The descriptions of sites, cores, and data included in these site reports were completed within one
year of the cruise, but many of the topical chapters that follow were completed at a later date. More
data were acquired and authors’ interpretations matured during this interval, so readers may find
some discrepancies between site reports and topical papers. The timely publication of the Initial Re-
ports series, which is intended to report the early results of each leg, precludes incurring the delays
that would allow the site reports to be revised at a later stage of production.



2. SITE 606!

Shipboard Scientific Party?

HOLE 606

Date occupied: 2 July 1983

Date departed: 4 July 1983

Time on hole: | day, 6 hr.

Position: 37°20.32'N; 35°29.99'W

Water depth (sea level; corrected m, echo-sounding): 3007
Water depth (rig floor; corrected m, echo-sounding): 3023
Bottom felt (m, drill pipe): 30221

Penetration (m): 165.75

Numbers of cores: 18

Total length of cored section (m): 165.75

Total core recovered (m): 154.1

Core recovery (%o): 92.9

Oldest sediment cored:
Sub-bottom depth (m): 165.75
Nature: nannofossil ooze
Age: early Pliocene (4.1 Ma)

Basement: not reached

HOLE 606A

Date occupied: 4 July 1983

Date departed: 5 July 1983

Time on hole: 26.5 hr.

Position: 37°20.29'N; 35°30.017'W

Water depth (sea level; corrected m, echo-sounding): 3007
Water depth (rig floor; corrected m, echo-sounding: 3023
Bottom felt (m, drill pipe): 3023.8

! Ruddiman, W. F,, Kidd, R. B., Thomas, E. et al., Init. Repts. DSDP, 94: Washington
(U.S. Govt. Printing Office).

2 william E. Ruddiman (Co-Chief Scientist), Lamont-Doherty Geological Observatory,
Dept. of Geological Sciences, Columbia University, Palisades, NY 10964; Robert B, Kidd
(Co-Chief Scientist), Institute of Oceanographic Sciences, Surrey GUS 5UB, United Kingdom
(present address: Ocean Drilling Program, Texas A&M University, College Station, TX 77843-
3469); Ellen Thomas (Science Representative), Deep Sea Drilling Project, Seripps Institution
of Oceanography, La Jolla, CA (present add 1 t-Doherty Geological Observatory,
DBIJI. Ol' Geological Sciences, Columbia University, Palisades, NY 10964); Jack G, Baldauf,
P logy and Strati Branch, U.S. Geological Survey, Menlo Park, CA (present ad-
dress: Ocean Drilling Program, Texas A&M University, College Station, TX 77843-3469);
Bradford M. Clement, Lamont-Doherty Geological Observatory, Palisades, NY (present ad-
dress: Ocean Drilling Program, Texas A&M University, College Station, TX 77843-3469);
James F. Dolan, Dept. of Earth Sciences, University of California, Santa Cruz, Santa Cruz,
CA 95060; Margaret R. Eggers, Dept. of Geology, University of South Carolina, Columbia,
SC 29208; Philip R. Hill, Atlantic Geoscience Center, Geological Survey of Canada, Bedford
Institute of Oceanography, Dartmouth, Nova Scotia B2Y 4A2 Canada; Lloyd D. Keigwin,
Ir., Dept. of Geology and Geophysics, Woods Hole Oceanographic Institution, Woods Hole,
MA 02543; Margie Mitchell. Geological Research Div., Scripps Institution of Oceanography,
La Jolla, CA 92093; le Philipps, Lab ire de Géologie et Océanographie, Université
de Bordcaux 1, 33605 Talence Cedex France; Frank Robinson, Lamont-Doherty Geological
Observatory, Palisades, NY 10964; Sassan A. Salehi Ocean Engineering No. 2, Univer-
sity of Rhode Island, Kingston, RI 02882; Toshiaki "thnysma Dept. of Geology, Kanazawa
University, Kanazawa 920 Japan; Gerhard Unsold, Geologisch-Palaontologisches Institut,
Universitit Kiel, D-2300 Kiel, Federal Republic of Germany; Philip P. E. Weaver, Institute of
Oceanographic Sciences, Surrey GUS SUB, United Kingdom.

Penetration (m): 178.4

Number of cores: 19

Total length of cored section (m): 178.4
Total core recovered (m): 156.3

Core recovery (%): 87.6

Oldest sediment cored:
Sub-bottom depth (m): 178.4
Nature: nannofossil ooze
Age: early Pliocene (4.4 Ma)

Basement: not reached

Principal results: Site 606 consists of two holes located on the upper
western flank of the Mid-Atlantic Ridge at 37°20.3'N, 35°30.0'W.
Hole 606 was cored with the newly developed APC (advanced pis-
ton corer) to a sub-bottom depth of 165.75 m and an age of early
Pliocene (4.1 Ma). Hole 606A was APC cored to a sub-bottom
depth of 178.4 m and an age of early Pliocene (4.4. Ma). Recovery
averaged 92.9% at Hole 606 and 87.6% at Hole 606A. No cores
contained contorted layers. Paleomagnetic and lithologic tie lines
between the two holes indicate that the composite section is 100%
complete. Both holes were relatively homogeneous nannofossil oozes
throughout their entire lengths. All calcareous microfossil zones
were well represented, with no hiatuses evident at the scale of sam-
pling. Three winnowed foraminiferal sands suggest possible short-
term hiatuses. The paleomagnetic stratigraphy is excellent in the
Pleistocene, then poor until about 3 Ma, then good to the bottom
of each hole. Deposition rates averaged 25 m/m.y. in the late Pleis-
tocene, 37 m/m.y. in the early Pleistocene and late Pliocene, and
increased to 62 m/m.y. in the early Pliocene. These rates are con-
sistent with an environment in which pelagic deposition dominates
but is enhanced by continuous transportation and redeposition of
dominantly contemporaneous sediments by very gentle current ac-
tivity on the seafloor. These currents move sediment from base-
ment outcrops and high-standing topography to the lower basinal
topography, but leave intact an excellent “pelagic” record. The
large overpull at the bottom of this section suggests that we en-
countered considerably more indurated sediments and could indi-
cate a depositional hiatus at the bottom of the section.

BACKGROUND AND OBJECTIVES

Site 606 is located on the upper western flank of the
Mid-Atlantic Ridge roughly 300 n. mi. west-northwest
of the median valley in the FAMOUS area and 260 n.
mi. west-southwest of the Azores (Fig. 1). Rotary cor-
ing 18 mi. east-southeast of this site was carried out at
Site 335 on Leg 37 (Aumento, Melson, et al., 1977).

Drilling at Site 335 had shown that the sediment se-
quence consists of a foraminifer-bearing nannofossil ooze,
with deposition rates close to 40 m/m.y. Seismic records
indicate that in general in this region sediment is depos-
ited preferentially in basins or valleys along the upper
ridge, whereas the higher topography is kept free of sed-
iment by current activity along the seafloor. Some de-
gree of acoustic layering is visible in these sediment piles,
but previous experience with piston cores indicated that
the sediments would be dominantly pelagic, with possi-
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Figure 1. Track chart of Glomar Challenger for Legs 94 and 37 in the vicinity of Site 606. Time is in GMT (Greenwich

Mean Time).

bly occasional interbedded local pelagic turbidites. Site
606 was selected on a gentle sedimentary high in a basin
with sediments that appeared more transparent and less
ponded than in adjacent basins, thus minimizing the
chance of downslope deposition (Figs. 2 and 3). It was
thus chosen primarily for its thick upper Neogene se-
quence and dominantly pelagic deposition.

