale structure was documented at
Site 541. “Vein structure}’ or “veins;’ as defined on Leg
67, refers to dark 1-mm-thick planar or curviplanar dis-
continuities generally spaced about 1 to 5 mm apart on
cut surfaces of cores. We noted very rare veins in bis-
cuits in Cores 19, 40, 41 and 45. They appear to be ori-
ented either vertically or horizontally. They differ from
veins described on Leg 67 (Cowan, 1982), and “spaced
cleavage” described on Leg 66 (Lundberg and Moore,
1982), in that individual components of sets are not sub-
parallel but rather anastomose around a common “zone
axis.” The net effect is that the mud is segmented into
roughly cylindrical, irregular rods, 1 to 3 mm in diame-
ter, parallel to the zone axis, rather than thin planar or
curviplanar panels. The significance of these structures
is unknown, pending further investigation.

In summary, we feel that we penetrated two major
zones of deformation at Site 541. One of them formed
above a major fault zone that repeats the stratigraphic
section. We did not detect any stratigraphic inversion or
repetition in the lower deformed zone, but much of the
mudstone is barren of fossils. Smectite is decidedly more
abundant in the internally deformed sediments in Cores
25 to 30 and 42 to 50 (see the Lithology section, this
chapter), which possibly causes the localization of de-
formation.

BIOSTRATIGRAPHY

The biostratigraphy described herein is based on ship-
board investigations. For more complete summaries, see
Bergen (nannofossils—this volume) and Renz (radiolari-
ans—this volume).

Nannofossils

A biostratigraphic summary of Site 541 nannofossils,
radiolarians, and foraminifers is plotted with depth,
age, and paleomagnetics in Figure 6.

Nannofossil-bearing sediments at Site 541 range in
age from late Miocene (CN9a) to early late Pleistocene.
Pliocene sediments generally contain common and moder-
ately preserved calcareous nannofossils. Miocene sedi-
ments are either barren or contain relatively few and of-
ten poorly preserved floras.

SITE 541

Four stratigraphic repetitions of section are recog-
nized at Site 541. The largest of these is in Core 30, Sec-
tion 6, where an upper Miocene mud (CN9a) overlies an
upper Pliocene nannofossil mud (CN12a). Two smaller
repetitions of section occur within the larger repeated
unit. The first of these is in upper Miocene muds above
Sample 541-29-4, 75-76 cm, where Amaurolithus pri-
mus, A. delicatus, Discoaster surculus, and D. quinque-
ramus disappear. D. berggrenii then enters in Sample
541-28,CC, followed by D. surculus and D. quinquera-
mus in the top half of Core 28. The amauroliths are not
found again until the base of Core 24. The second,
small repetition occurs between Sample 541-20-1, 45-46
cm and Section 541-19,CC. At this break, sediments
from the Sphenolithus neoabies Subzone (CN11a) are
found below those of Ceratolithus acutus Subzone
(CN10b).

A final repetition occurs in lower Pleistocene sedi-
ments from Core 9. Cyclococcolithina macintyrei, which
is last seen in Sample 541-10-3, 75-76 cm, is found
again in Core 9, Sections 5 through 2. In addition, a
succession of Gephyrocapsa species seen in Core 10 is
repeated in the top five sections of Core 9 and the bot-
tom of Core 8. This repetition involves approximately
6 m of section.

There are two places in Hole 541 where section is
missing. The first is between Samples 541-37-1, 35-36
cm (CN10b) and 541-36,CC (CN9b), where the Trigue-
trorhabdulus rugosus Subzone (CN10a) is missing. This
hiatus is not seen uphole. A second hiatus is located in
the upper part of Core 13. Here, only Sample 541-13-1,
75-76 c¢cm is from the D. pentaradiatus Subzone (CN12c).

Core 1 contains the only upper Pleistocene, nanno-
fossil-bearing sediments in the Leg 78A sites. Gephyro-
capsa oceanica and Ceratolithus cristatus occur in this
core, but not Pseudoemiliania lacunosa or Emiliania
huxleyi. 1t is possible that the absence of E. huxleyi is
due to deposition below the compensation depth of that
species.

Samples 541-2-1, 70-72 c¢cm through 541-11-3, 131-
132 cm contain P. lacunosa but have no discoasters.
This whole interval is placed in the lower Pleistocene.
The Pliocene/Pleistocene boundary is placed at the last
common occurrence of D. brouweri and agrees with the
foraminifers. The occurrence of Cyclococcolithina mac-
intyrei (up to Sample 541-10-3, 75-76 cm and in Core 9,
Sections 2 to 5) places these samples in the Cyclococco-
lithina macintyrei Zone of Gartner (1977).

Samples 541-11-4, 8-9 cm through 541-16-4, 13-14 cm
are assigned to the upper Pliocene, on the basis of the
last occurrences of D. brouweri and Reticulofenestra
pseudoumbilica. Sphenolithus neoabies, whose last oc-
currence is used in conjunction with that of R. pseudo-
umbilica, disappears after Sample 541-16-3, 13-14 cm.
The upper Pliocene is divided up as follows:

1) Sample 541-11-4, 8-9 cm to Section 541-12,CC—
Calcidiscus macintyrei Subzone (CN12d);

2) Sample 541-13-1, 30-31 cm—Discoaster pentara-
diatus Subzone (CN12c);

3) Samples 541-13-2, 30-31 cm to 541-13-5, 30-31
cm—Discoaster surculus Subzone (CN12b); and
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Figure 6. Summary biostratigraphy and magnetostratigraphy, Site 541. (Polarity normal intervals are black, po-
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4) Samples 541-13-6, 30-31 cm to 541-16-4, 13-14
cm—Discoaster tamalis Subzone (CN12a).

Sample 541-16-5, 13-14 cm through Sample 541-18-
6, 43-44 cm are assigned to the Reficulofenestra pseudo-
umbilica Zone (CN11). R. pseudoumbilica, Sphenolith-
us abies, and S. neoabies are found throughout this in-
terval. Discoaster asymmetricus becomes common by
Sample 541-17-2, 40-41 cm, and this marks the begin-
ning of its acme.

Samples 541-18,CC through 541-19-5, 60-61 cm are
placed in the Ceratolithus rugosus Subzone (CN10c),
based on the presence of Amaurolithus tricorniculatus
and absence of C. acutus. C. acutus is present in Sample
541-19-6, 79-80 cm through Section 541-19,CC. This
interval is placed in the Ceratolithus acutus Subzone
(CN10b).

Core 20, Section 1 through Core 22, Section 2 con-
tain approximately 21 m of section seen above Section
541-19,CC. Samples 541-20-1, 45-46 cm through 541-
20-7, 4-5 cm contain R. pseudoumbilica and S. neo-
abies but not A. fricorniculatus and D. asymmetricus.
This interval is assigned to the Sphenolithus neoabies
Subzone (CNI11a). Sections 541-20,CC to 541-21,CC
contain A. tricorniculatus and are in the Ceratolithus
rugosus Subzone (CN10c). The occurrence of C. acutus
from Samples 541-22-1, 22-23 cm to 541-22-4, 22-23
cm indicates that this section is from the Ceratolithus
acutus Subzone (CN10b). Samples 541-22-5, 22-23 cm
and 541-22-6, 22-23 cm do not have C. gcutus and D.
quinqueramus and are placed in the Triguetrorhabdulus
rugosus Subzone (CN10a). Sections 541-22,CC to 541-
24,CC all contain D. quinqueramus. A. primus and A.
delicatus are in only some of these samples because of
poor preservation. This interval is assigned to the Amau-
rolithus primus Subzone (CN9b) of the late Miocene.

Cores 25 through 27 are barren except for sparse as-
semblages in Section 541-27,CC. Core 28 contains D.
berggrenii throughout, and no amauroliths. It is as-
signed to the Discoaster berggrenii Subzone (CN9a).
The top three sections of Core 29 are barren except for
the occurrence of numerous discoasters in Sample 541-
29-2, 75-76 cm. This sample is probably older than the
Discoaster berggrenii Subzone (CN9a), but lacks any
marker species. Samples 541-29-4, 75-76 cm to 541-30-
6, 130-131 cm contain D. surculus, D. quinqueramus,
A. primus, A. delicatus, but not D. berggrenii. This sec-
tion is from the Amaurolithus primus Subzone (CN9b)
and is younger than Core 28.

A major stratigraphic inversion occurs between Sam-
ples 541-30-6, 130-131 cm, and 541-30-6, 135-136 cm.
Samples 541-30-6, 135-136 cm to 541-33-2, 58-59 cm
are assigned to the late Pliocene Discoaster tamalis Sub-
zone (CN12a) on the basis of occurrence of D. tamalis
and absence of R. pseudoumbilica. S. abies and S.
neoabies have their last occurrences in Sample 541-32-2,
69-70 cm and Sample 541-32-1, 45-46 cm, respectively.

Samples 541-33-3, 58-59 cm to 541-35-3, 69-70 ¢cm
contain R. pseudoumbilica and no A. tricorniculatus.
This indicates that this section is in the R. pseudoumbil-
ica Subzone (CN11). The beginning of the acme of D.
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asymmetricus can be placed in Core 33, Section 6. Sam-
ple 541-35-4, 64-65 cm to Section 541-35,CC are placed
in the Ceratolithus rugosus Subzone (CN10c), based on
the presence of A. fricorniculatus and the absence of C.
acutus. All samples from Core 36 are assigned to the
Ceratolithus acutus Subzone (CN10b), based on the oc-
currence of that species alone. A hiatus is present below
this as D. quingueramus, D. surculus, and A. primus
are found from Samples 541-37-1, 35-36 cm to 541-39-
3, 21-22 cm. This interval is placed in the Amaurolithus
primus Subzone (CN9b). Barren intervals are common
in Cores 38 and 39. Cores 40 to 41, Section 2 are totally
barren.

Samples 541-41-4, 34-35 cm to 541-42-5, 69-70 cm
usually contain D. berggrenii or D. surculus. No amau-
roliths are found in this section, so it is placed in the
Discoaster berggrenii Subzone (CN9a). The occurrence
of nannofossils in this interval may suggest a small repe-
tition of section above Sample 541-42-4, 85-86 cm, but
this repetition is hard to be sure of because of poor as-
semblages. Section 541-42,CC contains the last nanno-
fossils of any kind. Cores 43 to 50 are barren.

Radiolarians

Siliceous microfossils consist of only radiolarians
and sponge spicules. No diatoms or silicoflagellates are
seen. In Core 1 (Sections 1 and core catcher), sponge
spicules are few and broken. Radiolarians are very rare
with fine, thin-walled skeletons indicating considerable
dissolution.

Cores 2 through 46 are barren.

In Section 541-47,CC, very few and very badly pre-
served radiolarian specimens occur. No speciation is
possible. In Cores 48 to 50 radiolarians are very rare to
abundant, occurring in moderately well preserved (with
little dissolution but common breakage), diverse assem-
blages. Orosphaerid fragments are common. Using the
zonation of Riedel and Sanfilippo (1978), emend. San-
filippo and Riedel (in press), radiolarians range from
the Calocycletta costata Zone to the Stichocorys del-
montensis Zone of the early Miocene.

Samples 541-48-5, 105-107 cm through 541-50-1,
120-122 cm are assigned to the Calocycletta costata
Zone. The following species occur (except in Samples
541-49-1, 10-12 cm through 541-49-3, 35-37 cm, where
specimens are poorly preserved):

Calocycletta costata Stichocorys wolffii
Calocycletta virginis Cyrtocapsella cornuta
Stichocorys delmontensis  Dorcadospyris dentata

Lychnocanoma elongata is absent.

Samples 541-50-3, 12-14 cm through Section 541-
50,CC are assigned to the Stichocorys delmontensis
Zone due to the appearance of L. elongata and Dorca-
dospyris ateuchus and the disappearance of Calocyclet-
ta costata and S. wolffii. Theocyrtis annosa is absent.
The following species dominate the assemblage:

Calocycletta virginis Dorcadospyris ateuchus
Cyrtocapsella cornuta  Lychnocanoma elongata
Cyrtocapsella tetrapera  Stichocorys delmontensis
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Specimens of S. delmontensis appear almost identical
with previous specimens of S. wolffii, differing only in a
slightly more porous (> 6 pores/visible half) thorax.

The Stichocorys wolffii Zone itself is absent, perhaps
due to poor recovery in Core 50 (39%) and the resulting
hiatus between Sections 1 and 3.

Foraminifers

Drilling at Site 541 provided sediments that are rich
in planktonic foraminifers from the upper part of the
Miocene to the Quaternary. Most of the sediments from
the middle Miocene through most of the upper Miocene
are barren of foraminifers. Two tectonic units (Units A
and B) are recognized at Site 541. Tectonic Unit A over-
lies Tectonic Unit B and is separated from it by a reverse
fault. Tectonic Unit A is approximately 276 m thick and
consists of upper Miocene to Quaternary sediments.
Tectonic Unit B is approximately 184 m thick and con-
sists of lower Miocene to lower Pliocene sediments. Plank-
tonic foraminifers are present only in the upper 189.5 m
of Tectonic Unit A and in the upper 69 m of Tectonic
Unit B.

Samples 541-1-1, 60-62 cm through 541-8-3, 68-70
cm are assigned to the Quaternary, Zones N22 to N23 of
Blow (1969). Globorotalia (G.) truncatulinoides trunca-
tulinoides (d’Orbigny), Sphaeroidinella dehiscens dehis-
cens (Parker and Jones), Globigerinoides ruber (d’Or-
bigny), G. sacculifer (Brady), and Neogloboquadrina
dutertrei (d’Orbigny) are some of the dominant forms
found throughout this interval. The sediments from Sam-
ples 541-8-4, 39-41 cm to 541-11-3, 131-133 cm are as-
signed to Zone N22 on the basis of the occurrence of
Globigerinoides obliquus obliquus Bolli, Globorotalia
(T) tosaensis Takayanagi and Saito, and G. (G.) trunca-
tulinoides truncatulinoides. The first occurrence of G.
(T’) tosaensis occurs in Section 541-10,CC.

The samples from 541-11-2, 67-71 cm to 541-11-3,
131-133 cm are assigned to Zone N22 on the occurrence
of G. (G.) truncatulinoides truncatulinoides. The first
downhole occurrence (extinction datum) of Globigeri-
noides obliquus extremus Bolli and Bermuda is record-
ed in Sample 541-11-2, 67-71 cm. The extinction datum
of G. obliquus extremus marks the top of Zone PL6 of
Berggren (1973); Zone PL6 marks the top of the upper
Pliocene, as reported by Berggren (1973). However,
Blow (1969) places the Pliocene/Pleistocene boundary
immediately below Zone N22. The placement of the Pli-
ocene below Sample 541-11-3, 131-133 cm is in agree-
ment with the nannofossil evidence (Bergen, this vol-
ume).

The interval from Core 11, Section 4 to Sample 541-
14-7, 35-37 cm is assigned to the upper Pliocene Zone
N21. Diagnostic foraminifers within this interval are G.
obliquus extremus, Globorotalia (T)) tosaensis, G. (G.)
miocenica Palmer, G. (G.) multicamerata Cushman and
Jarvis, Globoquadrina altispira altispira Cushman and
Jarvis, and G. altispira globosa Bolli. The extinction da-
tum of Globorotalia (G.) miocenica (above Sample 541-
13-1, 70-72 cm) marks the top of Zone PL5 of Berg-
gren. The top of Berggren’s Zone PL4 is placed above
Sample 541-14-2, 74-76 cm on the first downhole occur-
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rence of G. (G.) multicamerata and Globoguadrina al-
tispira altispira.

Sediments assignable to the basal zone (Zone PL3 of
Berggren, i.e., N19 to N20 of Blow) of the upper Pli-
ocene are seen from Section 541-14,CC to Sample
541-16-5, 75-77 ecm. Sphaeroidinella dehiscens dehis-
cens and Sphaeroidinellopsis subdehiscens paenedehis-
cens Blow are found within this interval.

The lower/upper Pliocene boundary is placed below
Sample 541-16-5, 75-77 cm and above Sample 541-16-6,
75-77 cm. The extinction datum of Globorotalia (G.)
margaritae Bolli and Bermudez above Sample 541-16-6,
75-77 cm defines the top of the lower Pliocene Zone
PL2 of Berggren. The placement of the top of the lower
Pliocene on the basis of the nannofossil evidence is at
Sample 541-16-5, 13-14 cm.

The section from Sample 541-16-6, 75-77 cm to Sam-
ple 541-18-2, 70-72 cm is assigned to that part of Zone
N19 of Blow below the G. (G.) margaritae extinction da-
tum.

Sediments from Sample 541-18-3, 70-72 cm to Sec-
tion 541-22,CC contain specimens of the foraminifer
Globigerina nepenthes Todd and Sphaeroidinellopsis sub-
dehiscens paenedehiscens. They are assignable to that
part of Zone N19 (i.e., PL1 of Berggren) that occurs be-
low the extinction datum of G. nepenthes.

The boundary between the upper Miocene and the
lower Pliocene cannot be determined at this site with the
available foraminiferal evidence. However, on the basis
of the nannofossil evidence (Bergen, this volume) the
Miocene/Pliocene boundary occurs at the base of Core
22, Section 4. The sediments from Cores 23 to 24 are as-
signed to the upper Miocene. The samples from Core 25
to Sample 541-30-6, 57-59 cm are barren of foramini-
fers or contain very sparse occurrences of foraminifers.
This interval is no older than late Miocene.

The interval from Samples 541-30-7, 57-59 cm (top
of Tectonic Unit B) to 541-31-2, 70-72 cm is assignable
to the upper Pliocene Zone N21 of Blow (i.e., PL4 of
Berggren) because of the occurrence of Globorotalia
(G.) multicamerata and Globoquadrina altispira alti-
spira.

The interval from Samples 541-31-3, 70-72 cm to
541-32-4, 70-72 cm is assignable to Zone N19 to N20
(i.e., PL3 of Berggren). Specimens of Sphaeroidinellop-
sis subdehiscens paenedehiscens and Sphaeroidinella de-
hiscens dehiscens are present throughout.

The lower/upper Pliocene boundary is placed above
Sample 541-32-5, 85-87 cm, where rare specimens of
Globorotalia (G.) margaritae are found. The interval
from Sample 541-32-5, 85-87 cm to Core 34 is assigned
to that part of Zone N19 (i.e., PL2 of Berggren) below
the extinction of G. (G.) margaritae.

The boundary of the lower Pliocene Zones PL1/PL2
of Berggren is placed above Section 541-34,CC. Globi-
gerina nepenthes is common in Section 541-34,CC. Its
extinction marks the top of Zone PL1.

The interval below Section 541-34,CC to Sample 541-
37-4, 70-72 cm is interpreted as upper Miocene to lower
Pliocene. These sediments contain a sparse foraminifer-
al assemblage dominated by G. nepenthes and Sphae-



roidinellopsis subdehiscens paenedehiscens. The first def-
inite upper Miocene sediments occur at the base of Core
36 on the basis of the nannofossil evidence (Bergen, this
volume).

The sediments from Sample 541-37-5, 68-70 c¢cm to
Section 541-42,CC are barren of foraminifers or contain
a sparse occurrence of foraminifers.

The sediments below Section 541-42,CC are barren
of foraminifers.

PALEOENVIRONMENT

The following environmental analysis is based mainly
on the occurrence and preservation of planktonic fora-
minifers. Calcareous nannofossils and smear slides also
provided additional data. According to Wright (this vol-
ume), the calcite compensation depth (CCD) at Site 541
is around a depth of about 5200 m. The lysocline (depth
of increasing dissolution) of planktonic foraminifers oc-
curs at the estimated level of 4800 to 4850 m (Berger,
1979). Criteria for estimating the depth of deposition in
relationship to the CCD level are presence above and ab-
sence below (1) surface dwellers (spinose species), (2)
thin-shelled juveniles, and (3) thin-shelled (transparent)
adult specimens that calcify mainly in deeper water. Cri-
teria for dissolution effects are (1) pore widening (sur-
face dwellers), (2) dissolved keel regions of globorotalid
forms, and (3) isolated chambers or chamber pieces
(Berger, 1968). According to data from recent tropical to
subtropical environments (Parker and Berger, 1971; Thu-
nell and Honjo, 1981), planktonic foraminifers can be
grouped as follows:

Less resistant

Globigerina bulloides/
G. falconensis

G. aequilateralis

Orbulina universa
(thin shells)

Globigerinoides ruber
pink and white

G. sacculifer

Globorotalia menardii
(keeled globorota-

More resistant

Orbulina universa (thick shelled)

Globorotalia truncatulinoides
and related species

Globigerinoides conglobatus

Neogloboguadrina dutertrei and
related species

Pulleniatina obliquiloculata

Globorotalia crassaformis

G. menardii (thick shelled) and
related species

lids, thin shelled) G. tumida
Juveniles of most Globigerina nepenthes
species Sphaeroidinella dehiscens and

related species

Most species of the less resistant to dissolution group
are surface dwellers (upper 50 m of the water column)
or species that may migrate as deep as 400 m for repro-
duction. For example, O. universa reproduces normally
in shallow water (upper 150 m), but some of the existing
population may migrate to deeper water for reproduc-
tion while they are still calcifying and thus develop thick-
er shells. Hardly any dissolution takes place during set-
tlement to the lysocline (Berger, 1970). Below the lyso-
cline, differential dissolution of the foraminifers causes
assemblages of low diversity of enriched thick-shelled
specimens. “Assemblages” deposited close to the CCD
are nearly monospecific, consisting of S. dehiscens (S.
paenedehiscens) and its fragments. Sometimes keel frag-
ments and other indistinguishable pieces are observable.

