4. SITE 5211

Shipboard Scientific Party?

HOLE 521

Date occupied: 0740, 2 May 1980

Date departed: 0108, 4 May 1980

Time on hole: 43 hr.

Position: 26°4.43’S; 10°15.87'W

Water depth (sea level; corrected m; echo-sounding): 4125
Water depth (rig floor; corrected m; echo-sounding): 4135
Bottom felt (m, drill pipe): 4141

Penetration (m): 84.0

Number of cores: 21

Total length of cored section (m): 84.0

Total core recovery (m): 75.4

Core recovery (%): 90

Oldest sediment cored:
Depth sub-bottom (m): 84.0
Nature: Nannofossil ooze
Age: middle Miocene
Measured velocity (km/s): 1.54

Basement sub-bottom depth (m): 84.0
Principal results: See discussion following Hole 521A data.

HOLE 521A

Date occupied: 0108, 4 May 1980

Date departed: 0604, 5 May 1980

Time on hole: 29 hr.

Position: 26°4.54’S; 10°15.59'W

Water depth (sea level; corrected m; echo-sounding): 4130
Water depth (rig floor; corrected m; echo-sounding): 4140
Bottom felt (m, drill pipe): 4140.6

1 Hsii, K. J., LaBrecque, J. L., et al., Init. Repts. DSDP, 73: Washington (U.S. Govt.
Printing Office).
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Penetration (m): 71.1

Number of cores: 17

Total length of cored section (m): 71.1
Total core recovery (m): 64.3

Core recovery (%): 90

Oldest sediment cored:
Depth sub-bottom (m): 71.1
Nature: Nannofossil ooze
Age: middle Miocene
Measured velocity (km/s): 1.54

Basement sub-bottom depth (m): 71.1

Principal results: Holes 521, 521A—

1. Establishment of partial correlation of biostratigraphy,
magnetostratigraphy, and seafloor lineation down to early Mio-
cene (Nannofossil Zone NN4, Foraminifer Zone N8, Magneto-
stratigraphic Chron C-16-N, seafloor Anomaly 5C).

2. Confirmation by biostratigraphic data of a basement age of
NN4 deduced from the assumption of a linear seafloor spreading
rate.

3. Magnetostratigraphic calibrations of the following datum
levels: lowest occurrence (LO) of Discoaster brouweri, 14.9 m.y.;
LO of D. exilis, 15.8 m.y.; highest occurrence (HO) of Helico-
sphaera euphratis, 16.1 m.y.

4. Confirmation of previously calibrated datum levels of some
key Neogene nannofossil and foraminifer species, notably the Or-
bulina datum at 15.1 m.y.

5. Reinforcement of conclusions derived from other Leg 73
sites, where our new magnetostratigraphic calibrations contradict
the presently established datum levels, notably the LOs for fora-
minifers Globigerina nepenthes, G. druryi, Sphaeroidinellopsis
subdehiscens (all of which were too low here) and nannofossils
Catinaster coalitus, C. calyculus, and D. quinqueramus (all of
which were too high here).

6. Recognition of an oxygen-isotope shift (in the benthic fora-
minifers) of more than 1%, during a 1-m.y. interval starting about
14 Ma, synchronous in timing with a worldwide cooling event.

7. Recognition of two dissolution events during the Serra-
valian and early Tortonian (13 to 9 or 8 Ma) and during the Messi-
nian and early Pliocene (6.5 to 4 Ma).

8. Recording of a bulk sedimentation rate of about 2 m/m.y.
for highly dissolved sediments and of 6 to 11 m/m.y. for less dis-
solved sediments. Insoluble-residue accumulation rates of 1.0 to
1.4 m/m.y. were recorded for all sediments.

BACKGROUND AND OBJECTIVES

Site 521 is the easternmost of the three-site Miocene
transect drilled during Leg 73. The original objectives of
the leg, as defined by the Ocean Paleoenvironment Pan-
el, were (1) to obtain calcareous middle Miocene sam-
ples for paleoceanographic analysis, (2) to analyze and
correlate the biostratigraphic and magnetostratigraphic
time scales, (3) to ascertain whether the South Atlantic
seafloor spreading rate has been linear since the begin-
ning of the middle Miocene or whether the spreading
slowed or halted during the middle Miocene, and (4) to
compare the results of drilling on the eastern and west-
ern flanks of the Mid-Atlantic Ridge. The site was to be
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positioned on or near Anomaly 5C above a Langhian
crust about 17 m.y. old, some 2 m.y. older than the
crust at Site 520. The site was selected on the basis of
geophysical data provided by a cruise of the R/V Con-
rad. A detailed seismic survey carried out by the Univer-
sity of Texas Marine Science Institute (UTMSI) at Gal-
veston in 1979 indicated the presence of small local
basins in this region. Two alternative sites, designated
SA IV-3A and SA IV-3B, were originally chosen on the
slope and in the center of a basin, because it was not
possible to determine during the panel discussions wheth-
er a slope or a valley site would be preferable for pale-
oceanographic sampling. The shipboard co-chiefs were
to decide the drill site after drilling at Sites SA IV-1 (Site
519) and SA IV-2 (Site 520).

The experience of drilling the first two sites proved
that it is important to study the sediments in both types
of locations. The common preference for submarine
highs for drilling may have biased the sampling of ocean
sediments. During Leg 3, for example, almost all the
drilling was done on hill-slope sites, and sedimentary se-
quences with depositional unconformities were encoun-
tered. The drilling at Site 520, which was in a small
valley of nearly maximum accumulation, resulted in the
surprising discovery that basinal sediments may belong
to facies quite distinct from slope sediments. Yet the ex-
perience we acquired also taught us that sample mate-
rials from ponded facies, which include biogenic debris
of unknown origin, are of very little use for the detailed
analysis of paleoceanographic events. The pelagic sedi-
ments on a slope, despite the unavoidable unconformi-
ties due to erosion or dissolution, can at least provide
useful samples from time intervals of moderate or fast
sediment deposition (10 m/m.y. or greater). Further-
more, rotary coring is necessary in very deep sediments;
rotary drill cores are usually disturbed, and recovery is
often poor (e.g., 28% at Site 520). These cores are
practically useless for the paleomagnetic studies needed
for precision stratigraphy. Therefore, to complement
the basin flank and center sites already drilled (Sites 519
and 520), we located Site 521 on a hilltop in a pelagic se-
quence where both slumping and the trapping of rede-
posited sediments by basement relief would be unlikely.
We further hoped that the effects of dissolution, which
had greatly condensed some of the upper and middle
Miocene sediments at the two previous sites, would be
minimized by the higher elevation of the site.

The final location selection was based on a sparker
profile by UTMSI, which showed sediment deposits of
nearly uniform thickness draping an undulating hill
slightly west of the two originally suggested drill sites.

We were able to find the site, but the shipboard air
gun profiling was inadequate. It was not clear whether
the dark reflectors beneath the transparent part of the
section were lithified sediments or basement. The low-
er reflector showed strong lineations suggestive of the
lower reflector sequence at Site 520. Therefore, base-
ment depth was estimated to range from 100 to 250 m.
We believed it would be possible, in either case, to pene-
trate the entire section with the hydraulic piston corer
(HPC). Consequently we decided to use the HPC, as the
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panel had recommended. If the drilling was successful,
the cores might provide detailed biostratigraphic and
magnetostratigraphic results from undisturbed sediments
as old as late early Miocene. Our specific objectives at
this site were (1) to analyze the calcite compensation
depth (CCD) changes in the late Miocene and early Plio-
cene (which were first discovered at Site 519), such analy-
sis to include the duration and magnitude of the changes;
(2) to determine whether the late Miocene and early Pli-
ocene diatomaceous sediments that were preserved as
laminated diatomites at the basinal Site 520 were present
as oozes at this site; (3) to investigate the details of the
magnetostratigraphy in a section not severely affected
by dissolution and to date more precisely the biostrati-
graphic datums; and (4) to correlate the magnetostratig-
raphy with magnetic seafloor anomalies and thus to fur-
ther calibrate the rate of seafloor spreading.

Inasmuch as the site had originally been chosen for
hydraulic piston coring, there was no plan to sample the
basement if the oldest sediment age agreed with that
predicted. However, it was suggested that the pelagic
sections be drilled twice to acquire duplicate hydraulic
piston cores.

OPERATIONS

Site Approach and Departure

Previous experience at Sites 519 and 520 led us to
place Site 521 over a pelagic drape sequence. The new
site was selected from UTMSI Line 11, which indicated
a regional high (water depth: 4000 m) with 100 to 200 m
of pelagic drape sediments. The site was west of pro-
posed Sites IV-3A and IV-3B. In order to complement
UTMSI Line 11, the Glomar Challenger track was
planned to intersect the UTMSI Line 11 in the region of
interest. At approximately 0340Z on 2 May 1980, course
was set at 80° with a speed of approximately 6 knots,
and a reconnaissance of the region was conducted. At
04447, a beacon was dropped over an apparently undis-
turbed region of pelagic drape. The Challenger con-
tinued past the beacon to execute a short survey that
ended with a pass over the deployed beacon. Upon de-
parture from Site 521, the ship executed a second pass
over the beacon to supplement the existing geophysical
data about the relocated site. Figures 1 and 2 display the
ship’s track during the approach to and departure from
Site 521.

Coring Operations

At 0740Z on 2 May, the vessel was in auto on site.
The crew started running pipe down at 0800Z. The sched-
ule called for continuous coring by HPC. The hole was
spudded in at 1644Z, 4141 m water depth, and the first
core was hauled up at 1847Z (Table 1). Coring contin-
ued smoothly all night long. Eleven cores came up at
1.5-hr. intervals, with almost total recovery until 0720Z
on 3 May. Cores 11 and 12 recovered red brown marl
oozes. The next two cores contained more calcareous
nannofossil oozes. At 1235Z, Core 15 came up and was
empty except for a lump of brown nannofossil clay
adhering to the core catcher. (The sample was sent for
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SITE 521

Table. 1. Coring summary, Hole 521.

Date Depth from Depth below Length Length
(May Time drill floor seafloor cored recovered Recovery
Core 1980) (hr.) (m) (m) (m) (m) (%)
Hole 521
1 2 1842 4141-4144 0-3.0 3.0 3.0 100
2 2 1955 4144-4148.5 3.0-7.5 4.5 4.5 100
3 2 2115 4148.5-4153.0 7.5-12.0 4.5 4.4 98
4 2 2222 4153.0-4157.5 12.0-16.5 4.5 4.1 91
5 2 2340  4157.5-4162.0 16.5-21.0 4.5 4.1 91
6 3 0048  4162.0-4166.5 21.0-25.5 4.5 4.4 98
2 3 0210 4166.5-4171.0 25.5-30.0 4.5 4.4 98
8 3 0335  4171.0-4175.5 30.0-34.5 4.5 4.3 96
9 3 0445  4175.5-4180.0 34.5-39.0 4.5 3.8 86
10 3 0600 4180.0-4184.5 39.0-43.5 4.5 4.4 98
11 3 0720 4184.5-4187.5 43.5-46.5 4.5 2.9 100
12 3 0838  4187.5-4192.0 46.5-51.0 4.5 33 73
13 3 0950  4192.0-4196.5 51.0-55.5 4.5 4.5 100
14 3 1120 4196.5-4199.5 55.5-58.5 3.0 3.0 100
15 3 1235 4199.5-4202.5 58.5-61.5 3.0 tr 0
16 3 1405  4202.5-4207.0  61.5-66.0 4.5 2.8 62
17 3 1510 4107.0-4211.5 66.0-70.5 4.5 4.3 9%
18 3 1615  4211.5-4215.9 70.5-74.9 4.4 4.3 96
19 3 1730 4215.9-4220.3 74.9-79.3 4.4 4.2 93
20 3 1845  4220.3-4224.7 79.3-83.7 4.4 4.3 96
21 3 2007  4224.7-4225.0 83.7-84.0 0.3 0.25 100
Total 84.0 75.35 90
Hole 521A
1 4 0132 4140.6-4143.5 0-2.8 2.8 2.8 100
2 4 0247  4143.5-4147.8 2.8-7.2 4.4 3.9 88
3 4 0500 4147.8-4152.2 7.2-11.6 4.4 4.2 95
4 4 0615 4152.2-4156.6 11.6-16.0 4.4 4.3 97
5 4 0736 4156.6-4161.0 16.0-20.4 4.4 3.9 88
6 4 0845 4161.0-4165.4 20.4-24.8 4.4 4.4 100
7 4 0950 4165.4-4169.8 24.8-29.2 4.4 4.4 100
8 4 1110  4169.8-4174.2 29.2-33.6 4.4 4.4 100
9 4 1215 4174.2-4178.6 33.6-38.0 4.4 4.3 97
10 4 1325 4178.6-4183.0 38.0-42.4 4.4 3.1 70
11 4 1425  4183.0-4187.5 42.4-46.8 4.4 1.0 22
12 4 1535  4187.5-4190.9 46.8-50.3 3.5 3.5 100
13 4 1658  4190.9-4195.3 50.3-54.7 4.4 4.3 97
14 4 1820  4195.3-4199.7 54.7-59.1 4.4 3.7 84
15 4 1920  4199.7-4204.1 59.1-63.5 4.4 4.5 102
16 4 2027 4204.1-4208.5 63.5-67.9 4.4 4.4 100
17 4 2144  4208.5-4211.7 67.9-71.1 3.2 3.2 100
Total 71.1 64.3 90