Site 606, which lies in the northern part of the mod-
ern-day subtropical gyre, anchors the southern extreme
of the North Atlantic late Neogene paleoenvironmental
transect. Upper Quaternary piston cores in this area show
a relatively modest degree of glacial-interglacial change
in lithology (% CaCO,) and in faunal and floral assem-
blages compared to the higher-amplitude variations far-
ther to the north. This region was thus selected both to
delimit the southernmost extreme of high-amplitude Neo-
gene paleoceanographic changes and to define the late
Neogene response of the more stable parts of the sub-
tropical gyre circulation. It also was selected to produce
a more complete upper Neogene biostratigraphic record
in CaCOj-rich sediments than has hitherto been avail-
able from this area.

Other paleoenvironmental objectives included estab-
lishing an undisturbed record for paleomagnetic studies,
including detailed examination of polarity transitions; a
record of Neogene carbonate dissolution; and a long
stable isotopic sequence. All of these paleoclimatic ob-
jectives involving detailed records address the overriding
problem of cyclical variations in the Earth’s climate at
orbital time scales.

OPERATIONS

Glomar Challenger departed Norfork, Virginia at 1652
GMT on Thursday, 23 June 1983 in relatively calm weath-
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er. We cleared the last Norfork buoy (NCD) at 1954 hr. 3
and headed into the North Atlantic after a brief pause
from 2045 to 2103 hr. on 24 June to test the thrusters.
Aboard were the normal complement of 45 GMI (Global
Marine Inc.) personnel plus 29 technical staff and scien-
tists.

The vessel proceeded without delay along a heading
of 090° (+002°) toward Site 606 on the Mid-Atlantic
Ridge. The weather was unusually favorable, with light
winds and following seas and currents for the entire tran-
sit. Because of favorable conditions, the anticipated transit
time of 9.4 days was reduced to 8.1 days. Underway to
Site 606, routine geophysical data were collected with a
12-kHz echo sounder, a 3.5-kHz reflection profiler, a
magnetometer, and an air-gun seismic profiling system.
As we neared the first site, the air guns were replaced
with the water-gun system, which has generally given
higher quality seismic records (penetration, resolution,
suppression of bubble pulse) than the air guns. In this
case, there appeared to be little difference between the
two systems, although the marginal performance of one
of the recorders (carbon smears from the stylus at mod-
erate to high gain) made the comparison difficult. In
any case, the seismic records were adequate for our needs.

During the final two days of approach to Site 606,
close inspection of the seismic records taken on Chal-
lenger Leg 37 at Site 335 showed evidence suggestive of
a slight bottom-current influence (a smoother surface
and slightly higher reflectivity than adjacent sediments).
Because of this, the decision was made to shift the loca-
tion of Site 606 some 13 n. mi. to the west-northwest to

3
All times are local (ship’s time).
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Figure 2. Nature of sediment cover in the vicinity of Site 606. Two basic types are distinguished: (1) generally higher-stand-
ing topography, in which basement outcrops or is draped with a thin cover of somewhat hummocky sediments (ha-
chured areas), and (2) lower topographic basins in which there is a thicker sediment fill, smoother surface topography, and

slightly more reflective sediments (stippled areas).

an adjacent basin with less reflective, more draped (and
slightly thicker—500 m) sediment cover. In the last half
day of transit, the course was adjusted to about 088° to-
ward this objective.

After a good satellite fix on 1 July at 1944 hr., we
slowed to 7 knots at 2000 hr. to try to improve the quali-
ty of the seismic record in order to select an optimal lo-
cation for Site 606 (see Fig. 1 for final approach to site).
Because there was no appreciable change in record qual-
ity, we resumed 10 knots at 2030 hr., keeping to a course
of about 089°. At 2045 hr. we passed over a gentle high
in the thick sediment fill, and this was designated as an
ideal target for Site 606 after a survey to check the di-
mensions of the sedimentary basin to the east and north.
We ran east until 2135 hr., then 025° until 2210 hr. on 2
July, then 270° until 2305 hr., and finally 215° until the
beacon drop at 2347 hr. The water gun began firing in-
termittently after 2200 hr. and was replaced by an air gun
at 2215 hr. From 2338 to 2347 hr. the magnetometer was
pulled in, and the seismic gear retrieved from 2345 to
2400 hr. We then turned and went back to the beacon,
which was located by later satellite fixes at
37°20.316'N, 35°29.994' W,

This survey showed (Figs. 2 and 3) that there are no
basement outcrops near Site 606 to the north, east, or
west, and that the quality of sediment cover looks very
good for predominantly pelagic sedimentation, with an
apparently minor and rather gentle component of cur-
rent redistribution along the seafloor.

After maneuvering back over the beacon at 0037 hr.,
a test was begun of the ship’s thrusters, and particularly

the hand-controlled part of the system that had not
worked correctly in the test off Norfork. The defect was
corrected and the test ended at 0055 hr. From 0130 to
0517 hr., a test was run on the APC (advanced piston
corer, see Introduction, Background, and Explanatory
Notes chapter, this volume). One minor problem involv-
ing shear pin stubs falling inside the tool and preventing
tight piston coupling for the succeeding run was diag-
nosed. We then began running in to the hole at 0615 hr.
on 2 July. Running-in time was longer than normal be-
cause the new pipe had to be strapped and fitted with
rubber protectors. From 1530 to 1857 hr., we felt for
bottom, taking one full core (overshot), then a water
core, and finally a 2.85-m core that gave an unambigu-
ous mudline at 3022.1 m water depth. Following the spud-
in at 1857 hr. on 2 July, we undertook continuous piston
coring at Site 606.

APC coring at 9.5- to 9.6-m increments gave excel-
lent results (90-100% recovery and no contorted inter-
vals at the top of any core). Minor problems continued
with the shear pins falling into the scoping assembly,
and this necessitated delays of between 5 and 20 min. in
order to retrieve the pins. Turn-around time averaged a
little under 1.5 hr. for the entire hole.

We took a total of 18 cores at Hole 606 (Table 1) to a
sub-bottom depth of 165.75 m and an age of early Plio-
cene (Zone NN14). Recovery for the entire section was
154.1 m, giving an average of 92.9%. We stopped cor-
ing short of refusal by the advanced piston corer be-
cause (1) we had penetrated an important paleoenviron-
mental objective at 3.2 Ma and (2) we wanted to leave
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Figure 3. Seismic section taken aboard the Glomar Challenger on Leg 94, coming into Site 606.

some time to reach deeper objectives in Hole 606A. The
last core from Hole 606 was on board at 2345 hr. on 3
July.

We pulled pipe and cleared the mudline at 0115 hr. on
4 July and offset 100 ft. to the west to Hole 606A at a po-
sition calculated from later satellite fixes as 37°20.29'N,
35°30.017'W. At 0205 hr. we spudded into Hole 606A
with a mudline core at a pipe-line depth of 3023.8 m
and began collecting a second set of piston cores. Cor-
ing proceeded smoothly, except that recovery was only
moderate (85-90%) for the first half-dozen cores. This
was corrected by adding a core catcher with strong fin-
gers, and recovery improved. Contorted sections were
again not a problem. Cross-checks of correlative lithol-
ogies and paleomagnetic boundaries were used to prove
that we were successfully overlapping the core bounda-
ries in such a way as to achieve a complete composite
column of sediment between Holes 606 and 606A (Fig.
4; see also Ruddiman et al., this volume).

Coring proceeded smoothly until Core 18, at which
point we retrieved a badly shattered liner with a large
void. The over-pull of 100,000 Ibf. on Core 18 was at or
near the limit recommended for the APC. The next core

Two-way traveltime (s)

(19) also contained a large void but did not show signifi-
cant over-pull. Finally, during pullout of Core 20, the
piston rod sheared at 40,000 1bf. of over-pull at 0105 hr.
on 5 July, leaving the APC in the hole. Attempts to re-
trieve the bottom part of the APC assembly failed, and
we terminated Hole 606A.