SITE 541

Those samples are enriched in the more resistant benthic
foraminifers.

Tectonic Unit A

Most samples from Site 541 containing calcareous
fossils were deposited at or below the lysocline. Samples
from Cores 1 and 2 show slight dissolution of all species
in a cold-water influenced assemblage (e.g., Globigerina
bulloides, Globorotalia inflata, G. truncatulinoides). How-
ever, the less resistant shelled Globigerinoides ruber are
still present. The robustness of their shells highly de-
pends on the amount of calcite they secrete just prior to
reproduction (Bé, 1980). A tectonically displaced sec-
tion (Sample 541-4-1, 50-70 cm) of the Pliocene charac-
terizes a spike of a badly dissolved assemblage. A spike
at the base of Core 2 seems to be caused by gravity-flow
deposits. The sample contains abundant quartz grains
and a mixture of rather well and poorly preserved fora-
minifers. The sediments immediately below contain a
rather well preserved assemblage. The tropical to sub-
tropical assemblage in Core 3 shows slightly more disso-
lution. Chambers and chamber fragments are common;
isolated keels are absent, and G. ruber has lost its pink-
ish color (pigment has been dissolved). Similar examples
of transported material by means of gravity flow can be
seen in Core 4, Section 3 to Core 6 and the core catcher
of Core 4. In contrast to Core 2, these samples contain
more thick-shelled specimens that appear to be concen-
trated by differential dissolution (e.g., Sphaeroidinella
dehiscens or thick-shelled Orbulina universa). Core 4,
Sections 5 and 6 contain a rather well preserved tropical
assemblage that seems to be deposited in sifu. Increas-
ing dissolution is obviously seen in Cores 5 and 6. A cer-
tain cold-water faunistic influence is observed in Core 5,
Section 3, as indicated by some specimens of Globi-
gerina bulloides, Globorotalia inflata, and small forms
of Neogloboquadrina cf. pachyderma, whereas Section
541-6,CC exhibits only a few shell fragments. Thus the
sediment has been deposited below the CCD.

Decreasing dissolution occurs in Cores 7 and 8 to-
ward the end of the lower part of the Pleistocene and is
followed by a sequence of cores containing rather well
preserved tropical foraminiferal assemblages. The rapid
decrease of dissolution in Cores 7 and 8 coincides with
the boundary between lithologic Units 1 and 2. The best
preservation is seen in Cores 9 through 11, indicating
sedimentation above or at the lysocline level. More de-
tailed studies reveal a fluctuating CCD relative to the
seafloor and coinciding with glacial or interglacial phas-
es (see Hemleben, this volume). A spike below the Pleis-
tocene/Pliocene boundary appears again to be due to
gravity-flow deposits indicated by a rather large amount
of fragments in the fine fraction (>63 um) and quartz
grains. Core 13, Section 5 through Core 14, Section 6
show rather well preserved assemblages of a warm water
(tropical) environment. Beginning with Core 17, Section
2, dissolution increases slowly with drilling depth but is
interrupted by several gravity-flow deposits showing gener-
ally better preservation. Core 23 is characterized by rap-
idly increasing dissolution and Core 24 reaches the
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CCD, which coincides with the boundary of Lithologic
Units 3 and 4. Core 25 through Core 30, Section 6 are
mostly barren of planktonic foraminifers and contain
only fish bone debris and some shark teeth. Thus sedi-
mentation took place below or at the level of the CCD.
Core 28, Section 4 through Section 541-28,CC contain
shell fragments and some highly resistant species such as
Globigerina nepenthes. Most samples showing none or
only rare fragments of planktonic foraminifers still con-
tain some benthic shells. This clearly shows (1) the
greater resistance of benthic foraminifers to dissolution,
and (2) the level of sedimentation being close to the
CCD. Whether the sharp increase of dissolution is in-
fluenced by the rising CCD, as Berger (1977) has sug-
gested, or whether it is due to subsidence cannot be de-
cided here because we need more data. In addition, the
poor preservation in Lithologic Unit 3 may be influ-
enced by bioturbation (see the section on Bioturbation,
this chapter).

Tectonic Unit B

The changes in fossil preservation in sediments in
Tectonic Unit B cannot be directly compared to its equiva-
lent unit in Tectonic Unit A. The preservation in Unit B
is poor in comparison to that in Unit A.

This difference may be influenced by bioturbation
and compaction and by minor tectonic movements. Col-
lapsed specimens occur more often than in Tectonic Unit
A. Assemblages of Cores 31 through 34 are rather well-
preserved, but the juveniles and thin-shelled specimens
of most species are absent. However, Core 34, Section 2
shows an exceptional well-preserved assemblage of trop-
ical species. Within Core 37, Section 1 the “foraminifer-
al CCD” has been reached. Core 39 through Core 42,
Section 6 are deposited close to—either slightly above or
below—the CCD, as documented by the presence or ab-
sence, respectively, of fragments and the occurrence of a
few benthic foraminifers. Cores 42, Section 7 through
50 are barren of calcareous fossils and are thus depos-
ited below the CCD. This becomes more evident as ra-
diolarians appear in the core catcher of Core 47. Com-
paring Cores 22 through 30 of Unit A with Cores 37
through 42 of Unit B, it appears that the latter core se-
quence may have been deposited slightly deeper with re-
spect to the CCD.

Few benthic foraminifers occur in most samples but
have not been studied in detail. However, all observed
specimens are deep-water (abyssal) species and normally
better preserved than the planktonic foraminifers. This
phenomenon was noted by Parker and Berger (1971)
and Schnitker (1979) on Leg 48. Shallow-water species
are only observed in one gravity-flow deposit (Cores
4-6). This observation indicates that the source of the
gravity-flow deposits is not from a continental or island
arc slope. These sediments may have originated from
the upper part of the Barbados Rise.

In considering the depth position of the CCD several
different factors must be taken into account: (1) uplift
or subsidence, (2) changes in the water mass system
(e.g., current system), (3) climatic changes, and (4) cur-
rent transport of calcareous particles below the CCD.
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However, comparing abundances of tropical and sub-
tropical faunal composition (e.g., occurrence of Glo-
borotalia menardii versus G. truncatulinoides), exclud-
ing gravity-flow deposits and tectonically displaced sed-
iments, shows that the CCD fluctuated during the
Quaternary, reflecting the glacial and interglacial phas-
es. Carbonate bomb data, calcareous nannofossils, and
foraminiferal abundances in the cores support the re-
sults that indicate a trend toward a rising CCD during
the Miocene.

PORE-FLUID CHEMISTRY

Eleven samples were taken for pore-fluid chemistry at
Site 541. Three additional samples were obtained with
the in situ samples. The data are listed in Gieskes et al.
(this volume), where they are plotted versus depth and
summarized. The second in situ sample did not succeed
in displacing the fresh water that is normally kept in the
sampler core prior to sampling, hence is somewhat di-
luted, giving reductions in salinity and chlorinity. The
major trends of the data with increasing depths are (1) a
drop in alkalinity, (2) erratic salinity values despite mo-
notonically diminishing chlorinity, and (3) a marked de-
crease in Mg?* and a complementary increase in Ca?*.
The changes in alkalinity, Mg2*, and Ca2* result from
exchange of Ca?* in volcanic glass in the sediments with
Mg2* to form clay minerals, reactions which consume
alkalinity. Other data (heat flow, physical properties,
fluid pressure measurements) at both Sites 541 and 542
indicate that pore fluids may migrate along fractures
and faults in the sediments from the major shear zone,
or décollement, reached at Site 541. Some of the pore-
fluid gradients at Site 541, therefore, may have been in-
fluenced by tectonically induced pore-fluid migration.

ORGANIC GEOCHEMISTRY

In view of the oil production on Barbados Island to
the south, the hydrocarbon geochemistry of Leg 78A
sites was observed with much interest and considerable
caution. Total organic carbon content of Hole 541 sedi-
ments was very low, decreasing from about 0.24% in the
shallowest cores to about 0.06% at total depth of about
453 m. Hydrocarbon gases were dispersed at background
levels in the sediments. Concentrations of C; to Cg hy-
drocarbons were estimated at 10 to 700 standard vol-
umes of gas per 10° volumes of sediment, increasing
regularly with increasing depth of burial.

In general, the low organic carbon content reflects
poor organic matter productivity and preservation in
the deep sea environment. Low hydrocarbon content re-
flects absence of hydrocarbon precursors deposited and
preserved with the sediments.

PHYSICAL PROPERTIES PROCEDURES

Sonic velocity, wet-bulk density, porosity, water con-
tent (percent wet weight), shear strength, and thermal
conductivity were determined (Table 3).

Compressional Acoustic Velocity

Velocities were measured using the Hamilton Frame
device (Boyce, 1976). In the upper part of the hole, soft



Table 3. Summary of physical properties for Site 541.

SITE 541

2-min. GRAPE
Sonic Wet-bulk . Gravimetric Acoustic Thermal

Sampl Sub-t velocity dmsngr Porosity Wet-bulk impedance Shear oundutgivity
(core-section, depth (km/s) (g/em?) (%) densiijv Porosity Water (x109g/cmZs) strength  [x 1077 (cal/
interval in cm) (m) H? va HE v@ HB V@ (g/emd) (%) (%) va (kPa)  cm - s - deg)]
1-1, 29-31 0.3 11.53
1-1, 49-51 1.5 1.491 1.35 80.6 1.42 69.5 50.0 212
2-5, 48-51 7.5 1.482 1.21 89.0 1.41 77.9 56.5 2.09
2-5, 86-89 1.9 11.53
2-5, 100-101 8.0 2.213
2-6, 71-74 9.2 1.492 1.32 82.4 1.41 75.5 54.7 2,10
2-6, 96-98 9.5 24.71
3-1, 83-86 11.4 1.506 1.59 66.3 1.51 70.8 48.2 2.27
3-3, 56-59 14 29.24
34, 68-71 15.6 1.537 1.71 59.1 1.70 64.6 38.9 2.61
34, 81-84 15.8 26.3
4-1, 69-72 20.7 1.533 1.69 60.3 1.68 65.8 40.2 2.58
4-4, 93-96 25.5 1.496 1.59 66.3 1.61 64.0 40.6 2.41
4-4, 110 25.5 3.475
4-4, 123-126 25.7 47.7
4-6, B4-87 28.3 39.53
5-2, 7-10 31 1.559 1.73 57.9 1.63 64.1 40.2 2.54
5-3, 70-72 332 78.24
6-1, 63-65 39.6 37.47
6-1, 68-70 39.7 1.537 1.66 62.1 1.66 60.9 376 2.55
7-2, 109-112 51 1.514 1.541 1.72 58.5 1.67 63.2 38.9 2.57
7-3, 53-56 52 1.535 1.536 1.58 66.9 1.68 62.1 37.9 2.56
7-3, 82-86 523 42.83
7-3, 117 525 3.119
7-6, 86-89 56.9 60.12
8-1, 69-71 58.7 1.516 1.536 1.72 58.5 1.70 61.1 36.8 2.61
8-1, 79-82 58.8 44.47
8-4, 76-719 63.3 27.17
8-5, 42-46 64.5 1.554 1.535 1.72 58.5 1.71 59.6 35.7 2.62
8-7, 45-48 67.5 87.30
8-7, 49-53 67.5 1.509 1.528 1.66 62.1 1.65 63.3 39.4 2.52
9-2, 53-56 69.5 72.48
9-4, 56-59 72,6 46.04
9-6, 89-91 759 1.535 1.626 1.72 58.5 1.71 60.3 36.0 2.78
10-1, 100-102 78.0 53.53
10-2, 79-82 79.3 1.566 1.598 1.69 60.3 1.72 59.6 356 2.75
10-3, 111 81.1 3.287
10-3, 117-118 81.2 49.83
10-4, 50-53 82 1.550 1.539 1.75 56.7 1.69 61.2 37.0 2.60
10-4, 60-63 82.1 64.24
10-6, 129-131 85.8 70.83
10-7, 16-19 86.2 45.71
11-1, 90-93 874 57.65
11-1, 99-102 87.5 1.562 1.568 1.76 56.1 1.71 60.2 36.0 2.68
11-4, 54-57 91.5 1.591 1.598 1.79 54.3 1.77 57.1 33.0 2.83
11-4, 74-77 91.7 72.89
11-4, 111-113 92.1 80.30
12-1, 110-113 97.1 90.60
12-1, 118-122 91.2 1.561 1.581 1.85 50.8 1.79 56.3 32.1 2.83
12-1, 133 97.3 3.924
12-2, 25-28 97.8 107.07
12-7, 12-15 105.1 1.601 1.596 1.83 51.9 1.76 573 334 2.81
12-7, 19-22 105.2 76.59
13-1, 89-92 106.4 1.592 1618 1.71 59.1 1.69 61.7 37.4 2.73
13-1, 118-121 106.6 81.95
13-3, 123-125 109.7 93.07
13-5, 41-44 111.9 1.598 1.608 1.86 50.1 1.77 57.8 33.4 2.85
13-5, 91-94 112.4 83.18
13-7, 25-28 114.7 1.661 1.596 1.85 50.7 1.78 56.8 32,6 2.84
14-1, 87-90 115.9 84.01
14-3, 40-43 118.4 1.556 1.551 1.02 1.88 49.0 1.78 57.4 33.0 2.76
14-5, 70-73 121.7 1.559 1.574 191 2.05 47.2 138.8 1.77 51T 334 2719
14-5, 97-100 122 51.06
15-1, 80-83 125.3 1.541 1.539 1.86 1.81 502 3531 1.74 58.6 34.4 2.68
15-3, T1-74 128.2 90.60
15-5, 41-44 130.9 1.581 1.575 1.81 1.86 531 50.2 1.80 55.4 31.5 2.84
15-5, 74-77 131.2 98.83
15-2, 110 136.6 3.287
16-3, 58-60 137.6 1.581 1.589 143 1.83 758 51.9 1.81 55.1 31.2 2.88
16-3, 68-71 131.7 >128.83
16-5, 100-103 141 116.95
16-6, 50-52 142 1.585 1.568 1.83 1.80 519 537 1.77 57.3 33.2 2.78
17-2, 35-38 145.4 1.581 1.569 1.77 1.81 555 3531 1.79 56.1 32.1 2.81
17-2, 44-47 145.5 102.13
174, 68-71 148.7 >125.19
17-5, B5-88 150.4 1.617 1.563 1.73 59.0 35.0 2.70
18-1, 97-100 154 121.89
18-1, 108-111 154.1 1.572 1.545 1.89 1,72 484 58.5 1.68 61.6 37.6 2.60
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Table 3. (Continued).

2-min. GRAPE
L p— W ey

Sample Sub-bottom y o3 ¢ i Wet-bulk 'Lmogedn.noe Shear conductivity
(core-section, depth (km/s) (g/em?) (%) dmsitgr Porosity Water (x103g/cm2s) strength  [x 10~ (cal/
interval in cm) {(m) H2 va HE v& HB V& (g/emd) () (%) va (kPa)  cm - s+ deg))
18-3, 113-116 157.1 >122.72
18-3, 122-126 157.2 1.594 1602 1.78 1.82 549 525 1.81 54.6 38.9 2.9
18-5, 106-109 160.1 126.01
19-1, 83-85 163.3 116.95
19-1, 89-92 163.4 1.577 1.593 1.87 1.80 49.6 53.7 1.84 53.5 298 2.93
19-3, 41-44 165.9 >118.60
19-5, 56-59 169.1 =>126.01
19-5, 64-67 169.2 1.589 1.610 1.68 1.78 60.9 549 1.B5 53.0 29.3 2,98
19-6, 90-93 170.9 115.30
20-1, 62-64 172.6 108,72
20-1, 76-79 172.8 1.661 1.662 1.72 1.75 58.5 56.7 1.77 57.1 330 2.94
20-4, 33-36 176.9 120.25
20-4, 39-43 176.9 1.618 1.625 1.93 1.8 46.0 502 1.85 53.5 297 .01
20-6, 28 179.8 2.896
20-7, 8-11 181.1 116.95
21-1, 67-70 182.2 119.42
21-1, 72-76 182.2 1.608 1.627 1.89 1.86 484 50.2 1.86 52.3 28.7 3.03
21-2, 46-49 183.5 >127.66
21-2, 51-54 183.5 1.629 1.632 160 1,76 657 56.1 1.84 53.8 30.0 3.00
21,CC 191 >116.54
22-2, 21-24 192.7 1.604 1618 148 193 728 46.0 1.90 50.7 27.4 3.07
22-2, 28-30 192.8 >121.89
22-3, 49-52 194.5 118.60
22-6, 91-94 199.4 1.633 1624 195 186 448 3502 1.86 52.2 28.7 3.0
22-6, 119-122 199.7 >112.83
22-7, 21-24 200.2 >150.42
23-1, 47-50 201. 1.605 1.583 2.00 1.83 41.8 519 1.83 54.6 30.6 2.90
23-1, 87-90 201.4 115.30
23-1, 70-73 204.2 >109.54
23-5, 52-55 207. 1.600 1.602 1.63 1.84 619 513 1.79 57.0 32.6 2.87
23-5, 61-63 207.1 >122.72
24-1, 52-55 210.5 >126.83
24-1, 69-72 210.7 1.620 1.624 1.93 1.49 46.0 722 1.78 57.6 33.1 2.89
24-1, 80 210.8 2.896
24-4, 58-60 215.1 >111.19
24-4, 66-69 215.2 1.674 1.680 1.79 195 543 448 1.86 54.4 299 3.1
24-5, 80-82 216.8 121.89
25-1, 101-104 220.5 1.565 1.589 1.61 1.65 65.1 62.7 1.71 61.4 36.7 27
25-1, 107-110 220.6 >122.72
25-3, 54-57 223. 1.639 1.627 1.54 162 69.3 645 1.79 57.4 329 2.91
25-3, 64-67 223.1 >114.07
25-7, 18-21 226.7 116.13
25-7, 28-31 226.8 1.609 1.621 1.81 1,77 53.1 555 1.76 58.5 339 2.85
26-2, 36-39 230.9 65.89
26-2, 78-80 231.3 1.539 1.62 65.0 41. 2.53
26-2, 78-80 231.3 1.561 1.62 65.0 41. 2.53
26-2, 78-80 231.3 1.562 1.66 1.63 62.1 63.9 1.62 65.0 41 2.53
26-4, 25-28 233.8 >118.60
26-4, 68-70 234.2 1.629 1.84 164 513 633 1.79 571.7 331 2.84
26-4, 68-70 234.2 1.625 1.84 1.64 51.3 633 1.79 51.7 331 2.84
26-4, 68-70 234.2 1.584 1.84 164 513 633 1.79 57.7 33.1 2.84
27-1, 107-110 239.6 1.606 1.45 1.46 74.6 74.0 1.53 47.1 31.7 2.52
27-1, 107-110 239.6 1.639 145 146 746 740 1.53 47.1 3.7 2.52
27-1, 107-110 239.6 1645 145 146 746 74.0 1.53 47.1 31.7 2:52
27-2, 119-122 241.2 >112.01
27-5, 60-63 245.1 1.632 1.598 1.82 1.86 52.5 502 1.78 58.0 334 2.84
27-5, 86-89 245.4 >108.72
28-1, 90-93 248.9 1.578 1.591 1.80 1,82 53,7 525 1.77 58.4 337 2.82
28-2, B6-86 250.4 >120,25
28-4, 34-37 252.9 1.627 1.598 1.79 1.77 543 555 1.77 58.1 336 2.83
28-5, 88-91 2549 >107.06
28-5, 108-111 255.1 1.665 1.691 190 195 47.8 448 52.3 28.4 3.18
29-2, 30-33 259.3 1.627 1.638 1.82 52.5 62.0 36.2 2.87
29-2, 36-39 259.4 >107.07
29-4, 110-113 263.1 1.557 1.691 1.82 182 525 525 1.80 56.2 32.0 3.04
29-4, 138-141 263.4 >108.72
29-6, 14-17 265.2 >112.01
30-1, 86-90 267.9 1.545
30-2, 75-719 269.3 1.574 1618 193 195 460 448 1.83 55.6 311 2.96
30-2, 79 269.3 2,764
30-2, 84-87 269.4 >115.72
30-5, 103-107 274. 1.586 1.583 1.83 1.73 519 3579 1.74 60.6 35.6 2,75
30-5, 129-131 274.3 >103.77
30-7, 36-39 276.4 >116.54
31-1, 125-127 277.8 112.01
31-1, 130-133 277.8 1.609 1.575 1.91 1.86 47.2 498 1.86 52.2 28.7 2.93
31-3, 119-121 280.7 75.55
31-5, 98-100 2835 >103.77
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Table 3. (Continued).

