5. SITE 550!

Shipboard Scientific Party?

HOLE 550

Position: 48°30.91'N, 13°26.37'W

Water depth (sea level; corrected m, echo-sounding): 4420
Water depth (rig floor; corrected m, echo-sounding): 4430
Bottom felt (m, drill pipe): 4432

Penetration (m): 536.5

Number of cores: 48

Total length of cored section (m): 442.5

Total core recovered (m): 262.61

Core recovery (%): 59.3

Oldest sediment cored:
Depth sub-bottom (m): 536.5
Nature: Chalk
Age: late Maestrichtian
Measured velocity (km/s): 2.25 to 3.0

Basement: not reached
Principal results: See discussion following site data for Hole 550B.

HOLE 550B

Position: 48°30.96'N, 13°26.32'W

Water depth (sea level; corrected m, echo-sounding): 4420
Water depth (rig floor; corrected m, echo-sounding): 4430
Bottom felt (m, drill pipe): 4432

Penetration (m): 720.5

Number of cores: 30

Total length of cored section (m): 264.5

Total core recovered (m): 177.91

Core recovery (%): 67.3

Oldest sediment cored:
Depth sub-bottom (m): 685.4
Nature: Gray calcareous mudstone
Age: late Albian (Vraconian)
Measured velocity (km/s): 2.3
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Basement:

Depth sub-bottom (m): 685.4-720.5
Nature: Basalt with thin sediment intercalations
Velocity range (km/s): 4.8

Principal results: Two holes (550 and 550B) were drilled on the Porcu-
pine Abyssal Plain, 10 km southwest of the seaward edge of the
Goban Spur, the deepest site of the Goban Spur transect (water
depth 4432 m; Fig. 1). After washing in to 99.5 m below seafloor
(BSF), we cored 586.37 m of lower Pliocene to upper Albian (Vra-
conian) nannofossil chalks, turbiditic nannofossil chalks, and cal-
careous and siliceous mudstones, all of which overlie oceanic base-
ment (Tables 1-3). Recovered basement comprises 35.13 m of ba-
saltic lava flows and pillow lavas interbedded with fossiliferous
limestones (total depth 720.5 m BSF).

Three downhole log runs were successful, and two heat flow
measurements documented a geothermal gradient of 43°C/km.

The most significant achievements at Site 550 were as follows:

1. Identifying the oldest sediments above oceanic basement as
latest Albian (Vraconian) in age. In conjunction with evidence
from Site 549, where the first postrift rocks are early Albian, this
identification dates the initiation of seafloor spreading west of the
Goban Spur as no later than early Albian.

2. Identifying the youngest part of the mixed polarity interval
of Anomaly 34 in the latest Albian cores immediately overlying
oceanic basement. This identification reinforces the paleontologi-
cal dating.

3. Recovering a continuous depositional sequence across the
Danian/Maestrichtian boundary.

4. Recovering manganese-rich sediments at two unconformi-
ties, one between the upper or middle Oligocene and lower Oligo-
cene, and the other within the upper Paleocene.

5. Documenting the presence of marine organic matter in lam-
inated, dark, calcareous mudstones of Cenomanian age.

6. Documenting the history of carbonate dissolution at an oce-
anic location close to the continental edge.
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Figure 1. Location of Leg 80 drill sites (548-551). Three Leg 48 drill
sites (400-402) are also shown.
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SITE 550

Table 1. Coring summary, Leg 80.

Average Time on

Water  Number Cores Percent of Total penetration  hole or
depth of with cores with  Meters Meters Percent . Meters penetration rate site
Hole Latitude Longitude {m) coTes recovery rtecovery? cored recovered recovered?  drilled {m) {m/hr.)* (hr.)
548 48°54.95'N  12°09.84'W 1256 35 35 100.0 211.0 210.9 99.9 0 211.0 45.2
548A 48°54.93'N  12°09.87'W 1256 38 38 100.0 346.0 246.5 71.2 205.5 551.5 42.4 82.9
Total for site TS _-r'i 100.0 557.0 457.4 82.1 205.5 762.5 128.1
549 49°05.28'N  13°05.88'W 2533 99 93 93.9 812.5 369.7 45.5 189.0 1001.5 7.9 301.2
549A 49°05.29'N  13°05.89'W  2535.5 42 41 71.6 196.0 144.4 73.7 0 198.5 54.2
Total for site 141 134 95.0 1008.5 514.1 51.0 189.0 1200.0 355.4
550 48°30.91'N  13°26.37'W 4432 48 46 95.8 442.5 262.6 59.3 94.0 536.5 36.4 115.3
550A 48°30.91'N  13°26.39'W 4432 0 0 0 0 0 0 95.0 95.0 170.6 19.2
550B 48°30.96'N  13°26.32'W 4432 30 30 100.0 264.5 177.9 67.3 456.0 720.5 14.2 150.3
Total for site 78 76 97.4 7070 440.5 62.3 645.0  1352.0 09 284
551 48°54.64'N  13°30.09'W 3909 14 13 92.9 125.0 81.0 64.8 76.0 201.0 9.1 75.2
Total forleg 306 29 967  2397.5  1493.0 622 11155 35155 843.5

Note: Blanks signify that quantities are unknown.