We retrieved a total of 19 cores at Hole 606A to a sub-
bottom depth of 178.4 m and an age of early Pliocene
(NN13/12). Recovery for the entire section was 156.3 m,
for an average of 87.6%.

We then attempted to begin a third hole at Site 606 at
an immediately adjacent location (no offset of ship’s po-
sition) with an initial wash down to a sub-bottom depth
of 145 m and then coring with the extended core barrel
(XCB). This choice of level allowed some overlap with
the last several cores in both Holes 606 and 606A. Wash
down for the next hole began at 0600 hr., was completed
at 1230 hr., and after a change of swivels for the next
hole we began initial attempts to core.

We first retrieved a short contorted core, but then got
an empty water core on the next attempt. At this point,
on the basis of several observations, we realized we had
lost the bottom 41 m of the bottom-hole assembly at



Table 1. Coring summary, Site 606.

Depth from Depth below
drill floor fMoor
- oot S0 g o
Core  (July, Time cored recovered  Recovery
no. 1983} (hr) Top Bottom Top Bottom (m) (m) (")
Hole 606

1 2 1920  3022.1-3025.0 0.0-2.85 .85 .85 100
2 2 2207 3025.0-3034.6 2.85-12.45 9.6 8.31 B6.8
3 2 2325 3034.6-3044.2 12.45-22.05 9.6 8.28 B6.3
3 3 0100  3044.2-3053.8  22.05-31.65 9.6 8.67 90.3
5 i 0228 3053.8-3063.4 31.65-41.25 9.6 9.35 97.4
6 3 0355 3063.4-3073.0  41.25-50.85 9.6 9.50 9.0
7 3 0508 3073.0-3082.6  50.85-60.45 9.6 9.23 96.9
8 3 0622 3082.6-3092.2  60.45-70.05 9.6 9.47 98.6
9 k| 0726  3092.2-3101.8  70.05-79.65 9.6 9.32 97.1
10 3 0B48  3101.8-3111.4 79.65-89.25 9.6 9.15 95.3
1" 3 1020 3111.4-3120.9 B9.25-98.75 9.5 B.51 88.6
12 k| 1153 3120.5-3130.4  9B.75-108.25 9.5 8.51 88.6
13 3 1403 3130.4-3139.9  108.25-117.75 9.5 B.69 90.5
14 3 1606 3139.9-3149.5 117.75-127.35 9.6 9.10 94.8
15 3 1739 3149.5-1359.1 127.35-136.95 9.6 9.03 94.1
16 3 2150  3159.1-3168.7  136.95-146.55 9.6 7.69 80.1
17 3 2128 1168.7-3178.3  146.55-156.15 9.6 9.10 94.8
18 3 2345 3178.3-3187.9 156.15-165.75 9.6 9.19 95.7
165.75 154.06 92.9

Hole 6064

1 4 0225 3023.8-3029.4 0.0-5.6 56 5.6 100
2 4 0345 3029.4-3039.0 5.6-15.2 9.6 T.46 7.7
3 4 0509 3039.0-3048.6 15.2-24.8 9.6 8.1 B4.5
4 4 0622 3043.6-3058.2 24.8-34.4 9.6 8.58 353
5 4 0739 3058.2-3067.8 34.4-44.0 9.6 B.59 89.5
6 4 0844 3067.8-3077.4 44.0-53.6 9.6 7.7 8O3
7 4 1005 3077.4-3087.0 53.6-63.2 9.6 9.17 95.5
8 4 1123 3087.0-3096.6 63.2-72.8 9.6 9.54 9.4
9 4 1237 3096.6-3106.2 72.8-824 9.6 9.33 91.2
10 4 1404 3106.2-3115.8 82.4-92.0 9.6 9.53 9.3
1 4 1521 3115.8-3125.4 92.0-101.6 9.6 9.18 95.6
12 4 1638 3125.4-3135.0 101.6-111.2 9.6 9.18 95.6
13 4 1747 3135.0-3144.6 111.2-120.8 9.6 7.44 80.6
14 4 1747 3144.6-3154.2 120.8-130.4 9.6 9.07 94.5
15 4 2007  3154.2-3163.8 130.4-140.0 9.6 8.96 93.3
16 4 2127 3163.8-3173.4 140.0-149.6 9.6 B.B6 923
17 4 2239 3173.4-3183.0 149.6-159.2 9.6 B.90 927
18 4 2355 3183.0-3192.6 159.2-168.8 9.6 6.43 67.0
19 ] 0132 3192.6-3202.2 168.8-178.4 9.6 4.71 49.1
178.4 156.30 87.6

0630 hr. during initial wash down: (1) the loss of 10,000
1b. of weight on the drill string at 0630 hr., equivalent to
a length of 30 to 40 m of bottom-hole assembly; (2) the
apparent lack of sediment between the first core and the
second attempt; and (3) the recovery in the first core of
a stratigraphic section several tens of meters above the es-
timated anticipated depth derived from correlation with
Hole 606A. The loss occurred before the first core at-
tempt, so that the extended core barrel protruded be-
yond the broken drill string on the first attempt but did
not come all the way out, and retrieved contorted sedi-
ments from a level roughly 30 to 40 m shallower than
anticipated. Then on the second attempt, the XCB came
all the way out of the drill string and was lost. We decid-
ed to end further work at Site 606 for three reasons: (1)
the 16 hr. of round-trip time needed to begin again would
have put us at least 1/2 day over time on this site; (2) a
decision that the deeper cores at the next two sites would
adequately cover the late Miocene scientific objectives
in this region; and (3) the need to build up some reserve
time against foul weather anticipated later in the cruise
at more northerly sites. We also chose not to designate
this as Hole 606B; the core was discarded because of the
uncertainties as to sub-bottom depth, the contorted na-
ture of the sections retrieved, and the full overlap of this
part of the record at Holes 606 and 606A. We began to
pull pipe at 1230 hr. and finished at 1715 hr. We got un-
derway to Site 607 at 1745 hr. on 5 July 1983, roughly
two days ahead of schedule.
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Figure 4. Coring gaps (shown in black) and relative offsets of correla-
tive horizons between Holes 606 and 606A.

SEDIMENT LITHOLOGY

Site 606 consists of two holes, both cored with the
advanced piston corer (APC). Hole 606 reached a sub-
bottom depth of 165.75 m and Hole 606A a sub-bottom
depth of 178.4 m. Disturbances resulting from coring
procedures were minimal throughout.
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SITE 606

The entire cored section is contained in one major
lithologic unit consisting exclusively of foraminiferal-
nannofossil ooze. This lithologic unit can be subdivided
into two subunits on the basis of color and the presence
of color laminae (Fig. 5).

In both Holes 606 and 606A, approximately the top
50 cm of the uppermost subunit is brownish and is Hol-
ocene in age. It contains no color laminae and has a
highly bioturbated basal contact. The remainder of this
subunit (~ 100 m) is predominantly pale gray and is dis-
tinguished throughout by the presence of purple or green
laminae 5 to 20 mm thick. The number of laminae per
section is highest at around 25 m sub-bottom and falls
off markedly toward the base of the subunit (Fig. 6). Al-
though the siliceous component throughout the hole is
small, it is slightly higher in Subunit A.

At an approximate sub-bottom depth of 100 m, there
is a gradational change to Subunit IB. This subunit is
typically white and homogeneous. It has very few lami-
nae. Those that are present are very faint (Fig. 6).
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Figure 5. Lithologic subunits at Site 606, Hole 606.
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Figure 6. Frequency of color laminae at Site 606.

Both subunits contain abundant pyrite-rich patches
and stringers. Pyrite is generally present either as micro-
nodules or as encrusting on or infill in foraminifer tests.
Isolated pyrite-lined burrows occur in the uppermost sed-
iments of Site 606, whereas in the deeper parts nodules
up to 5 cm in length fill the traces of older burrows. The
purple and green colors of the laminae in Subunit [A are
due to the presence of very fine iron particles (pyrite?).