2-min. GRAPE
Sonj_c \Wl«b‘ulk ) Gravimetric Asoiiate Thermal
Sample Sub-bottom velocity denmtg‘ Porosity Wet-bulk - im ce Shear wnducativity
(core-section,  depth G/ (g/em?) () density  Porosity Water (1 g/cm2s) strength  [X 10~ (cal/
interval in cm) (m) H2 va HE® V& HB VR (gemd) (%) (%) va (kPa) cm - s - deg)]
31-6, 111-114 285.1 1.629 1.642 192 1.90 466 47.8  1.88 506 215 3.09
31-6, 135-138 285.4 >115.30
32-1, 52-55 286.5 1.636 1.650 1.82 1.88 52.5 490  1.87 51.4 282 3.09
32-1, 60-63 286.6 >125.19
323, 106-109 290.1 >116.13
32-5, 28-31 292.3 130.95
32-5, 34-37 292.4 1.661 1.654 1.92 1.93 466 46.0  1.91 489 262 3.16
32-6, 102-105 294.5 65.89
33-1, 98-101 296.5 122.72
33-1, 104-107 296.5 1.661 1.671 1.91 500 268 3.19
33-4, 82-85 300.8 110.36
33-6, 106-109 304.1 124.36
33.7, 23-26 304.7 112.01
337, 31-34 304.7 1716 1727 1.85 1.95 50.7 448  1.92 48.2 25.7 3.32
342, 75-T7 307.3 107.07
42, 82-86 307.4 1.626 1.614 1.86 1.89 50.1 48.4 1.84 53.3 29.7 2.97
34-2, 95 307.5 2.100
344, 103-105  310.5 .77
34-6, 108-112 313.6 1.673 1.675 1.96 1.98 442 430 1.92 48.8 26.0 3.22
34-6, 115-118 313.7 >121.89
35-1, 99-101 315.5 113.66
35-4, 97-99 320. >121.89
35-4, 103-106 320. 1.655 1.625 1.90 1.90 478 1.87 52.1 28.6 3.04
35-6, 25-28 322.3 >112.83
35-6, 33-36 3223 1.651 1.638 1.78 195 549 448 1.89 50.4 27.2 3.10
35-7, 39-41 323.9 113.66
36-1, 40-45 324.4 1.691 1.657 1.87 1.89 49.6 48.4  1.92 49.1 26.2
36-2, 29-34 325.8 1.694 1.690 190 193 478 460  1.89 49.9 27.0 )
37-1, 125 334.7 3.287
37-1, 133-135 334.8 >113.66
37-2, 138-142 334.9 1700 1.692 2.12 1.98 346 430 197 50.6 263 3.33
37-4, 81-83 337.8 36.24
37-5, 89-93 340.4 1.610 1.604 1.83 1.87 519 496  1.82 55.1 31.0 2.92
37-5, 93-96 340.5 65.89
37-6, 81-84 341.8 105.42
38-1, 84-87 543.9 1.633 1.650 1.66 1.74 62.1 573 1.74 60.6 357 2.87
38-1, 103-106 344.0 98.83
38-6, 36-39 350.9 28.00
38-6, 82-85 351.3 56.0
38-7, 5-8 152, 1.662 1.639 1.85 1.88 507 49.0  1.82 57.0 32.0 2.98
39-5, 49-52 359. 1638 1.628 173 177 579 55.5 1.73 61.7 36.6 2.82
40-1, 40-43 362.4 1.678 1.708 1.62 1.77 64.5 55.5 1.72 61.2 36.4 2.94
40-4, 65-68 367.2 1.686 1.662 1.89 1.88 484 490 178 59.2 34.1 2.96
40-6, 50-53 370. 75.77
41-1, 107-110 372.6 88.95
41-3, 90-95 375.4 1.635 1.647 1.86 1.86 50.1 1.77 58.2 33.7 2.92
41-4, 28-31 376.3 93.89
41-4, 36-39 376.4 1669 1.671 194 196 454 442  1.89 500  27.1 .16
42-1, 12-16 381.1 1623 1.663 1.77 1.86 555 50.1 1.76 60.0 35.0 2.93
42-4, 72-78 386.3 1.685 1.689 1.79 1.76 543 56.1 1.71 62.0 37.1 2.89
42.7, 10 390.3 2.966
42-7,33 390.3 3.200
431, 107-112 391.6 1.670 1.682 1.85 1.79 507 54.3 1.82 55.8 3.4 3.06
43-2, 58-61 392.6 105.42
43-4, 18-24 395.2 1.628 1.74 59.8 35.2 2.83
43-5, 99-103 397.5 1.645 1.689 1.59 1.68 663 609  1.65 65.4 40.6 2.79
44-4, 123-128 405.8 1719 1.691 191 1.92 472 466  1.79 59.8 34.1 3.03
447, 17-20 409.2 1638 1.622 1.79 1.74 543 573 170 63.0 38.0 2.76
45-1, 136-140 410.9 1,705 1.663 1.74 1.81 573 53.1 1.71 63.1 379 2.84
453, 4248 412.9 1.664 1.702 175 1.73 56.7 57.9 1.66 66.4 41.0 2.83
47-1, 32-36 428.8 1.668 1.688 1.81 1.80 53.1 53.7 1.74 60.7 35.8 2.94
472, 131-135 4313 1.594 1.595 1.72 1.61 585 65.1 1.67 61.6 37.7 2.66
48-1, 105-109 439.1 1.661 1.622 1.74 178 573 54.9 1.69 63.0 8.2 2.74
48-3, 63-67 441.7 1.654 1.613 1.80 1.91 537 47.2 1.76 59.2 34.6 2.84
48-5, 113 445.1 2.875
48-6, 121-125 446.7 1,701 1.635 175 179 567 54.3 1.75 57.9 34.0 2.86
49-1, 84-87 4483 1,702 1.674 1.81 179 531 543 1.71 61.8 37.0 2.86
49-4, 2-5 452.0 1700 1.658 1.74 1.73 573 579  L73 59.0 35.0 2.87
50-1, 67-70 457.7 1.663 1.651 171 172 59.1 58.5 1.72 58.2 347 2.84

Note: Some shear strength measurements exceeded instrumentation limits and are indicated by a greater than (>) symbol. These values are not plotted in
any figures and the values are considered below failure strength of the material.
A H = horizontal, V = vertical.
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sedimentary sections were cored with a l-in. plastic sam-
pling tube, the cylindrical axis of which is perpendicular
to the surface of the split core (presumably parallel to
bedding in the hole). Velocity measurements on soft sed-
iment were attempted only in a direction parallel to the
mini-cylinder core axis. More consolidated samples were
cut into cubes from the split cores in such a way that one
pair of faces on the cube are parallel to the core axis and
the other pair of cube faces are perpendicular to the
core axis. The orientation of the cubic sample to the
core axis will be denoted as “perpendicular” and “par-
allel” (implicitly, to the geologic formation in the hole),
respectively, hereafter. Ultrasonic velocity measurements
were made through both orientations of the cubic sam-
ples.

The accuracy of the velocity measurements was cali-
brated using three standards provided on the ship. Elev-
en test measurements were run on each standard: lucite,
brass, and aluminum blocks. Errors for each test run
were 1.0, 0.8, and 0.2%, respectively. The maximum er-
ror in the Hamilton Frame system itself is estimated to
be 1.5%. This figure is probably not applicable to sam-
ples that do not have completely parallel surfaces or a
sufficiently large ratio of length to thickness, as is prob-
ably true for most hand-trimmed samples. The accuracy
and reproducibility of the velocity measurements is ap-
proximately 2%.

Gravimetric Data: Wet-Bulk Density, Porosity, and
Water Content

Gravimetric data, as well as gamma-ray (GRAPE)
density measurements and carbonate content, were de-
termined for all the samples tested for sonic velocities.
The density data were obtained by weighing water-satu-
rated samples. Porosity and water content were then cal-
culated by weighing these samples after dehydrating at
110°C in an oven.

Gamma-Ray Technique (2-minute GRAPE)

The 2-minute gamma-ray technique (GRAPE) was
also used to determine the corrected wet-bulk density of
individual consolidated samples. From the corrected wet-
bulk density, the true wet-bulk density and porosity
were calculated (based upon certain assumptions on the
grain density of quartz and the corrected grain densities
determined from the gravimetric measurements). Also,
continuous GRAPE measurements for all of the recov-
ered cores at Site 541 were performed immediately after
recovery except for Cores 23 to 37, when the GRAPE
machine was inoperative.

Shear Strength

Shear strength of semiconsolidated sediment in split
sections of the cores was measured using a Wykeham
Farrance Vane Shear Frame (model 23500, serial 861)
and a Lebow Torque Sensor (model 1102-50, serial 1081)
supplied by the U.S. Geological Survey. Shear strength
measurements were recorded on an analog strip-chart
recorder (Soltec model S-4201, serial 60158). Samples
(e.g., Section 541-10,CC) were collected from the site of
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each shear strength measurement for later analyses of
water and carbonate content.

Thermal Conductivity

Thermal conductivity of selected sedimentary cores
was measured by using a needle probe (serial no. 27,
DSDP). The thermal conductivity « was calculated by
the following formula:

_ (0.8774 x 10-3) [In (t,/t)]

Needle Probe (no. 27) «
T, — T, (cal/cm - s -« deg)

where ¢ and T are time and temperature, respectively.
Recovered cores were allowed to equilibrate to the ambi-
ent room temperature for at least 4 hr. (often as long as
12 hr.).

PHYSICAL PROPERTIES RESULTS

All the results of physical property measurements on
cores from Site 541 are listed in Tables 3 and 4 and
shown diagramatically in Figures 7 to 10.

Sonic Velocities

On the average, two ultrasonic measurements were
made on samples from each core (Table 3). One distinc-
tive observation is that the variation in compressional
velocity throughout the entire hole is extremely uniform
and quite small (Fig. 7). The slowest velocity, measured
near the top of the hole at a sub-bottom depth of 7.5 m,
is 1.482 km/s (Table 3). The fastest velocity, measured in
the lower part of the hole at a sub-bottom depth of
305 m, is 1.727 km/s. Thus the maximum difference in
velocity throughout the drilled section is one 245 m/s
(0.245 km/s) or about 16.5%. As can be seen in Figure
7, the increase in velocity down the hole is very slight,
very gradual, and linear.

To investigate further the rather monotonous increase
in velocity with depth for Site 541, the vertical compo-
nents of the sonic velocities were converted to acoustic
impedance (denoted z hereafter), defined as:

z = p * V¥, or (density X vertical velocity)

Because acoustic impedance varies with both densi-
ty and velocity and because the velocity increased very
gradually down the hole, we hoped to find impedance
variation corresponding to density variations. However,
as can be seen in Figure 8, the density values of the sam-
ples are distributed in a narrow and limited range. Thus
the computed impedance values listed in Table 3 and
shown on Figure 7 mimic the trend of the sonic velocity
and density values. The impedance values increase grad-
ually with depth, except for a slight decrease below a
sub-bottom depth of 340 m, which corresponds to a
slight decrease in density at the same depth (see section
below).

In order to describe the variation in velocity with
depth, we calculated mean velocities for given depth
increments as well as for the entire hole, as shown in
Table 4. As this table shows, the average velocities paral-
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Figure 7. Plot of acoustic impedance and sonic velocity versus depth
at Site 541. (Sonic velocities are calculated from recovered core
samples and are not corrected to in sifu values. Acoustic imped-
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lel and perpendicular to the cores for the entire hole are
virtually indistinguishable. This relationship suggests
that core material from the site is acoustically isotropic.
In order to test whether samples from Site 541 are in-
deed acoustically isotropic, we computed relative an-
isotropy for each core sample from the relationship:

Anisotropy A4, (%) = 100 x (Vy, — VDAV, + VD)

The results of these calculations are shown in Table 5.
For all 88 computations, the average anisotropy, A, is
—0.05% with a standard deviation of 0.94%, which is
statistically insignificant. If we exclude the last six cal-
culations for Cores 48, 49, and 50, then the average
anisotropy is —0.14% with a standard deviation of
0.90%, again a rather insignificant figure. If we now ex-
amine the six measurements for Cores 48 to 50, we find
the average anisotropy is + 1.15% with a standard devi-
ation of 0.54%. This last figure of + 1.15%, albeit de-
rived from a small population of 6, may be significant
when correlated with lithologic and seismic reflection
data from Site 541.

At a sub-bottom depth of 438 m at Site 541, the bit
encountered a radiolarian-bearing, yellowish brown mud-
stone of the late early Miocene. These were the oldest
beds as well as the only beds containing radiolarians re-
covered at Site 541. Although these beds do not differ
significantly in terms of their velocity profile from the
overlying sections, they are definitely anisotropic, unlike
the rest of the hole.

To investigate further the acoustic and lithologic
changes beginning at Core 48, we corrected the average
velocities measured in the laboratory to in situ veloci-
ties. To correct the laboratory velocity values to in situ,
we used the approach favored by Boyce (1976). Accord-
ing to Boyce, when sedimentary samples are brought
from the subsurface to the ship, both the original in situ
overburden pressure (p) and temperature (7)) of the
sample are changed to those of the laboratory. Using the
empirical law given by Boyce (1976), correction factors
used for obtaining in situ velocities are as follows:

1) 5% increase for sediment samples with porosities
between 30% and 60%:;

2) 3% increase for sediment samples with porosities
between 20% and 30%;

3) no increase for porosities below 20%.

The average vertical velocity for Site 541, corrected
for in situ conditions, is 1.693 km/s and was used in
constructing the synthetic seismic-reflection profile shown
in Figure 9. As this figure shows, there is an excellent
correlation between a reflector observed on profile A1D
across Site 541 (Figure 3) and the predicted lithologic
change at a sub-bottom depth of 438 m (Core 48). Thus,
to conclude, the section drilled at Site 541 is acoustically
monotonous except for an anisotropic and lithologic
boundary at a sub-bottom depth of 438 m (Core 48), a
boundary where the oldest sedimentary section in the
hole was recovered and a boundary that appears to cor-
respond to a major reflection event on line A1D across
the drilling site.
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Figure 8. Plot of water content (wet wt.%), porosity (%), density (g/cm?), vertical velocity (km/s), and shear

strength (kPa) values versus depth at Site 541.

Table 4. Average sonic velocities, Site 541.

Depth _ _

range vy Vi@
m (km/s) S N  (km/s) S N
0-100 1.527 0.040 20 1.541  0.039 20
100-200 1.597  0.031 22 1.595 0.032 22
200-300 1.611 0.037 27 1.623  0.038 23
300-400 1.661 0.029 21 1.663 0.032 20
300-500 1.672 0.035 12 1.655 0.033 12
Total 0-459 1.610 0.508 102 1.612 0.056 97

Note: V|| = average velocity presumed parallel to bedding and
perpendicular to the core; V| = average velocity presumed
perpendicular to bedding and parallel to the core; S = stan-
dard deviation; and N = number of samples.

2 Includes values of ¥| in the upper 70 m of semiconsolidated

material, where V]| is assumed to be equal to V | .
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Porosity, Density, and Water Content

Porosity and density data were measured from select-
ed core samples that were also analyzed for their acous-
tical properties using the Hamilton Frame device. Po-
rosity and density analyses were made using gamma-ray
techniques (2-min. GRAPE) and by gravimetric weigh-
ing. The difference between both methods is generally
less than 5%, which is small enough to allow the use of
the gamma-ray technique instead of gravimetric mea-
surements for quick calculations. However, the gamma-
ray method is based upon certain assumptions, and if
these prerequisites were not satisfied, we found large de-
viations from the gravimetric data. The gravimetric re-
sults are used exclusively in the figure plots and subse-
quent calculations such as acoustic impedance.

Plots of water content, porosity, and density are
shown in Figure 8. As noted earlier, density increases



Table 5. Calculated anisotropy values for individual core samples from
Hole 541 (see text for derivation).

Sub-bottom Sub-bottom
Sample depth Anisotropy Sample depth Anisotropy
(interval in cm) (m) (%) (interval in cm) (m) (o)
7-2, 109-112 51 —0.88 28-1, 90-93 249 -0.41
7-3, 53-56 52 -0.03 28-4, 34-37 253 -0.90
8-1, 69-71 59 -0.66 28-5, 108-111 255 -0.77
B-5, 42-46 65 0.62 29-2, 30-33 259 -0.34
8-7, 49-53 68 -0.63 294, 110-113 263 -4.13
9-6, 89-91 76 -2.90 30-2, 75-719 269 -1.38
10-2, 79-82 79 -1.01 30-5, 103-107 274 0.09
10-4, 50-53 82 0.36 31-1, 130-133 278 1.07
11-1, 99-102 B8 —-0.15 31-6, 111-114 285 —0.40
11-4, 54-57 92 -0.22 32-1, 52-55 287 —-0.43
12-1, 118-122 97 —0.64 32-5, 34-37 292 0.21
12-7, 12-15 105 0.16 33-1, 104-107 297 =030
13-1, 89-92 106 -2.15 33-7, 31-34 305 -0.32
13-5, 41-44 112 -0.131 34-2, 87-86 ki) 0.37
13-7, 25-28 115 2.00 34-6, 108-112 314 -0.06
14-3, 40-43 118 0.16 35-4, 103-106 320 0.91
14-5, 70-73 122 -0.48 35-6, 33-36 322 0.40
15-1, B0-83 125 0.06 36-1, 40-45 324 1.02
15-5, 41-44 131 0.19 36-2, 29-34 326 0.12
16-3, 58-60 138 -0.25 37-1, 138-142 335 0.24
16-6, 50-52 142 0.54 37-5, 89-93 340 0.19
17-2, 35-38 145 0.38 38-1, 84-87 344 -0.52
17-5, B5-88 150 1.70 38-1, 5-8 352 0.70
18-1, 108-111 154 0.87 39-5, 49-52 359 0.31
18-3, 122-126 157 -0.25 40-1, 40-43 362 -0.89
19-1, B9-92 163 -0.50 40-4, 65-68 367 0.72
19-5, 64-67 169 —0.66 41-3, 90-95 375 -0.37
20-1, 76-79 173 -0.03 41-4, 36-39 376 - 0.06
20-4, 39-43 177 -1.36 42-1, 12-16 381 -1.22
21-1, 72-76 182 -0.59 42-4, 72-18 386 —0.12
21-2, 51-54 184 -0.09 43-1, 107-112 392 -0.36
22-2, 21-24 193 —0.43 43-5, 99-103 398 -1.32
22-6, 91-94 199 -0.89 44-4, 123-128 406 0.82
23-1, 47-50 201 0.69 44-7, 17-20 409 0.49
23-5, 52-55 207 —-0.06 45-1, 136-140 411 1.25
24-1, 69-72 211 -0.12 45-3, 42-48 413 -1.13
24-4, 66-69 215 —0.18 47-1, 32-36 429 —0.60
25-1, 101-104 221 -0.76 47-2, 131-135 431 -0.03
25-3, 54-57 223 0.37 48-1, 105-109 439 1.19
25-7, 28-31 227 -0.37 48-3, 63-67 442 1.26
26-2, T8-80 231 -0.03 48-6, 121-125 447 1.98
26-4, 68-70 234 1.28 49-1, B4-87 448 0.83
27-1, 107-110 240 ~0.18 49-4, 2-5 452 1.25
27-5, 60-63 245 1.05 50-1, 67-70 458 0.36

gradually with depth until a sub-bottom depth of about
340 m, where the density decreases from 1.97 gm/cm? to
1.74 gm/cm? (a 12% decrease). Below 340 m sub-bot-
tom the average density is nearly constant, about 1.75
gm/cm3, to the bottom of the hole.

The porosity and water content of samples from Site
541 decrease rapidly from near the seafloor to a sub-
bottom depth about 15 m, and then the values decrease
gradually to a depth near 150 m. At around 150 to
160 m below the seafloor, the porosity and water con-
tent exhibit a sharp increase and then sudden decrease,
which may correspond to the Pliocene/Miocene bound-
ary encountered in the hole at this depth. Below 160 m
to the bottom of the hole, both the porosity and water
content exhibit a cyclic increase and decrease in values
over two cycles with a wave length of 120 to 140 m. This
repetitious sinusoidal fluctuation in the two values may
correspond to the stratigraphic repetition of Pliocene
and Miocene sedimentary sequences across a major
thrust fault near 276 meters sub-bottom (see the Lithol-
ogy section, this chapter).