2 Total for site is calculated from total number of cores and total cores with recovery.

Total for site is calculated from total meters cored and total meters recovered,
€ Rotary coring only.
Total meters penetrated divided by number of rotating hours.

Six lithologic units were recognized (Table 3):

Unit 1: 99.5-310.45 m BSF. Light-colored nannofossil ooze
and chalk, marly nannofossil chalk, and mudstone. Sediment is
early Pliocene to middle Oligocene in age, abyssal in nature, and
has a minor siliceous biogenic component. Carbonate dissolution
is prominent in four intervals within the Miocene. An interval of
manganiferous sediment associated with several ash layers and an
unconformity mark the base.

Unit 2: 310.45-426.5 m BSF. Brownish, grayish, marly nanno-
fossil chalk and olive siliceous nannofossil chalk and mudstone.
Sediment is early Oligocene to late Paleocene in age and abyssal in
nature. Some volcanic ash layers are present.

Unit 3: 426.5-575 m BSF. Nannofossil chalk and marly nanno-
fossil chalk with interbedded, calcareous, turbiditic, and mudflow
deposits. Sediment is late Paleocene to early Maestrichtian (and
?Campanian) in age and abyssal in nature. Deposition was contin-
uous across Danian/Maestrichtian boundary. Possible unconform-
ity at base.

Unit 4: 575-594.83 m BSF. Dark, massive, carbonate-free clay-
stones with redeposited chalks containing infralittoral foramini-
fers. Sediment is Santonian or Coniacian in age and bathyal to
abyssal in nature. Carbonate dissolution is severe. Unconformi-
ty(?) at base (Turonian missing?).

Unit §: 594.83-685.4 m BSF. Interbedded, light, bioturbated,
calcareous mudstone and finely laminated, dark calcareous mud-
stone containing terrestrial and marine organic matter. Sediment is
middle Cenomanian to late Albian (Vraconian) in age and bathyal
in nature. Sediments contain the signature of the mixed polarity
interval of magnetic Anomaly 34.

Unit 6: 685.37-720.5 m BSF. Basalt flows and pillows with in-
terbedded, hard, microfossiliferous limestone layers. Late Albian?
in age.

Site chapter results are based chiefly on shipboard analysis and
interpretation. The specialty chapters reflect postcruise revisions
and additional data. Where discrepancies arise, the specialty chap-
ters should be considered correct.

SITE APPROACH AND OPERATIONS

A brief postsite survey was made on departure from
Site 549 (Fig. 1). The vessel proceeded northeast from
the site, streaming the seismic gear. At a distance of
2 mi., the ship turned back onto a course parallel to the
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reference profile and passed directly over the Site 549
positioning beacon (Fig. 2). This course was held for
about 5 additional miles until deeper water (the West
European Basin) was reached. Glomar Challenger then
proceeded south for about 36 mi. to a point 11 mi.
northeast of the proposed location of Site 550. The ap-
proach was made parallel to a reference profile, and the
acoustic beacon was dropped at 0929 hr. on 30 June, on
the first pass over the location. The ship continued pro-
filing on the same course for about 2 mi. before turning
back toward the beacon.

Piston coring was planned for Hole 550A, so a bot-
tom hole assembly (BHA) was made up that contained
the special components necessary for conversion to the
hydraulic piston corer (HPC). A routine pipe trip was
then made; a seafloor punch core determined water depth
to be 4432 m, as compared to the precision depth re-
corder (PDR) reading of 4430 m.

Hole 550 was then drilled, without coring, to 99.5 m
BSF. A combination temperature/water sampler probe
was run, and continuous coring then commenced. Cor-
ing operations proceeded smoothly to about 460 m BSF;
the probe was redeployed at 156.5 and 213.5 m. Plastic
liner failures on two consecutive cores then resulted in
low core recovery and jammed both operating inner core
barrels. An additional inner barrel was assembled, but
three consecutive core attempts below 498 m resulted in
little or no recovery. The bit deplugger was pumped down
and recovered, and the following coring attempt pro-
duced nearly full recovery. While the wireline trip for
the next core was in progress, we were warned of the im-
minent approach of gale-force winds, so we terminated
coring operations at 536.5 m BSF. The empty core bar-
rel was brought on deck at 1700 hr. on 4 July. During
the pipe trip, which was slowed by the weather and by
vessel motion, the positioning system was unable to hold



Table 2. A. Coring summary, Hole 550.