Other features noted in scattered cores were: (1) iso-
lated glacial erratic clasts up to 5 mm in diameter in
Cores 606-1, -2, -8, -9, and -10 and 606A-1 and -3: (2) iso-
lated pumice clasts in Cores 606-3, -4 and -6 and 606A-1
and -2; (3) an ash layer in Core 606-4; and (4) pelagic
turbidites in Cores 606-9 and 606A-6. The ash and tur-
bidite layers occur only in one of the two overlapping
holes, suggesting a very local occurrence.

PHYSICAL PROPERTIES

The physical properties measured on samples from
Site 606 are shown in Figure 7. The dry water content
values are shown in Figure 7A. The water content of the
upper 20 m varies between 65 and 120%. The higher
values obtained within this interval are normal for sur-
face sediments. At depths greater than 20 m, water con-
tent values decrease roughly linearly with depth, from
values of 70% at 40 m to 45% at 160 m. Wet water con-
tent values show roughly the same trend (Fig. 7B).
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Figure 7. A-G. Physical properties at Site 606.

The porosity curve obtained from Hole 606 (Fig. 7C)
shows minor variability around a gradual decrease from
68% at the surface to 57% at a depth of 160 m.

Grain density values from Hole 606 fall between 2.63
and 2.78 g/cm? (Fig. 7D). Additional grain density sam-
ples need to be examined before a downcore trend can
be interpreted.

Wet-bulk density values from GRAPE and gravimet-
ric analysis show a linear increase in bulk density with
depth (Fig. 7E).

Sonic velocity (Fig. 7F) increases from 1.48 km/s at
the surface to 1.55 km/s at 20 m deep. Below 20 m,
sound velocity values show minor variability around a
mean of 1.55 to 1.56 km/s.
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A definitive description of shear strength is not avail-
able because the vane device is basically designed for
clays, but the results of the shear strength analyses are
shown in Figure 7G.

SEISMIC STRATIGRAPHY

Figure 8 illustrates a portion of the shipboard water gun
seismic profile collected during the approach to Site 606.
Three acoustic units have been identified (A, B, C), and
the relevant parts of this acoustic section are matched to
the lithology of the site (lithologic Unit I).

Acoustic Unit A is acoustically well stratified and
characterized by wavy reflectors of moderately high am-
plitude. Its lower boundary at 0.05 s sub-bottom is
abrupt.

Acoustic Unit B consists of considerably weaker, less
stratified, wavy reflectors extending from 0.05 to 0.125 s
sub-bottom. There is a suggestion of subunits with still
weaker reflectivity within this unit.

Acoustic Unit C consists of a largely transparent sec-
tion extending from 0.128 s sub-bottom to basement at
0.39 s sub-bottom. Some increase in reflectivity is ap-
parent just below 0.20 s and at 0.325 s sub-bottom.

Site 606 was drilled to a total depth of 178.4 m sub-
bottom, penetrating all of acoustic Units A and B and
well into C. Lithologically, the Site 606 sediments are a

NE

rather monotonous foraminiferal-nannofossil ooze
throughout. CaCOj; percentages are all in excess of 90%,
except for the thin 50-cm layer at the core top. There is,
however, one lithologic criterion that distinguishes two
subunits at a sub-bottom depth of about 100 m: a
change from an upper subunit in which greenish and
purple laminae are common to a lower, more homoge-
neous unit in which they are absent (Figs. 5 and 6). This
change actually occurs over a broad interval from
roughly 80 to 120 m sub-bottom depth, but it is centered
at about 100 m. This is also the approximate depth at
which the sedimentation rate increases from about 37 to
about 62 m/m.y. (Fig. 10). _

Correlation of the seismic and lithologic data (Fig. 8)
suggests that this subtle change in lithology and signifi-
cant increase in sedimentation rate both coincide with
the boundary between acoustic Units B and C at ap-
proximately 100 m sub-bottom depth.

At the boundary between acoustic Units A and B at
0.05 s (Fig. 8), there is an apparently correlative decrease
in number of laminae per core (Fig. 6). This suggests
that the highly reflective acoustic Unit A is equivalent to
the more highly laminated Pleistocene sequence in the
upper 54 m (Fig. 8), whereas the moderately reflective
acoustic Unit B is generally equivalent to the moderately
laminated upper Pliocene sequence from 54 to 120 m

Sw

Acoustic
units
Lithologic
subunits

Two-way traveltime (s)

7/2/83

Age
0

A Pleist. €
1A —50 £
B =
late E
Plio. |- s
£
1B § 3
early [ 150 ¢

Plio.

C

Figure 8. Comparison of acoustic units (A-C) with lithological subunits (A and B), cored at Site 606. For the
shipboard water-gun seismic profile collected during approach to the site, depths in meters are estimated us-
ing a seismic velocity of 1.55 km/s, as indicated in the section on physical properties.
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(Figs. 6, 8). Finally, the lowest sediment cored at Site
606, which gave large over-pulls during core retrieval
(see Operations section), coincides with a diffuse reflec-
tor faintly visible in acoustic Unit C at 0.20 to 0.23 s
(Fig. 8).

BIOSTRATIGRAPHY

A stratigraphically continuous sequence of lower Pli-
ocene through Quaternary nannofossil oozes was recov-
ered from Holes 606 and 606A. The sediments contain
abundant, well preserved, and diverse calcareous nan-
nofossils and planktonic and benthic foraminifers. Rare
to common siliceous microfossils (diatoms, radiolarians,
and silicoflagellates) are moderately well preserved with-
in the uppermost Pliocene and upper Quaternary sedi-
ments.

Ages for the base of Holes 606 and 606A (Fig. 9) ex-
trapolated from the sediment accumulation curve are
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Figure 9. Biostratigraphic summary for Site 606 (for an updated ver-
sion, see Baldauf et al. this volume). Hachures in Diatoms column
indicate samples that are barren or contain rare non-age-diagnostic
fragments.

SITE 606

(Fig. 10): 4.1 Ma for the base of Hole 606 and 4.4 Ma
for the base of Hole 606A%.

The lower Pliocene/upper Pliocene boundary is placed
between Samples 606-14,CC and 606A-14,CC (130.0-
127.0 m), based on planktonic foraminifers and paleo-
magnetic results. Reworking of middle to late Miocene
calcareous nannofossils into lower upper Pliocene and
lower Pliocene sediments and of middle upper Miocene
benthic foraminifers into lower Pliocene sediments (606A-
19,CC) is observed. Siliceous microfossils are generally
absent from the lowest upper Pliocene Samples 606-11-
3, 43-45 cm and 606A-10,CC and older material.

The Pliocene/Pleistocene boundary is placed in the
lower portion of Cores 606-6 and the middle portion of
Core 606A-6 (~ 50 m sub-bottom), based on calcareous
nannofossils and planktonic foraminifers.

Calcareous Nannofossils

The shipboard study of nannofossils from Site 606
was primarily confined to core-catcher samples.

Quaternary and Pliocene nannofossils occur at this
site. Preservation is good in the Pleistocene and upper
Pliocene and moderate in the lower Pliocene because of
overgrowth of calcite on some specimens. Nannofossil
assemblages in Hole 606A are quite similar to those ob-
served in Hole 606.