Note: Basement was reached as the last core in Hole 521 was drilled, and the end of the core
catcher was denoted.

CaCO; determination after a smear slide examination
by a nannofossil specialist). The barrel might have been
empty because the flapper valve of the core catcher failed
to close; the great resistance of the red nannofossil clay
makes such a failure more likely. Since it was not certain
whether the HPC had achieved a full stroke, the next in-
terval was washed 3 m down only. When the next core
was split it was found to have been badly sheared on the
margin. Some badly disturbed materials at the top of
Core 16 might represent sediment that fell from the core
barrel when Core 15 (with its flapper valve open) was
hauled up. The recovery of Core 17 oozes was again
normal. After that we again used the normal 4.4-m in-
terval of washing down before using the HPC. At 2007Z
Core 21 was brought up after the HPC hit a hard object
(presumably basement). The core catcher was damaged,
and an HPC shaft was bent. Basal sediment 0.95 m
thick was recovered, but no basalt detritus was ob-
tained. The drill bit was lowered and turned to test the
durability of the resistant layer. It was the opinion of
the tool pusher that basement had been reached.

After a conference, the scientific staff decided that a
second continuous coring by HPC at this site would be
desirable to fill in the missing intervals and to provide

140

more material for scientific investigation. The invest-
ment of time would be 24 to 30 hr.

After the drill string was raised above the mudline,
the ship was offset 800 feet to the south and 1250 feet to
the east. Hole 521A was spudded in at 0108Z on 4 May.
Coring proceeded smoothly until 1425Z, when Core 11
was on deck. Core 11 consisted of the same red marl and
clay as encountered in Core 15 in Hole 521. Although
the flapper valve of the core catcher was closed when it
was examined on deck, it may have snapped shut while
the barrel was on its way up. In any case, only 1.0 m of
sediment was obtained from Core 11. The intervals
cored below Core 11 consisted mainly of nannofossil
oozes, and coring continued with almost 100% recovery
until the HPC apparently hit basement. The last core
was up at 2144Z on 4 May, so the duplicate coring oper-
ation was completed in only 24 hr.

Recovery was excellent in both Holes 521 and 521A
(average: 90%). Any missing intervals should have been
largely compensated for by the duplication of the con-
tinuous coring.

At 0445Z the drill bit was on deck. After beacons
were soaked for the next sites, the vessel departed (at
0512 on 5 May) for a short postdrilling site survey
before proceeding, at 0604 on 5 May, to Site 522.

LITHOLOGY

The two holes drilled at Site 521, which were about
300 m apart, penetrated similar sedimentary sequences.
At Hole 521 we cored 84 m of foraminifer-nannofossil
ooze, marly nannofossil ooze, and nannofossil clay.
The adjacent section of Hole 521A was similar but only
71.1 m thick. We distinguished two lithologic units at
this site on the basis of color, microfossil content, and
carbonate content (Fig. 3). We further subdivided the
lower unit on the same basis.

Unit 1 (0-44 m sub-bottom, Core 1 to Core 11, Sec-
tion 1, Hole 521; 0-39.4 m sub-bottom, Core 1 to Core
10, Section 1, Hole 521A) consists of homogeneous very
pale brown, pale brown to light yellowish brown fora-
minifer-nannofossil ooze. In Hole 521, carbonate con-
tent ranges between 82 and 95% in Cores 1 to 9 (not
shown in Fig. 3); values drop slightly to 52 to 80% in
Core 10. Burrows are common and especially prominent
where subtle color changes occur. Patches of white nan-
nofossil ooze are scattered throughout this unit. A par-
ticularly distinct zone of white ooze and very pale brown
ooze mixed by burrowing in Core 10, Hole 521, resem-
bles a similar zone in Core 9, Hole 521A.

The first occurrence of dark brown and dark reddish
brown nannofossil clay marks the top of Unit 2 (44.2-
84.0 m sub-bottom, Core 11, Section 1 to Core 21, Hole
521; 39.4-71.1 m sub-bottom, Core 10, Section 1 to
Core 17, Hole 521A). This unit consists of alternating
nannofossil clay and marly nannofossil ooze overlying
foraminifer-nannofossil ooze. Carbonate content is var-
iable and has been used to further subdivide this unit.

Subunit 2a consists of alternating brown, dark brown
to dark reddish brown nannofossil clay and yellowish
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brown and dark yellowish brown marly nannofossil
ooze. The carbonate content of the nannofossil clay
ranges from 15 to 55% and that of the ooze from 80 to
90%. The distinctly clay-rich intervals are defined by
the carbonate profile for Hole 521 (Fig. 3). Both light
and dark lithologies are burrowed. Color changes are
gradational and mixed by burrowing.

We place the upper boundary of Subunit 2b where
foraminifers are common in the sediment and where
carbonate content is constant at about 80%. Exact
boundaries are difficult to specify because changes in
both foraminifer and carbonate content are gradational
(Fig. 3). This subunit consists of yellowish brown fora-
minifer-nannofossil ooze and dark yellowish brown mar-
ly foraminifer-nannofossil ooze. The carbonate content
ranges from 63 to 85%. In Hole 521 four thin (1-9 cm)
layers of nannofossil-foraminifer ooze occur; all four
layers have sharp basal contacts and gradational, bur-
rowed tops. At least one layer is graded. No similar lay-
ers were recovered in Hole 521A.

The pelagic carbonate sequences at Site 521 record
temporal fluctuations in the dissolution of calcium car-
bonate. The foraminifer-nannofossil ooze that makes
up Lithologic Unit 1 was deposited above the CCD and
the foraminifer lysocline. The underlying sedimentary
sequence of Subunit 2a records two major dissolution
cycles that are related to oscillations of the CCD. The
marly foraminifer-nannofossil ooze of Subunit 2b indi-
cates a depression of the foraminifer lysocline and
CCD.

Our correlation between Holes 521 and 521A sug-
gests that sedimentation rates may have been slightly
higher at Hole 521. The difference in thickness between
the two holes may be due to redeposition at Hole 521,
because burrowed lenses of white nannofossil ooze,
which were less common in Hole 521A, appear in the

lower part of Unit 1, and foraminifer turbidites appear
in Subunit 2b.

BIOSTRATIGRAPHY

Summary

Continuous coring at Hole 521 through 84 m of sedi-
ment yielded 21 hydraulic piston cores that ranged in
age from middle Miocene to Quaternary. A biostrati-
graphic summary is given in Figures 3 and 4. Foramini-
fers and calcareous nannofossils are present throughout
the hole, although the planktonic foraminifer assem-
blages of Cores 11 to 16 exhibit low species diversity and
are intensely fragmented, probably as a result of car-
bonate dissolution.

In general, the epoch and age boundaries of the
planktonic foraminifer and calcareous nannoplankton
zonations are comparable. The Pleistocene/Pliocene
boundary occurs within Core 4. The topmost sediments
of that core are Pleistocene by virtue of the presence of
Pseudoemiliania lacunosa, Gephyrocapsa spp., and the
lowest occurrence of Globorotalia truncatulinoides. The
middle part of the core contains abundant Discoaster
brouweri and is therefore Pliocene. The upper/lower
Pliocene boundary occurs somewhere between Samples
521-8,CC and 521-9,CC.

The Pliocene/Miocene boundary appears to be as-
sociated with the facies boundary in Core 11, in which
foraminifer-nannofossil ooze is underlain by red brown
nannofossil clay. The highest Miocene nannofossil as-
semblage occurs in Sample 521-11,CC. However, the
absence of Ceratolithus spp. below Core 11, Section 1,
90 cm leaves open the possibility that the boundary is as
high as that point. The lowest Pliocene foraminifer as-
semblage occurs in Sample 521-11,CC. (Unfortunately,
this assemblage, like all those in this core below Section

141



SITE 521

> 3 -
[ ©
o E £ — o
2 — @
g 2 E 2|8 § §§ Highest/lowest occurrences, E
. .8 sl |2 % 5 g Calcareous nannofossils and planktonic foraminifers E P
HEHE AL 5§
S |38|2sg| &|88e R
! B = '\%’j‘ Pseudoemiliania /acunosa—'
{ g N22
s |NN19
©
5 t Globorotalia
-O M truncatulinoides
Discoaster brouweri —'
NN18
20 Discoaster
NN D. surculus f pentaradiatus N21
} O
g \1 7 ) ’
8
[
T 8 NN16
= Sphaeroidinellopsis spp.
] ‘
N19
] .
: NN | Reticulofenestra pseudoumbilica '_r(frlaorb::/ f;;‘:/ a
40 . .114/15 Amaurolithus de/icatus:‘ g
-]
|| s ';'g ’—-D. asymmetricus
ihe NN Globigerina nepenthes. — Ceratolithus rugosus J1 5" '1"9L
—_— 12 '_}} D. quinqueramus { G. crassaformis,
ne ] h‘“-}' Globigerinoides conglobatus
— QD
] § N17
S|NN10
—_— Catinaster caly culus - — —
— NN ' . .
> ? 8/10 ’ Catinaster coalitus
60 C. calyculus, C. coalitus F—D‘ deflandrei ,
NN6 '
2
g Sphenolithus heteromorphus
= ’ ——
L]
L 3 Praeorbulina N9
bl spp.
S £ NNS Orbulina —} ‘
80 s Globigerinoides
CE t sicanus, ]
5¢ - PNNa Helicosphaera euphratis Sphaeroidinellopsis ?
} subdehiscens
\21
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1, 60 cm, is strongly dissolved and consequently some-
what suspect.) The highest definite Miocene foraminifer
assemblage occurrence is in Sample 521-13,CC, where
the first downhole occurrence of G. dehiscens is noted.

Because of uncertainty in the nannoplankton zona-
tion and dissolution in the planktonic foraminifers, the
middle/upper Miocene boundary may lie as low as Sam-
ple 521-14,CC (or Sample 521-15,CC, where the core
liner was empty), that is, at the base of NN8-10 (undif-
ferentiated), or as high as Sample 521-13,CC, where the
nannofossil assemblage is NN10 (middle Miocene).