Date
(June- Depth from Depth below  Length Length
July Time drill floor seafloor cored recovered  Recovery

Core 1981) (hr.) (m) (m) (m) (m) (%)
1 6/30 2214 4432.0-4437.5 0.0-5.5 5.5 5.45 99
H-1 /1 0048  4437.5-4531.5 5.5-99.5 94 0.45 <l
2 1 0414 4531.5-4541.0 99.5-109.0 9.5 L1 12
3 1 0537  4541.0-4550.5 109.0-118.5 9.5 4.31 45
4 1 0720  4550.5-4560.0 118.5-128.0 9.5 5.65 59
5 1 0844  4560.0-4569.5  128.0-137.5 9.5 9.57 100
6 1 1002 4569.5-4579.0  137.5-147.0 9.5 9.63 100
7 1 1130 4579.0-4588.5  147.0-156.5 9.5 B.15 86
8 1 1511  4588.5-4598.0  156.5-166.0 9.5 7.17 75
9 1 1641  4598.0-4607.5  166.0-175.5 9.5 9.18 97
10 1 1807 4607.5-4617.0 175.5-185.0 9.5 4.56 48
11 I 1930  4617.0-4626.5  185.0-194.5 9.5 4.33 46
12 1 2056  4626.5-4636.0  194.5-204.0 9.5 6.66 70
13 1 2217 4636.0-4645.5 204.0-213.5 9.5 1.70 18
14 2 0206  4645.5-4655.0  213.5-223.0 9.5 4.68 49
15 2 0355  4655.0-4664.5  223.0-232.5 9.5 1.04 11
16 2 0520  4664.5-4674.0  232.5-242.0 95 557 59
17 2 0648  4674.0-4683.5  242.0-251.5 9.5 3.85 41
18 2 0818  4683.5-4693.0  251.5-261.0 9.5 522 55
19 2 0956  0693.0-4702.5  261.0-270.5 9.5 3.47 37
20 2 1130 4702.5-4712.0  270.5-280.0 9.5 0.27 3
21 2 1310 4712.0-4721.5  280.0-289.5 9.5 4.53 48
22 2 1450  4721.5-4731.0  289.5-299.0 9.5 7.67 81
23 2 1622 4731.0-4740.5  299.0-308.5 9.5 7.52 79
24 2 1800  4740.5-4750.0  308.5-318.0 9.5 7.48 79
25 2 1930  4750.0-4759.5  218.0-327.5 9.5 1.717 82
26 2 2055  4759.5-4769.0  327.5-337.0 9.5 1.73 18
27 2 2305  4769.0-4778.5  337.0-346.5 9.5 9.712 100
28 3 0142  4778.5-4788.0  346.5-356.0 9.5 8.06 85
29 3 0359  4788.0-4797.5  356.0-365.5 9.5 8.17 86
30 3 0555  4797.5-4807.0  365.5-375.0 9.5 8.79 93
31 3 0740  4807.0-4816.5  375.0-384.5 9.5 7.49 79
32 3 0922  4816.5-4826.0  384.5-394.0 9.5 9.62 100
33 3 1100  4826.0-4835.5  394.0-403.5 9.5 7.17 75
4 3 1300  4835.5-4845.0  403.5-413.0 9.5 9.79 100
35 3 1428  4845.0-4854.5  413.0-422.5 9.5 9.01 95
36 3 1553 4854.5-4864.0  422.5-432.0 9.5 598 63
37 3 1718  4864.0-4873.5  432.0-441.5 9.5 7.74 81
38 3 2000 4873.5-4883.0  441.5-451.0 9.5 8.717 922
9 3 2200  4883.0-4892.5  451.0-460.5 9.5 7.99 84
40 3 2358  4892.5-4902.0  460.5-470.0 9.5 1.14 12
41 4 0135  4902.0-4911.5  470.0-479.5 9.5 292 31
42 4 0410  4911.5-4921.0  479.5-489.0 9.5 2.56 27
43 4 0558  4921.0-4930.5  489.0-498.5 9.5 4.77 50
4 4 0735  4930.5-4940.0  498.5-508.0 9.5 0.05 1
45 4 0925  4940.0-4949.5  508.0-517.5 9.5 tr 0
46 4 1130 4949.5-4954.0  517.5-522.0 4.5 0 0
47 4 1440  4954.0-4959.0  522.0-527.0 5.0 4.60 92
48 4 1700  4959.0-4968.5  527.0-536.5 9.5 0 0

SITE 550

station, and the vessel drifted slowly away from the drill
site. By the time the BHA was recovered, at 0445 hr. on
5 July, the ship lay 11.3 mi. northeast of the beacon.