Samples 606-1,CC and 606A-1,CC are assigned to the
upper Pleistocene to Holocene NN21 Emiliania huxleyi
Zone. Emiliania huxleyi and Gephyrocapsa muellerae
are dominant. Rhabdosphaera clavigera, Calcidiscus lep-
toporus, Coccolithus pelagicus, and Discolithina japoni-
ca are frequent. Samples from 606-2-1, 30-140 cm are
dominated by small gephyrocapsids (probably dominant-
ly G. aperta), together with a few specimens of E. hux-
leyi. This suggests an age between the lower part of oxy-
gen isotope Stage 6 to the upper part of oxygen isotope
Stage 8 (P. P. E. Weaver, personal communication, 1983).
The presence of Pseudoemiliania lacunosa in Samples
606-2,CC to 606-6,CC and 606A-2,CC to 606A-6,CC
indicates an early Pleistocene age, the NN19 Pseudo-
emiliania lacunosa Zone. Helicosphaera sellii and Calci-
discus macintyrei occur continuously below Samples 606-
5,CC and 606A-6,CC. In this zone, Gephyrocapsa spp.
is dominant, and abundant specimens of Crenalithus
doronicoides are also found, together with Discolithina
multipora, D. japonica, Helicosphaera carteri, Calcidis-
cus leptoporus, Syracosphaera sp., Rhabdosphaera cla-
vigera, Umbilicosphaera sp., and Scapholithus fossilis.

The Pliocene/Pleistocene boundary is quite sharply
marked:; it is placed between Samples 606-6,CC and 606-
7,CC (and between 606A-6,CC and 606A-7,CC) at a lev-
el below which Discoaster brouweri is found continu-
ously.

Samples 606-7,CC 606-8,CC and 606A-7,CC are as-
signed to NN18 (Discoaster brouweri Zone). In this zone,
three-rayed Discoaster brouweri (D. triradiatus) is com-
mon. According to Bukry and Bramlette (1970) and Taka-

v and the sedi ion rate,

4 For an updated version of the biostratigraphi
see Baldauf et al. (this volume.)
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Figure 10. Time-versus-depth plot of cores recovered in Holes 606 and 606A, with nannofossil zonations shown at the top. See Table 4 for
datum levels used (1-30). (For an updated version, see Baldauf et al., this volume.)

yama (1970), this species is common in the upper part of
the Discoaster brouweri Zone, which is placed in the up-
permost part of the Pliocene. The occurrence of Disco-
aster pentaradiatus together with D. surculus indicates
the upper Pliocene NN16 Discoaster surculus Zone for
Samples 606-9,CC to 606-14,CC and 606A-9,CC to 606A-
13,CC. Therefore, NN17 (Discoaster pentaradiatus Zone)
is not recognized in Hole 606. Discoaster asymmetricus
and D. tamalis first become abundant within this zone.
Pseudoemiliania lacunosa is still common throughout

30

NNI16 but Helicosphaera sellii has the base of its range
in this zone. Reticulofenestra showing strong affinities
with R. pseudoumbilica were found in Samples 606-12,CC
to 606-14,CC and 606A-9,CC to 606A-13,CC. Typical
R. pseudoumbilica, however, first occur in Samples 606-
15,CC and 606A-14,CC, respectively. Thus Samples 606-
14,CC and 606A-13,CC are assigned to the upper Plio-
cene NN16 Discoaster surculus Zone. The boundary be-
tween the NN15 Reticulofenestra pseudoumbilica Zone
and NN14 Discoaster asymmetricus Zone may be recog-



nized in Core 19 of Hole 606A, although the distinction
between these two zones is uncertain because Amauro-
lithus is very rare. Sphenolithus abies occurs in Samples
606-16,CC and 606A-14,CC, somewhat below the ex-
tinction level of R. pseudoumbilica. The absolute age of
the bottom sediments of these two holes is estimated at
about 4.4 Ma.

Planktonic Foraminifers

All core-catcher samples from this site contain abun-
dant and well preserved planktonic foraminifers. Spe-
cies diversities are high throughout, with over 20 species
recorded in most samples. The site lies in the northern
part of the modern-day subtropical gyre and thus the
fauna contains subtropical species such as Globigerinoi-
des conglobatus, Pulleniatina obliquiloculata, Sphaeroi-
dinella dehiscens, and Globorotalia miocenica. Some of
the Quaternary samples, however, contain cooler water
assemblages, with Neogloboquadrina pachyderma (dex-
trally coiled), Globigerina quinqueloba, Globigerina bul-
loides, and Globigerinita glutinata occurring commonly.
N. pachyderma (sinistrally coiled) occurs in one or two
of the colder Quaternary samples but it is never com-
mon.

The southerly position of this site enables the sub-
tropical temperate zonation of Berggren (1973, 1977) to
be used. No formal subdivision of Zone N22 has been
made, but pink Globigerinoides ruber occurs in 606-
1,CC and 606A-1,CC, suggesting a latest Quaternary age
for these samples. Globorotalia hirsuta is present in 606-
1,CC and 606A-2,CC, which, according to Pujol and
Duprat (1983), suggests an age younger than oxygen iso-
tope stage 12. Apart from these species, the Quaternary
samples contain a diverse assemblage with Globorotalia
inflata, Globigerina bulloides, N. pachyderma (d), and
Globigerinoides ruber generally being the most common
species. The base of the Globorotalia truncatulinoides
Zone is taken at the first appearance of the nominate
species in 606-5,CC and 606A-6,CC. Other results, how-
ever, show that 606-5,CC lies stratigraphically above 606A-
6,CC and the presence of G. truncatulinoides in Core
606-6 therefore seems likely. No Globigerinoides obli-
quus extremus were found in 606-5,CC suggesting that
this sample belongs to the Globorotalia truncatulinoides
Zone.

The base of Zone PL6 (Globigerinoides obliquus ex-
tremus Zone) is marked by the last occurrence of Globo-
rotalia miocenica in Core 606-9. In 606A, however, G.
miocenica occurs in Samples 606A-9,CC and 606A-8,CC.
The latter contains a high percentage of reworked mate-
rial, and so the true extinction of G. miocenica cannot
be ascertained. By comparison to Hole 606, this extinc-
tion should occur near the base of 606A-8,CC or in
Core 606A-9. The fauna of Zone PL6 is similar to that
of the G. truncatulinoides Zone, but with the addition
of Globigerinoides obliquus, Globigerina decoraperta,
and Globigerina apertura; and an increase in Globoro-
talia crassaformis. Within this zone the transition from
Globorotalia puncticulata to G. inflata is seen.

The base of Zone PL35 is marked by the last occur-
rence of Dentoglobigerina altispira, which occurs in Cores
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606-11 and 606A-11. The fauna of Zone PLS is very
similar to Zone PL4 but with the addition of Globoro-
talia miocenica.

The base of Zone PL4 is marked by the last appear-
ance of Sphaeroidinellopsis seminulina, which occurs in
Cores 606-12 and 606A-11. Thus Zone PL4 is contained
entirely within Core 606A-11, because 606A-10,CC be-
longs to Zone PLS5. Zone PL4 is of short duration with
a fauna identical to Zone PLS5 except for the addition of
D. altispira.

Zone PL3 is defined by the presence of S. seminulina
and D. altispira and the absence of G. margaritae. The
base is marked by the last appearance of G. margaritae,
which occurs in Cores 606-15 and 606A-14. Faunas are
similar in this zone, with the addition of S. seminulina.

Zone PL2 is defined as the interval of G. margaritae
above the extinction of Globigerina nepenthes. G. ne-
penthes has its last occurrence in Core 606A-18, but Hole
606 does not reach this datum. Globorotalia margaritae
is a common species in this zone, which also sees the
evolution of G. puncticulata and G. crassaformis. The
ages of the first appearances of these two species are lat-
er at Site 606 than in the Rio Grande Rise sections study
by Berggren (1977). In the Rio Grande Rise they first
appear in Zone PL1 and make a subdivision of this zone
possible. Zone PLI1 is present in Cores 606A-17 and
606A-18, but there is no overlap of Globigerina nepen-
thes with Globorotalia puncticulata or G. crassaformis.
The lowest subdivision of zone PL1 (the Globorotalia
cibaoensis Subzone) was not penetrated at Site 606.