In Cores 17 to 20 the nannofossil zone NNS is identi-
fied on the basis of Sphenolithus heteromorphus. Fora-
miniferal assemblages from the same samples yield con-
flicting evidence for zonal assignments. The preferred
interpretation is that Sphaeroidinellopsis subdehiscens
has a lower stratigraphic first occurrence than Zone
N13, as commonly assumed.
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Calcareous Nannoplanktons

Hole 521

Sample 521-1-1, 68-69 cm is assigned to NN20 (Qua-
ternary) because of the presence of Gephyrocapsa oce-
anica (Kamptner) and the absence of Pseudoemiliania
lacunosa Gartner. The interval from Sample 521-1-2,
68-69 cm to 521-4-1, 65 cm is Quaternary NN19 in age
because of the presence of P. lacunosa Gartner.

The interval from Sample 521-4-2, 65-66 cm to 521-
5-2, 86-87 cm is late Pliocene NN18, as indicated by an
abundance of Discoaster brouweri Tan Sin Hok. Sam-
ple 521-5-3, 86-87 cm is assigned to late Pliocene NN17
because of the occurrence of D. pentaradiatus Tan Sin
Hok. Samples 521-5,CC through 521-9-2, 103-104 cm
contain D. surculus Martini and Bramlette without
Reticulofenestra pseudoumbilica Gartner and are as-
signed to NNI16 (late Pliocene). R. pseudoumbilica



Gartner is found in Samples 521-9-2, 103-104 cm to
521-10-2, 100-101 cm, which indicates NN14/15. The
interval from Sample 521-10-3, 100-101 cm to Sample
521-11-1, 62-63 cm is NN13 because of the absence of
D. asymmetricus Gartner and the presence of Cerato-
lithus rugosus Bramlette and Bukry. -

Nannofossil Zone NN12 is found in Sample 521-11-1,
90-91 cm because of the absence of Ceratolithus spp.
The last downhole occurrence of Amaurolithus spp. is
in Sample 521-11,CC which is assigned to NN11 on the
basis of the presence of D. quinqueramus Gartner. A
late Miocene NN 10 age is suggested for Cores 12 and 13
because of the absence of D. quinqueramus Gartner and
Catinaster calyculus Martini and Bramlette. Samples
521-14-1, 115-116 cm to 521-14-2, 73-74 cm are late
Miocene NN8/10 because of the occurrence of C. caly-
culus Martini and Bramlette. A middle to late Miocene
age, NN8/10 is indicated for Sample 521-14,CC, which
contains C. calyculus Martini and Bramlette and C. coa-
litus Martini and Bramlette. Samples 521-16-1, 84-85
cm to 521-16,CC are middle Miocene NN6 because of
the occurrence of Cyclicargolithus floridanus (Hay and
Roth). Samples 521-17-1, 74-75 ¢cm through 521-20-3,
65-66 cm contain Sphenolithus heteromorphus Bram-
lette and Wilcoxon, which indicates NN5 middle Mio-
cene. Cores 521-20,CC and 521-21,CC contain Helico-
sphaera euphratis Haq, which indicates NN4.

Hole 521A

Samples 521A-1,CC through 521A-3,CC represent
Quaternary NN19, according to the occurrence of Pseu-
doemiliania lacunosa Gartner.

Late Pliocene NN17 sediment was found in the core
catcher for Core 5, as indicated by Discoaster pentara-
diatus Tan Sin Hok. The core catchers of Cores 6 to 7
belong to late Pliocene NN 16, because of the occurrence
of D. surculus Martini and Bramlette without Refi-
culofenestra pseudoumbilica Gartner. An early Pliocene
NN14/15 age is assigned to core-catcher sediments for
Core 8 because of the presence of Reticulofenestra
pseudoumbilica Gartner. The core catcher for Core 9 is
NN13 because of Ceratolithus rugosus Bramlette and
Bukry.

A late Miocene NN12 age is assigned to core-catcher
sediment for Core 10 because of the presence of Amau-
rolithus amplificus (Bukry and Percival). Core 11 is as-
signed to NN10 because of the absence of D. quinque-
ramus Gartner and Catinaster calyculus Martini and
Bramlette. Core 12 is NN9/10 because of the occurrence
of D. prepentaradiatus Bukry and Percival.

The core-catcher sediments in Cores 13 through 16
are NN5 or middle Miocene in age, as indicated by the
presence of Sphenolithus heteromorphus Bramlette and
Wilcoxon. The core-catcher sediment for Core 17 is
NN4 because of the presence of Helicosphaera euphratis
Haq. A more thorough investigation of the nannofossil
stratigraphy of Hole 521A was carried out by von Salis
(this vol.).

Planktonic Foraminifers

Samples from Hole 521A were not examined for
planktonic foraminifers; thus, the entire discussion be-

SITE 521

low pertains to Hole 521. Planktonic foraminifers are
abundant and well preserved in Cores 1 through 10.
Within Section 1 of Core 11, the preservation and abun-
dance of planktonic foraminifers declines markedly be-
cause of increased dissolution. Dissolved assemblages
consisting of resistant taxa, such as Globoquadrina de-
hiscens, Globigerina nepenthes, and Globorotalia con-
oidea, along with abundant fragments, are present from
the bottom of Core 11 through Core 16. The preserva-
tion of planktonic foraminifers begins to improve in
Core 13 and continues to improve downsection to the
sediment/basalt contact in Core 21.

The Pliocene/Pleistocene boundary is placed be-
tween Sample 521-3,CC and 521-4,CC because of the
first (lowest) occurrence of G. truncatulinoides in Sam-
ple 521-3,CC. Samples 521-4,CC through 521-10,CC
contain relatively diverse Pliocene assemblages. Cores 4
through 6 are post-Sphaeroidinellopsis extinction, where-
as Cores 7 through 10 are pre-Sphaeroidinellopsis ex-
tinction. Sample 521-11,CC yields a highly dissolved as-
semblage with primitive forms of G. crassaformis and
rare Globigerinoides conglobatus. Sample 521-11,CC is
tentatively assigned to Zone PL1 (N18 or lower N19).

A meager assemblage from Sample 521-12,CC is not
age diagnostic, but the occurrence of Globoquadrina
dehiscens in Sample 521-13,CC indicates a late Miocene
(N17) or older age assignment. The planktonic fora-
minifer assemblages from Cores 14 through 16 are only
diagnostic of middle to late Miocene.

Forms referred to Sphaeroidinellopsis subdehiscens
occur down through Core 21, which suggests a Zone
N12 or younger assignment. The age assignment sug-
gested by S. subdehiscens is contradicted, however, by
the occurrences of Globigerinoides sicanus and Praeor-
bulina spp. in Cores 19 through 21 and the presence of
the nannofossil Sphenolithus heteromorphus in Cores
17 through 21. It seems likely that Cores 17 through 21
are referable to Zones N9 and N8 and that Sphaeroid-
inellopsis subdehiscens as identified in Hole 521 extends
down into the lower Miocene. The age discrepancy be-
tween foraminifers and nannofossils in Hole 520 is also
due to the lower stratigraphic limit of S. subdehiscens.

Diatoms

All core samples examined from Hole 521 are barren
of diatoms. Samples from Hole 521 A were not exam-
ined for diatoms.

Benthic Foraminifers

The benthic foraminifer fauna in Hole 521 is com-
mon and moderately well preserved. The late Miocene
to Quaternary assemblages (those above Core 16) are
dominated by Nuttalides umbonifera, with subordinate
numbers of Oridorsalis umbonatus, Globocassidulina
subglobosa, Epistominella exigua, Planulina wueller-
storfi, and Pullenia spp. (P. osloensis, P. bulloides, and
P. subcarinata). Below Core 16 the contribution of N.
umbonifera and Planulina wuellerstorfi declines signifi-
cantly, whereas there are increased numbers of Cibici-
doides kullenbergi and Eponides spp.

The transition between the N. umbonifera-domi-
nated fauna and the N. umbonifera-poor fauna occurs
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between 63 and 66 m sub-bottom. Sediments at this
depth have an interpolated age of 13.6 to 14.1 m.y., ac-
cording to the sedimentation rate curves for Hole 521. A
backtrack subsidence curve constructed for Site 521
shows that water depths during this interval were ap-
proximately 3200 to 3300 m (Fig. 5). A site at this depth
can reasonably be interpreted as being in transition be-
tween the deeper Antarctic Bottom Water dominated by
N. umbonifera (Lohmann, 1978) and a shallower, warm-
er, more saline, oxygen-rich water mass (here tentatively
labeled as Miocene South Atlantic Deep Water).

Dissolution

Figure 6 shows the downcore distribution of two
measures of dissolution, the ratio of benthic to plank-
tonic foraminifers and the degree of fragmentation
among planktonic foraminifer tests. The curves behave
sympathetically, with the percentage of fragments being
a more sensitive measure of dissolution during episodes
of low to moderate dissolution and the percentage of
benthic foraminifers being more sensitive during epi-
sodes of moderate to intense dissolution.

Dissolution studies indicate that Site 521 lay at or
below the CCD during the deposition of the sediments
that now lie between 57 and 66 m sub-bottom. The lack
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Figure 5. Bathymetry of Site 521 based on subsidence curves cor-
rected for sediment load (Berger and von Rad, 1972).
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of paleomagnetic data from this interval, coupled with
poor biostratigraphic zonation, precludes precise dating
of this episode of dissolution. The best estimate would
place it between 9 and 14 m.y. ago, in the middle Mio-
cene or early late Miocene. Site 521 also lay near, but
above, the CCD during the deposition of sediments that
now lie in the interval between 44 and 48 m sub-bottom.
These sediments were deposited between 4.4 and 5.8 Ma,
in the late Miocene to early Pliocene.

Sedimentation Rates

The good magnetic data recovered from the upper
(0-46 m sub-bottom) and lower (73-84 m sub-bottom)
sequences of Hole 521 permitted the identification of
numerous events that could be used in the calculation
of sedimentation rates (Fig. 7). The chronology of the
paleomagnetic datums is essentially that of LaBrecque
et al. (1977) as modified by Mankinen and Dalrymple
(1979) using the new decay and abundance constants
recommended by the International Union of Geological
Sciences Subcommission on Geochronology. The upper
Miocene intervals were represented by dissolution facies
and yielded poor magnetic resolution. Although bio-
stratigraphic resolution also deteriorates in intervals of
dissolution, one event, the LAD of Catinaster calyculus,
could be recognized and was used to supplement the
magnetic data.

PALEOMAGNETISM

At first, the Hole 521 cores were analyzed by using
the long core spinner magnetometer on unsplit cores in
conjunction with the analysis of discrete samples that
were taken every 20 cm. The long core spinner pro-
cedure was discontinued after the seventh core (middle
Gauss) owing to the ambiguity of results. The poor
quality of the long core spinner data is due to three
potentially solvable problems, the most debilitating of
which is rust contamination. The drill pipe had been rat-
tled in port and used for two previous holes, but signifi-
cant amounts of rust were still present in the cores. The
inability to remove the pervasive normal (Bruhnes)
overprint from whole cores (present in sediments as
young as upper Matuyama) made the interpretation of
the polarity of even the rust-free sediments difficult. A
third problem was the poor core-to-core orientation.
This problem necessitated discrete sampling in order to
resolve inclinations (and hence polarity) in each core.

A summary of the magnetic polarity stratigraphy at
Hole 521 is presented in Figure 8. Detailed alternating
field (a.f.) demagnetization curves obtained on samples
distributed throughout the entire section indicated the
presence of a soft normal overprint that was removed by
peak alternating fields of 100 to 200 Oe. All specimens
were therefore demagnetized. Cores 11 to 17 retained a
large normal overprint that was stable with respect to
a.f. demagnetization. It was suspected that this over-
print was carried principally by goethite (which was seen
in thin section). Thermal demagnetization at 200°C of
samples from this interval resulted in some magnetic re-
versals but did not completely remove the suspected
overprint (Fig. 8).
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Figure 6. Dissolution indices, Hole 521. See text for discussion. Magnetic polarity and epochs as in Fig. 4.