Glomar Challenger returned to the drill site to hold
position until weather conditions improved sufficiently
for operations to resume. Pipe-handling operations re-
commenced at 1215 hr., although a newly arrived cur-
rent precluded the ship’s turning to the optimum head-
ing to minimize roll.

A 50 ft. (15.2 m) west offset was entered into the
positioning system to prevent heat flow measurements
from being taken too near the chilled borehole of Hole
550. Hole 550A was spudded at 2155 hr. on 5 July and
was drilled quickly to a depth of 95 m BSF. Penetration
of the soft ooze halted abruptly when the drill struck

something anomalously hard. When the bit failed to
break through after 15 min., we terminated drilling at-
tempts, because we were afraid the bit might slip side-
ways in the soft sediment, forming a “dog leg” in the
hole that would cause problems later. Sediments at that
depth were of early Pleistocene or late Pliocene age, and
it was inferred that the obstruction was an ice-rafted
boulder. The bit was pulled clear of the seafloor for re-
spudding.

The positioning offset was changed from 50 ft. (15.2 m)
west to 50 ft. east. Difficult conditions of crossed wind,
swell, and current persisted, and nearly an hour elapsed
before positioning was stable enough for drilling to be-
gin. Hole 550B was spudded at 0048 hr. on 6 July and
drilled to 323 m BSF before the inner barrel was re-
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SITE 550

Table 2. B. Coring summary, Hole 550B.

Date
(June- Depth from Depth below  Length Length
July Time drill floor seafloor cored recovered  Recovery

Core  1981)  (hr) (m) (m) (m) (m) (%)

H-1 6 0730  4432.0-4755.0 0.0-323.0

H-2 6 4755.0-4888.0  323.0-456.0
1 6 1840  488B.0-4897.5  456.0-465.5 9.5 8.86 93
2 6 2040  4897.5-4907.0 465.5-475.0 9.5 4.43 47
3 6 2220  4907.0-4916.5  475.0-484.5 9.5 2.84 30
4 7 D005 4916.5-4926.0  484.5-494.0 9.5 2.22 23
5 7 0230  4926.0-4935.5  494.0-503.5 9.5 6.44 68
6 7 0436 4935.5-4945.0 503.5-513.0 9.5 0.04 <l
7 0901  4945.0-4954.5  513.0-522.5 9.5 3.63 38
B 7 1131 4954,5-4964.0 522.5-532.0 9.5 7.83 82
9 7 1344  4964.0-4973.5  532.0-541.5 9.5 6.84 72
0 7 1600  4973.5-4983.0  541.5-551.0 9.5 5.46 57
i 1815  4983.0-4992.5  551.0-560.5 9.5 5.27 55
12; 7 2040  4992.5-5002.0  560.5-570.0 9.5 6.04 64
13 7 2325  5002.0-5011.5  570.0-579.5 9.5 9.53 100
14 8 0134  5011.5-5021.0  579.5-589.0 9.5 7.95 84
15 8 0350  5021.0-5030.5  589.0-598.5 9.5 8.69 2
16 8 0637 5030.5-5040.0 598.5-608.0 9.5 4.93 52
17 8 0911  5040.0-5049.0  608.0-617.0 9.0 7.40 82
18 8 1246  5049.0-5058.0  617.0-626.0 9.0 592 66
19 8 1602  5058.0-5067.0  626.0-635.0 9.0 0.18 2
20 8 2110  5067.0-5076.0  635.0-644.0 9.0 7.99 89
21 9 0118 5076.0-5085.0  644.0-653.0 9.0 8.95 99
2 9 0440  5085.0-5094.0  653.0-662.0 9.0 9.70 100
23 9 0800  5094.0-5103.0 662.0-671.0 9.0 5.85 65
24 9 1108 5103.0-5112.0 671.0-680.0 9.0 4.55 51
25 9 1610  5112.0-5121.0  680.0-689.0 9.0 5.87 65
26 9 1955  5121.0-5125.5  689.0-693.5 4.5 4.30 96
27 9 2330 5125.5-5130.0  693.5-698.0 4.5 3.72 83
28 10 0544  5130.0-5134.5  698.0-702.5 4.5 7.40 100
29 10 1115  5134.5-5143.0  702.5-711.0 8.5 8.49 99
30 10 2135 5143.0-5152.5 711.0-720.5 9.5 6.59 69

trieved for a temperature probe run. An apparent boul-
der bed was again encountered at about 95 m, but resist-
ance was not as solid as in the previous hole.