Shear Strength

Shear strength was measured for all but the lower few
cores; the values are listed in Table 3 and are shown in
Figures 4 and 8. Shear-strength measurements increase
rapidly from the seafloor to a sub-bottom depth of
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Figure 9. Interpretive seismic stratigraphy of Site 541 derived from
seismic reflection profile A1D across the site compared to a syn-
thetic profile based on physical properties of core samples from
the site. (See text for explanation.)

about 140 m, although there is a great deal of scatter in
the data from the upper cores (probably due to drilling
disturbance). From 140 to 320 m shear-strength values
are constant or decrease slightly. Below 280 m and a ma-
jor reverse fault, the values are scattered but generally
low. Note that the sudden change in shear-strength be-
havior occurs at a sub-bottom depth of 140 m, close to
the boundary between the Pliocene and Miocene sedi-
mentary sections. The fairly uniform values of shear
strength from 140 to 320 m suggest that the cored strata
in this interval have reached a maximum strength, per-
haps due to consolidation from either overburden pres-
sure or tectonic deformation or both.

Thermal Conductivity

A total of 14 conductivity measurements were made
throughout the hole at Site 541. These values were used
in conjunction with temperature readings measured by
probe and logging techniques to calculate heat flow (see
the Temperature Measurements section, this chapter;
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and Davis et al., this volume). The conductivity of the
semiconsolidated sedimentary strata with relatively high
porosity (i.e., high water content) is low, around 2 to 3
x 10-3 cal/cm - s - deg. Near the Pleistocene/Pliocene
boundary, conductivity values increase to a maximum
reading of 3.924 x 10~ *cal/cm - s - deg. Values below
this depth decrease slightly and average around 3.0 X
103 cal/cm - s - deg to the bottom of the hole. One in-
teresting low value of 2.100 x 1073 cal/cm - s - deg oc-
curs about 307.5 m sub-bottom, just below a major
thrust contact in the drilled sequence.

Continuous GRAPE (Gamma-Ray Measurement)

All cores except 32 to 37 were logged through GRAPE,
and an uncorrected density data file was compiled on
board ship. Before quantitative estimates of core density
can be made, these data must be corrected for core di-
ameter variation, lithology changes, material surround-
ing the core, and core alignment. Also, core distur-
bance, which is considerable in the upper muddy cores,
may strongly influence GRAPE density.

Immediate qualitative comparison of core density may
be made from the raw GRAPE density logs in semicon-
solidated material. For cores of equal diameter, direct
comparisons of varying lithologies can be made and
density difference approximated. Breaks in the cores can
be qualitatively eliminated and density-lithology com-
parisons made by comparing raw GRAPE logs with ar-
chive section photographs. Unfortunately, significant
changes in lithology were not apparent either during vis-

ual inspection of the cores or in the density values from
Site 541.

Some Related Findings

Figure 10 is a plot of porosity versus density measure-
ments from cores taken at Site 541. Except for a few
scattered points, most of the data plot as a linear func-
tion. Also shown is the empirically derived equation
from DSDP relating density and porosity:

pp = 2.70 — 1.675¢ (DSDP)

where p,, = wet-bulk density of a sample and ¢ = po-
rosity of a sample. As can be seen from the plot, the
agreement is quite good between the observed data and
the empirically derived relation. The implication, albeit
speculative, is that the entire column of drilled strata is
composed of mineralogically fairly uniform material with-
out substantial change down the hole.

Discussion

The rather uniform nature of the physical properties
measured at Site 541, including sonic velocities, densi-
ties, porosities, acoustic impedances, and so on, is rath-
er surprising. Although lithologic and fossil data dem-
onstrate that the site is underlain by repetitive strati-
graphic sections in probable thrust contacts, the physical
properties are remarkably uniform. If the hole at Site
541 did indeed penetrate an active convergence zone
flanking the Lesser Antilles arc, then we are puzzled by
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Figure 10. Plot of density versus porosity for core samples from Site 541. (See text for discussion.)
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the lack of significant breaks in the physical properties
of the cored material.

Perhaps the explanation for the uniform behavior of
strata in what is thought to be a highly tectonized sub-
duction zone lies in the in sifu, interstitial pore fluids
within the subduction complex. These fluids may be ab-
sorbing the tectonic “shock” of overburden pressure as
well as lateral motion from the underthrusting Atlantic
Plate. Mobilized, high-pressurized pore water may allow
the sedimentary section to deform very uniformly with
depth in the convergence zone, giving rise to the uni-
form physical properties measured in the recovered cores.
Moreover, actual in situ variations may exist in the form
of fracture porosity that would be impossible to mea-
sure on small shipboard samples.

PALEOMAGNETICS

Paleomagnetic sampling for Site 541 was carried out
with two objectives: to help determine age by polarity
stratigraphy; and to infer in situ structure with estimates
of bed strikes. To avoid problems with drilling distur-
bance or rotation due to undetected tectonic tilting,
samples were only taken at visible beds. Drilling and tec-
tonic disturbance led to no samples being taken from
the intervals 0 to 59 m, 209 to 289 m, and 341-376 m.
Generally the sample interval was 1 to 2 m, with occa-
sional gaps of several meters due to lack of recovery or
the disturbed nature of the core. Because of the high
sedimentation rate, this rather sparse sample interval
was adequate for polarity stratigraphy over most of the
hole.

In the less consolidated parts of the core, samples
were taken by pressing at least one plastic cube (2 x 2
X 1.5-cm) into each section. These cubes, scribed with
arrows pointing upcore, were pried from the rest of the
core. In the more consolidating regions, an upcore ar-
row was scribed directly on the core, and a sample of
measurable size was sawn or drilled. The samples were
measured on the shipboard Digico fluxgate spinner mag-
netometer, with alternating field demagnetization stud-
ies carried out using the Schoenstedt alternating-field
demagnetizer. For some of the specimens, follow-up stud-
ies were done on the SCT (Superconducting Technol-
ogy) two-axis cryogenic magnetometer with built-in al-
ternating-field demagnetizer at Stanford University. For
the shipboard measurements, the most straightforward
procedure was to imagine an arrow on the top (upcore
side) of each specimen pointing toward the upcore ar-
row scribed on the side of the sample. The hypothetical
arrow corresponds to the fiducial line referred to in the
Digico manual and allows the samples to be measured
without using the time-consuming field or bedding cor-
rections. The Digico convention defines the coordinate
system for relative declinations: the direction normal to
and away from the cut surface of the core is 0°, increas-
ing clockwise looking downcore. In this coordinate sys-
tem, the working half of the core is the “south” half.
This same coordinate system was used to record strikes
and dips of bedding for structural analysis. At each
measurable bed, the core was sliced to give apparent
dips in two different planes, defining the bedding plane.

SITE 541

The strike of the bed was taken to be the line in the bed-
ding plane normal to the axis of the core. By conven-
tion, the strikes recorded are 90° counterclockwise from
the down-dip direction. The magnetization directions
are corrected for bedding by rotating the direction about
the strike line by the amount of the dip.

Figure 11 shows the stable inclinations for the upper
210 m; refer to Wilson (this volume) for a complete pre-
sentation of the data. Site 541 latitude is 15°, which
should be valid for the entire Neogene. This latitude
predicts a di-pole inclination of 28°, which is far
enough from horizontal for polarity interpretation, but
shallow enough that some horizontal magnetizations
should be expected from normal secular variation. Based
on this information, a sample with a stable inclination
greater than + 10° was judged to be normal, and one
with less than —10°, reversed.

The interval from 59 to 200 m (Cores 8-22) worked
quite well for polarity stratigraphy (see Wilson, this vol-
ume; and Fig. 6). The first sample (59.4 m) is normal,
corresponding to either the oldest Brunhes (0.7 Ma) or
the Jaramillo event (0.91-0.97 Ma; ages are from Ness
et al., 1980). Other recognizable markers are at 88 to
90 m (Core 11, Sections 2 and 3)—the Olduvai event
(1.66-1.87 Ma); the Matuyama/Gauss transition (2.47
Ma) at 120.5 m (Core 14, Section 4); the Gauss/Gilbert
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Figure 11. Stable magnetic inclination versus sub-bottom depth, and
polarity interpretation. (Black areas indicate normal polarity; white
areas show reversed polarity; cross-hatching shows polarity is un-
certain or data are missing. Solid vertical lines at +30° and —30°
give possible range of secular variation. Open circles represent data
judged to be less reliable than that represented by filled circles.)
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transition (3.40 Ma) at ~ 141 m (Core 16, Section 6);
and the first normal event in the Gilbert epoch (3.86
Ma) at 156 m (Core 18, Section 3). If there is a fault at
the base of Core 19, the polarity information would in-
dicate about 20 m of repeated section, with the first nor-
mal event in the Gilbert occurring again at 178 m (Core
20, Section 5). This correlation is consistent with the
two thick ash beds in Core 18 (541-18-1, 140 cm and
541-18-2, 135 cm) being the equivalent to the two thick
beds in Core 20 (541-20-1, 119 cm and 541-20-3, 15 cm).
The polarity transition at 195 m (Core 22, Section 3)
probably corresponds to the last normal event in the
Gilbert (4.79 Ma).

The samples from 289 to 340 m (Cores 32-37) have a
high percentage of horizontally magnetized samples,
and our few confident polarity determinations are too
far apart for polarity stratigraphy. The samples from
382 to 419 m (Cores 42-44) at first looked promising.
Fourteen of fifteen samples have inclinations between
21 and 38 (without tectonic correction), and all of these
samples have very high intensities and show exceptional
directional stability. However, applying the tectonic cor-
rection to the two samples from the overturned section
in Core 43, Section 5 resulted in nearly horizontal mag-
netizations, strongly suggesting a postdeformational mag-
netization. This interpretation is supported by the fail-
ure to observe similar properties of intensity or stability
in any samples that might be the same age at Site 543.
The most likely candidate for resetting the magnetiza-
tion is thermal or chemical changes associated with the
warm water observed at the bottom of the hole.

The interpretation of in situ structure provided inter-
esting results. Of the samples collected at dipping beds,
twelve have very stable direction, and eight of these have
unambiguous polarity. For the samples with clear polar-
ity, true north was assumed to be the declination direc-
tion for normal samples, and declination minus 180°
for reversed rocks. The apparent in sifu strikes and down-
dip directions in Table 6 and Figure 12 are relative to this
north. For any one sample, the uncertainty in this tech-
nique is estimated to be about 40°. The eight samples

Table 6. Structural interpretation based on paleomagnetic data for
Hole 541.

Bedding
(relative Magnetization Apparent
Sample to core) (corrected) in situ

(core-section, Down-dip
cm level) Strike Dip Incl. Decl. Polarity® Strike direction

18-1, 39 300 200 -17° 36° R 84° S

18-5, 133 0°  20° 45°  162° N 198° WNW

19-1, 77 1300 40° 32°  348° N 142° sw

19-6, 110 0° 10® 18*  210° N 150° SW

22-1, 64 150° 25* 17° 320° N 190° w

32-3,29 210°  45° -30° 315° R 75° SSE

37-3, 81 330 25 =-37° 69° R 81° S

37-5, 78 0° 15° 21° 188° N 172° w
Polarity ambiguous Sitrike (0-1807)

23-1,78 310° 157 s 46° 84°

235,78 150 40° 4°  317° 13#

33-6, 75 50°  45° —-4°  157° 132

34-1, 32 60° 30° —6° 76° 164°

2R = reversed, N = normal.

132

Figure 12. Projected down-dip directions for dipping beds (from Ta-
ble 6).

with clear polarity scatter about dip directions to the
southwest, and the samples with ambiguous polarity are
not inconsistent with this. The best interpretation of
these data seems to be that the regions of horizontal
bedding are separated by bands of monoclinal folding.

TEMPERATURE MEASUREMENTS

Four temperature measurements were made at Site
541. Two were made in the mud at the bottom of the
hole during pauses in the drilling process using the To-
kyo T-probe (e.g., Uyeda and Horai, 1982), and two
consisted of short excursions of the Gearhart-Owen log-
ging tool past the end of the pipe. The high tempera-
tures measured (roughly 15°C at less than 170 m sub-
bottom) are consistent with rapid upward migration of
warm water. For additional details, see Davis et al. (this
volume).

SEISMIC STRATIGRAPHY

As described by Ngokwey et al. (this volume), Site
541 is near the intersection of lines A1D and AIE and
the sequence recorded on the seismic reflection records
consists of two seismic sequences:

1) 500 m/s of acoustically discontinuously reflective
character without any coherent reflectors;

2) 500 m/s of an acoustically layered sequence rest-
ing on the deepest reflector (Reflector 3) that is pre-
sumed to be oceanic crust.

These two units are separated by a prominent reflector
(Reflector 1), which can be followed in Figure 3 from
beneath the Atlantic abyssal plain to the west for some
20 km beneath the eastern flank of the Barbados Ridge.

From 0 to 276 m (sub-bottom) the well-layered Pleis-
tocene-Pliocene-upper Miocene sequence does not ex-
hibit any major sharp lithologic boundaries that would



yield impedance contrasts and resultant seismic reflec-
tions. The poor reflectivity of this section is due to the
lack of significant changes in the physical properties.

At 276 m a sharp fault contact was penetrated that
separates upper Miocene clays (above) from nannofos-
sil-foraminifer oozes of the lower upper Pliocene (be-
low). This tectonic-stratigraphic inversion is not ob-
served in processed seismic reflection records. The lack
of a reflection event at this boundary is probably due to
the fact that we found no significant contrasts in veloci-
ty or density in the recovered cores from this depth.
However, even though reverse faults were observed in
Core 30 (near and on the contact itself), the fault dis-
continuity could be parallel to regional bedding, that is,
relatively flat, and not appear as a significant reflector.

From 276 m to the total depth (459 m) drilled, the
lithological changes are again very gradual; shearing,
development of scaly foliation, and brecciation do not
correspond to any major change in physical properties
of the cores. From velocity calculations (Fig. 7), Reflec-
tor 1, which seismically defines the bottom of the dis-
continuously reflective sequence, should coincide with
the deformation zone at the base of the hole. Sheared
yellowish brown radiolarian oozes encountered in this
deformation zone (between 438 and 459 m) may corre-
spond to Reflector 1 and hence to the top of the under-
thrust sedimentary section. Reflector 1 also corresponds
to the anisotropic fabric in the lowermost cores of Site
541 (see Physical Properties section, this chapter).

SUMMARY AND CONCLUSIONS

At Site 541 we cored 459 m and recovered seven litho-
logic units ranging in age from Quaternary to early Mio-
cene. A major reverse fault occurs at 276 m, as docu-
mented by repetition of units. Smaller-scale repetitions
occur at 75 to 80 m, 172 m, and 263 m. Repetitions at
172 m, 263 m, and 276 m are associated with stratal dis-
ruption and/or significant displacements, hence are
probably of tectonic origin. The small (~6 m) displace-
ment and soft consistency of the sediments at 75 to 80 m
possibly suggests slump origin of this repetition. A zone
of stratal disruption at the base of the hole suggests
proximity to a major fault.

Unit 1, of the Quaternary (Cores 1-8; 0-65 m), con-
sists of nannofossil mud with common ash layers, whereas
Unit 2 (Quaternary-lower Pliocene; Cores 9-15; 65-135
m) is composed of marly nannofossil ooze and marly
foraminiferal ooze with rare ash layers. Unit 3 (Cores
16-25, Section 3, 50 cm); 135-215 m; lower Pliocene-
upper Miocene), composed of nannofossil mud with ash
layers, overlies mud of Unit 4 (Core 25, Section 3, 50 cm
to Core 30,Section 6, 215-276 m; upper Miocene),
which in turn is faulted against the ashy nannofossil
mud of Unit 5 (Core 30, Section 6-Core 37; 276-340 m;
upper Pliocene-upper Miocene). Unit 6 (Cores 37-47,
Section 2, 50 cm; 340-340 m), upper Miocene mud-
stone, is succeeded downsection by lower Miocene ra-
diolarian mud of Unit 7 (Core 47, Section 2, 50 cm-
Core 50; 430-459 m). Lithologic Units 1 to 4 make up
Tectonic Unit A, which overlies Tectonic Unit B (Litho-
logic Units 5-7) along the major reverse fault at 276 m.

SITE 541

Overall, the deposits cored at Site 541 accumulated in
a hemipelagic to pelagic setting at a modest sedimenta-
tion rate (see the Accumulation Rates chapter, Wright,
this volume), interrupted only by the occasional influx
of ash beds and the downslope transport of foraminifer-
rich turbidites. The clay mineralogy, as determined by
X-ray diffraction, indicates mixed volcanic and conti-
nental terrigenous sources. The lack of terrigenous tur-
bidites suggests that the section at Site 541 accumulated
on a high, possibly the Tiburon Rise. Each Tectonic Unit
A and B at Site 541 exhibits a downsection transition
from a paleoenvironment at or near the lysocline in the
Pliocene to one respectively at or below the CCD in the
late Miocene. Time correlative rocks in Unit A accumu-
lated in slightly shallower water than those in Unit B.
Temporal variations in the CCD recorded in both units
may principally stem from its Miocene shallowing (Ber-
ger, 1977), though independent vertical tectonic motions
cannot be discounted.

The ash beds in cores from Site 541 provide an histor-
ical record of arc volcanism and a precise correlation
tool. The temporal frequency of ash beds suggests a cli-
max in eruptive activity in the early Pliocene, followed
by a lull in the late Pliocene, culminating with a renewed
burst of activity in the Quaternary. The repetition of a
distinctive ash-bed sequence from Cores 18, 20, and 34
supports reverse faulting at 172 and 263 to 276 m.

Small-scale structural fabrics occur at both the base
of the hole and in association with the documented re-
verse faults at 263 and 276 m. Inclined beds occur below
125 m with true dips of up to 45°. The stratal disruption
and scaly fabrics characteristic of mudstones above the
major reverse fault contrast with the general lack of per-
vasive fabrics in subjacent nannofossil mud. Fracturing,
intense scaly foliation, and stratal disruption character-
ize cores that locally resemble fault gouge within 100 m
of the base of Hole 451. This concentrated deformation
zone may reflect proximity to a décollement separating
offscraped and subducted rocks. High concentrations
of smectite distinguish both this basal shear zone and
the beds near the reverse fault at 172 m, and a deformed
zone above the major reverse fault at 276 m.

Seismic reflection profiles through Site 541 reveal a
discontinuously reflective unit overlying an acoustically
layered sequence. Shipboard velocity measurements sug-
gest penetration just through the discontinuously reflec-
tive unit. The sheared radiolarian mudstone below 450
m at Site 541 may correspond to a prominent reflector
at the top of the acoustically layered sequence. Velocity—
density data reveal no impedance contrasts across the
faults at 172 and 276 m.

Extremely low levels of hydrocarbon gases (parts per
billion) occur in cores from Site 541. Most samples
show a full range of C, to Cg4 hydrocarbons and C;:C,
ratios varying from 10 to 20:1, suggesting in sifu ther-
mogenic generation of the hydrocarbons. The rate of in-
crease of C, to Cg with depth suggests a moderate geo-
thermal gradient. Similarly heat probe and downhole
temperature logs indicate anomalously high tempera-
tures at shallow depths.