A detailed investigation of the magnetostratigraphy
of Hole 521A was carried out on shore by Heller et al.
(this vol.).

PHYSICAL PROPERTIES

Velocity, density, water content, and porosity were
measured on every other section in the cores recovered
at this site. Thermal conductivity was measured on eight
of the cores. The clay-rich sections were not sampled for
gravimetric measurements in order to avoid depleting
core intervals that would needed for paleomagnetic and
paleontological studies. The physical properties of the
sediments are summarized in Figure 9. Velocity, gravi-
metrically determined and continuous GRAPE density,
water content, and porosity are plotted as a function of
depth together with the results of the carbonate analy-
ses.

Velocity exhibits a shallow minimum in the upper 20 m
of the core and slowly increases linearly with depth. No
significant discontinuities mark the presence of the clay

layers. The gravimetrically determined density and wa-
ter content show consistent trends except in the interval
from 25 to 35 m, where there is a decrease in density
with no corresponding variation in water content. In the
gravimetric sampling technique, some air is trapped in
the sample, and this tends to result in lower values of
density. In this instance it is clear that we are seeing an
artifact of the technique rather than a real change in the
density of the sediment. The continuous GRAPE den-
sity data show greater variability than the gravimetric
data, and in spite of the scatter, the trace does appear to
mark the presence of the two clayey intervals, which are
clearly indicated in the carbonate data.

Thermal conductivity ranged between 1.77 and 1.21
W/m °C, with a mean value equal to 1.53 and a stan-
dard deviation of 0.18 W/m °C. The low value of 1.21
correlates with the presence of the clay layer at 56 to
66 m, but the second low value of 1.30 does not corre-
late with the presence of a clay layer; therefore, no firm
conclusion can be drawn about the relationship between
thermal conductivity and changes in the core.
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Figure 7. Sedimentation rates, Hole 521.

INORGANIC GEOCHEMISTRY

Table 2 summarizes the chemical data for the inter-
stitial waters squeezed from sediments at Site 521. Two
samples come from Hole 521, a third from Hole 521A.
Although hardly representative, the results indicate no
significant trends in chemical constituents with depth.
The single sample from Hole 521 A was taken just above
presumed basaltic basement. The lack of chemical vari-
ation indicates that neither basalt alteration nor sedi-
ment diagenesis affects the interstitial water chemistry
in.these shallow holes.

CORRELATION BETWEEN DRILLING RESULTS
AND GEOPHYSICAL DATA

Site 521 is located on the western margin of a small
basin 10 to 15 km south of a fracture zone with 18 km
left lateral offset (the Moore Fracture Zone). The local
relief is 600 m (Fig. 10).

The magnetic lineation pattern is displayed in Figure
10. Site 521 is located over Magnetic Anomaly 5C, sug-
gesting a basement age of 16 m.y. or late Burdigalian
(early-middle Miocene). Recovered basal sediments of
Nannofossil Zone NN4 support this prediction of base-
ment age. The magnetostratigraphic data from the basal
sediments show a strong correlation with the magnetic
anomaly pattern.
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Seismic data over the site (Figs. 11 and 12) indicate a
transparent pelagic sequence underlain by a zone of
strong coherent multiple reflectors at 1 s sub-bottom. It
was uncertain whether this sequence of strong reflectors
represented basement or a zone of sediments and inter-
calated basalts.

SUMMARY AND CONCLUSIONS

The hilltop position of the site turned out to be ideal
for ocean paleoenvironmental studies, and we therefore
obtained a duplicate set of hydraulic piston cores. In
both sets of cores we encountered a condensed Miocene
section and acquired evidence that indicates a linear rate
of seafloor spreading. However, work will have to be
done at other sites to acquire a magnetostratigraphy
adequate to calibrate the chronology of middle Miocene
datum levels.

Lithostratigraphy

The lithologic sequence with this relatively flat topog-
raphy consists mainly of draped pelagic sediments, al-
though thin layers of deposited sediments were found in
the middle Miocene and Pliocene sediments of Hole
521. The lithologic units were distinguished by charac-
teristics that resulted from different degrees of dissolu-
tion. The Pliocene-Quaternary sediments are eolytic or
oligolytic nannofossil oozes. The older sections include
mesolytic and pleistolytic sediments.

Biostratigraphy and Magnetostratigraphy

Hole 521

Our stratigraphic interpretation of Hole 521 (origi-
nal) is shown in Figure 13. Percival was able to zone the
whole sequence by nannofossils, although the highest
and lowest occurrences (HOs and LOs) of some key
species that define zonal boundaries may not have been
their true first and last appearance datums (FADs and
LAD:s) because of calcite dissolution. The planktonic
foraminifers in the core-catcher samples were studied on
board ship, and the ages thus determined agreed on the
whole with the conclusions derived from the nannofossil
studies. The data from the preliminary core-catcher
studies are included in the biostratigraphic summary but
are not shown here. Poore did carry out shore-based
work to define the Orbulina datum more accurately.

The correlation of the magnetostratigraphy with sea-
floor lineation is clear for the upper 40 m down to up-
per Gilbert (= Anomaly 2A), and it is clear again for
Chrons 15 and 16 (Anomalies 5B and 5C or Chrons C-5B
and C-5C; see Fig. 2 in Hsii, LaBrecque, et al., this
vol.). The Orbulina datum lies at the Chron 15/16 bound-
ary (15.1 m.y.), exactly as Opdyke et al. (1974) found in
their studies of Pacific piston cores. The basalt basement
on Anomaly 5C is correlated to Chron 16 (or Chron
C-5C-N). A shore-based magnetostratigraphic study of
Hole 521A samples by Heller et al. (this vol.) con-
firmed, on the whole, the conclusions of the investiga-
tions of Hole 521 (original) by the shipboard staff.

The following nannofossil datum levels have been
calibrated for the first time with reference to a relative-
ly clear magnetostratigraphy: LO Discoaster brouweri,
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Table 2. Interstitial water chemistry, Site 521.

Sub-bottom
Sample depth Alkalinity ~ Salinity Calcium  Magnesium  Chlorinity
(interval in cm) (m) pH (meq/1) (%o) (mmol/l) (mmol/1) (%o0)
521-7-2, 140-150 25.5-30.0 7.28 2.735 36.0 10.75 52.89 19.80
521-17-2, 140-150 66.0-71.5  7.307 2.728 353 10.40 51.40 19.77
521A-17-3, 0-9 67.9-71.1 7.29 2.577 35.5 10.191 51.306 19.511

14.9 m.y.; LO D. exilis, 15.8 m.y.; and HO Helico-
sphaera euphratis, 16.1 m.y.

The HO of Sphenolithus heteromorphus coincides
approximately with the top of Chron 15, indicating an
apparent last appearance of about 13 m.y., considera-
bly younger than that postulated previously (cf. Bolli,
Ryan, et al., 1978, p. 14). The HO of Cyclicargolithus
Sfloridanus at a horizon with an age of slightly less than
13 m.y. confirms the previous calibrations of the prob-
able last appearance of this species.

The HOs and LOs of other Pliocene-Miocene species
on the magnetostratigraphic time scale at this site agree
on the whole with those at Site 519, and some disagree

with previous calibrations. The relatively low LO of
Reticulofenestra pseudoumbilica in the uppermost Gil-
bert sediments confirms our observation at Site 519 and
emphasizes the need for further magnetostratigraphic
calibration of the NN15/16 zonal boundary. The LO of
Pseudoemiliania lacunosa is slightly below the Gilbert/
Gauss epoch boundary at both Sites 519 and 521; this
datum may be a better zonal marker, because the LO
here is in good agreement with the reported FAD from
other Atlantic and the Pacific coring sites. Other Plio-
cene-Quaternary datum levels at this site have ages that
are about the same as those calibrated previously, as
shown in the Site 519 chapter.
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Figure 9. Summary of physical properties at Site 521.
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Late Miocene datum levels are poorly defined be-
cause of dissolution. The occurrences of Amaurolithus
primus, A. amplificus, A. delicatus, and D. quinquera-
mus in highly dissolved sediments have been noted. The
nannofossil stratigraphy indicates that the calcite disso-
lution must have peaked at this site during Chrons 5 and
6; the NN12 and NN11 sediments are only about 2 m
thick. D. quinqueramus was found in only one sample
at Site 519 and at this site, in contrast to the remarka-
bly thick NN11 sequence at Site 520. On the other hand,
NNI10 sediments are thick at the two pelagic sedimenta-
tion sites (519 and 521) but very thin at the basinal site
(520). Ryan et al. (1974) suggested a 9.5-m.y., middle-
Chron 9 (Anomaly SN or Chron C-5-N) age for the FAD
of D. quinqueramus. The LO of this species at either
Site 519 or 521 cannot be much older than 6.6 m.y. old

(top of Chron 7). The LO at those sites probably re-
sulted from truncation by dissolution.

Dissolution has also complicated the problem of in-
terpreting the magnetostratigraphy. The interval be-
tween the LO of D. quinqueramus and the HO of Cati-
naster calyculus has been interpreted by Percival as
NN11/10 at Site 519 and as NN10 at Site 521. The place-
ment of the NN11/10 boundary has been made uncer-
tain by the extensive dissolution of D. gquinqueramus.
For the sake of convenience, we shall refer to this inter-
val as ““NN10 at Sites 519 and/or 521,” or in short
““NN10.”’ At Site 519, where the magnetostratigraphic
signature is clearer, the ‘““NN10’’ sediments are corre-
lated with Chron 7 (Anomaly 4 or Chron C-4) and late
Chron 8 (Anomaly 4’ or Chron C-4A). The ‘““NN10”’
sediments at Site 521 are mainly positively magnetized
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Figure 12. Challenger single-channel reflection profile departing from
Site 521.

_except for a thin interval in the middle and some inter-
vals at the top and the bottom of the sequence.. On
board ship we tentatively correlated the lower longer in-
terval of the positive magnetization with Chron 9 (‘‘long
normal’’ epoch). However, the apparently long epoch
of :normal magnetization may have been an artifact of
rapid sedimentation rate during a period of reduced dis-
solution; we note that the.“‘NN10’’ sediments are oligo-
lytic and have little insoluble-residue content (< 20%).
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A comparison of the natural remanent magnetization
(NRM) and nannofossil records for Sites 519 and 521
seems to indicate that ‘“NN10’’ at the latter site could al-
so be correlated with Chron 7 (Anomalies 4 and 4’ or
Chrons C-4 and C-4A). The two different interpreta-
tions are shown in Figure 13.

The LOs and HOs of C. calyculus and C. coalitus at
Site 521 presented us with the same problem as the data
from Site 519. The sediments that contain these nanno-
fossils are much thinner at Site 521 than at Site 519, and
we cannot obtain a clear magnetostratigraphy of the
condensed sequence.

The occurrence of Globigerina druryi, G. nepenthes,
and Sphaeroidinellopsis subdehiscens in sediments dated
as belonging to the nannofossil zone NNS confirm the
observation first made at Site 520 that Blow’s (1969)
zonation needs revision. In his zonation, the FAD of G.
nepenthes defines the base of N14, the FAD of S. subde-
hiscens defines the base of N13, and the FAD of G. dru-
ryi is considered to be near the top of N11. At Site 521
the LO of all those species is in a sediment belonging to
the nannofossil zone NN5 and the foraminifer zone N8,
much lower than Blow indicated.