Heat flow data were degraded by vessel heave result-
ing from a heavy swell. Although the heave compensa-
tor was in use, numerous “friction spikes” in the tem-
perature data resulted from movement of the probe in
the firm sediment.

Drilling continued through the previously cored sedi-
ment section. Because of low core recovery near the bot-
tom of Hole 550, continuous coring was begun at 456 m
BSF, some 80.5 m short of the total depth of Hole 550.
Coring was routine, and recovery was generally good to
711 m.

At 0445 hr. on 10 July, the lower drive shaft coupling
of one of the two bow thrusters failed. On-site opera-
tions at Hole 550B could continue with one bow thrust-
er only as long as weather was exceptionally favorable,
and no new hole could be spudded until repairs could be
made in port. Coring was therefore halted 26 m into
basement so the bit could be released and the logging
program could be completed while the good weather
held.

Two go-devils were used for unsuccessful release at-
tempts. After 5.25 hr., prospects for dropping the bit
seemed poor, so an inner core barrel was pumped into
place. It was reasoned that the landing impact of the
heavy barrel and/or the stresses of rotary coring might
effect separation if the internal mechanism had shifted.
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In any event, the remaining time could be spent produc-
tively in cutting another basement core until arrange-
ments for the repair port call had been finalized. When
the core was retrieved, a third and successful attempt
was made to release the bit. The end of the drill string
was then pulled to 119.5 m BSF for logging. Logging
operations proceeded smoothly, and three successful logs
were recorded.

The drill string was then recovered, and at 0620 hr.
on 12 July, after magnetic inspection of the BHA, the
vessel departed for emergency repairs in Cobh, Ireland.

SEDIMENT LITHOLOGY

In Hole 550, we took a single core at the seabed be-
fore washing to 99.5 m. We then cored continuously to a
total depth of 527 m using conventional rotary drilling
(Table 3). Hole 550B was washed to 456 m and continu-
ously cored to 720.5 m, also by rotary drilling (Table 3).
The 71 m overlap between holes allowed the recovery in
Hole 550B of a section of Paleocene to late Maestrichti-
an sediments that was poorly recovered in Hole 550.

The single core taken at the mudline in Hole 550 re-
covered 5.45 m of soft foraminifer-nannofossil ooze and
calcareous mudstone of chiefly Pleistocene age. As at
Sites 548 and 549, the upper 50 cm consists of pale
brown foraminifer-nannofossil ooze that probably rep-
resents Holocene sedimentation. The remainder consists
of a 3 m thick bed of olive gray (5Y 4/2-4/3) calcareous
mudstone underlain by light gray (5B 7/1, 5Y 7/2) fora-



Table 3. Summary of Site 550 lithology.

Hole-Core-Section Depth
Unit (interval in cm) (m BSF) Main lithologies Age
la 550-2 to 550-21-2 99.5-283.0 Light-colored nannofossil oozes Pliocene to
and chalks middle Miocene
1b | 550213t0 | 283.0-310.45 | Light-colored nannofossil chalk, | early Miocene to
550-24-2 (45) marly nannofossil chalk, late or middle
and mudstone; minor Oligocene
siliceous biogenic compo-
nent
= —
2a 550-24-2 (45) 310.45-408.0 Brownish and grayish marly early Oligocene
to 550-34-3 nannofossil chalk to early Eocene
2b 550-34-4 1o 408.0-_42ES Vi E;o;ngh,_ggy,_ a;i oli?e late Paleocene
550-36-3 (95) siliceous nannofossil chalk
and mudstone
3a 550-36-3 (95) to 426.5-465.0 Nannofossil chalks and marly
550-40 and nannofossil chalks with
550B-1 interbedded, often graded, 1"""’1:1]:;’[;“’
3b | 55041 to 55047 465.0-575.0 Cilemeous tubadites. Maestrichtian
d 550B.2 Subunits are defined only in i Tata
anOB '3 terms of differences in C it
550B-13-3 (50) downhole logging character- P
istics.
e T 24 ? ?
4a 550B-13-3 (50) o 575.0-584.4 Homogeneous, carbonatefree, Unknown (Barren)
550B-14-4 (40) dark, massive mudstones
with no bioturbation
4b 1 550B-14-4 (40) to 584.4-594.83 | Interbedded dark mudstone, Santonian or
550B-15-4 (83) calcareous mudstone, and Coniacian
chalk Unknown (barren)
5 550B-15-4 (83) to 594.83-685.37 | Interbedded light (gray, reddish, middle Cenomanian
550B-25-4 (87) and brownish) bioturbated to late Albian
calcareous mudstone and
finely laminated, dark gray
to black, calcareous mud-
PO PO PR R APREIPN R Ry e ONC . v ,o. VPPN
6 550B-25-4 (87) 685.37-720.5 Basalt with thin, indurated, Unknown
to 550B-30 calcareous sediment inter- (late Albian?)
beds

Notes: Cross rule denotes change in lithology; wavy line denotes unconformity. Double wavy line denotes
position of two unconformities (one separates the upper and lower Oligocene, the other the upper and
middle Eocene) and a highly condensed interval supposedly of early Oligocene to late Eocene age.
Bold wavy line denotes major unconformity.