Penetration of biostratigraphically defined reverse faults
in a modern subduction zone is the most significant
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result of drilling at this site. Although the exact origin
of this imbricated sequence remains in doubt, the basal
transition to radiolarian mudstone favors oceanic origin
and hence offscraping. Faulting must postdate the early
late Pliocene, the age of the youngest rocks of the lower
plate. The lack of a documented middle Miocene sec-
tion at the base of the hole could be due to structural at-
tenuation in the basal shear zone or a hiatus or a con-
densed section.
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SITE 541 ' HOLE coRe 1 CORED INTERVAL 4951.0-4952.0 (mbsf) 0.0-1.0 (mbsf) SITE 541  HOLE CORE 2 CORED INTERVAL 4952.0-4861.5 (mbsl) 1.0-10.5 (mbst)
-] FOSSIL -4 FOSSIL
- ; CHARACTER i 1 CHARACTER
M EMAEE z| 2 FREMARE gl 2
e= |22 u] 5 =4 W GRAPHIC -5 - E ol = GRAPHIC "
| B ,;§ & gl g 5 E LITHOLDGY LITHOLOGIC DESCRIFTION = E § z H S LITHOLOGY A & LITHOLOGIC DESCRIPTION
SHEHEEHEEE £ EE N ETH g
@l BHHHE Tk al BHHHE tt
w |2 ile 3 HE EH E
=] vA/| 3 [e)
- *f i = yh NANNOFOSSIL MUD :10 MANNOFOSSIL MUD with MINOR MUD and VOLCANIC
g §1 1 + ® Yollowish brown (10YR 5/6] with siesks af gray L] ASH
2|3 5 G 05 (1OYR 5/11 and very dark gray (10YR 3711 ash, 0.5 Ljo ® Dominant cators: yellawnh brawn (10YR B/4) and dark
B | E lemlom|m = ® Intensely disturbed by diilling. w 1 o beown [10YA 3/3), Sections 1-5. Dark gray to olive
z |z cel b H @ way (BY 4/1-4/2), Sections & and Core-Catcher, Minor
s |3 SMEAR SLIDE SUMMARY (%): o Srawn (10YH 5/3) and vary dark geayish brawn (10YR
2 L@ 1Lm o 3721 ash in Section 5.
2 o o # Inansely detormed by drilling, soupy resr 105, ash beds
Texture: (o] digpersed.
Sarid 1 B o
si L. SMEAR SLIDE SUMMARY {%}:
Loy g Q 1,75 2,40 388 3,117
Composition: 4o o D M o
Quartz 1 1 Texture:
s epopiad 2 - 4 2 o Sand 2 ] 2T
[ Hadwy minacsh T - jou | 1 sitt woow W iE
Gy o - = Clay B 8 & 8
Voleanic glas Tr - - Composition:
=§ Faraminifers ™ 0 ~ 2t % i 5 ;
: Cale, mannotossis g7 B0 1 wvoin Faldspar T 2 1 1
- Heavy minersts Tr I T T
CaC0y Bomb (%): : Ciny 8 10 o0
1.48- 103 < Voleanic glass 1 1 T
Faramanifery. 1 1 - -
> L 3 H Cale. nannofousils o0 B4 6 30
E H Sponge 1picules T Te Tt =
i i Other _ _ 3 -
i 52 590 5118 620
4 i " o ] "
Tescture:
2 ! Sand 8 5 75 10
o Silt 87 w2 2
? :v ’ 5 BG 5 10
4 maatition:
] o B ;| b Quartz 0 1 0 4
4 r Faldspar % 1 4 2
‘g - F =] Hamvy mirerals Te T 1 -
= o Clay 4 s T 85
Voleanic giass Te "
o -4 &0 o T
= - Carbonate untpec. = 50 . -
- 2 Foraminifers = T E
E » Cale, nannatosiis I - 2]
L
L y
] g P CaC04 Bomb (%):
5 P 5,11 =25
54878
= B 56 - 1.0
671 =108
£
33
23 =
3k
é P &
_ig %
,g

Information on core description sheets, for ALL sites, represents field notes taken aboard
ship under time pressure. Some of this information has been refined in accord with post-
cruise findings, but production schedules prohibit definitive correlation of these sheets
with subsequent findings. Thus the reader should be alerted to the occasional ambiguity

or discrepancy.
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SITE 641  HOLE cnl_n_e 3 CORED INTERVAL 4961.5-4971.0 (mbsl) 10.5-20.0 (mbsf) SITE 541 HOLE CORE_ 4 CORED INTERVAL 49971.0-49805 (mbsi) 20.0-29.5 [mbsf)
2 FOSSIL 2 FOSSIL
§ g CHARACTER - ; CHARACTER
= lels lz] e SEMRE z| @
=53 = GRAPHI €= ol s i
- E..S. g g g H I oL 108 8 LITHOLOGIE DESCRIFTION e gé % g g E| & JonacHIC., ’ LITHOLOGIC DESCRIPTION
A HE R : A H I i
= - ] s 5
A HHEE : N AHHHE HEE
= HEEB B =] =)= ) £
E i)
. NANNOFOSSIL MUD with MINOR MUD and VOLCANIC
] L] % 5Y 53 ASH NANNOFOSSIL MUD with MINOR ASH
05— L ® Dominan: colars: olive gray (Y 5/2) and olive (5Y
=9 x 2 il & Dominant colars: olive gray (5Y 5/2) and ofive (5Y 5731, aclvel ol ween 672, with dark gray (I0YR 4/11 ash and straski of
- with lesser gray (5 6/1) and gray (10¥R B/E) Lashy). M light brownish gray (2.5¥R 6/2) ash.
AG 103 5Y 62 ® Core h intersely civturbed by drilling and has rust @ Core ia intersely disturbed  thicughout, Recavery
E o7 Vv particles upoar 15 cm 1881 m) exceeded coren ntaread (9.5 m) becwure of
® Grayer intervals due to mh, now distoried by drilling. squeersup. Deformation lwss In Section § whers there
N I8 & horizontal bedding plane.
— SMEAR SLIDE SUMMARY (%}
o 1,00 1,704 280 373 SMEAR SLIDE SUMMARY [%):
n o L] o ] .70 2,70 3100 3,136 4,100
(™ Texture: o ] [+ M
g il N Sand T 0 1 r RE v/ Toxtum:
e 2 L St 5 5T i o evsa Sand 1 1 1 m 2
£ e 4 Cay 75 15 B4 00 St 2 2 50 3
E Y53 Compaosition: Clay LTI ] o 20 £
% Cuiarts 5 0 1 1 Companition:
Feldugar B 15 H d Quirta. Tr Te 1 34 1
Heavy mineraly Tr W - T Faidspar ol N 1 40 2
Clay 20 B 25 - Heavy minerals - = = Tr Tr
WVelcanic glass - 0 - sy » a0 3 10 £l
Carbariate unspec. % - 38 45 Voloanic glass - o 2 0 4
BY 53 Foraminiten ™ - 1 - 7P| p T umpec. 26 28 26 - n
b Cabe. nannotossils 3% - a0 £ Foraminifars T T - - -
& o 3 Diatom Tr - - - Cale. nennafomily 40 30 45 o
z Radiclarians - - 2 - -alarians Tr 1 = - -
E Ba 4,55 COC.5 | 2EY&2 B, 1 6,130 & 140 7,63 7.66
N E D o o -] D
L 1!5 Taxtuse: . Texture
g |82 ’ Sand 3 o sY52 Sand ™ o2 1 s
= jad BY &3 Silt 2 1 Sitt Tr 4 2 5 2
E Clay o5 ') Gy 100 94 87 10
E BY B/ Composition: E ep BY B2 Compasition:
a4 Ouartz 2 1 - Cuarte T 1 1 10
sY 82 Feldspar 1 1 8 - Feldwpar 1 1 1 85 =
g' el Heavy minraly T Tr a Henvy minerals Te = T Tr -
&l Im Clay » B g § Clay E I T ] 4
AGHCW |eel Wolcanic glass 2 1 3 Volcanic glass T = 1 L =
Carbonate uhapee. b * :[‘ Carbonate urspec. ] 32 il - 50
Foraminifers - 1 % 5§ Foraminifar - v - -
Calc. nannolosil 0 % L Cale, nannolousily 40 35 a0 - 20
Racdiolariam - T N Radialariant - T - -
€aC0y Bomb (%) “ oGO, Bom (el
183249 lu| sY 82 V685317
2,63-88 ce = 4,93-40
8,56=10 I :
AGH ]
o
m
|
BY B2
= e
2l m
2 |ag]
]
- "
3 [ne o
2 i
E b 5Y 52
| "
Fm| ER g
G em
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SITE 541 HOLE CORE_§ CORED INTERVAL 4980.5—4990.0 (mbsl)  29.5-39.0 (mbsf) SITE 541  HOLE CORE 7 CORED INTERVAL 4999.5-5009.0 {mbsl) 48.5-58.0 (mbsf)
;] FOSSIL 5 FOSSIL
& E CHARACTER é § CHARACTER
2 |zu|e]z zl'p MBE S
TE|EE|E i E E| B | horssy L& LITHOLOGIC DESCRIPTION = 'g EHHE 2 E i | enaric LITHOLOGIC DESCRIPTION
g3 BN 5[ (8] [=]% +FE g2 (27 (5(5(3(E] (%)% +FE
= ; HEHE £ E g |5 g § 5l 5 i
|& Z|é|5 3 3 g |2 H 3
. 10YR 512
5Y 672 NANNCFOSSIL MUD, MUDyand ASH NANNOFOSSIL MUD, MINOR MUD snd ASH
® Dominant coloes: olve gray 15Y 521, olwe (BY 473, M ® Dorminant colon: brown (10YR 5/3) and grayish brown
Lia Eiis SY 874, and 10Y 472); grayish olive (2.5Y 5/2) [ash). (10¥R 6/2) nannafossil pozs; yeliowish beawn (10YR
1 ® Most of the core i nannofousil coze with lsser, mare 10¥R 63 E/4) claywy nannofousil ooze; pale brown (10YR 6735,
muddy aars snd minar ash, CG dark gray (10¥R 4/1), and fight brownish gray (10¥R
BY 5/3 ® The core is moderately 10 intersely disturbed, with dis- 6/2), ash and disserninated ash.
rp v wersed ash layers and no preserved bioturtation, ® Core intensaly deformed throughout with bioturbation
" @ Colors e darker than in previoun cores and in cores destroyed and ash lavers stietched and dapersed,
immediately below Care 7. ® No major ash bads.
v 514 ¥ (% 10VR A/ SMEAR SLIDE SUMMARY [%):
E i BY 51 SMEAR SLIDE sum?“’m 258 570 380 ©oC 1,50 2,100 3,100 4,100
£ X Textur: Mmoo o o 10YR 52 i o 9 v @
= Sand w2 ' 1 1 Taxture:
i 2 . sin 5 s 2 H 5 i Sand Y = - 2
§_ Clay 7% 0 87 a7 Tt 10¥YR 5/3 Siit a 1) 2 4
= E Composition Clay w8 M
! - | EM Ohsartz 10 il 2 1 1 Compaitian
E T= Feldspar 5 5 2 1 1 Ouarts 1 1 2 E
8 B Heavy minersls = i - Tr = Hagwy mineraly - T - =
! 5 5Y 54 Clay ] 5 s 0 Feldipar 2 2 1 1
g 3 Valeanic glas 5 L 3 = 2 Clay 0 0 * =
2 Carbonste urspee. 30 4 a ® ;. Vaicanis glan & 1 &
2 3 *| sysm Foraminiters E - - 1 T Cubonateungee. 27 31 18 I8
g Calc.rannofessls 20— 15 35 40 o6 - Calc,nannalossis 35 30 35 38
% Rasiolarians L Distoms I
3 Radiolarians Te T Tr -
Y Ll e . CoC04 Bob (%) Sponge spicules Tr 1 - 1
1
2.7-357 g5 Mo
Texture;
5 1 1
SITE 541 HOLE CORE 6 CORED INTERVAL 489.0-499.5 (mbsl) 39.0-48.5 (mbsf) 8 zj:' o oaE a4
; cn:gﬁ!"rzn Compruitian;
5 LT S
[~ - wldipar
L3 Eg g ] é 2 g Lfm’gﬁ, H LITHOLOGIC DESCRIPTION § oz Heavy minersis - - -
M 3555 gl RS . £ RP Clay »x @ ®
H E i1lelg g E 3 [ r—— i 3
F H ; I E ; Carbonats umspec. 23 32 ;!
2 _f= 213 F 5fi & g Foraminifers 10 2 1
| = Cale. nannotosit 30 30 30
¥ Ar NANNOFOSSIL MUD snd CALCAREOUS MUD with ! Distoms 2 2 -
z [ MIROR E Radialarian = e
r @ A thor sction, but one relatively undeiormed, of Spange spicules ) 1
o B ! calcareous oore and meh. Namnofossil peeservation fs
et . poar in smser slides. CaCO4 Bomb (%)
§ L] s B | » ® Domirant cobors: grayih brown [2.5Y 6/2], dark gray- b e 10YR 6/3 2,100=11.7
5%z isn brown (25Y 4/2), live brown (25Y 4/4). Minos 35a=137
1 |33|m° i colors: gray (5Y 6/1), for ash.
£ E ® Sharp color boundary [darker belaw) st 70 em,
2 @ Core-Catcher i brolen lumps af sadiment.
i SMEAR SLIDE SUMMARY (%] 10YR 672
33 : 1,100 .
o o o 1DYR 54
Textiare: i M mattles and deformed
Sand 1 = patches
Silt 2 3
Ciay @ £z
Compaosition: (<]
Quartz H 2 !
Faldspar 2 5 g é o
Cley 30 35
Voleanic glas 2 10 E 3 10VR 83
Carbonate unspec, 54 a3 s
Cole. nannofomsits 10 15 é
04 Buents (¥]: £5),, voio
1,68=98 L
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SITE 541 HOLE CORE_ 8

NTERVAL 5009.0-5018.5 (mbsl] 58.0—67.5 imbsf) HOLE col CORED INTERVAL 5018.5-5028.0 (mbsl) 67.5—77.0 (mbsf)
g FOSSIL 2 FOSSIL
CHARACTER z CHARACTER
E b z é 3 AE ? z| @
& “ - = &
5E gg HE E £ § < LITHOLOGIC DESCRIPTION 1 EH H g ] K LITHOLOGIC DESCRIPTION
! 5 NlE -1 ol g =5 . E 3 = 7k e =
H HHEHBEE S FE A HHEHREE EE
= 8|z =5 S R B 5
HHEH FEH g |8)3]2]3 E3
= -]
el MARLY NANNOFOSSIL 00ZE
NANNDF MUD, MINOR a1
NANNDFOSSIL MUD, and MINDR ASH 4 @ Dominant colors: olive (Y B/3), olive gray (5Y 5/2 ard
10YR 5/3 ® Dominsnt colors: beown (10¥R 563), grayish brown "L_L 5Y 672), brown (10YR 5/3), and grayish clive gray
[10YR 6721, light olive gray (BY 821, and olive gray '_|_.J_' ”“:nav:.::.:".‘,:o color: gray (5Y 5/1) and dark
¥ 5/2), M loes: dark NE and SYR 371, i .
:Eh & PR (e ! rL-l- ® Intenagly t0 moderately disturbed, with intervaly of
® Moderataly to intensely detarmed by drilling. :.I. wrpared-out mh and burrows, Relicti of horizosad
® Ash in Sections 2 end 7, and minos specks of it ebe- J_"' heﬁd-n.q ihSectons 2,5, and 7
5Y 52 whare. 1 @ Mo major nh beds but 8 number of minor ones,
@ Foraminifer-nannotosil mud in Section 7, S i
Ny CLUHE B
3 T el
A M SMEAR SLIDE SUMMARY {%):
1,70 290 3,88 4,110
SMEAR SLIDE SUMMARY [%): L ; 2 !
aG -] D [ ] o
3 37 1
Crd i 1| Teuture
e T H Sanit 3 10 - 2
h‘:dm. 7 0 3 M- silt PR " 4 a
Sile 13 5 70 0 H- | Clay 1\ ® 96 o
Clay 80 ] 0 8 i“" c:..:r.uon. . : , ]
:.::‘Iuon: % - @ P __|__|_ Feldapar 1 4 2 1
Feldupar - 1 40 1 :J..A_ Heavy mirraly - T - -
e i L e P & BN ®
Clay 5 68 0 5 y - | B
) Carbonate unspee. 20 18 2
Al 4 : = ; = ’J‘-L Faraminiters 1 3 2 1
Swmeas 2 ¥ - # g il Cole.mannofosils 36 20 38 40
Spangs spicules Tr 2 N 2, L_L Distorma - - L -
Other - - - E_ [ Spones 4ol T - =
4,75 5§76 7,42 7,68 z J_-L 5110 6,60 7,61
Taxture: ° ° " ° 3 _L'I' o o o
¥ L Teatture:
S » 5 m 10 £ L s Vo -
: 8 "’_L Sin 4 L] 4
8 on. O T 1L Clay % B2 9
[l 5Y 612 Compesition: ; s = _I_-I- Compesition:
ke el 'oq gl Quarz 1 2
» & aldspar - Tr k1 2 [ a : _ :
o Heavy minerals F o o - ] bl Heawy minerals i
L] Clay 5 5 15 - it
» 8 = I Cisy 0 2 0
=z ‘slnganite = Valeanic glass 1 = -
o 1 Foraminifers 15 1 - 18 ] e canic
B i o | Carbonate unspee. 29 2
E 1] Calc. nannofossils B4 94 5 B o L nsbinicso : " -
- 5 orami
.I_‘ 3 t 4 Cale. nannolossi 5 0
i n
G Fad 10¥R 62 CaC0, Aomb (%) 1
L] 1,69 284 | 4L, Bomb (%):
L 3,76+ 220 -
= = BE9=372
= 1 5 42+ 166 = o
= L 7.49=230 g a1
8 1] [} -
= L =t |
A E ]
£ B & A
8 L] g L
5 r 5Y 612 Vet My
& L ; " e
? L n
4] F J_-L
; § ] J__-‘-
1] 1) -
= L
gl e
El i L
" M
=~
3 o
.
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SITE 541 HOLE CORE_ 10 CORED INTERVAL 5028.0-5037.5 (mbsl) 77.0-B86.6 [mbsf) SITE 541 HOLE CORE 11 CORED INTERVAL 5037.5-5047.0 (mbsl) B6.5-96.0 (mbsf)
. FOSSIL 2 FOSSIL
§ § CHARACTER § g CHARACTER
EMAE HE . EMAE zl2
N EHE § g arazmic & LITHOLOGIC DESCAIPTION A 2 E|P | Tmamc, LITHOLOGIC DESCAIFTION
1215 B LITHOLOGY g E 5
I HHE g ; M g3 K] < 2 ¥ 3 8
5 E g = = 8 E
i HHE TEH A HE T i
g |2|z|3 |5 g @ |= (3
.Lj ™
BY 512 MARLY NANNOFOSSIL ODZE with MINOR ASH L MARLY NANNOFOSSIL DOZE with MINOR ASH
< |— ® Dominar colors: ollve (5Y 5/2) and gray [5Y 5/1) "L et ® Domirant color: olive (Y 8/3), gray (5Y 8/1 and
+ P Minor colors: olive [10YR 4/2) and olive brown [10YR ey ) 8111, light olive gray [8Y B/2), and light brownish gray
1 . 5/2) thin bads and laminse; gray (5 571} ash. 1 -I-; 5Y 6/3 I25Y 8/2). Minor color: ligh: brownish gray (2.5Y
| & Maodurstely daformed with some arching of badi and oM 1 82,
BY 52 harizantsl rotation shear surfaces. [ ® Intersaly 1o moderately deformed with smesred out
@ Thin ash bed in Section 1, _I_J- — burraws and minos ah throughout,
"'_i. @ Traces of horizontal bedding and busrowing. J_.l- @ Thin ath bad in Section 3.
e L] ® Traces of horizontal bedding presarved in places
=k A it bomb. L
i Ll Mote: smas ey 1
TEe E iy Note: smear li 1
AG ¥ SMEAR SLIDE SUMMARY (%) ] o
< 1,70 3170 432 4,67 i | asvan SMEAR SLIDE SUMMARY [%):
Ve 4 D ] ) o o == | 1,80 2,80 31,25 3,80 4,80
) 2 p o BYE2 Texture - il P 2 - | i [} o M D [}
T . Sand ™ z - - W 2 s Texture:
_I_J Sit 3 10 4 3 4 A ‘“j Sand 1 3 15 & 3
4 Clay o7 B8 98 g7 86 % B by Sit w o ow oW w0 e
L Compatition: £ 1| Clay C
- Feidipar Tr T - Tr a Gl Composition:
2, Haavy minurals - - - ™ Blac i1 sY 801 Quarte - 2 1T
-, = Clay 5 3 40 12 5 (e . Feldspar Tr - 15 Te 1
4 Palaganite " - - - - ; 4 b= Hoavy minarals | S L R
- sYsi2 Carbanats urspee. v - - ~ = E] A Gy - - 8 - -
csE he Foraminiters 2 10 4 3 4 a3 O | oM == | Y a2 Carbonats T - pis - -
azl 3 A gy Cale ranncfossin 92 B7 B 85 B % 3 -] . Forsminifers B - W
Ral v " 4,102 4,103 592 6,136 7,60 — 3 - Calc, anncfessls 04 87 5 &7
z e iim © o 8 o @ % s
| ' . Textuie aGlo™ L C2C0, Bomb [%]:
‘g u o i e B Sand 2 T 1 = - S 1,992 387
E] TT1 Silt 10 3 4 L] 3 — — | | 4 5a=387
2 Z o6 Cw o ar W oo i1 5V 61
! p e » Compotition: -L-L
;1 4 | Feldspar Tr b = = = i L
5 ==y . [— O W O™ oM™ - & 5
8 4 A H - Cley 0 20 12 & 20 e |& 4 4| |
& FINRIE Pelasonit I i 2 = & =) .
=t it e e
AG i | | Carbonats unpes. - = = - - = Z '_|_
H | | 7| sven Faraminiters 12 3 & 3 3 % |5 8|m L |
9'§ - Coic.rennolonin 48 71 8 & 37 & z 1|
" = . ! L
= by CaCO Aomd (%) low 5
H 3 3 ] |
-y i 2.79=469 £ |acjem ol ¥
E -4 — 4.60-18 :2
= == 4,100= 313 E
- 5Y &/ ¢
2 [ §
A B i
; o E
—
=] i ]
-+
] + |
— — -+
3 -+
. I-LJ &Y 51
Z "".l. "W
al e 8 T
g Ty
s .
3 2
2
2 2ol i | sese-
E 1M 5Y 812
7 = N —
. oM 4|
3 L) »
x Ly
AG| eat ce] e I