Hole 521A

The results from the magnetostratigraphy and nan-
nofossil stratigraphy of Hole 521A (see Heller et al., this
vol.; and von Salis, this vol.) are shown next to the Hole
521 results in Figure 13. The sequence in Hole 521A is
more condensed than in Hole 521, and the basement is
reached in Hole 521A at 71.1 instead of 84.0 m sub-
bottom. The condensation seems to result from a fur-



SITE 521

g - Polarity, T;
g E magnetic %
g £ epoch/chron/ Eo Datum
a _§ anomaly 5 §
WV Pseudoemiliania lacunosa
NN19
Discoaster brouweri
V¥ D, triradiatus
NN18
NN17 V D. pentaradiatus
D. surculus
V ¥V D. tamalis, D. asymmetricus
Hole NN16
521A
@
[
R
% A P. lacunosa
Zz = g ¥V Reticulofenestra pseudoumbilica
5 [El< NN ¥ Amaurolithus primus
I 15114 , )
o |<|=2 . asymmetricus ) »
] NN13]| 4 Ceratolithus rugosus A. primus, A. amplificus
3 V' A. amplificus AL 4 A A delicatus,
12 5 D. quinqueramus D. quinqueramus
40 z
= ~ z
£ i@ NN
£ 4 10 10/9 C. coalitus AD ’
= /NN\ : . surculus
k3 - [10/8 ; Catinaster calyculus A D, pentaradiatus
g 50 5 _5‘ ? | ¥ D. deflandrei Foram:
E NN6 . . i zone
a 5A Cyclicargolithus floridanus
g Vv Sphenolithus heteromorphus
60 5B| 5 N9
NN5 A D. brouweri A Orbulina sp.
5C
70 || A D. exilis N8
Globigerinoides
NNA w Helicosphaera euphratis ? sicanus

A Lowest occurrence

¥ Highest occurrence

Figure 13. Magnetostratigraphy and biostratigraphy, Site 521 (see text for explanation of alternative correla-

tions). Magnetic epochs as in Fig. 4.

ther condensation of the nannofossil zones NN6 to 10,
especially NN7 to 9, which are present in red clays about
2 m thick. The results from Hole 521A strengthen the
interpretation preferred by us that the nannofossil zones
NN7 to 9 are correlative to Anomaly 5 (Chron C-5) and
that ““NN10”’ is roughly correlative to Anomalies 4 and
4’ (Chrons C-4 and C-4A)—an interpretation based pri-
marily on the relatively clear signals from Chron C-5 at
Site 519. If this interpretation is correct, the LOs of Cat-
inaster coalitus and C. calyculus in the South Atlantic
are definitely younger than the previously recorded FADs
from the Pacific, and the discrepancies can hardly be at-
tributed to the truncation of the lowest ranges by disso-
lution.

Calcite Dissolution

The degree of dissolution is manifested in the sedi-
ments in the insoluble-residue content (IR), the abun-
dance of benthic foraminifers, and the fragmentation of
planktonic foraminiferal tests. The three sets of criteria

yield, on the whole, concordant data. Two major disso-
lution events have been recognized (Fig. 14).

The lowest sediments at this site, which were de-
posited at paleodepths of 2600 to 3400 m, are mainly
oligolytic; most have an insoluble residue content of 15
to 30%. Two of the peaks in benthic foraminifer con-
tent (those up to 30%) may represent brief drifts of
CCD. The average middle Miocene sedimentation rate
is about 7 m/m.y., comparable to the late Miocene rates
(7.0-10.4 m/m.y.) for comparable paleodepths at Site
519. The rate of the middle Miocene insoluble-residue
accumulation, at 1.4 m/m.y. is, however, appreciably
greater (vs. 0.7-1.0%). Whether the discrepancy is real
or a consequence of inaccurate chronology cannot be
ascertained.

Figure 14 shows a systematic decrease of insoluble-
residue content (36-11%) that begins at about the same
time as the positive oxygen shift (+ 1.7 to +2.7%.) and
shortly after the Orbulina datum. This interval of a dis-
solution minimum lasted less than 1 m.y. The major dis-
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Figure 14. Paleoceanographic data, Site 521. Polarity and magnetic epochs as in Fig. 4. Dashed, solid, and heavy arrows denote, respectively, the
second significant increase of N. umbonifera, times of major shift in CCD, and the beginning of the middle Miocene oxygen shift.

solution event started immediately after this brief pause
at the beginning of NN6, or Chron 14, some 13 Ma. The
marl oozes and red clays deposited during the dissolu-
tion maximum contain up to 84% insoluble residue and
70% benthic foraminifers. One thin layer of carbonate-
free sediment in NN6/7 was identified during the detailed
studies of Hole 521 A samples for nannofossil stratigra-
phy (von Salis, this vol.), indicating that the CCD rose
above the paleodepth of 3500 m some time between 12
and 10 Ma. Another period of reduced dissolution be-
gan when ‘‘NN10”’ sediments were about to be deposit-
ed. If those sediments are assumed to correlate with
Chron 7 (Anomalies 4 and 4’ or Chrons C-4 and C-4A),
the average sedimentation rate of the mesolytic and
pleistolytic Miocene sediments should be 1.8 m/m.y.
Such a correlation would also yield an accumulation
rate of 6.2 m/m.y. for that part of the ‘“NN10”’ sed-
iments of supposedly Chron 7 age.

The second dissolution event, which occurred during
the latest Miocene and early Pliocene, produced sedi-
ments that contain almost as much insoluble residue (up
to 80%) but much less benthic foraminifer content
(17% or less) than the event in the middle Miocene, even
though the site had subsided considerably more since
that time; the paleodepth at the end of the Miocene here
should have been almost 4000 m. The mesolytic and
pleistolytic sediments were deposited at an average rate
of about 2.3 m/m.y.

The proposed correlations give insoluble-residue ac-
cumulation rates of 1.1, 1.1, and 1.0 m/m.y. for the two
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Miocene and Pliocene intervals, comparable to the rates
at Site 519 (~1 m/m.y.) (see Table 3).

The sedimentation rate since the middle Pliocene at
this site is 10.6 m/m.y. for the bulk and 1.3 m/m.y. for
insoluble residue; both rates are somewhat less than the
equivalent rates at Site 519. Light eolytic oozes and
darker oligolytic marly oozes were deposited during in-
terglacial and glacial epochs of the Pliocene-Quaternary
(Weissert et al., this vol.).

The crust at Site 15, which was on the western flank
of the Mid-Atlantic Ridge, was slightly older, yet the
sediments of the equivalent facies there contain on the
whole less insoluble residue and were deposited at slight-
ly higher rates (Maxwell et al., 1970, pp. 445-453). The

Table 3. Sedimentation rates at Site 521.

Sedimentation rate

(m/m.y.)
Datum or Depth Age Insoluble
interval (m) (m.y.) Interval residue
Seafloor 0 0
Pliocene-Quaternary 10.6 1:3
Cochiti, top 40.25 3.86
Miocene-Pliocene 7.3 1.0
Chron C-7, top 47.5 6.54
“NN10”’ 6.2 1.1
Chron C-7, bottom 55.8 7.88
Middle to late Miocene 1.8 1.1
Chron C-15, top — 13.2
NNS5 7.0 1.4
Chron C-5C-N, top 84.2 15.8




first occurrence of a mesolytic marl at Site 15, which
signifies a rapid increase of dissolution, occurs at just
about the Orbulina datum, so the dissolution event
seems to have occurred slightly earlier there than that at
Site 521. This is to be expected, however, in view of the
older age of the crust there; Site 15 should have subsided
below the lysocline at a slightly earlier time.

Paleoceanography

The timing of the dissolution events does not corre-
late simply to changes in ocean environments. The sig-
nificant increase of Nuttalides umbonifera (up to 12%)
(Fig. 14) seems to correlate with an oxygen shift and
roughly to the beginning of the dissolution event. The
oxygen shift and the increase of N. umbonifera were
probably brought about when the site sank below 3400
m paleodepth into the zone of the Antarctic Bottom Wa-
ter, and the timing did coincide more or less with a
worldwide temperature drop that started 14 m.y. ago
(Douglas and Savin, 1975). Yet a closer look at the rec-
ord shows a correlation of decreasing insoluble-residue
content with the positive oxygen shift in the interval
from 70 to 66.5 m sub-bottom (Fig. 14). Thus, it seems
difficult to draw a simple conclusion on the relation be-
tween the middle Miocene dissolution and Antarctic
Bottom Water activities.

A second significant increase of N. umbonifera dur-
ing the latest Miocene did coincide more or less in tim-
ing with the second dissolution event, yet the last in-
crease, with a coincident oxygen shift, took place during
the late Pliocene (Gauss/Matuyama boundary) when
the CCD remained depressed. The data from Site 521
thus seem to reinforce our conclusion after drilling at
Site 519; namely, the corrosive waters of the Antarctic
Bottom Water may have led to locally increased dissolu-
tion of the second order, but the overall CCD of the
world’s oceans was controlled by other first-order fac-
tors, such as oceanic fertility.

The carbon-isotope values of the middle Miocene are
considerably more positive than in the Pliocene, but the
timing of the worldwide carbon shift cannot be accu-
rately determined at this site because of the dissolution
of the microfauna in the upper Miocene sediments.

Basement Age

Basement was not penetrated at this site, but it must
be present at 84 m sub-bottom in Hole 521 (original),