SITE 550

minifer-nannofossil ooze. This resembles the interbed-
ded sequences previously cored at Sites 548 and 549.

Below the washed interval, 690 m of sediment were
cored (allowing for the overlap between Holes 550 and
550B), ranging in age from Pliocene to late Albian. These
strata can be divided into five lithologic units above base-
ment, the upper four of which are further subdivided
(Table 3). Major unconformities occur between upper or
middle and lower Oligocene and between Coniacian and
middle Cenomanian strata. Small stratigraphic gaps may
occur within the Miocene and the Paleocene (see Bio-
stratigraphy). An additional unconformity may be pres-
ent between the Campanian or Maestrichtian and the
Santonian-Coniacian, but carbonate dissolution prevent-
ed accurate dating of this part of the section.

Basement at Site 550 consists of basalt no younger
than latest Albian in age.

Unit 1

Unit 1 consists of light-colored nannofossil and mar-
ly nannofossil ooze and chalk. It occurs in Hole 550
from 99.5 to 310.45 m BSF (Core 2 to 550-24-2, 45 cm)
and is Pliocene to middle Oligocene in age.

The unit consists of bluish, greenish gray, light gray,
pale yellow, and white nannofossil and marly nannofos-
sil oozes and chalks. It is divided into two subunits on
the basis of color and composition, especially variations
in the amount of terrigenous and biogenic silica.

Subunit 1a

Subunit 1a consists of light-colored nannofossil ooze
and chalk. It occurs in Hole 550 from 99.5 to 283 m
BSF (Core 2 to Section 550-21-2) and is Pliocene to mid-
dle Miocene in age.

Subunit 1a consists of bluish to light gray (5B 6/1-7/1)
and light greenish gray (SGY 7/1) soft to firm nannofos-
sil oozes and chalks. Smear slide examination shows
that the carbonate fraction, which makes up 77 to 95%
of the sediment (as measured by carbonate bomb), con-
sists largely of calcareous nannofossils (75-90%), with
minor amounts of unspecified carbonate (2-20%) and
foraminifers. Only rarely does foraminiferal content rise
above 10%; this usually occurs in thin (less than 6 cm
thick) beds of sandy foraminifer-nannofossil ooze (Core
6 and Sections 550-18-1, 550-18-4, and 550-19-1). Sili-
ceous biogenic material (sponge spicules and diatom and
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radiolarian fragments) are found rarely and only in small
quantities (up to 10% in Sections 550-5-4, 550-6-1, and
550-18-1). The detrital fraction is composed of clay min-
erals (as much as 10%), mica (as much as 5%), and
trace amounts of quartz and heavy minerals. Dissemi-
nated pyrite occurs throughout and also is present in
higher concentrations in some parts (Sections 550-3-1,
550-5-1, 550-5-6, 550-5-7, 550-7-1, 550-7-3, 550-8-1,
550-8-2, 550-12-4, 550-14-2, and 550-16-1).

Color changes throughout the upper part of Subunit
la (Cores 2-13) are usually quite sharp. Thick (tens to
hundreds of centimeters) bands of light bluish gray (5B
6/1) and light greenish gray (5GY 7/1) alternate, but
they are occasionally interrupted by thin (less than 20 cm)
bands of white (5YR 8/1) and gray (N5) or fine purple
(5B 4/2) laminations. In the remainder of Subunit la,
the banding is thinner (centimeters to tens of centime-
ters) and more distinct (Cores 14-21), with colors vary-
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ing from light bluish gray (5B 6/1) to light greenish gray
(5G 7/1), gray (NS5), very pale blue (5B 8/2), olive gray
(5Y 4/2), greenish gray (10GY 5/2), and purple (5B 4/2).
In this lower interval, the contacts between chalks of
different colors are either sharp or rapidly gradational.