Benthic Foraminifers

Benthic foraminifers constitute much less than 1% of
the total foraminiferal fauna in the >63 pm fraction of
the samples studied (mud-line sample, Samples 606-1,CC;
-3,CcC; -5,CcC:; -7,CC; -9,CC; 16,CC; -18,CC; and 606A-
19,CC). However, all samples contained sufficient speci-
mens for counts of 200 individuals. This is not enough
to study the rare species, but much larger counts would
be needed to obtain any additional species (see Thomas,
this volume).

The diversity is generally high, in most samples
around 50 species, except around 40 in the upper two
samples and over 50 in the lowest sample (64). The pres-
ervation is good; only miliolids, which are the most sen-
sitive to dissolution, show some damage. In the mud-
line sample, aragonitic species (Hoeglundina elegans, Ro-
bertina cylindrica) are preserved. Miliolids are common
(about 10%) in all samples except 606A-19,CC.

The relative abundances of the most common species
fluctuate strongly. Epistominella exigua is common in
the mud-line sample only. This association in the mud-
line sample is typical of Recent or interglacial faunas in
this area (Schnitker, 1974). Nuttallides umbonifera, if
common, is thought to be indicative of Antarctic Bot-
tom Water; at Site 606, the species occurs below Sample
606-8,CC and is moderately common (9%) in Sample
606-16,CC only. Relative abundances of the Uvigerina
species (U. peregrina, U. graciliformis) fluctuate strong-
ly, as do the abundances of the “biserial group”: Bolivi-
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na spp., Fursenkoina spp., Stainforthia complanata,
Francesita advena.

In Sample 606A-19,CC benthic foraminifers are more
common than in any other sample and the number of
species is extraordinarily high, although the solution-
prone miliolids are rare. A few specimens of Vulvulina
spinulosa and Bulimina jarvisi are present; these species
have been described from Miocene sediments only (e.g.,
Thomas, 1985). These observations suggest that the core
catcher from Core 606A-19 penetrated sediments that ei-
ther contain reworked benthic foraminifers or represent a
period of slow sedimentation or a hiatus.

Diatoms

Abundant to rare diatoms occur in the upper Plio-
cene through Quaternary sediments recovered at Site 606.
The lower Pliocene sediments recovered are barren or
contain rare fragments of diatoms. Preservation is gen-
erally moderate to poor, with occasional samples con-
taining a well preserved assemblage. The diatom assem-
blage consisting of Coscinodiscus crenulatus, C. noduli-
Jer, Ethmodiscus rex, Hemidiscus cuneiformis, Nitzschia
marina, N, reinholdii, Rhizosolenia bergonii, Thalassi-
osira eccentrica, T. leptopus, and T, oestrupii is charac-
teristic of a warm-temperate environment. Rhizosolenia
barboi and R. curvirostris (cold-water species) and Me-
losira granulata (a fresh-water species) occur occasional-
ly within the sediment.

Samples examined from 606-1,CC through 606-2,CC
(43-45 cm) and 606A-1,CC are assigned to the Pseudo-
eunotia doliolus Zone of Burckle (1977) based on the
occurrence of P. doliolus stratigraphically above the last
occurrence of Nitzschia reinholdii.

Samples 606-3-1, 43-45 cm and 606A-7-5, 43-45 cm
and 606A-2,CC through 606A-5,CC are assigned to the
Nitzschia reinholdii Zone of Burckle (1977). At Hole
606A, the base of the N. reinholdii Zone is currently
placed between Samples 606A-5,CC and 606A-8,CC.
Exact placement is difficult because Sample 606A-6,CC
contains rare, poorly preserved specimens and Sample
606A-7,CC is barren of diatoms.

Samples 606-7-6, 43-45 cm through 606-11-3, 43-45
cm and 606A-8,CC through 606A-9,CC are assigned to
the Nitzschia marina Zone of Baldauf (1984). Rare speci-
mens of Nitzschia jouseae are present in Sample 606A-
10,CC, allowing this sample to be assigned to the Niftz-
schia jouseae Zone of Baldauf (1985).

With the exception of rare fragments observed in Sam-
ples 606-15,CC and 606A-7,CC samples stratigraphically
below Samples 606-11-3, 43-45 cm and 606A-10,CC are
barren of diatoms.

Radiolarians

Radiolarians are present in the Quaternary and Plio-
cene sediments of the first ten cores of Hole 606. To date,
only core catchers from Hole 606 have been examined
(Table 2). Most of the species in these samples are long-
ranged forms that provide little stratigraphic informa-
tion. However, there are several species whose ranges are
confined to the upper Pliocene and Pleistocene: Amphir-
hophalum ypsilon, Didymocyrtis tetrathalamus, Theo-
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Table 2. Abundance and preserva-
tion of radiolarians in Hole 606.

Sample Abundance®  Preservation®

1,CC
2,CC
3,CC
4,CC
5,CC
6,CC
7,CC
8,CC
9,CC
10,CC
11,CC
12,CC
13,cC
14,CC
15,CC
16,CC
17,€C
18,CC

20002z Zao

PSR EETTORRE IO

A4 ¢ = 5000-10,000 specimens/slide, F
= 1000-5000 specimens/slide, R =
< 1000 specimens/slide, and B = bar-
ren.

ViG= good; M = moderate; and P =
poor.

corythium trachelium, and the last occurrence of Styla-
tractus universus occurs between Samples 606-1,CC and
606-2,CC.

Preservation is very good in the first two core catchers
and the assemblage is diverse, containing forms that in-
habit warm-temperate surface waters. In the samples from
Core 606-3, the radiolarians are less well preserved and
less diverse, and in the next sample from Core 606-4, si-
liceous fossils are dissolved. In the other core catchers
from Cores 606-5 and -6, radiolarians are moderately
well preserved, but they are rare and not very diverse,
mostly species characteristic of cold or deep water. In
the next four cores, radiolarians are more abundant, di-
verse, well preserved, and include the warm-temperate,
surface forms found in the top of this hole. All samples
from below Core 606-10 were barren of radiolarians.

PALEOMAGNETISM

Hole 606

The hydraulic piston cores obtained at Site 606 pro-
vided more than 165 m of relatively undeformed sedi-
ment suitable for paleomagnetic study. The sediment was
sampled at an interval of 150 cm (one sample per core
section) using 7-cm3 plastic boxes. This interval was
changed to two samples per core section in Cores 3
through 10 in order to allow adequate definition of the
Jaramillo, Olduvai, and Reunion Subchronozones, given
the observed sedimentation rate of 3 cm/103 yr. In Cores
11 through 18 the sampling interval was decreased to one
sample per section as the sedimentation rate increased.
The samples were measured using a Molspin portable
magnetometer and were subjected to alternating field de-
magnetization using a Shonstedt A.C. demagnetizer.

The orientation device (Kuster tool) was not used for
all cores at this site and did not work every time it was
used. For this reason the declinations are not consistent



from core to core and, therefore, the inclinations alone
were used to determine a polarity log of the sediment
(see Clement and Robinson, this volume). The depths of
the reversal boundaries are given in Table 3.

Hole 606A

The same procedures were followed at this hole as at
Hole 606, with the exception that paleomagnetic sam-
ples were taken only within the intervals encompassing
the Brunhes/Matuyama reversal, the lower Olduvai re-
versal, and Cores 16, 17, and 19. By determining the
level of the Brunhes/Matuyama and lower Olduvai re-
versals, the amount of offset between holes was moni-
tored during the coring process (Fig. 4). The standard
sampling scheme of one sample per section was resumed
on Core 16. Unfortunately, Core 18 was deformed and
was heated with a torch on deck in order to remove it
from the drill pipe. Therefore, it was not sampled. The
depths of the reversal boundaries are given in Table 3.