6t1
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HOLE CORE 12 CORED INTERVAL 6047.0-5066.6 (mbsl} 96.0-1055 (mbsf)

I¥S LIS

54 SITE 541 HOLE CORE 13 CORED INTERVAL 50565-6066.0 (mbsl] 105.5-115.0 {mixf}
] FOSSIL g FOSSIL
é ; ) cm:_«:nn ¥ g CHARACTER
e lel2 z| @ g |3 = 3 @
o EH = gl & RAPH wlB] 2 S >
|§ ES|E g HE Rsindps LITHOLOGIC DESCRIPTION AR g gl | Sraue H LITHOLOGIC DESCRIFTION
S HEIFIHEBEE +3|382 2|3 gk P
2 HHHE ; 1 |3)8)¢ g ] E
= H = lg ] o !
= |2 g H 2 | HEHE E E
M
MALY NANNOFOSSIL DOZE sod MARLY z el MABLY NANNOFOSSIL OOZE, MARLY FORAMINIFER.
FORAMINIFER-NANNOFOSSIL OOZE with MINOR 3 -+ B FoEEiL OOTE. e MIHOR ASH
ASH H 0.5 gy I sy 82 ® |nerbedded 7ones that are relstively foraminifer-rich
1 BY 57 ® Fairly unifarm through Section 3, than alternating beds 3 _I_-I: . g o s kol 50 " 1 D
of ralatively initer-rich and inifur-poos % 1 - I || vy
romes, probably turbidites, to end of core, ¥ | P -l-.l_- ® Dominant colois: alive gray (5Y. 5/2), gray [5Y 8/1—
® Dominant colors:  gray (B 5/1 and 6/1), clive gray El 1.0 ottt i i e e
[5Y 672}, otive (SY /3), and light olive gray [5Y 6:2], E ] (VAN aih
Binor color: grayish brewn (2,5 5/2), ash i il s It ® Maderately to intensely deformed throughout with faw
® itansaly daformed by driling throughout. 1 wraces of buriows of bedding snd meny smesred-out
® Auhin Sections 7 and Core-Caicher. - ash specks, Aburdant rotation shear wurlaces.
el by ® Minor ash [amines and beds in Sections 3and 7,
* syaz Note: smes: ‘L'_L‘ Evan .
A Wt MNota: smaar
2 SMEAR SLIDE SUMMARY (%! ol 2 2 "
14 AR 8 CC - SMEAR SLIDE SUMMARY [%):
I EI =, 16 280 399 470
Texturs o o o o o
Sand 1 4 2 1 _._-l-_ 5Y 82 Texture
st 5 4 2 9w M| cm I, o g & i
svene Clay L =i siit 5 2w 4
Campasition: e - Cliy 92 9@ 8 55
Fabdipar - - Tr 1 o — Compasition:
Huavy minerals - - T 1 =11 Cuartz Tr - 2 1
3 Gren Gy " W L by - Faidspar T - 7 '
Faraminifers B g 4 B 3 1.7 Meavy minaels X T s =
Clae. nannolowsils k) a2 B - (=] J—"A_ il . Cisy 2% 5 = 10
! s I [T Y 41 Valcanic gless T = = -
Dyt i Cobonmte urapsc, 0 - - 0w
3 1gmard _L"' Foraminifers 1 2 8 3
712480 ou iy Cale.nonnofossits 3% 83 82 45
) 1 5110 670 7,42 CC
T o o [} o
Texture:
] ce| B i— - | taet PR _ f
4 4 BE J st i 5 85 4
L s Clay 2 86 a5 o5
=t 4 ! Campasition
E .J_::'_. sv e Quartz ' 1 1 1
5Y 6/ Ele o i Feldipar 1 1 1 1
(S W o= plrt= ey minaratt - - -3 -
H s % 8z L] Clay % W w2
& ote. g L l 5Y B2 Volcanic gass T™TT - -
3L | Pl Catorataurspec. 28 Tt 21 15
{Am -] | Foraminifars 5 - H 8
il B 5Y /1 Cale,nannolossils 50 60 50 60
5 2 5 e
Sl ] Bomb [%):
i nr e o
b, =] e 5,41 =484
e | 7,26~ 25-28
T =
= 2 -+ | 5Y 8
B2 ; 3ty
= 2 =
z b 2| |em L) |
6 a ] - | .
= =L
b E § Y52
3 z |
5 |am|
25 :
= E,
e | SY BN QE | sY 512
g é 7 g g ve! .| sYan
E " |
cc o| svan cMlem lcc | *| svsn
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SITE 541 HOLE CORE 14 CORED INTERVAL 5086.0-5075.5 (mbsll 115.0-124.5 [mbsf} SITE 541 HOLE CORE 16 CORED INTERVAL 5075.5-5085.0 (mbsl) 124.5—134.0 {mbsf)
- cnﬁﬂg 2 FOSSIL
i g ACTER ; CHARACTER
S IE[TATET [ 18| 2 | amome | s AEBERREE
= |2 < g TH " o Ed 2 GRAPHIC
Elg E§ i 5 g & E uTHoLOGY o ;§ " LIHOLOGIG OFSGRIETION H I E £ .!": uTHoLoGY | LITHOLOGIC DESCRIPTION
7 (E @ Faghl 2 g7 [e")5 g & E
N AHHHE St :
g HE £ EH FRHHHE 3
gt
51 M 5Y 572 u‘:u D FoSSL. QO s MARLY MARLY NANNOF! DOZE, MARLY ER-
0.5 r- :os.:”mmf"'“'rwmsu o NANNOFOSSIL DOZE, snd MINOR ASH
vei ] My v Rt i rarony | alfors; Sz A= Gomm ® Dominant colors: olire aray (Y §/2), snd gray (5 511,
L 1 2 M R ,..:n:‘ "-r,.|:l -0 0% I :d' formninite o™ ' svs2 ® Mainty uniform ooze, T with some zones rettively
- _|_J' . ;‘:’, mml. T e, W ureichoes rich m foraminifens. Deformation moderate to dight.
1.0 ) | . o inant colors; olive gray (BY 6/2] and pray (5Y Burrowing faint except near thin ashy zones.
= ) - .
7 'J_'L ® Deformation modarate; rotation shear wrtsces common, ® Ash it in Saction &
7 1] w Thare are anly specks of mh in this core. bast Mote: smear i ith
. :
L
N .
a6 - e SMEAR SLIDE SUMMARY [%i:
= sYE7 SMEAR SLIDE SUMMARY (%) 1,90 2,35 3,80 4,70 5119 5 143
Pl ] L7 80 2,8 3,8 4,90 Vel [} ] o o M o
Ik " [} o o [} M
i g L4 . Tuxture: 2 SY &2 P 3 2 B 5
(L4 10 2 5 2 7 4 W 5 6 16 5
LM s 7 H 5 4 n 84 50 92 EH ®0 «
€ 83 83 80 M
L c;.: * 1 1 1 z 1 1
L position
. uartz 5 1 3 1 1 1 1 1 2 1 2
R Foidugar s 1 2 2 1 e o 15 W W W 30
J_"' Heavy minataly [ - - - - !_:! 2 T 2 0 "
i i 5 o - - - - -
o J—i sven i i T 2 3 N = i BYBZ  Cubonateunspes, - w1l o w2
= - o
3 b = 5 3 5 - 10
M 1| . Carbonate mpec. 20 i @ 15 2B " 3
= Foraminiters 5 5 1w 5 2 g Célc.nennofosihi B0 40 55 80 30 55
iy Cale. nannotosih 0 50 a0 80 50
M 596 660 7,50 CC ; €aC0, Bomb %):
4 e o o ] o z s
exturn; |2
— Sandt 4 1 1 5 iF
—— sile & z 3 5 7 H Y &1
- Ciny 2 97 & % H
W/ - Composition E =
m|B 4 m Cuiartz 1 1 Tr 1 = ; BY B2
— Feldipar 1 1 1 1 i em| B 4
" Heavy mirmraly - - - = 1
Clay 0 20 n Fo
H} | WVolcanic glass 1 Tr - T
g |- — 5Y 81—
212 |as = 4 :‘rn Carbonata uripec L w -
z |8 3 Foraminifare 10 s 2 10 <l
g 2 — Calc. nannofouits 60 71 0 & g i Fokd
CaCOy Bomb (%] 58
5 3,405 352 oo
£ |aM — .
(=¥] - 5,70+ 342 i [ 5
3 vC/
i BY 61— E M 4 5¥ 51
5Y 52 a v
— R cC
| |* =
a g =
3
¥
: =
= ; 5V 612
o
E % oM 7 .
Ir.: o [amjom C .
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SITE 541 HOLE CORE 16 CORED INTERVAL 5085.0-5094,5 (mbsl} 134.0-143.5 {mbsf] SITE 541 HOLE CORE 17 COAED INTERVAL G0B45-5104.0 (mbsl) 143 5-153.0 (mbsf)
] FOSSIL 2 FOSSIL
« |E CHARACTER « |E CHARACTER
g |z 918 X = s ] Wl g z
=} = g| = GRAPHI ul gl 2 gl 2
gE £ E i E E| 8 | vHocogy ' H LITHOLOGIC DESCRIPTION A i 2 £l B Rt dlo g LITHOLOGIC DESCRIFTION
£ = 3w N2 <
S HHH = EH A HHEHHE £ 1
2 =3 - -1 3R
i AHEHE d HHHE T
L P |
)| BY 62 MARLY NANNCFOSSIL DOZE, ASH-BEARING MARLY ) MARLY NANNDFOSSIL OOZE with MINOR ASH
| WANNOFOSSIL OOZE, and ASH i ® Cominant colors: gray (BY 6111 and alive gray. (Y
o H ® This core comaing several distinctve Majar #sn Deds g Voo 5/2). Minae eolon: dark gray antd very dark gray (5Y
" N L . wnd & rusmber of burrowsd minge ash depatits. M d &, sidh B nd 4711, mA,
A ® Dominant catan: gray (8Y 8/1) and olive gray (5Y 5/21. ! e | & Deformiation moderste, wiih rolition. shesr wsce
)| Minar calors: dark gray [ 471, dark olive gray (Y ¥ g - W B Vah PR WESE i - AR
] 5Y 81 3/2), and very dark geay (10YR 3/1), ash ] | ® Aun bed in Section &
— ® Deformation is minar, with mast minas Bk Beds retain- -] |
) ing distinctiva bioturhation, Thers are rotaticn shear [l . Note: smear siides Lderestimate ciays compared with bomp
- wrtac avary 3-5om, : il b_._-l "
e ® Bgsen of some ssh beds dip 207 T SMEAR SLIDE SUMMARY %1:
J-"“' - Ve 1,137 2,70 3,100 4,132
el ) #| gvan- Mote: smear siides i boenb. = L. o o o o
) ] BY B2 oM 2 ol Texture:
b3 2 SMEAR SLIDE SUMMARY (%] 2 iy . Sard & H 5 W
[ 1,70 2,45 3,88 4,120 5,143 6,50 = st 5 5 510
1 D M o D M o e all | 1 5y 471 Ciay w90 0 &
J-_l_' Taxtura: .1_ 1l Composition
- b Sand 5 40 3 1% & L Ouiariz ™ T W
£ i Sitt 5 3 &5 4 4 8 - Fardipar - ro— T
8 i~ | Clay W W e W B & n [ . Clay W B/ B/ B
& + 7] Composition: -1 Valcanic gl - Tr Tr (1]
' Quartz 2 - T W 1 2 e Corbonateumpee. - 13 18 20
H gl d Feldupsr 2 = Te T 1 2 L | Faraminifers 10 10 10 10
] 3 Sy g/1— Hoevy mineraks = o = = 3 = o Calc, nannafosii 0 50 L] 45
af - .| svem ow ® W w w W W oM 3 o ‘ e &= & 2
E AG Volcanic glas T B - T 76 T -, 4 - 5,80 6 118 CC
Carbonate umspes. n - 12 - - 1" i | n M o
= Faraminiters 5 - 3 : - iy
W =34 It & Tenture:
g = "_;_ [ Cale. nannofossii 55 - [ 73 - 55 |.'L_I. Sand 7 40 1
} ? H
5 . -k CoL0, Bomb [%): L o o a4 B oa
£ - 3,56 26.6 = iy
g A s o Compoiition
- ' = il Quariz Tr - b
v 4| | g - — Clay 0 ;W B
M [B 4 E G 4 25 — Valeanic glass Te 40 ™
a L =2 4 Carbonate unipez. 10 5 ]
s Foraminters 5 5 7
ad g . svan Cac.nanaofossie 65 30 80
:_5_ HE Spange spicules T - -
= 6v32 €40 Bomb 1]
[ 2,355 344
el 585452
= L ,c,J 5Y 81
E 5 J_-l- G s
M _L.l. "
z i
2 L l Zlem L
% N 1ovR a2 g
= o
" : Tl
A | BY 61
ag o o ] - Y 81 3 .J_ !
1 M ‘ ==
E & i N s 'I"'..L [
| = o/ D
EE o
= (]
f -
o P
T i <]
il f s ¥l | 7 e 1
= Slew|o C el B .
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SITE 641 HOLE CORE 18 CORED INTERVAL 5104.0-6113.5 (mbsl) 153.0-162.5 [mbsf) SITE 541 HOLE CORE 19 CORED INTERVAL 5§51135-5123.0 (mial) 162.5-172.0 [mbsf)
2 FOSSIL ] FOSSIL
J g CHARACTER « |E CHARACTER
g |z A Zl» M EMAE @
- |3 H 8 GRAPHIC e |5y $ gl & GRAPHIC i
1 g : g ; E ""_‘ LITHOLOGY LITHOLOGIC DESCRIPTION '3 |E 5 g E -3 5 # LITHOLOGY & LITHOLOGIC DESCRIPTION
g |2 HHEBEE : g :’E"i;é! d| ¥ ETE
- |8 & = E ] =
- 3 £
HHHHE : AHEHHE T EH
= - 25Y 62
o iy MARALY NANNOFOSSIL OOZE and MINOR ASH M MARLY NANNOFOSSIL DOZE. NANNOFOSSIL MUD,
N -, 4 ® Dominant colors: olive gray (BY /21, gray (Y &/1), and MINOR ASH
=] 05 -, 4 sY a2 pale olive geay (5Y 8/2-B/1), alive (5Y 5/2.5). Minor 10YR 611 ® This corn contains intervals which ara distinctly more
2] " all color: black [8Y 2.5/1), elay-rich than Coest 12=18, and which are therefore
1 ] [ = . ® Defoemation slight, with rotaticn these surfaces svary co darker in caloe,
1.0 - . 3-5 om, bul bloturbition prewrveel wipecielly sbove JoxReR @ Dominart colori: alternations of brown [10¥R 5/3)
3 i BY 8 wshy zanes. and light brownish gray (2.5Y 8/2), or ollve (Y 5/3),
- -, =4 1 ® Thare & 2 major ash in Section 1 and several redistei- i A and light olive gray and gray (BY 5/2-8/1). Miner
: = -_L. sv 2.5 butes minos ashes lower in the ecre, Libd colen: black (BY 2.5/1], gray [10YR 6/1), light Brown.
- == 28y 82 Wh gray [10YR 8/2), and light bluish gray (6B 7/1]
- o Hote: smear ith bomb. g @ Deformation i moderats, with rotation shear surfsces
(1) i weary 35 em.
B SYB1  SMEAR SLIDE SUMMARY {%): 285Y 62 ® Burrowing is well preserved.
1,100 2,100 3,100 4,100 5,100 6,50 ® There are several minor and one major ash bed in the
i o o © ©D D D 5Y 511
2 carns.
Toxture: cP
Ve 3 - = e ! Note: amear i bomb.
M m 1 . Silt 5 4 4 5 2 4 t
Clay 2 ] 86 5 L 95 FM) SMEAR SLIDE SUMMARY (%):
Y251 compesition: RN 1,68 1,74 1,80 2,106 560
Chsertz Tr Tr F T Tr Tr b N . & s
Y Foldypar ) 1T - - ™ 10YRE/3
- SYET Hoayy minersls - - T - - - 0 1 T T Tr
e ®* ™ B B B B k'] & R
- Woleanie glass 2 Te Tr ™ Tr Tr y 28Y 612 40 g4 L 8BS 80
3 =L Cactiarate unipec. 5 1 9 14 13 g b :
™ iy Foraminiters 7 2 a 1 2 2 f T _ o
]
= —_,'j *| 6YB2E Cacrannofesis 60 55 80 60 &0 60 2| 2 ™M™ T -
- Tk Z 1 = 2 - -
E T = Fig - Hemyminanh2 - - T -
2= ol Bomb (%1 z8 Clay & W 1w W 4
% ; e syan i 108=38E 2 Volcanic glass 15 - = z -
z r -~ 3,122=417 z 3l 10YR 53 Carbonate
' a4 | s upe, - - T T -
E By H = ‘:’r 10YR &2 Foraminifers — T - Tr T
= 4 (=3 3l t 10YR 53 Cale. nanng-
5 ) -4 : s 20 88 90 80 60
3 vl B [Tl .
i ] B’ ‘E 10YR &2 CaCO4 Bomb (%)
oA iy
5 o] 1,885 12,7
== 5,64 = 137
S—
L
32 b=l | BY 52—
b ] &Y 61
o
; e E i i
s - s i N o i 10YR 83
B 3 -, 2 10YR 62
g = el e 2 E g
8|1 3 ] | | z 10YR B3
- e @
E[2E . el B Y B
512 2 fam - £
El - L 5 B/2- 4
E £ lemiom . F sY 6N 10YR 673
i, -l
‘ , i
o i ':‘IJ ) = == i
M = =
L § - & g ‘ 25Y 612
==
3 " g
-] LA
gt
-]
e -+
»m 7 -+
FR M cc gt
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SITE 541 HOLE CORE 20  CORED INTERVAL 5123.0-61325 (mbsl) 172.0-181.5 (mbsf} SITE 641 HOLE CORE_ 21 CORED INTERVAL B51325-5142.0 (mbsl) 181.6-191.0 (mbsf}
2 FOSSIL 2 FOSSIL
ur g CHARACTER - ; CHARACTER
EREMBAERE gl 2 FEMAE z
ep |22 HE g GRAPHIC 2y |8% £ §| & GRAPHIC H
15 :E 5 g E E| £ | urholosy E LITHOLOGIC DESCRIPTION "g’ ,_§ H g H S| E | umHolacy L H . LITHOLOGIC DESCRIPTION
El -3 = o
Egig%%“ £ %Eiggi“‘ £ HH
-1 E = E
EAHEEE 3 RHEHE 3
i
MARLY NANNOFOSSIL DOZE and MINOR ASH ver He | sY 53 MARLY NANNOFOSSIL OOZE, NANNOFOSSIL MUD.
By 52 ® Dominant calon: olive gray (5Y B/2), gray (5Y 611), L J-_l I and MINOR ASH
05— olive [5Y 5/3) Minor colors: dark gray (BY 4711, gray 0.5 . ® Dominant colors: brownish gray (Z5Y 62 and 6/2)
8 {6Y B/1), black (BY 2.5/1) (mhl, light greanish gray " ey or olive (5Y 5/3) ahsrnating with light olive gray [5Y
=1 (5GY 6/1) [alteration next to ashl, 1y 8/2), gray I6Y B/11 ar light brawnish gray (2.5Y 6/2).
1.0 5Y 2501 ® Abundance of ssh contsbulss to grayer colors than in 10 = - o sven Minor calors: black (5Y 25/1) black (10YR 2.5/1)
Core 18, . = P {ash).
® Major ash beds in Sactions 2, 3, #nd 6. 4 ‘ [ 5Y 62 ®Dsformation mingr; rotation shest surlaces every
@ Deformation moderate; rotation shesr surfaces swary i 35 om, Baoturbstion promenent.
e 2-6 cm, Burrows intsct sspecially near mshy rones | - | ® Mo major sh bads
= L
syen Note: smear wiges underestimate clays compared bomb. j-_é SYsi3 Note: smaarsl J bamty,
S
SMEAR SLIDE SUMMARY (%) @ == [ SMEAR SLIDE SUMMARY [%):
oM 2 1,106 4,60 g 2 L] 1,100 3,100
M [} o ES D [}
Taxture: % & :“"’ -, 5Y B2 Tewture:
Sand 1 1 g E = Sand I
sit 8 4 ] N Sit xn
Clay 1w o E | =~ | 25v 82 Cay L
— 10YR 25/1 Campasition o Campasition
| Cuartz 5 - 2 4 25V 82 Cuartr 1 Tt
F | Eeidipar I B =13 [ Falcsper 2 T
ol Fa l Heawy Minerak Te - Cuy n a0
L Clay " £ T v/ Volcanic glas 1 -
" 3 L 5Y&2 Foraminiters - 5 =2 [ 3 L Carbionste umpet: o1
ga ! Calc.rannofosih 3 70 23 E A = Gaic.rannofouils 85 60
n cey :d |
- Bomb (%) H CaCO4 Bamb (%)
E S I 1,76=378 1_‘3"‘ oo ! 1,72=231
g b 439-215 o | fovRaa 26130
-
E -, | i BY 5/3
8 -] i
ve/ e ] i »
| m 4 L]
i 4 |
= L 5Y 5/3
5 =y I
] = |
% 5Y 612
o Fu
i M ©e | 1
=i 5 -
2 L
= 2
] b
= B ! BY 5/3
I~
]
g ] ! Y62
=| -
Z) =L
v/ B
gé_! M & "
g 8| =
]
Eé = ] " s 4N
FM =4 sY &/
Fp | ce 7 e