The sediment usually has a massive appearance. This
might be the result of its light color, which makes bur-
row mottling difficult to see; bioturbation is readily ap-
parent in the darker layers, and it does occur occasional-
ly (Sections 550-3-1, 550-6-3, 550-6-7, 550-12-1, 550-12-3,
550-14-1, 550-14-2, and 550-15-1; Core 16; Sections
550-17-2 and 550-17-3; Core 18; and Section 550-19-2).
In Core 18, three thin, upward-fining, turbiditelike se-
quences, begin with gray (N2) foraminifer-nannofossil
ooze and grade upward into nannofossil ooze (550-18-4,
0-6 cm and 6-11 cm and 550-19-1, 68-76 cm).

Cores 2 and 3 contain a mixture of Pliocene and Mio-
cene microfossils, suggesting a “slump deposit,” although
there is no other sedimentological evidence to support
this idea. The Miocene foraminifers within Cores 2 and
3 are generally better preserved than specimens in other
Miocene sediments of Hole 550, indicating an upslope
source (farther from the calcite compensation depth
[CCD]) for the displaced material.

Carbonate dissolution ranges from slight at the top
of Subunit 1a to moderate at the base. Foraminifer pres-
ervation is is particularly poor in the upper Miocene
(Zones N16-N17; see Biostratigraphy).

Calcite dominates the bulk composition (50-80%) of
Subunit 1a (Chennaux et al., this volume), and quartz
comprises less than 10%. In general, the less common,
darker sediments contain somewhat larger quantities of
quartz.

Subunit 1b

Subunit 1b consists of light-colored marly nannofos-
sil and nannofossil chalks. It occurs in Hole 550 from
283 to 310.45 m BSF (Section 550-21-3 to 550-24-2,
45 cm) and is early Miocene to middle Oligocene in age.

Subunit 1b can be differentiated from Subunit 1a on
the basis of color, its more abundant terrigenous detri-
tus and biogenic silica, and the occurrence of turbidites.
It is highly variegated in shades of white (5Y 8/1), yel-
low (2.5Y 7/4-8/4, 5Y 7/3, 10Y 6/4), and gray (2.5Y
6/1,5Y 7/1, SGY 7/1); color changes are usually grada-
tional but occasionally sharp. The boundary between
Subunits 1a and 1b was apparently not recovered (there
was a 30 cm gap in the core liner), but biostratigraphic
evidence suggests that there is an unconformity that rep-
resents 2.8 m.y. separating upper Miocene from middle
Miocene sediments.

The sediments in Subunit 1b consist of interbedded,
usually light-colored nannofossil chalks with a carbon-
ate content in excess of 80% (carbonate bomb) and dark-
er, more marly, calcareous chalks with a carbonate con-
tent of 25 to 60%. Occasional dark, clayrich laminae 5
to 20 cm thick may have CaCQOj; contents as low as 6%
(Sections 550-21-3, 22-1, 550-21-5, and 550-23-2 to 550-
23-4). The light-colored layers are rich in calcareous
nannofossils and unspecified carbonate particles (smear
slides); foraminifers are generally rare, but occasional



sandy layers contain as much as 50% foraminifers (e.g.,
550-22-1, 53 cm). The darker layers have fewer calcare-
ous components, but they have appreciable amounts of
clay minerals (as much as 55%) and smaller amounts of
mica (as much as 10%), quartz (as much as 5%), and
heavy minerals (as much as 10%). Siliceous microfos-
sils, particularly radiolaria, are common within olive
brown and darker laminated layers.

The intervals in Section 550-22-1, from 20 to 60 cm
and in Section 550-23-2, from 40 to 60 cm contain turbi-
dites that have erosional basal contacts; these strata are
graded, laminated, and unbioturbated at the base, finer
grained and progressively more intensely bioturbated to-
ward the top.

Subunit 1b was deposited between the early Miocene
and middle Oligocene (see Biostratigraphy). The Oligo-
cene series (Section 550-24-1, 15-135 cm) is much con-
densed and is interrupted by a barren zone (550-24-1,
135 cm to 550-24-2, 40 cm; Fig. 3). A banded manga-
nese nodule several centimeters in diameter (Section
550-24-1 from 95 to 100 cm; see Fig. 3) is evidence of
very low sedimentation rate during this period. Dissolu-
tion of carbonate is slight in the lower Miocene section;
dissolution is more complete in the Oligocene section,
indicating a shallower CCD in Oligocene time (see Bio-
stratigraphy).

The quartz and calcite concentrations in Subunit 1b
were not studied in detail. Within a turbidite layer (Sec-
tion 550-22-1), the values of CaCQ, are about 10% and
those of quartz are 20%, similar to Subunit 1a (Chen-
naux et al., this volume). This is a dramatic composi-
tional change from the surrounding sediments.