SITE 521

where the HPC hit an object so hard that it damaged
the core catcher. The basement should have an age of
16.2 m.y. if it is correct to assume a linear seafloor
spreading rate, and this age is almost exactly the age
predicted for the youngest (NN4) sediments overlying
the basement at this site (see Ryan et al., 1978, p. 14).
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e —0:'—_':1 I FORAMINIFER-NANNOFOSSIL OOZE, very pale " FORAMINIFER-NANNOFOSSIL OOZE, very pale
F==t==e fo) brown (10YR 8/3) and homogeneous with burrowed P, ey by very pale brown brown (10YR 8/3) alternating with lighter zones
==t intervals mixing white (SYR 8/1) ooze. Laminated =t (white, [SYR 8/1], pale yellow and light gray).
== = white (light gray) and brown ooze base Section 1 B +'-,. —F o] Burrowing common; enhanced by color changes.
0.5 ———— | ——| l o contains large burrows; laminated ooze top Section _j 015_':{:':':*:4; Large burrow 25-30 cm, Section 3. Minimal core
B 355 o o e 2 not burrowed. Dark brown (7.5YR 4/4) nanno- === disturbance.
_'_—i—'—+—— i fossil mudstone clast approximately 2 cm across o, s, o X '_
(o] =, —— mottled pale
O === . pel
1 ) o et m [=— thin lamination of ~ occurs at 119 cm, Section 1. Thin (0.5 cm thick) 1 ':f" e o o yellow, light SMEAR SLIDE SUMMARY
“:'.__;__‘__,_ paad o volcanic fragments ayer of basalt fragments, volcaniclastic particies, g e Bt i X gray to pale 1145
Ty bk and zeolites and flish debris occurs at 74 cm, Section RIS S 4| 7 p—brown D
FG 1.0 === —— 1. Section 3 is burrowed. = 1.0 = == ——, ~H TEXTURE:
St i ! SMEAR SLIDE SUMMARY T (oo Sy,
= = 0 s e [ e s x Sand 5
g o o =— large burrows 231 2119 & = —— —— silt 2
H—=, —— —+| dark brown mudstone M £ [ iy ey
—= = o 2 = —— —— Clay 5
=T == O\ clast TEXTURE: g L STy X COMPOSITION:
——
350625 3 1 5w ==eee | | Gy s
ol [ I ks ;5 532 < o b e Volcanic glass TR
- = ] Clay 0 === == Palagonite 5
g o : e ;
== == — COMPOSITION: ] Micronodules 5
7:’:.:":.*:'—_ | =5 Clay 5 15 ':0:'——4:'_ — ) Carbonate unspec. 15
T []*]|© Volcanicglass TR — | o et il X | alternating very s 0
g o o ot c _ o e bbb Foraminifers 1
T, o Palagonite - 5 B e s e hite—ligh Calc. nannofossils 65
it e X Micronodules 5 10 s e e I Y white—light gray— :
]_':Q— i Cnc;on t % 15 @ R R o '_'_ 2 Of  pale yeliow Iron-oxides 5
° - arbonate unspec. g |_= === == )
§ _ e e o) Foraminifers B 5 8 gs == i ORGANIC CARBON AND CARBONATE
S E 2 i e, o, b 0 Calc. nannofossils 45 30 = |82 2 - ‘:4.. —— = o] 190 194 2.65
£ tlzs -_;_.“‘_;_."_,q Iron-oxides 5 2 g |22 R e o it Organiccarbon  —  — -
g sloe B oo o, e e X g |2 He=em=y W o Carbonate 93 93 91
53l=z oM L e ORGANIC CARBON AND CARBONATE z B
2 et | ===
oy g, e, * Organiccarbon ~ ~ :.;. ===+ Ho1o
= _.__+__f__‘ g Carbonate % FG _|_.+.T_' ‘_4:" o
o o I s
ot e e - e e ]
:_'_'.':"_';_. ] Wi~ white tayer Fimy b il s
By et I L£1 I ) s "
e e === =H i}
i T o o e o —
e o e
e
B peac=c: M C e
= J
R T e o A== o
e e e
+;':f:+_+ 1 o™ white layer —— —— —H very pale brown
3 1= A==t = o}
— —— 3 —=== =
-+ =t ===t =
:F:'_—i— ==1 |5} O [=— white layer e o
e i oy ey
- e e iy o FG ﬂ'_—f—-‘_'_. _'_'_‘_:t
Ry nae e o
ot e
e caloe] 4:0-_’:1- = ca Fa [cc =ttt
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SITE 521  HOLE CORE (HPC) 9 CORED INTERVAL _34.5-39.0m SITE 521 HOLE CORE (HPC) 10 CORED INTERVAL 39.0-435m
= FOSSIL 2 FOSSIL
x IE CHARACTER & E CHARACTER
f} < S =
o |xulel2]2 Zl @ >- 2 o |&uw|2]3|2 2135| 2 wl
T g% g z g o g & e ggﬁ E LITHOLOGIC DESCRIPTION SE E% HEE & ?) & LToLoaY 02:“ o LITHOLOGIC DESCRIPTION
w3 |32 2| 5|2 [cElg| ¢ el g |02 R ENHEIFIEEEET EEEH 9 Ee
FHEIE E2agf 3 (a0 = |o{Z|[5]8e Eapil 5 52
-
— =+ —+—-|O|
= b voio g o s, o o FORAMINIFER-NANNOFOSSIL OOZE, very pale
= o o e e FORAMINIFER-NANNOFOSSIL OOZE, very pale g o e i brown (10YR 8/3) in Section 3 and most of Section
g A= —=d0 Geown {16V [99); bemagrieon acatic ke sivwrtl T:’:'——':’:F ! 1. Base Section 1 and top Section 2 contain burrowed
H _|:’——;—+—s—-t o large burrows filled with white ooze in Section 2. B e x intervals where brown, white, and light gray oaze are
3 ] o i | Minigral oe disturance: 05— +I—{£'_t % mixed. Black streaks at approximately 48-54 cm,
8 g e ORGANIC CARBON AND CARBONATE Bl ey X Section 2 are pyrite-bearing(?).
8 T ey == o 285 === =] | E—— SMEAR SLIDE SUMMARY
1 g s e Organic carbon ~ — 1 == e o — Y 1149 254 367
e o 5 Carbonate 9 4:':':’_,_ — X L
=— _;.-_'_. e e X TEXTURE:
TR b TS iy b X Sand 5 10 TR
] = —— :
‘g e g el 4=t 1 X very pale brown silt 8 90 95
B e e X —— = E s 5
= == = [ e e ¢ Clay -
iy g ez 1 _+_,_+‘_4___‘_ i i COMPOSITION:
7 = 1=, = — TR - -
ISSS5, X z e 3 e s T TR
:"]_“"_._‘ ] 2 —f— —-f:'; X white Volcanic glass TR TR TR
B i el B Cugnc i o i Bl =
EE _.,.F_.'_,_.'_,:’: X - é $ g ot b _EE §—— Wionoie 5 10 -
g B =i = 5 | == 1 2| arernating Carbonate unspec. 20 16 15
2 = A==, X 2 1 ‘ .
% |E —'—— _+:'_ 5 ===t X white and very Foraminifers 10 5 5
5 |2 b o i e B iy et ey b X|  palebrown ooze Calc. nennofossils 45 70 70
3 _F ey || X === Ik Iron-oxides 0 - 10
= ===, —— ==, == —H white with some
H A== ===+ B e et I [11] O )
2 = —— —— = —— —H X black (pyrite?)
: o e | 7 e AR === 528 al 1X o
== + | x g |5 e e B KL I B
=== (O £ | S et X
- % @ B e e e very pale brown
==t X S i X
] = X ===t X
B e o T= 3 e
[y ey N o e i
o e ey b 5 X i P s o gt i X
pei I pi e i
=== = S8 i e v, e b
===t —= = —H X
i i 3|
_rj—_|_—0:*:i' ==+ X
===l ‘ ==t X
- 7 — = —]
z === = B e o o X
5= —t, —— —H X
© i e N B b e 1 X
1 3| et REE= S X
: o S e gy X =
z Y g, g b == =)
z 4 == N e
J:.:o— —l:'J B s | X
cG FG e — =1 — 3 __,‘—‘—,.—’—_ — o
I it sy o
) e 2
g 5 e e o)
Z o R o =
g = —— —t— —H
8l 2 e e i o
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SITE 521 HOLE CORE (HPc) 11 CORED INTERVAL _43.5-46.5m SITE 521 HOLE CORE (HPC) 12 CORED INTERVAL __ 46.5-51.0m
L FOSSIL e FOSSIL
i I CHARACTER - £ CHARACTER
g =% <
8 |zule[alzl Telz| 2 ubr S |swlelzz] T gz| e
[C] = o <] = 4 o
S EEHEEE E|2]| i | ,Gnasc El il LITHOLOGIC DESCRIPTION 1 EHHEHE B2 & | GRapHic gy |, LITHOLOGIC DESCRIPTION
aN|z HEIR ] I < z HE 2
e ENHEEH R Eiee 8 ok A HETEHE HIE +EHT
£ |z 22|58 |52 EEHE R HEH EEEHE
== =
SR HEHHE FEHE CRHEHHE E2f3E 5 |22
——
e o i -
R + FORAMINIFER-NANNOFOSSIL OOZE, very pale L) o )
= = = o A 5oLy g ] IRON-RICH NANNOFOSSIL CLAY grading down
z cm g e o O|  very pale brown brown (10YR 8/3), homogencous with bumowed ] 5 o core to MARLY NANNOFOSSIL OOZE. Clay is
& —t == —] base at 80 cm, Section 1. Sharp contact in Section 1 L . 7
w = = = (o] + 80 below thi e changes to NANNOFOS- £ iy dark brown (7.5YR 3/2); grades to brown (7.5YR
] g = at 80 cm; below this ooze chan 4 1 Cors i it
ES os—— =t == Ll |9 SIL CLAY that becomes darker (light yellowish 05 ..LJ_ . g dark brown 5/4) ooze. Core is burrowed throughou
e e sl ey g X Olz=whit brown [10YR 6/4] to dark brown [7.5YR 4/4] 4 ik % SMEAR SLIDE SUMMARY
B e t and dark reddish brown [SYR 3/3)), contains less - ] 162 1410 2.110
1 o HH . [O— carbonate and more iron-oxides down core. Clay 1 b T +|x Lol st
B - =
J_:__J- light yellowish contains faint burrows. .LJ_ X TEXTURE:
brown . 3 3 1
FM -4, o SMEAR SLIDE SUMMARY o] T o :::d 0 4 95
gttt o 177 191 14148 cc,10 - 1 . |0 Clay 57 57 4
e e o y e o0 4 M © COMPOSITION:
¢ Iz ] o TEXTURE: \ L o) Clay 0 6 4
8 |= | *1 x| dark yellowish Sand = 8 10 10 7 T - o Volcanic glass 11 TR
s |z g , Silt 85 60 50 50 @ — o i (o] Palagonite - TR -
> | o) Cla 15 85 40 40 § A "
I [ s Y. 8 X Micronodules 1 1 1
g (22 My o COMPOSITION: 2 4 )y S o Carbonate unspec. 5 3 6
2l B ] +|O|  gark recdish Quait L L Rl e o Foraminifers 3 2 2
2 il O  brown oy L I 2 |23 %11 — Calc. nannofossils 20 27 65
Ay Volcanic glass TR 10 5 TR g .[58 LY (o] , s 20 20 13
s [e) Palagonite = R = JF 2 |nz L L romoxi
L " 2% M TE o
— by~ o Micconodules  — B 10 10 ik [¢) ORGANIC CARBON AND CARBONATE
o Carbonate unspec. 10 10 10 15 " gy T #
e 0o 176 276
2 ] o dmxbum e Foraminifers 5 5 5 ~ T Organic carbon ~ —  —
] | S| brown Cale. nannofossils 75 35 3 3 2 oyt By +|o ot pe i
Iron-oxides 0 20 22 Tk o
- (o] t L
z o i ORGANIC CARBON AND CARBONATE _ L] o]
= = x 145 1130 220 cC,10 = JJ «|0
5 Organiccarboon ~ — - -~ A o
€ - L Carbonate 92 49 50 3 L o
Fp cm|CC s A [o)
J__L.L o
Ik
3 i fo)
gl e i
iy a J_.J_ 1 1 X%
cP RM|CC [ S By X
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56.56-58.6 m

TIME — ROCK
UNIT
BIOSTRATIGRAPHIC
ZGNE
FORAMINIFERS
NANNOFOSSILS
RADIOLARIANS.
DIATOMS
BENTHIC
FORAMINIFERS
SECTION
METERS
DRILLING
DISTURBANCE
EDIMENTARY
STRUCTURES
SAMPLES
MAGNETIC
POLARITY

= SITE HOLE CORE (HPC) 13 CORED INTERVAL _ 51.0-55.5m
8 g FOSSIL
- g CHARACTER
Q
8 |gulelalzl T 2z] 2 N
- |9Z|G| 5| = wof & GRAPHIC Sfe 2|
B EHEE S LITHOLOGY |, 2K a o, LITHOLOGIC DESCRIPTION
TN HEEHEEEE Balzd ¢ [EE
= |- [2]2|2]|5|E3|“ 5l 2 25
TS 57|25 g8 EaE= 2 23
s |2]2|&|a (=8 Eakrl 5 [£8
e
T__voip ! o NANNOFOSSIL QOZE, light vyellowish brown
T, 4, (10YR 6/4), homogeneous throughout except for
N e o ¥ R rare burrows and white patches. Top 25 cm of
e e (o} Section 9 contains drilling mixture of brown MARLY
e o 00ZE.
05— AT Al
o _L_L _L.J_ le)
T [¢) SMEAR SLIDE SUMMARY
i g Tyl g 10 177
oy o
Tt o D
s P llgne? Tl K TEXTURE:
0 [l Tl B o Sand ™
P et Rt o silt %
[ TR Clay
T 9 COMPOSITION:
N s A Ie)
e S o Clay
A - Carbonate unspec. 30
Lo o Foraminifers TR
Voo __ Calc. nannofossils 65
Ty o Iron-oxides 5
J—_l__l-_L-‘-_A
i Pl Rl T o ORGANIC CARBON AND CARBONATE
oy whe g e ) (o) 1105 2103
= J_‘-L-_I_—'- o o] Organic carbon — =
@ i py gy o Carbonate 88 8
2 T T
3z ] fo)
= [Ke B ST o o
gz2 P Ry O = white patches
g ol U g
3 [ T g Ty o]
A e W Y
o Rl Gl a
_"‘.CJ‘.A_"'_L o
f g g K o
T ©
4
ey
S g o
1 g
A |=— white patch
g i ¥ ity o
_-LJ__‘__LJ__I O
Tt 8
Tt O~ white patch
Tt o
Tt °
ol it =
e o
Jloiriey A o
B g™
J_-‘__L_.L_I__.
- H Tl o
| S S

LITHOLOGIC DESCRIPTION

i
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L

TS

Fkrkrkrfrkrrrrrrrl_r
FRERREEREE
R REREERERE
l-l-l-h-lhl-l-l—l— [

"
i
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IS

middle to upper Miocene
N14-17 (F)
NN8-10 (N}
FhF
FEERRF
FEREREE

O o B T LI—LFJ-_FE}.