Syl

5-5 mbsl) 200.5-210.0 (mbsf)
TE 541 LE CORE 23 CORED INTERVAL 5151 161.0 (
SITE B41 HOLE CORE 2 CORED INTERVAL 5142.0-51515 (mbsl) 191,0-200.5 (mbsf) SI 2 HOR,”".
g FOSSIL " § CHARACTER
CHARACTER
% " z| @&
MEADE gl e H g, |5y E K 2|8 GRAPHIC LITHOLOGIC DESCRIPTION
g, |Bu|B| 2|5 S & |  oRrasmc & LITHOLOGIC DESCRIPTION EHEEHEE 5| = | utHoLogy L
HEEE i E | uHoLoey w3 (38| 2 E i g
i 5 = 4| = 2
M HHHREE +EF SN HEE :
= =] - H i
A AHHHE TEH HHEHHE 4
g |ejz[=|8 TOVH 672
= MARLY NANNOFOSSIL OOZE changing downward to
_é*oé i 5Y 61 NAKNOFOSSIL MUD, MARLY NANNOFOSSIL DOZE. ] 1 10YR6/6 N:NNDFOBSII. MUD, with MINOR ASH
b4 k: and MINOR ASH ® Dominant colon: grayish brown (10YR 572, brown
05 — | H ® Alternating dark zonmes, comparatively rich in clay snd/ 5661 {TOYR S/3), pravish (26 5/2), pale brown
== o . et it ncneh; compmmtialy rict iy catbonink & ] H (10¥R 6/3), gray (8Y 511, and ntive [5Y 5/2), generally
(=] 1 Ty I ® Dominant colors: gray (5Y 8/1-5/1) alternating with e 1 52 e Whicioe : bisck ([N4), brownah
[, -4 i 5Y 512 olive gray (8Y 5/2-4/32), olive (BY 5/3), grayish brown ' A ‘“"""““’“m‘i pord w“"‘“ b gray (56 8111 and
10 =l [10YR 5/2) and dark brown (10YR 4/3). Minor eolors: ] ] 10YR /2 |M|wu..|u AT b
e t gray and dark gray (25Y S1-4/1), and medium gray @ Conr g ate through Saction 6, 85 cm,
=) | ! sy sn (NS}, ash; greenish gray (5G 6/1) — attered mud mext 58711 ikl sapivoingf sl eindict Sy
jemh, in lpast disturbed ecTions.
[ i 5Y 6/2 ® Deformation minar, tul rotation shear surfsces svery | l .:;m"mm gy ok = Ightidark
[ I 3-8 em. Bioturbation marked, Gandiie g i
4 ® Aunin Sections 1,3, and 4. e @ Minor ath throughaist, ish bed in Section 6, several
e s intervals of blulh of greenish slteration dus 1o ash.
g | Nota: smaar sices oM ’ f s tevmer il avihsciante i GGG WIth b
-4 10¥R 5/3 LIDE SUMMARY {%):
haa F SMEAR SLIDE SUMMARY (%: ! SMEAR S i
Fl I 1 3,60 5122 5,95 b
4 o M D o i
=4 Testure: Sandd | -
A I Sandt 5 7 = = st . 3
L BY 5/3 Silt 1 =] 12 4 i oo W
—=} | Cay % % B 9% | o
ition: Compotit
— 3 | ! 56 8/1 o = oM = = el z it e e &
- M
= |w 3 T4 | ! :ﬁm' S ns 7; 1'2 _l I Carbonate unspec. = ‘:
i A fossl
EX = sv e Gy s » o B f Cale. nannafossils
Tz Carbonate unspec. - X
=8 Cale, nannofossly 89 2w N E £3C05 Bomb (%]
E H 8 1472210
= i
2 é l ! a0, Bamb 1%): ¥ | z 10YR &2 ot
z 2,71 =248
§ % ! 5y 82 891=241 g
& l 1
4 ce
M 1
! !
= E | !
g | |
g
8Y 62 I /{ [
\ (="] E
z 3 .
; 5 3 4 I 10YR 572
2| |ver |
H |
§ | *1 sy i H
4 5 B/1 & -
E 4 I ] | 26Y 62
| —
;_" l 10¥A §/2 H ‘
a2 g 8 ~
é P | 5 6 4
; & = { 41
£ (28 L] | ’ - 11 Y5/
£ L £ 41 5Y 52
i L 10YR 43 2 41
3 " k 4
L
'+ HEGS | | % ?
! = 7 - =
3 ] e | Fp cc B
E cc 1
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SITE 541 HOLE CORE 24  CORED INTERVAL 5161.0-51705 (mbsl) 210.0-219.5 (mbsf}
BB FossIL
§ g CHARACTER
EMOEE gl &
= 2 GRAPHIC
TE HHEE 5 E LITHOLOGY LITHOLOGIC DESCRIPTION
g HHRE E
= g - E
B | E i E
o BYER
MNANNOFDSSIL MUD, CLAY ant traces of ASH
® Carbonate contant dwindles to simast nothing in this
AP care.
i ® Dominant colors: olive gray (5 5/2-472), dark gray
{BY &/1), and gray (5Y §/1). Minor color: wry dark
gray (257 /1) msh, and cark greenish gray [5G 4/1),
5Y 411 altered miny mud,
. ion sxtensive miner,
drilling ratation shear surfaces svery 3-8 cm.,
® Some wickeniides prasent,
Note: imaar i ith bamb,
P
SMEAR 5LIDE SUMMARY {%):
2 1,110 2, 4,58
&Y 81 [+] o ]
Texture:
BY 6/2 Silt 3 15 -
a7 BS 100
Camganitian:
BY B Feldspar 2 woom
Heavy mineraly - ) -
Clay 40 B5 BO
Carbanate unipec. 1 - T
3 —— Cale, nannafosils 57 - 0
& Y 83 CaCO, Bomb (%):
1.60=34
2 4,66=15
E SY &/
B
& 5Y 62
P
5Y 6/1—-
BY 62
z
§ FP 5
3
E 5Y8h
E
F: 8 6Y 52
= FP
s
za
AP |CP CC 5Y 62

SITE 641 HOLE CORE 25 CORED INTEAVAL 51705-5180.0 (mbsl) 219.5-229.0 (mbsf)
4 FOSSIL
« |E CHARACTER
FEMOE @
& = GRAPH =
£ HE ] g g E | ioogy H LITHOLOGIC DESCRIPTION
A HHH N 333
= |8 - =}
= 5 z s g 3 §
BY 51
B CLAY with MINDR ASH
= 5Y 52 @ Intarnally fractured and iickensided,
0.!: L @ Dommant cobors: gray (8Y B/, olive gray 1B 572),
1 and dark gray (5 471). Minor color: gray ash [N4)
3 # Drilling disturbanca mirce, Rotaticn shesr wrfaces svary
00— BY 62 35 em, sccertusted Dy pea-existing frecturing and
3 Wiigkensides in core.
3 # Auh bec 1op of Section &
@ Some béoturbation in leest fractured intervaie
- Lt SMEAR SLIDE SUMMARY (%):
E 1,80 2,80 3,60 460
3] M 0 o0 ©
] d Tenture
2 5Y 612 Sind & 1 1 2
] silt o 10 2 15
= Sy 51— Clay 1] a9 o 83
- o ¥ Camgasition:
3 Quartz 1 2 - -
- Feldsper T 2 1T
5 BY 52 Clay 10 o o7 83
3 Volcanic glas 89 1T ™ o
=] Carbonate unspec. = - 2 -
e 5 560 680 7.60
3 o o 1]
Texture
Sand - 2 1
= Silt 3 5 8
] 5Y 511 iy @ 2 @
B Composition;
e Ouparts T - =
L Feldspar 1 1 1
3 Heawy minerals = Tr Tr
ki — Clay 97 o
by . Voleanic glask 2 T 2
. . Larbonate unipec. = = 3
5Y 51
Bomb (%):
1,101=18
§ 35416
9 - 7,282 00
=
E B
2 2=t
. .
o 7 BY 61
BY 841
o .
L ]
] 5Y 61—
7 5Y 52
- .
B CC| .
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SITE 541 HOLE CORE 28 CORED INTERVAL 5180.0-5180.5 (mbel] 220.0-2385 (mbsf) SITE 541 HOLE CORE 27 CORED INTERVAL 5189.5-5199.0 (mbsl) 238.5-248.0 (mbsf)
2 FOSSIL FOSSIL
- § CHARACTER - CHARACTER
g =, el zlg 5. = MAE ]
o = | =
BEE HE 2 £ ol i H LITHOLOGIC DESCRIPTION L g HEIE g £ Rlire gt LITHOLOGIC DESCRIPTION
AR HEE 23l ol o w3 |2 Z TN
£ |E g & = =7 |E 3 | = =
i i Fl (ol i
H HIE E HEHEHE 3
CLAY and MINOR ASH CLAY and MINOR ASH
® interralty fractured and slickensided uniform gresnish @internally fractured and alickensided greenish gray
gray (BGY 5/1] to olive gray (6G 5/2) clay, with local BGY 572 [5GY 5/2) elay mottled with dark greenish gray (5GY
. medium gray INS) toturbated ssh. Drilling disturbance N5 4f1) and gray [NB) burrows. Some intervaky of dark
gv?n- minge, but rotation shear surface occur wery 3-5 cm. ish gray (5GY 4/1),
e Material #1ift anough to hive sllowsd surface disruption ®Moderately deformed with rotation shear surfeces com-
by splitting with piana wire. mon
®No major ath beds,
SMEAR SLIDE SUMMARY (%]:
2,40 3,10 4,126 565 6,28 SMEAR SLIDE SUMMARY [%):
D o [+] o o o .88 286 3,100 4,98 65 730
Toxture: BGY 512 o M o o o
. - - - - - 2 ) Texture:
Sily 3 4 5 5 4 Sand - 2 1 4 1 1
Clay o7 a8 86 95 a7 B4 Silt 3 a 8 7 4 5
Composition: Clay a7 20 80 -] L3 i
Quartz T T L] 1 1 Composition:
Feldspar 2 2 2 2 2 2 Quartz 1 1 1 2 1 2
Heavy minecaly - T T - - - Feldapar 1 1 1 1 1 2
Ciay s 83 0 @ 84 o3 Clay % 78 83 8 08 88
Volcanic glas 3 3 5 3 a 4 Volcanic glass 2 20 - 0 2 5
Carbonate unspec. =] 2 2 E - - BGY §/2  Calc, nannofossily = = Tr - L 5
Calc. nannofousily = T T L - -
€aCO Bomb (%):
1,107 =05
CaCO., Bomb (%1: .
5GYS-  383p 5,60=06
§ BGY 572 48810
L]
g
BGY B2
5 g
= a8
gle H
g
.
5GY 51— 5GY B2
SGY 5/2
BB
-
5GY 4N
NS
BGY 5/1
B -
BGY 4/
5GY &1
00
BY 52
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SITE 541 HOLE CORE_ 28 CORED INTERVAL 5199.0-52185 (misl] 248.0-257.5 (mbsf) SITE 541 HOLE CORE 29 CORED INTEAVAL 6208.5-5218.0 (mbsl) 267.5-267.0 (mbsf)
: FOSSIL o FOSSIL .
¢ CHARACTER » 5 CHARACTER
8 AR Z| 2 g (3 r z|»
o ol = 2|3
'f‘?" % H § £l B | etoay LITHOLOGIC DESCRIPTION e E% HEE Bl | i Shamic, LITHOLOGIC DESCRIPTION
| =
HHHEHARHE +EF A HHEH AR T EH
£ HHE E i SRR E ;
HIE B ERHEIRE 52
CLAY ang MINOR ASH CLAY and MINDR ASH
®Oilve gray (5% 5/2) to greanish gray [SGY 5/2) with @ Dorrinant colors: gresnish gray (3G 5/1), olive green
EP lesgen grayinh brown (2.5Y 53] and goay (5Y B/ [5Y B/1), and grayish brown (2,5Y 5720, Minor caler:
clay. Ash i gray [NS) and greenish gray (5GY 5/2). ] 5G 5 dark gray [10YR 4/1) (ash). Each section is fairly unic
Lt ® Doformation moderate through Section 5, 130 em, form with but mings colar changes. Core % mattied on
intanss below, Rotation shear surfeces abound in bess i @ very line scale with few recognizsble burrows, o |l
defnemed upper portion of cars, burrows hive been plastically deformed. Deformation
® Core i tractured and slkckensided with zone of intense minar, with rowstion shear wrfsces every 3-5 cm
disrisptian, @ Not much ash in this core,
N5/ ® Ash bed in Section 3,
i SMEAR SLIDE SUMMARY [%]:
SMEAR SLIDE SUMMARY (%): 5GY 5/1 1,100 2,100 3,80 4,90 670 670
1,91 2,80 365 450 5110 6,45 o ] D '] o o
o o ] o o o EYE1 Texture:
¥
8 ” sk Texture; s Sand - 2 1 - - 1
Sand 1 - 10 - 1 1 z Silt 5 10 L 5 5 5
St s 4 = 3 9 5 E| |om i Oy % 88 90 85 @5 o84
Clay 96 98 ] a7 0 L] o Carmpasition:
il NG/ Campasitian: g Cuorte 1 2 1 1 2 2
Quarz 1 1 2 1 1 1 £ Faldspar 7 a 2 2 1 1
Faldupar 2 2 1 1 2 2 3 Clay 52 s gz B3 £ 63
i Clay E T 67 80 62 50 L WVoleanic glass % 10 5 4 3 3
§Y572  Volcanic glas 5 4 T 5 T BGY B/1  Calc, nannofossils 5 T T a0 A 1
Carbarate unspec. 2 - - ] - - 8
] s Earamaatars, E = - - i C4C0 Bomb (%):
Cake, nannatomil 0 Tr Tr » 30 50 - 2,30=05
4 10=24
CaCOy Bomb (%)
P 5Y 52— LBE0S 48
SGYS?Z  434e53 H
5 108« 126 o
i = 51512
.g BGY 51 i
} ‘ ) °
B g
AN o .
2EY 52 FINER
8
28Y52
Y 62
cp
o 5GY §/1 o 1OVRN
= AP
.| 28ven Z
3
E ] oo
&Y &2 H == = i Y52
z . hs
. g ap — '
g £ T SEe
5 .
i | : ' |
3 S i
L 3
&Y 672 ; =
E P cc B = BY 52
) .-
; H
B P : 5GY 51