SEDIMENTATION RATES

Sedimentation rates at Site 606 (Fig. 10, Table 4) were
calculated on the basis of paleomagnetic stratigraphy and
from calcareous nannofossil, foraminiferal, and diatom
zones. All subunits are nannofossil oozes.

In the Quaternary (Cores 606-1 through -6, and 606A-1
through -6), rates of deposition averaged 30 m/m.y. in
foraminiferal-nannofossil ooze. Rates appear to have in-
creased from about 25 m/m.y. in the upper 25 m to
about 37 m/m.y. in the interval from 25 to 54 m sub-
bottom. This higher rate (~37 m/m.y.) continued through

Table 3. Depths of reversal boundaries.

Sample Sub-bottom
Age (core-section, depth
Reversal (Ma) cm level) (m)?
Hole 606
Brunhes/Matuyama 0.73  3-5, 128/3-6, 6 19.69/19.97
Jaramillo (top) 0.91 41, 120/4-2, 35 23.21/23.86
(bottom) 0.98 4-2, 35/4-2, 07 23.86/24.48
Cobb Mt. (top) ? 4-4,315/4-4, N 26.86/27.48
(bottom) ? 4-4, 97/4-5, 35 27.48/28.98
Olduvai (top) 1.66 7-2, 35/7-2, 97 52.66/53.28
(bottom) 1.88 7-6, 35/7-6, 97 58.66/59.28
Reunion (top) 8-5, 35/8-6, 97 68.26/70.28
(bottom) 8-6, 97/9-2, 97 70.28/72.48
Matuyama/Gauss  (top)  2.47 9-6, 97/10-1, 97 78.48/80.58
Kaena (top) 2.92 11-3, 97/11-4, 97 93.18/94.68
(bottom) 2.99 12-1, 97/12-2, 97 99.68/101.18
Mammoth (top) 3.08 12-3,97/124, 97 102.68/104.18
(bottom)  3.18  12-5, 97/12-6, 85 105.68/107.06
Gauss/Gilbert .40 14-3, 97/14-4, 97 121.68/123.18
Cochiti (top) 3.88 174, 96/17-5, 96 151.97/153.47
(bottom) 3.97 18-1, 97/18-3, 110 157.08/160.21
Hole 606A
Brunhes/Matuyama 0.73 3-4, 20/3-4, 55 19.90/20.25
Jaramillo (top) 0.91 3-5, 97/3-5, 127.5 22.18/22.48
(bottom)  0.98 3-6, 4/4-1, 20 23.36/25.01
Olduvai (botiom)  1.88 7-3, 97/7-3, 140 57.58/58.01
Cochiti (top) 3.88 17-1, 97/17-2, 97 150.58/152.08
(bottom) 3.97  17-5, 97/17-6, 97 156.58/158.08
Nunivak (bottom) 4.24 19-2, 97/19-3, 97 171.28/172.78

2 Midpoint depths of samples in third column.

SITE 606

Table 4. Datum levels used to construct the time-versus-
depth plot for Site 606 (Fig. 10).

Number Datum level Age (Ma)
1 Bottom of Emiliania huxleyi 0.28
2 Top of Pseudoemiliania lacunosa 0.47
3 Top of Nitzschia reinholdii 0.65
4 Matuyama/Brunhes 0.73
5 Top of Jaramillo 0.91
6 Bottom of Jaramillo 0.98
7 Top of Helicosphaera sellii 1.37
8 Top of Calcidiscus macintyrei 1.45
9 Top of Olduvai 1.66

10 Bottom of Globorotalia truneatulinoides 1.78
11 Bottom of Pseudoeunotia doliolus 1.80
12 Bottom of Olduvai 1.88
13 Top of discoasters 1.90
14 Top of Globorotalia miocenica 2.20
15 Top of Discoaster pentaradiatus 2.40
16 Top of Gauss 2.47
17 Top of Dentoglobigerina altispira 2.90
18 Top of Kaena 292
19 Bottom of Kaena 2.99
20 Top of Mammoth 3.08
21 Top of Sphaeroidinellopsis seminulina 3.10
22 Bottom of Mammoth 3.15
23 Top of Globorotalia margaritae 3.40
24 Gilbert/Gauss 3.40
25 Top of Reticulafenestra p i bilica 3.50
26 Top of Amaurolithus tricorniculatus 370
27 Top of Cochiti 3.88
28 Top of Globigerina nepenthes 3.90
29 Bottom of Cochiti 3.97
30 Top of Nunivak 4.12

most of the upper Pliocene down to 105 m sub-bottom
depth at an age of 3.15 Ma. Still higher deposition rates
occurred in the lowermost upper Pliocene and upper
part of the lower Pliocene, with a rate of 62 m/m.y.
characterizing the interval between 105 m (3.15 Ma) to
the bottom of the hole.

GEOCHEMISTRY

Samples for carbonate bomb analysis were taken
throughout Site 606 and from below 150 m in Hole 606A.
Interstitial water samples were taken at four levels in
Hole 606A. For comparison, a surface seawater sample
was also taken at Hole 606.

Carbonate Bomb

The calcium carbonate concentrations in sediments
at Site 606 remain consistently above 80% (Fig. 11),
with some samples giving values of 100%. The top 25 m
of Hole 606 give the lowest values (between 80 and 90%
CaCO,), and the remainder of the hole and the sample
from Hole 606A generally contain more than 90% Ca-
COy).

Interstitial Water

Salinity is constant through the sediment column,
whereas pH decreases from a relatively high value of 7.15
at 7 m sub-bottom depth to a neutral value at 41 m and
below (Fig. 12). The alkalinity shows a corresponding
increase from 3.32 meq dm~3 at 7 m to around 4.0 meq
dm -3 in the lower sample. The chlorinity and Ca?* con-
centration follow similar trends to each other with a min-
imum at the 7-m sample. In contrast, Mg2+ reaches an
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Figure 11. Carbonate bomb analyses, Site 606.

anomalous maximum at 93 m. With only five samples
analyzed, it is difficult to assess the value of these data.

SUMMARY AND CONCLUSIONS

Site 606 is located on the upper western flank of the
Mid-Atlantic Ridge at 37°20.3'N, 35°30.0'W. It was
chosen to anchor the southern limit of a north-south
transect designed to study the detailed paleoceanogra-
phy of the North Atlantic during the late Neogene. As
such, the most important results will gradually emerge
from detailed laboratory analysis over the next several
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years. Conclusions here are accordingly limited, in large
part, to an assessment of our success in obtaining a
complete pelagic sequence useful for further study.

As shown in Figure 4, we were successful in obtaining
a complete Pleistocene to lower Pliocene section using
the newly developed APC (advanced piston corer). Hole
606 penetrated to 165.75 m (4.1 Ma); Hole 606A to 178.4
m (4.4 Ma). Paleomagnetic, biostratigraphic, and litho-
logic tie lines between the two holes (Fig. 4) indicate
conclusively that we obtained a 100% complete compos-
ite section (unrecovered intervals in one section were re-
covered in the other by offsetting the sub-bottom depths
of the cores by half a core length). The sub-bottom depth
offset of correlative horizons between holes is nil for the
first 50 m and then slowly increases to almost 4 m by
130 m sub-bottom. Because all nannofossil and foraminif-
eral zones are present, we have a complete uppermost
Pleistocene to lower Pliocene stratigraphic section with-
in the limits detectable by our sampling.

We were not successful in obtaining pre-Pliocene sed-
iment because of coring problems and resulting time
constraints. We decided that the basic Miocene objec-
tives would be met at Sites 607 and 608 and that it would
be unwise to fall behind schedule at a fair-weather site
with much rougher weather presumably looming ahead.