O OxxQ00xx>xQ0*x*x00 000 00 xx 0O000x x 0000

h

[=— white patch

yellowish brown

dark brown

yellowish brown

NANNOFOSSIL OOZE grading down core to IRON-
RICH NANNOFOSSIL CLAY at approximately 90
cm, Section 2. Qoze is yellowish brown (10YR 5/4)
with scattered burrows; clay is dark brown (10YR
3/3) with common burrows throughout. Core-
Catcher shows reversal from dark clay back to yellow-
ish ooze. Top 5 cm, Section 1 contains drilling
breccia of dark brown mudstone.

SMEAR SLIDE SUMMARY

1120
D
TEXTURE:
Sand 1
silt 9%
Clay 5
COMPOSITION:
Clay 5
Palagonite TR
Pyrite TR
Micronodules TR
Carbonate unspec. 20
Foraminifers 1
Calc. nannofossils 70
Iron-oxides 4

ORGANIC CARBON AND CARBONATE
112 2105

Organic carbon - -

Carbonate 88 32
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SITE 521  HOLE CORE (HPC) 15 CORED INTERVAL _ 58.5-61.5m SITE 521 HOLE CORE (HPC) 17 CORED INTERVAL  66.0-70.5m
S FOSSIL 2 FOSSIL
. é CHARACTER @ z CHARACTER
<
8 (e (el22 alz| « 8 (= @ alz| v
EMEEE 218| ¢ ) I} MEEE 4 ] u
SElEE Bl 82 HI SRARHIC gl 8 LITHOLOGIC DESCRIPTION AR ;I 2| & GRAPHIC S LITHOLOGIC DESCRIPTION
B HIE L5k LITHOLOGY | 2 el foo = FEIEHEE S LITHOLOGY |, 2f2 & o>
wi |21 815 (2 [e5|a| 2 Fal= ol @[5k w3 |IR|Z] 8|5 le2|8] & L3Es |22
2 1z |z1212|8z2 GSsd 2 25 = |- (21212|5(E3|“ E5isgf 2 (28
Fole |5213|=z|z8 HEH Fo18 |zlz|a|%|zE Eblez £ |23
ERHEIE FE FAHE A Bafat| % |58
———=1T1 1% i
dark reddish brown
Trace of MARLY NANNOFOSSIL OOZE in Core- FORAMINIFER-NANNOFOSSIL OOZE, very pale
Catcher. Core was dropped — possible reason for core brown (10YR 7/4) with mottled and burrowed inter-
disturbance in Core 16. h VoIb dark yellowish brown  ¥Als ©f ark yellowish brown (10YR 4/4). Dark red-
e | (¢] dish brown (5YR 3/4) NANNOFOSSIL CLAY oceurs
ORGANIC CARBON AND CARBONATE 05— :‘__’__‘:’:’_ at tap of Core (contamination?) and at top of Section
cc e ey T .le 3, Pale brown and yellowish brown contacts show
Organic carbon ~ — I”:.'_ ‘_.:"’ very pale brown burrows best. Top of core only is disturbed.
Carbonate 26 1 == = ! (e]
el e SMEAR SLIDE SUMMARY
j Sl SHE] *lo kocll o
1.0 =+, =t
Cro— —H TEXTURE:
4 ) it
iy ey o Sand 5 3
j fo =i H sitt 0 70
7\_‘_ —t— 7
521 HOLE CORE (HPC) 16 CORED INTERVAL __ 61.5-66.0 m B ey o gg‘v(nposmon- °e
% FOSSIL = LU UL PR o Clay 5 27
I CHARACTER = e iy Volcanic glass TR -
2 FTeTe alz| » ———H Palagonite - TR
wl2) 312 2 & w i 52, 4
EHHEE Bl 2| & [ Gramic | Geg LITHOLOGIC DESCRIPTION = = —H o Micronodules TR —
FIHEIT AR LITHOLOGY o ZiE g, |2> @ o ol o e Carbonate unspec. — 10
c|3gl2|8)E8%| = o g e s 0o Foraminifers 5 TR
FHHEIR EE5E 2 (23 < gz = = ]| Cale. nannofossils 85 58
FRHEIEHEEE G353k 5 |52 = |5z o e Iron-oxides 5 5
6) 3 |22 = == — +|0
[e] y IRON-RICH NANNOFOSSIL CLAY alternating ‘g 2 —= == 4 ORGANIC CARBON AND CARBONATE
& dark reddish brown 'R ' —t= =0 L e 164 265 365
+ with MARLY NANNOFOSSIL OOZE. Clay is dark ~—=, —— —H \ o derk yellowish brown  organic carb
reddish brown (25Y 3/2) with few burrows; ooze it g pe| l‘_ c’“:“" :’ on Pt
is reddish brown (5YR 4/4), aiso slightly burrowed. =ty ep
Core is disturbed by drilling (probably resulted R o
from dropping of Core 16); outer edges of Section g vy e Ve pelglbrown
(e} 1 and part of Section 2 show vertical flow lines. "-_‘_—'-_,,:" o
1 = A
reddish brown +_._+_4_ ™ ‘
o SMEAR SLIDE SUMMARY " VoD
;-us ;-mo ey E » " [ dark reddish brown
E | TEXTURE: 1—'—0— —+
g ez (o] Sand 3 3 +_—f—_|,_+_|, fo)
s s Silt 6 & 3,-'—5-'-4. very pale brown
e |22 i Clay 0 15 gttt o
2 s 2] [e] COMPOSITION: 3 +‘_|:’—+"" +
2 4 n Quartz TR~ = [ _'___;
| n Clay o 1B e i 4 [e] dark brown patches
dark reddish brown ~ Volcanic glass 2 T8 .f_+_|,_| —+
— H o Palagonite TR TR gt et
h H Micronodules 12 S o g § o)
+ +
] n Carbonate unspec. 10 5 A= =t -}
" L Foraminifers TR TR i oo
X Calc. nannofossils 47 70 cp Fmlce _‘.+_|+ t
] A = Iron-oxides 10 8 [ £ e iy
_1 -‘-—I—j
H |~ - o ORGANIC CARBON AND CARBONATE
g reddish brown 126 2100
- = e +* )
d ol _l_‘ Organic carbon - -
o Carbonate 15 54
FP Ci Gt i _

191
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SITE 521 HOLE CORE (HPC) 18 CORED INTERVAL _705-749m SITE 521 HOLE CORE (HPC) 19  CORED INTERVAL _ 74.9-79.3m
% FOSSIL 2 FOSSIL
< |E CHARACTER o ; CHARACTER
S |2 [2T=Te 2z o S |2 [2TaTe 2lz| o
SR EE I R GRAPHIC gz o |ow|2l 2|2 HEIR ue
15 :é g 8 i . ug El £ | uTholosy w§=§ s LITHOLOGIC DESCRIPTION € EE g 2 % . g I enamC agg - LITHOLOGIC DESCRIPTION
| o S8 3 Ss|w)| = =4 I~ R wd [ 2kl s vEl g Lalz2 g |FE
= |- (31228 |E3|° w3 o =2 FT sTIE (3]2]2|3(z5|% = Eglap 4 [5E
Fol8 1512z zE EolEa € |33 Folg |3|2(a|5]EE EPIE3 & (33
S |81sj<|2|E8 E23H 5 |38 © |51%|x]|2|Es xﬂm‘fii
FRHEIERE I of b & 3 |2]|3|&]|a|al Gofs bl & |28
==
| ] b ol o
MARLY FORAMINIFER-NANNOFOSSIL OOZE, P =+ MARLY FORAMINIFER-NANNOFOSSIL OOZE,
| o yellowish brown (10YR 5/4) and light yellowish L= —— —+ + yellowish brown (10YR 5/8) changing to dark yel-
n o brown (10YR 6/4) to reddish brown (YR 4/4) = et gt X lowish brown (10YR 4/4) in Section 3. Burrowed
110 and brown (7.5YR 4/4). Three foraminifer layers E::—i—_’:f:', zones enhanced by mix of yellowish brown ooze
e 131710 noted (Sections 1 and 2). All have sharp basal con- —— =+ X with minor grayish white ooze. Top 20 cm of core
o —f X tacts; only one is graded with possible cross lamin- "T'_.,_"':'._ contains dark clay from downhole contamination.
5 ‘;-9— —-0: [e) yellowish brown ations. Burrowed intervals are common. Horizontal, =, —— =+ X
1 :c-'+ X evenly spaced Zoophycus burrows occur between 1 = _q_l_g. SMEARSLIDESNMARY
S 130-145 cm in Section 4. White concentric patch +_'-f—_'_+_‘_ il
o g occurs at 38 em in Section 3; possible reduction ring +:0—|—1:+ X Lite
ié —1—__‘_—1— 2 X due to burrowing. g +_+ —— TEXTURE:
g sy o —— —f:" l »|X Sand 0 5
Py el | X ‘ SMEAR SLIDE SUMMARY H=y =t sikt 8 90
o I’"’ﬂ“" brown 146 2126 370 gt . bl 2
e e S X ——
== ==, m L TEXTURE: . . o = =, —+ COMPOSITION:
ey X ' heoet | (] [ x Clay 5 s
_‘ = o light yellowish brown  Sand 46 3% 10 L Volcanic glass TR -
silt 50 60 85 X
o o POSITION: : 2 ® ".—_.:‘_—.— g:‘:::‘i:‘iie::‘pm :g _5
po— . H= ———+ +x Calc. nannofossils 70 85
Clay 5 5 5 g L e
: T o Volcanic glass = TR = . E_"'__':*' Iron-oxides 5. b
g |2 Q|  jyellowish brown Falagonits - = W B[ Ho=t X ORGANIC CARBON AND CARBONATE
g |z Micronodules TR TR - Ss|Ez = —'—_,:" 223 3100
o — Carbonate unspec. 10 5 5 2 clxe ,,_—f_+ —+ yellowish brown .
3 oy 2 Organic carbon - -
3 2 w0 Foraminifers 40 3 10 3 8lz2 —=, = X
€ o brown Calc. nannofossils 34 60 80 2E(== 2 et e g Citbonas = »n
<! Iron-oxides 11 ::_,:‘—_,_E: X
vellowish brown ORGANIC CARBON AND CARBONATE 4= —+-|—|- 1%
1107 271 .;:’:F":..
# | X |=—{zoophycus burrows ~ Organiccarboon ~ —  — = ==
= T . Carbonate 7 e j’ E_'*__;Et 1 X
2 "y jo) ! St 1y |x
g (o} =] - __voio .
reddish brown g i g my g
2 ol e ¥
= i ‘ yellowish brown ."_'f— +_'__Q.
o o By X
ey ol e i
o e o O N e e i ¥
=) —— 4 white patch —— I X
3 e g o 3 o
==y o == |
=t » = I dark yellowish brown
| — -1—_‘ (o] —+— —
= X ===+
s === || == | }
—+—= =+ X St
2 +
5 s | H '_+_,_ i l
2 —t= = Fm cMm [cc +L_+'
2 dem m|CC ———¥ - eSSl
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SITE 521 HOLE CORE (HPC) 20 CORED INTERVAL _ 79.3-83.7m 521 HOLE CORE (HPC) 21 CORED INTERVAL 83.7-84.0m