SITE

6v1

541  HOLE CORE 32 CORED INTERVAL 5237.0-5246.5 (mbal] 286.0-295.5 (mbsf) SITE 541 HOLE CORE 33 CORED INTERVAL 52465-5256.0 Imbsl) 20565-306.0 (mbsi)
H FOSSIL E] FOSSIL
§ [ |__CHARACTER | Ly E CHARACTER
Zulg]| 2 g Z|l e 8 |z lel= 2| @
e |2E|S = GRAPHIC cgwle| 2 o & 4
i E 5 g E| E | Jmwotosy L . LITHOLOGIC DESCAIPTION 'f'g' [ i 5 E|E Pl L3 LITHOLOGIC DESCRIFTION
27 = £ = 3 ! wl 2 =3 -
A SHHHE £ EH 2 tHHHED T iH
AHEEHE 3 ERHEEHE FEH
oM MARLY NANNOFOSSIL DOZE and MINOR ASH e MARLY NANNOFOSSIL OOZE, MARLY FORAMINIFER
®Dominant calors: clive gray (Y 8/1-6/2), olive (5Y NANNDFOSSIL OOZE, and MINOR ASH
5/2), gray (5Y 5/1-2.5%Y B/1], Minor calor: gray (2.5 ~ o Dominant colors: olve gray I5Y 572, gray (5Y 8/1)
EY a/n- 41311, darkc gray (2.5 &/1]. very dark gray [5¥ 3/1) ol 7 |boraminifersich zonesl. mattled with geay (SY 5/1)
< Y &2 anh, with gresnish gray I5G 8711, grayish green (10GY = (= ! ~ wn places. Minar colorn: dak jeay (5Y 31) mh and
= 5/2), and blulsh gray (58 8/1), alwration Zones mext a I.D: light bluish gray (BB T/10 #lieration zones in suhy
g to wh. é BY 571 harizans
o o ® Deformation alight, with rotetion shear surtsces abain ® Deformation  moderate  throughout, ofaton  shes
g E H surlaces every 3-5 cm,
2| 25Y 41 #Biaturhation prominent threughaut. g , » Blaturbation ubiauitous, Taint except in ashrich zones
a ®inclined beds and 8 fault ooour in Section 5. b Thees peaminent ash beds in Sections 3, 4, and 5
g i ® Thare are several prominent ash beds. E ® Tiited beds o Segtions § and 7,
BY
= wy Note: smear g Y ‘ 5Y 52 Note: smuar shides undersatimate clays compared with bome
2
" SMEAR SLIDE SUMMARY [%): g " < i SMEAR SLIDE SUMMARY i%):
L3 470 : ! 303 4,80
M B LU o
Texture: Tuxtare:
BYER Sand 12 a 1 Sand % 3
silt LL] 5 Silt 20 0
10YR 31 Clay 5 L ' Cay LA
o Composinon: . Comgposition
vC/ Feldspar a7 bt ] 5Y 672 a8
M Hemvy minerals 3 - Hewey minarah 2 -
3 Clay > 4 g i 3 Ciny - i
BY 5/2— Weleanic glass T - Walcanic glai 50 =,
BY 51 Carbanate unipec. - 2 _g _31 i Carbonate urspec. - 1
Foraminifors = 5 i o s, Foraminiters - n
Cale, nanncfessils = &8 E i . Cale. nannofossils - B4
" BYR &2 2 s Sy an
CiC0; Bomb (%) I Pr 400, Bomb (%)
1.56= 411 LJ| 11 g 1,104 = 26.6
5,34=382 R il 7,31 =454
. £ L s
4 s 4 -
z ol L ! .
£ . M FiL
@ 3 i 5Y 52
z 3 '
E-
g 5YE2 § l 4
-
= L.
= L
g i = e 5Y 62
5 z 5 et
EIE | fom . g
E saan H L
¥ = 1 e . 5Y &2
5 =
< BY 612 +
8 N
iz A H
; —: |
b L]
3 J‘_|_ 1 Q
3 6 E =1 6 —'-—_"
E E : e
=L
|E 2 s¥ 8
n
BY an bl N
| —
s T e i | svs2
- = 2 J_.J_
Za| o = i
g g 7 = j'_.l. | %
El _l.-L )
L [cC il |
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SITE 541 HOLE 30 CORED INTERVAL 5218.0-52275 (mbsl) 267.0-2765 mbst SITE 541  HOLE CORE_ 31 CORED INTERVAL 5227 5-5237.0 (mbsl) 276.5-286.0 {mbsf)
g FOSSIL 2 FOSSIL
- g CHARACTER i g CHARACTER |
8 |z.l2TaTe z| = g |=a ? ale HES
£E gg HE ; 2 & I.:Il":l'::m:gv LITHOLOGIC DESCRIPTION == EE £ g 3 g I Lﬁ"m)?rc:gv LITHOLOGIC DESCRIPTION
HFEHHE I 255 P FE I R 225 o
§ S E 2 nlE E 4 = |k |2 @ g #) = 5
= |8 13|53z 2 |2 g gl2 : §
g |2]= & E &, E a |2 2la 3
.
CLAY, NANNDFOSSIL CLAY, MARLY NANNOFOSSIL P | MARLY NANNDFOSSIL OOZE. MARLY FORAMINIFER-
OOZE, and MINOR ASH _L_J' HANNOFOSSIL DOZE, and MINOR ASH
FP ) ® Cove has steeply inclined beds above 8 Tault juxtigon ng 0.5 = @ Dominant colors: gray ((5Y §/1), olive gray 15Y 5/2),
Y 52 Miccene {upperh and Piiocens {lower) sediments af o =] gt | BY E— Iight gray [5Y 6/1), marty narnalossil ooze; gray (10YR
different ltnologes. g __I-_I. 5Y 82 B/1-B/11 marly foraminiler-nannolonsid coze. Minor
® Major colon: olive gray (BY B/2-4/2), grayith olive L colors, gray [26Y &/1-NG), asrk gray (5Y 4/1), and
green (SGY 5/2-5Y 5/2), clive (5Y 5/3). gray 5Y S/ o B (black [10YR 2.5/1) wpecki of ssh,
Minor colors: ING) ash speckles, dark gray (5Y 4/1) _I_-L ® Deformation mingt, with rotation shear surfaces weery
matties. _‘_'-lv . 3-5em.
® Defoomation moderate, with rotation shear surfaces i ®Faint burtow mottling throughout Mo major ashen
mvery 3-5 cm. Hm twated inclined bedding surface it -i-_l
o pantern of naggered colors. Faulr in Section 6 be — [l Note: s sildes
tween nannofonibocor and nannofouilrich materisl - _|“4
vC/ o= o SMEAR SLIDE SUMMARY (%]
Mote: smesr slides underestimate clays compared with M ~ === 5Y & 1,80 3,60 560 660
cP bomb, Sactions @ and 7. ] o o o o o
— -l—_‘ Tenture:
SMEAR SLIDE SUMMARY (%) Tl Sarud 2 ! 1 -
1,100 2,100 3,100 4, 130 bt ey St 5 ] L] 12
o D o o = Clay x| al 83 88
Texture! 4 Campotition:
:3\;;(1 Sand - - _ = -I-._l Y B/- Feldspar T - T T
s [ 6 5 5 L Y &1 Heavy minarals L (R (. 1
Chay % 5 %5 85 i Clay 5 10 s 4
Composition: _._J Glauconite = T - =
Ouartz 1 Tr 1 3 =L Carbonate whspec. - - - 6
Feldipar 2 1 ' 2 ol =, Foraminifers 7 o T8
[ Clay. n L] T8 & - Cale. nannofossily B a8 L1 Ba
Volcanic glass 4 - Te 2 A 1l
=0 |
Carbonate urpec. 2 - - = .I_-. i CaCOy Bomb [%):
1 .I._-I 5Y 5/2 1,130 = 28,0
586 6,125 5160 7,60 1 B 111=396
] o o -
5Y 582 Texture * i H 5Y 52
Sl - F R 1 o 3
= 8 i
E il B & 4 a oM 4_.!.
2 FP 5Y 6/3 Clay o5 o2 96 o5 oL
= Companition el |
B Chiarts Tr 1 1 1 = .I.-L '
é Feichpar 1 1 1 1 g o \ 5Y 5/1—
Clay 48 63 48 20 2 - | 5Y &2
Veleanic Tr 5 2 2 =
Cale, nannotossitt 0 30 0 0
Carbonate unspec. - - 0 a ! BY 81
5Y 51 Faraminiturs = - T 3
| e Cule. nannotomin 50 0 ":lc-" ‘ 5Y 61
£ 5Y 52
&
E A 5Y 612
£ CaC0 Bomb (%) p T ey
: sv 8 S0y ase ] = |
5Y 62 = c
5, 103=8.32 —.:4_ \
E =
HLG FSYBH i_._ ‘ Y 6N
= I Tl
e o]
s =L 5Y 572
w 5Y 52 =
1. - i e |
N 41 z L
2 i-z; 5Y 4/2 52 i_l. :
g5 g Y62 H E - sv 82
T 85 2 L] |
™ oM £ -
E g g Y 572 £ e R wean
jomj e |‘§ cufen S | 10YR 511
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SITE B41  HOLE CORE 34 CORED INTERVAL 5266.0-5265.5 (mbsl) 306.0-314.5 (mbsf) SITE 541 HOLE CORE 35 CORED INTERVAL 5247 5-6275.0 (mbsl) 3145-324.0 (mbsf}
E FOSSIL 2 FOSSIL
CHARACTER CHARACTER
§ E FEI El 2 g FAARE i El 2
=13 = = <33 = =
=|§ HHEE E| & Bty 43 LITHOLOGIC DESCRIFTION = £3|t i £ R pane LITHOLOGIC DESCRIPTION
HEHHHAREE 1P A AHHHHBEE £ H
2z |2 g HE = § = olE |3 H HE ] ;
2 |2 5 E I HE & 3 d
BV an = 25Y 672
MARLY NANNOFOSSIL DOZE and several prominent J__I. NANNOFOSSIL MUD sitermating with MUD lower in the
SYR4/1 ASH BEDS pet iy U P corm; MINOR ASH
@ Dominant colors: gray (5Y 6/1) darkening downward '--dd H ® Dominant colros; fight beownith grey [2.5Y 6/2], gray
oM ] . 5Y B/1 @through light brownish gray (2.8Y 6/2), olive gray (BY oM ".I.. {BY 1), ative [5Y 5/3), gray (BY 501), becoming
1 : £/2), and olive (5Y 5/3). Minor colon: black (5Y Z.5/1), ! 4 ' darker dawneare to olive gray [5Y 5/2) sltemating with
gray [5Y &/1), brewnish gray (5YR 471) ash, and gray J_:J- SY 6 grayish brown (257 5/2). Minor colors: ashes are alive
. | {6 5/1), efive geay (SY 5/2) ashy coze. L gray {5Y 5721, medium dark gray (N4), and gray (5Y
N @Deformation moderate, with rotstion shes wirfaces i 4/1), Altaration mesr ashes is light blulsh gray (58 11}
- svary 3-5 cm. Several prominent ash beds in this core Bl | | sy an @ Deformation slght throughout, with rotation shaar
| with sharp lower contacts and bioturbated upper Tones, J-J_ ’ surfaces shundant.
)] i BY &1 i . Epecially rar 5 Ly ® Bioturbation distinctive, sipecially near ashy sones,
| nsh Bads. = A_-L ® Seversl prominent ssh beds in core.
i g # Tilted ash kower contacts Sections & and B, £ M ] 5Y 812 ® Sore dipping tuirows, Section 6.
i i ] 5Y 6 ) . ] o H I - ith bamb
2 Note: smear § ;‘ 2 t“' . 5Y &1 Note: smaar st 2l
SMEAR SLIDE SUMMARY (%] J_"L I } SMEAR SLIDE SUMMARY (%1
80 573 [ sv52 2,80 5,60
o M 1 i [ o
Texture: = H Tesctura:
( Y &2 Sand e W fe ] E Sard I
1 Siit 20 30 3 = Siit 10 18
Clay T8 w b
1 . E L Clay 87
| I Composition: § § ‘_.J. e Compomtacn
cP i Quartz = Feldsaar Tr -
3 Feldypar - 40 g o 3 J_-.' [ Clay 20 25
| Heavy minerais = 2 & L™ Valcanic glass 5 -
sY 82 Clay w0 < Eoraminifers 2 T
Valcaric gess 43 =4 & Cale. nannotossits 73 6
Carbonate unsoec, Te - 1 an
E Foraminifees 5 - =001, » CaCO, Bomb (%):
& 1 | Cale. nannafouils ki - "'_l: 4, 103=13243
= h l 6,33« 386
-1
g a 28Y 82 CaC0Oy Bomb {%); 1] 5Y B
& a 2,82-33 cp i
g (-1} 6,108~ 314 g 3 I_:
g = -
= 1" YR 4N E |_"'
L] gi i = 1] 25Y 512-
- 2EY 82
g P é B
L 25Y 82 = -'L [
- N |
2| |n 5Y 251 g o i" 28Y 52
z g 5 a DILTEEL . 5 X l 5¥ 401
4 =
s -k 25Y 5
8 L v 52 25ven
£ ) If )
g - | 25Y 572
e l ,
1t EY 2.5/1 | 25Y &2
Iy -+ *
= [} -, (=] [
2 & | 5Y 5/ = f 2AVHR
= E iy 2 ‘ ¢
= Vs &
i o E
T3 Bl 8 !
z & ke = 25Y 62
= 5Y 63
= lomjem cc -~ | 2 E
2 | I 2552
i :
i 3 | 25Y 612
= 5 B (em cC e TEY &2
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SITE 641  HOLE CORE 36 CORED INTERVAL 5275.0-5284.5 (mbsl) 324.0—333.5 (mbsf] SITE 541 HOLE CORE 37 CORED INTERVAL 5284.5-5294.0 Imbsll  333.5-343.0 (misf}
1 g r— 2 FOSSIL .-———
g 2 Tm ,‘ | CHARACTER
H - z| 2 ] AEIF | 2
e 228 H -] GRAPHIC g, |8w E gl & GRAPHIC
| g kels H E LITHOLOGY LITHOLOGIC DESCRIPTION B E g § g £ E LITHOLOGY LITHOLOGIC DESCRIPTION
§ g HEELE ] +1H A HHE RS ¢
= ! = =3
A HHHE T HHEE 3
25Y 82
HANNOFOSSIL MUDSTONE j l CLAYSTONE, NANNOFOSSIL CLAYSTONE and MINOR
This core came from s bedly damaged, bent, and twitted ASH
z 10¥A 473 * core liner, 0.5 e ® Dominant colors: pale brawn (10YR &/3), vown (10YR
I o ® Biowrbation is intense. H i 5/3), grayisn brewn (10YR S/Z), light brownish gray
4 ® There are no ash beds = 1 L[] (2B B/2), live gray (5¥ 5/2), and geay {5 5/,
5 ® Dofarmation dus 10 drilling and caring it intarse. Thare J}: ﬂ ® Minar colors; gray [N}, greensh gray {5G B/1), and
g wa horizonial rones ol intenie drilkinduced shesr up = olive black [5Y 271} msh, plus pale greenish gray (5GY
3 10YR 53 =ity i E raL o Dulomion. Mectareis Wil v eer, wrbaom
B - planolites, nd o - A rw;:;nn e, W atation
bufronws oocur. ey em,
Pa % ® Colors are light brawnish gray (2.5Y 6/2), brown (10YR - ® Bioturbation scours sporadically,
= 4/3 and 573, and brownish gray [25Y 5/2) r ® Leeslly forsminifer-dearing
2 é v @ Prominent ash tieds in Sections 4 and 5.
S B e Bomb (%): »
Za| ™ 1,405 251 2 Note: smasr »
2,20 25,1
ArjcE SMEAR SLIDE SUMMARY (%):
1,83 4,49 4,80 B 75
o o M M
Texture!
1 - 0 s
Silt 10 3 1w 18
Clay B9 o 30 x5
Compasition.
P Cuartr - - T -
3 5GY 611 Feldspar T 1 3
™ Heavy minarats Tr - -
Clay @ @ B B
WVoicanic glass (-] Tr & 80
Cale. nannafossils 54 B 5 - i
CaCO, Bomb [%]:
-48
5.80% 111
B
oM 4
8
cr ]
s
:
r
£ 6
4 7
8 fcm
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SITE 541 HOLE CORE 3  CORED INTERVAL 5294.0-53035 (mbs)) 343.0-3526 (mbsf) SITE 641 HOLE CORE 39 CORED INTERVAL 53035-53135 (mbsl) 3525-362.0 (mbsf]
H FOSSIL 2 FOSSIL
w i | CHARACTER | § g CHARACTER
FEMEE T 3 ] LM E El 2
£ (2 = GRAPHIC £~ |2% 1 ] GRAPHIC
[ ;E g g E 4 LITHOLOGY LITHOLOGIC DESCRIPTION rE EE H g 2 el LITHOLOGY LITHOLOGIC DESCRIFTION
w3 [ L1 FR 3 A A g
£ |E |2 8 E H E
o BHHE FE il BEHE :
EH = 3 Xk El K H 3
3 | CLAYSTONE with MINOR TUFF CLAYSTONE with MINOR TUFF
~ @ Dominant colors: light graylih brown [2.8Y 5/2-8/21, ® Sections 1-4 soupy, intensely disturbed by diifling,
0.5 becaming darker olive gray (5Y 5/2 and 5Y 4/7] down- » Sections 5 and 6 consint of individual pieces up to B
- s E cora. Minae colors: gray (NS—-5Y 5/1] mh and ofive A &m long embedded in a fing gravelsized matrix of safe
E gray I5Y 4/2) burrowed ssh. 1 claywons, The pisces have rotationsl shear surfaces
101 “; iy @ Surface of sections has bean discupred by plancwire | L resulting from drilling.
e 25v 2 salitting. u ® Mujor colon: ofive gray (5Y 5/2) loupy material),
a ® Slickentides occur at some interval, olive gray [BY 4/2] lcaherent material].
- ® Burrowing not very visible becsuse of surface disruption,
® Tulf bad In Section 8, SMEAR SLIDE SUMMARY (%)
1,90 2,30 3,10 410 510 512
SMEAR SLIDE SUMMARY (%} . o o o o o L
e 2,80 3,70 4.%0 580 6,680 Trocuen:
o o +} o =} o 8 Sand : 1 3 L] 3 . ]
2 Texwure: 2 Silt 4 4 4 4 3 10
Sand - 1 2 1 1 . Clay a3 85 a3 a 84 o
i st 3 E 2 4 4 4 z | "
Clay Ly 85 o B4 % "% 8 . Cuar 1 1 1 2 1 1
Composition: E = vaio Foldupar 2 2 2 3 2 2
Cuartz 1 1 1 1 1 1 e Clay 35 40 n 30 n a7
Feldspar 2 2 2 1 3 2 E ! - Voleanic glass a T a 5 ™ 50
Clay o3 b bl %% L b a ] Carbanate unigec. 4 - - - - -
Volcanic glaws 2 § T 3 8 2 5 . Faraminitars s ) 5 woow -
Cale. nannofossits ! 2 2 Tr Tr 1 i - Calc. nannofomis 50 52 66 50 50 ™
P u
b 3 3 31 wvoo
CaCO4 Bomb (%) (=1 p Bomb (%]
257 62— 1,84% 60 -] 5,437 00
25Y 52 7.5-00 .
< R
1] Jo .
BY &2 -
I |0
] o
5 = Q
4 4 Q
s i (o]
1 e
5 412 -
B ] A
5| |
L] 5 AP 3] !
£ |
& B | RP cC S
=
o
g‘ & ]
g E : Y4
E 5 L}
7 rers i 1 SY 52
8l cc = R
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541 HOLE CORE 40 CORED INTERVAL 5313.0-5322.5 (mbsl] 362.0—371.5 [mbaf) SITE 541 HOLE CORE 41  CORED INTERVAL 53225-5332.0 (mbsl) 3715-381.0 (mbst)
2 FOSSIL = FOSSIL
o 3 CHARACTER v |B CHARACTER
8 AEE zl e - 8 AE @
- |02 & E (-4 -1 GRAPHIC £ Ee = § = GRAPHIC
I ;§ £ z E| E | umHoioay < LITHOLOGIC DESCRIPTION 13 g % ! E| E | umioloay LITHOLOGIC DESCRIPTION
g ¢ HHBEE ] S HHHRLEE 1P
F |8 gz : = HHEIE 3 5
R HE R 3 HEIESE 3
CLAYSTONE snd MINOR TUFF CLAYSTONE, NANNOFOSSIL CLAYSTONE and MINDR
> ® Grasniah gray (5GY B/1) with bits ang specks of darker TUFF
05 ™ ash. Very uniform, Core his sppesrance of coharent 2 ® Domimant color: gresnith gray [5GY 5711, alive gray
f - chunks up te 10 cm jang embedded in & broken-up ] BGY 5/ 15Y 5/2), and grayish green (5GY 6/2)
- brecciated claywtone matrix. Hotstional shear surfsces ® Cose has sppaarance of caberent chunis smbedded in
m ara sbundant. Core ha faintly mottied appesrance, an ingensely whesred o brokenup matria. Probably
1o potsibly burtaws rearranged by plestic defarmation in shesrsd zonei reprasent penetrative deformation, Rota
& fault zone. fhon sheor surfaces coour in matr
® Bioturbation is preserved jocally but generdily the cods
SMEAR SLIDE SUMMARY (%}: has & mottied sppesance, wggestinrg pre-driliing burrow
1,36 1,58 2,84 381 dafarmation,
" ° e " @ Gray [N&1 tuff with horizontal green siresk accur in
Texture: B . Section 3
. Sand 5 - 0 saieh @ Locsl carbonate-enriched zones otzur not evident from
2 s & 4 L el . cote colos variation.
] Clay 80 B % 0
Compasition: SMEAR SLIDE SUMMARY [%):
Quartz 2 2 1 - 1,60 2,41 3,74 458 586 635
Feldspar 3 3 ] - o o " o ] B
Clay B w0 8s 0 Texture:
Valcanic glass 20 5 o o Sand - 1 30 1 1 3
o M4 Sl 2 4 0 4 5 4
5,67 6100 7.80 Clay o8 a5 50 95 L a3
o [+] i Camaasition:
B - Taxture: I BY 52 Ouartz 1 2 -] 1 2 2
3 Sand - 1 1 Faicipar 2 ERERT 3 3 3
silt 2 L] 3 H-] Cay 95 93 48 & @ 0¥
Clay %8 95 o8 L] Waleame ghans 2 2 a0 3 3 1
Compasition: )] Foraminifers - - - 1 - &
Cuartz - 1 Tr Cale. mannotossit Tr 1] - 50
Feldspar - 3 2 8 .
Clay il 84 a0 |
Valcanic ghass ] 2 8 11 CaDD; Bomb (%)
Caic. nannotossils 20 T - Ll 3,00=10
» 436244
F .
*la 4 CaC0, Bomb 15): & "
1,40% 05 5Y 572
4,85=10 L
] .
1|
e
H— 5GY 51
: R
5 - !
- =
z -y
g
E L] sys2
= L -
£ B = L]
RP
4 . #
i =N 5GY 672
i |
1L
] BGY &1
: 8|8 >
7
-
] 8 cc




SITE 541

6332.0-5341.5 (mbal] 381.0-390.5 (mbsf)

AP

991

HOLE CORE 42 CORED INTERVA| SITE 541 HOLE CORE 43 CORED INTERVAL 5341,5-5351.0 (mbs!] 380.5—400,0 {mbsf]
FOSSIL FOSSIL
CHARACTE - | _CHARACTER
M g R EME g HE
3 GRAPHIC = - GRAPHIC
‘g é E ﬁ LITHOLDGY LITHOLOGIC DESCRIPTION £ é & S g 2 | LTHoLogy E LITHOLOGIC DESCRIPTION
H HHBE 3 ¥ g : § ¥ g
& =1 Lo 2 2
g H 3 HE
CLAYSTONE and NANNOFCSSIL CLAYSTONE, very CLAYSTONE and MINOR TUFF
MINOR TUFF ® Dominant coloms: gresnish gray (6GY 5/1), grayih
5G 511 @ Dominant eolars: graanish gray (56 6/11 |I:ﬂ‘|l gresnish 05': 5G &1 brown [2.5Y 5725, grayish bruvm_ 10YR 4/2], dark
gray (BG B/1), snd clive gray (5 5/2), Minar colon: 1 -l grayish brown 28Y 4/2], and olive gray I5Y B/72)
! greeriisn gray (BG 5/1) and dark greenish gray (6G 471} B :;I;‘:, w¢:k“ ﬂm:2 :m”no:n 4/3), bisck (5Y
mattis. N , and gray (2. twff,
® Upper part of care hm coherent chunks in erumbly 103 ® Top 40 cm of Section 1 has kemps that probably fall
matrix, Lower part has coherent chunks biending with d':dn.dth- nwl:‘.mm: Hll.dwl::l of extensively
highty fractured and sheared matrix. sheared, tectanically disrupted material.
® Part of shearing dus to drilling rotation. Rest probabdy wSections 4 and 5 heve coherent lumps of material in
original tectonie fabric. 7 crumbly matrix, Sections 2, 3, and B are pervasively
@ Some chunks have haaled microfraciures. =1 fractured, Upside-down ath Section 6.
@ Burrows prominent. wBurraws are prominent on coherant churks.
56 Bi1= . 10YR 472 @ Rotation shear surfaces sre abundant and comolicate
2 5G 8N SMEAR SLIDE SUMMARY (%): 2 Interpretaton of ariginal tactonic features.
EP 6,50 7
1,82 260
D M [} — SMEAR SLIDE SUMMARY ([%):
Texture: 7 2,80 5,97
= 1 - V] o
St 1 8 T
- Clay L] L1 oo - > Tr Tr
= Compasition - w2 5 Te
o Feldspat 1 Tr Tr = ¥ 00
- Heavy minersls Te - Tr
AP ] Ciay @ w8 2 T
3 Carborats umipec.  — 10 1 3 3 I
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