The lithologies of Holes 606 and 606A are nannofos-
sil oozes throughout, with a minor change from frequent
pyrite-rich laminae in the upper 100 m to rare or no
laminae below. This level coincides approximately with
a change at about 3 Ma from depositional rates of 30 to
37 m/m.y. in the Pleistocene and late Pliocene to as
much as 62 m/m.y. in the early Pliocene. The calcare-
ous fractions are well preserved throughout, indicating
minimal dissolution. There is relatively little reworking,
except for some Miocene nannofossils in the lower Plio-
cene sections.

The lithologies argue for basically pelagic deposition,
but the rates of deposition and reworking require some
enhancement of the pure pelagic rain by redistribution
along the seafloor. Pelagic deposition rates in undissolved
calcareous oozes are generally in the range of 10 to 20 m/
m.y. during the Pleistocene (Crowley, 1981), and proba-
bly during the Pliocene as well. The rates at Site 606 are
thus a factor of 2 or 3 higher than the pure pelagic “rain.”

The seismic records support this argument. Rather
than a uniformly draped cover, the profiles show high-
standing basement outcrops with little or no cover situ-
ated adjacent to deeper basins containing thick sediment
fill. This pattern argues for some kind of sediment re-
distribution from high to low topography. Site 606 lies
in a basin with a thick sediment fill (0.39 s), suggesting
that this location has received an excess of sediment rel-
ative to the regional norm for most of its 13-m.y. history.

There is, however, no evidence of turbidites or debris
flows at Site 606, and the amount of reworked nanno-
fossils is never a high percentage of the total. Yet the
hummocky topography observed on some of the high re-
lief in seismic records and some reworked foraminifers
suggest sediment reworking. We conclude that the re-
working is largely a slow, gentle redistribution of con-
temporaneous sediments from high-energy sites (topo-
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Figure 12. Interstitial water analyses, Hole 606A.

graphic highs and slopes) to low-energy sites (topographic
lows); that it proceeds in a relatively continuous manner
without a noticeable incidence of catastrophic events;
and that it leaves intact an excellent stratigraphy typical
of the hypothetical pure “pelagic” core but deposited at
enhanced rates. In summary, this appears to be an excel-
lent site for detailed Pliocene-Pleistocene paleoceano-
graphic studies.

There is evidence of some change in the sediments at
the bottom of Hole 606A. The large over-pulls on Cores
18 (100,000 1bf.) and 20 (40,000 1bf. when the piston rod
sheared) indicate more cohesive sediments, although the
physical properties do not show major changes at these
depths. The sedimentation rate appears to decrease be-
low Core 16, although this is not very well constrained
by the available datum levels (see Table 4 and Fig. 10).
The increased content of reworked nannofossils and ben-
thic foraminifers could argue for slower deposition rates
or a hiatus just below the cored intervals. The increased
reflectivity in the seismic section at the total depth of
Holes 606 and 606A (Fig. 8) also is consistent with a
fundamental change in the nature of the sediments.

Finally, the total sediment thickness of 0.39 s at Site
606 (Fig. 8) would equate to 292 m sub-bottom depth at
a seismic velocity of 1.55 km/s. The latter velocity is a
minimum estimate based on that measured in the upper
178 m cored. Higher velocities would give thinner total
accumulations. Using the above values, we calculate that
the lower 114 m of sediment was deposited in about 8.6
m.y., which is the difference between the ages at total
depth (4.4 Ma) and at basement (13 Ma). This middle/
upper Miocene sequence was thus deposited at an aver-
age rate of only 13 m/m.y., about one third that in the
upper sediment column. This is consistent with, but not

proof of, a hiatus at or just below depth at 178 m.
Deeper hiatuses and/or intervals of slow deposition during
the Miocene are also likely.
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606 1
5 CORED INTERVAL 0.0-5.6m SITE BO6 HOLE A CORE 2 CORED INTERVAL 5.6-16.2m
3 ——
v |& H FOSSIL
g gm T z| e § H CHARACTER
e |88 E g & GRAPHIC ol EMEIER gl g
ég 'é‘g H a § uThowoGy |, Z£ 8 . HTHOROGIC DCICHITTRN T'E; EEE | é g [5] 8 | (e, LITHOLOGIC DESCRIPTION
I 1 Egség!i;ﬁg
2 18 B = ;
g |B 2 R HEIEIENE
= 1= E:
c o g g i| |1ovmes FORAMINIFERAL NANNOEQSS! 2 DS
== L DOZE, pabe yellowish & 8 e pond s, e
s EE e ' weavn, (1577 673}, shruptly. changivg 70 yolewidh: sray —'_I_'ZI:'_—P FORAMINIFERAL NANNOFOSSIL OOZE, paln gray
o e, s, I B (SY 7/2) at Section 1. 88 cm. abruptly changing 10 pale a.'r~|:|_—|—_|_—0— 34 sy 8 [8Y B/1-5Y 7/1) to white (NDJ; 5 mm palv purple (6P
e " gray (BY B/1] at Section 1, 108 em, 5 mm pale gresn e —; [ 872} ard pale green (SGY 7/1) laminae common through-
‘,,__‘:‘"‘"'_'_"F 1 &Y 12 [8GY 7/1) laminag common between Section 3, 121- 1 ~|_—|"‘_,_|_"1':"_'|' 1 aut Sections 3-8, cccasional patches rich in pyrite soat
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SITE 606 HOLE RE &
. Fm: co 3 CORED INTERVAL 152-248m SITE 606 HOLE A CORE 4 CORED INTERVAL 248-344m
o ; CHARACTER ‘é C":m;ﬁﬁ
CEARE [ |z » x*
S, |BulBl2) % 2| g GRAPHIC e g = 4] Zl e
s |EE|E z == = THOLOGIC DESCRIPT og F el =
o3 g% H g § H E._: 5 E LITHOLOGY o 2 S , H " 1on TE "é g 2| [e ElE LiTHOLosY LITHOLOGIE DESCRIPTION
R 55 E g7 3|55 n| 2 EEe g
FOIE |E|E|z|503 B H HEE i = F
EEHE BB E = HEI 5 g
g B i sz "1‘:|_ = o] =1 £
S i I o e i 5Y 61
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SITEG06  HOLE A  CORE & CORED INTERVAL 34.4—44.0
g FOSSIL = SITE :03 HOLE A CORE CORED INTERVAL _44.0-53.6 m
» & CHARACTER T FOSSIL
§._ R AEE z| e g |3 [ _cuasacten
A HEE gl = GRAPHIC 8 |zul2]z H 2
HEE ] 5 El £ | uivoloay LITHOLOGIC DESCAIFTION e l2z|2 g g =
£ e HEHE R FEE H B £| & | umvolosy UTHOLOGIC DESCRIPTION
2 |5 |32 7 H w3 ™ 25|38 |58|u) 2 3 g
HHHHH: ik A AHHHENN FLH
o Bojels &
o | BE22 P, e | T
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D.!-——lz.:i- _‘: " [5Y B/} to white (NB): E—10 mm pals purple (5P 8/2) 3 :_—l:‘-—l:P - L FURAMIHIEEAAL: -RANNOPOSEIL OOZE, mit iryy
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T s 5 2 S I e o BY 711 '
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_:l’—_-'_—Q—_'__'_ 1,30 4100 6,17 ‘-ﬂ'_‘_|:"'::_|:’__': L throughout; pyritized worm burrow at Section 3, 23 em;
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LITHOLOGIC DESCRIPTION
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SITE 606

140.0-143.6 m

LITHOLOGIC DESCRIFTION
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SITE 606 (HOLE 606)
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SITE 606 (HOLE 606)
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SITE 606 (HOLE 606)
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SITE 606 (HOLE 606)
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SITE 606 (HOLE 606)




SITE 606 (HOLE 606)
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SITE 606 (HOLE 606)
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SITE 606 (HOLE 606A)
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SITE 606 (HOLE 606A)
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SITE 606 (HOLE 606A)
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