FOSSIL
CHARACTER

|

FOSSIL
CHARACTER

GRAPHIC

LITHOLOGY LITHOLOGIC DESCRIPTION

LITHOLOGY

TIME — ROCK
UNIT
BIOSTRATIGRAPHIC
ZCONE
FORAMINIFERS
SECTION
METERS
TIME — ROCK
UNIT
BIOSTRATIGRAPHIC
ZONE
FORAMINIFERS
SECTION
METERS

NANNOFOSSILS

wl
GRAPHIC 2 LITHOLOGIC DESCRIPTION
o
=

RADIOLARIANS
FORAMINIFERS

NANNOFOSSILS
RADIOLARIANS
DIATOMS.
BENTHIC
FORAMINIFERS
DRILLING
DISTURBANCE
EDIMENTAR.
TRUCTURES
SAMPLES
MAGNETIC
POLARITY
DIATOMS
BENTHIC
SEDIN
SAMPLES
MAGNETIC
POLARITY

b
i

n
fy

r
t

;
.,,
Bl

VoID MARLY FORAMINIFER-NANNOFOSSIL OOZE, 1
yellowish brown (10YR 5/6) and brownish yellow e e [CC
(10YR 6/8) to light yellowish brown (10YR 6/4),

and brown (7.5YR 5/2). Thin foraminifer sand with
s z sharp basal contact and burrowed top occurs in
[ bromish yellow Section 1. Burrows common throughout,

MARLY FORAMINIFER-NANNOFOSSIL OOZE,
yellowish brown (10YR 5/6), disturbed by drilling.
Top 11 cm of core contain slurry of ooze and rust,
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COMPOSITION:

X Quartz TR
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Micronodules TR
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Foraminifers 15
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Fish remains 5
Iron-oxides 5
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28-72m
2 CORED INTERVA a

SITE 521 HOLE A  CORE (HPC)

00-2.8m

1 CORED INTERVAL 0.

521 HOLE A CORE (HPC)

91
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[} FOSSIL
E SeofacTeR DESCRIPTION
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1= ++_++‘ i (10YR 6/4) changing down core - == =0 except for several \
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11.6-16.0m

LITHOLOGIC DESCRIPTION

FORAMINIFER-NANNOFOSSIL OOZE, very pale

brown (10YR 7/3) to pale brown with sporadic
burrowed intervals; burrows filled with white ooze.

Some drilling disturbance in first two sections.
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LITHOLOGIC DESCRIPTION

FORAMINIFER-NANNOFOSSIL OOZE, very pale

brown (10YR 8/3) with white (10YR 8/2) to pale
yellow (2.5 8/4) alternations in Section 2. Scat-

tered white burrows throughout. Minimal core dis-
turbance.
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SITE 521

LITHOLOGIC DESCRIPTION

20.4-248m

brown (10YR 7/3), with burrow mottled thin inter-
vals of white and light gray ooze; these may have

been laminated white and gray ooze disrupted by
burrowing. Minimal core disturbance except upper

80 cm in Section 1.

FORAMINIFER-NANNOFOSSIL OOZE, very pale
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LITHOLOGIC DESCRIPTION

16.0-20.4 m

light yellowish brown (10YR 6/4), homogeneous
except for burrowed intervals in Sections 1 and 3

(10YR 6/3) and very pale brown (10YR 8/3) to
as shown. Minimal core disturbance.

FORAMINIFER-NANNOFOSSIL OOZE, pale brown
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29.2-33.6 m

SITE 521

180
8
2

2]

9

TR
8

brown (10YR 8/3), homogeneous except for scat-
tered burrowed grayish white patches of ooze.
92
TR

FORAMINIFER-NANNOFOSSIL OOZE, very pale

SMEAR SLIDE SUMMARY
Calc. nannofossils
Iron-oxides

COMPQOSITION:

TEXTURE:
Sand

Silt

Clay
Foraminifers

LITHOLOGIC DESCRIPTION
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brown (10YR 8/3) with minor, thin white burrowed

FORAMINIFER-NANNOFOSSIL OOZE, very pale
intervals.

LITHOLOGIC DESCRIPTION
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521  HOLE A CORE (HPC) 9 CORED INTERVAL _33.6-38.0m SITE 521 HOLE A CORE (HPC) 10 CORED INTERVAL _ 38.0-424m

891

TIME — ROCK
UNIT
BIOSTRATIGRAPHIC

FOSSIL FOSSIL
CHARACTER CHARACTER

GRAPHIC

LITHOLOGIC DESCRIPTION LITHOLOGY

LITHOLOGIC DESCRIPTION

ZONE

ZONE
FORAMINIFERS

FORAMINIFERS
RADIOLARIANS
DIATOMS
FORAMINIFERS
SECTION
METERS
=
=
B
o
[
=3
2]
<
ISTURBANCE
TIME — ROCK
UNIT
BIOSTRATIGRAPHIC
SECTION
METERS

NANNOFOSSILS
BENTHIC

ME
STRUCTURES
SAMPLES
MAGNETIC
POLARITY
NANNOFQSSILS
RADIOLARIANS
DIATOMS
BENTHIC
FORAMINIFERS
DRILLING
STRUCTURES
SAMPLES
MAGNETIC
POLARITY

lower Pliocene
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Alternating FORAMINIFER-NANNOFOSSIL O0ZE,
MARLY NANNOFOSSIL OOZE and NANNO-
FOSSIL CLAY form sequences of very pale brown
very pale (10YR 8/3) ooze grading to yellowish brown (10YR
brown 5/4) dark yellowish brown (10YR 4/4) marly ooze;
last sequence grades to dark brown (10YR 3/3)
nannofossil clay. Burfows common throughout;
most common near upper contact of light ooze with
darker marly ooze. Minimal drilling disturbance.

FORAMINIFER-NANNOFOSSIL OOZE, very pale
brown (10YR 7/4) to light yellowish brown (10YR
6/4) and dark yellowish brown. Burrowed throughout
with intensely burrowed zone at base Section 3.
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521

L 46.8-50.3m
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TE EHEEIE HE R sl | LITHOLOGIC DESCRIPTION
wo |[EN|Z2[ 2| <|2|eZ|Q]| w SR == I el
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s |5 |2]2|2]8|E= BPES 2 2%
18 [2]2]3|5]|28 EElz £ (23
FHEIH R FE
NANNOFOSSIL CLAY, dark reddish brown (10YR
@ 3/3) grading down core to dark yellowish brown
8| - MARLY NANNOFOSSIL OOZE. Burrowed through-
é H out with one large vertical Zoophycus burrow at
S =] 64 cm. Top 23 cm of core contain drilling debris.
3 z
2| 2
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dark brown
alternating dark
reddish brown and
yellowish brown
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e 4 brown (5YR 3/3) NANNOFOSSIL CLAY. Contacts
J._L_I._L between two lithologies are gradational over several
Tl cm 1o tens of cm. Burrows common and best seen
1_"'_1_4' in color transitions (light to dark). Several large
it horizontal Zoophycus burrows in Section 2. Mimi-
a4 mal core disturbance.
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521 HOLE A CORE(HPC) 13  CORED INTERVAL _50.3-54.7m SITE 521 HOLE A CORE(HPC) 4  CORED INTERVAL 547-59.1m
= FOSSIL 2=t SSIL
z CHARACTER z CHARACTER
S |2 S |2
AR BRERE -REAABEBRERE
1] = o | i<} = o| L
celzzlel g 2 HEIR GRAPHIC Slg g LITHOLOGIC DESCRIPTION b= = I A HE R GRAPHIC gz & LITHOLOGIC DESCRIPTION
1Z128(518)|2),].55] & LITHOLOGY |, IS & |ox H I E sE| B LTHOLOGY |, gS& o>
N HE I H EgE f |5z HENHEEHE B
Eo|lg [E|2|3|% |52 ERE2lE (83 F |lg |2)12]|5]|k EPiES 2 (85
ERHHEHES B2 3|52 ERHEHE a5 3 |52
gy | yellowish o Iternations of NANNOFOSSIL OOZE and MARLY
- brown MARLY NANNOFOSSIL OOZE alternating with Alternations of NANNOFO! an
T NANNOFOSSIL OOZE and NANNOFOSSIL CLAY. ! NANNOFOSSIL  OOZE, dark yellowish brown
b — by b ] (10YR 4/4) and reddish brown (EYR 4/4) to yel-
d ish Colors ringdframpderic | ddjshi brows 5 | lowish brown (10YR 5/6). Darker sediment more
dark reddis! [clay]) to dark yellowish brown (10YR 4/4 [clayey 5
- A brown e veu clay-rich/carbonate-poor. Color boundaries grada-
05 coze]) and yellowish brown (10YR 5/6 [ooze]). | tion: mixed by burrowing, Burrows common through-
B Color changes gradational and mixed by burrowing. e -
B grades to Sections 2 and 3 extensively burrowed; Section 3 . g
1 ] contains some evenly-spaced, horizontal Zoophycus 1
L burrows. Top 25 cm of core is drilling debris.
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SITE 521 HOLE A CORE(HPC) 15  CORED INTERVAL 59.1-635m SITE 521 HOLE A coRe(HPc) 16 CORED INTERVAL 635-67.9m

OSSIL FOSSIL
CHARACTER CHARACTER

GRAPHIC sl
LITHOLOGY |, 3

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION LITHOLOGIC DESCRIPTION

TIME — ROCK
uNIT
ZONE
FORAMINIFERS
SECTION
METERS
A
TIME — ROCK
UNIT
BIOSTRATIGRAPHIC
ZONE
SECTION
METERS

BIMI
STRUCTURES
MAGNETIC
POLARITY
FORAMINIFERS
NANNOFOSSILS
RADIOLARIANS
DIATOMS
BENTHIC
FORAMINIFERS
DRILLING
SAMPLES
MAGNETIC
POLARITY

BIOSTRATIGRAPHIC
SAMPLES

NANNOFOSSILS
RADIOLARIANS
DIATOMS
BENTHIC
FORAMINIFERS
BRILLING
DISTURBANCE
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FORAMINIFER-NANNOFOSSIL OOZE, vyellowish
brown (10YR 5/4—10Y 5/6), homogeneous and
moderately bioturbated throughout. Top Section 2
contains thin interval of MARLY NANNOFOSSIL
OOZE that grades down section to foraminifer-
nannofossil ooze. Inclined boundary at approxi-
mately 90 cm in Section 2 marks subtle color con-
trast but no obvious compositional differences.
Minimal core disturbance.
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dark NANNOFOSSIL OOZE and FORAMINIFER NAN-
yellowish NOFOSSIL OOZE; yellowish brown (10YR 5/4) and )
|— brown dark yellowish brown (10YR 4/4) with darker colors -
o5 i vellowish brown  more clay-rich/carbonate-poor. Foraminifers become 5]
|~— dark brown clay clast more common in ooze in Section 2. Section 3 is i
" mostly foraminifer-nannofossil coze. Burrows com-
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' hanced at color boundaries. Base Section 2 (139 cm) -
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SITE 521 (HOLE 521)
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SITE 521 (HOLE 521)

13-3

13,CC

14-1 14-2

14,CC 15

17-1 172 17-3

NO RECOVERY

—150

177



SITE 521 (HOLE 521)
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SITE 521 (HOLE 521A)
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SITE 521 (HOLE 521A)
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SITE 521 (HOLE 521A)
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