Among the clay minerals, smectite (20-55% of the
clay fraction), illite (30-50%), chlorite (5-15%), and
kaolinite (10-25%) vary cyclically within the Pliocene
(99.5-175 m), Miocene, and Oligocene sediments, which
extend to the unconformity at the base of Subunit 1b.
There is gradual downward increase in smectite concen-
tration (20-75% of the clay fraction). Kaolinite varies in
concentration (5-15%) but decreases sharply in Section
550-23-2, where smectite increases dramatically.

Unit 2

Unit 2 consists of brownish and grayish, marly nan-
nofossil chalks and siliceous nannofossil chalks. It oc-
curs in Hole 550 from 310.34 to 426.5 m BSF (550-24-2,
34 cm to 550-36-3, 95 cm) and is early Oligocene to late
Paleocene in age.

Unit 2 is separated from Unit 1 on the basis of its dis-
tinctly darker color, a downhole decrease in sonic veloci-
ty (1.8 km/s at the top of Unit 2, as opposed to 2.0 km/s
in Subunit 1b), and an increase in natural gamma ray in-
tensity. The boundary between Units 1 and 2 has been
placed at the top of a series of manganese-rich black
crusts (550-24-2, 45-75 cm; see Fig. 3), from which black
dendritic structures extend into the sediments below.
This sediment contains zeolites and is rich in amor-
phous glass and volcaniclastic fragments (as much as
60%, 550-24-2, 70 cm; smear slide; Knox, this volume).
It was also found to be abnormally rich in such trace el-
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ements as Fe, Ni, and Ba in addition to Mn (Karpoff et
al., this volume).

Three apparent unconformities were encountered be-
tween Sections 1 and 4 of Core 24, which represent
25 m.y. of middle Oligocene to early Eocene deposition.
These unconformities are marked either by sediments
barren of microfossils or by manganese crusts (see Bio-
stratigraphy).

Unit 2 consists of brown to yellow, marly nannofossil
chalk and siliceous nannofossil chalks and mudstones.
It is divided into two conformable subunits on the basis
of siliceous microfossil content and downhole log char-
acteristics. Subunit 2a contains no appreciable biogenic
silica; Subunit 2b contains several chert nodules and as
much as 15% silica. The subunit boundary is also marked
by small but sharp downhole decreases in sonic velocity
and natural gamma ray intensity. Overall, there is little
variation in gamma ray intensity in Subunit 2a; Subunit
2b has very low natural gamma ray intensities at the top
and a sharp peak at the base. The mineralogical and
geochemical characteristics of the sediments suggest that
the bottom environment changed gradually from warm-
er in the late Paleocene to cooler in the late Eocene
(Karpoff et al., this volume).

Subunit 2a

Subunit 2a consists of brownish and yellowish marly
nannofossil chalks. It occurs in Hole 550 from 310.34 to
408 m BSF (550-24-2, 45 cm to Section 550-34-3) and is
early Oligocene to early Eocene in age.

Subunit 2a consist of brown (10YR 4/3-4/4, 10YR
3/2-5/2, 10YR 6/3, 10YR 5/8, 2.5Y 4/4-7/4, 2.5Y 4/2)
to yellow (10YR 7/6, 2.5Y 7/4), firm, marly (occasion-
ally very marly) nannofossil chalk, with minor chalk
and mudstone layers. There are occasional thin greenish
gray (5GY 6/1-8/1, 5G 8/1) interbeds, lenses, and mot-
tled intervals, especially from Cores 27 to 29 and in
Core 32. Color contacts are usually gradational but oc-
casionally sharp.

Carbonate content is highly variable (carbonate bomb),
ranging from as little as 2% in thin, dark, mudstone ho-
rizons (e.g., Sections 550-26-1 and 550-32-3) to more
than 70% in bands of nannofossil chalk (e.g., Core
550-29-2). Most values, however, are from 30 to 60%.
Smear slide analysis indicates that the major calcareous
components are nannofossils (as much as 90%), fora-
minifers (as much as 20%), and unspecified carbonate
particles (as much as 55%). The terrigenous compo-
nents are quartz (as much as 30%), clay minerals (as
much as 30%), and mica (as much as 10%). Small
amounts (less than 10%) of volcanic glass were detected
in smear slides for Sections 550-24-4, 550-32-4, and
550-34-2. Siliceous biogenic components, in the form of
sponge spicules and radiolaria, occur only rarely (Sec-
tions 550-24-2, 550-27-1, and 550-27-2). Subunit 2a is
moderately to extremely bioturbated throughout. The
interval in Section 550-28-1 from 69 to 73.5 cm is an
upward-fining sequence with laminated, sandy, foramin-
ifer-nannofossil chalk rich in heavy minerals at the base.
The lower surface of this presumed turbidite shows flute
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casts. Sections 550-32-5 and 550-33-2 also contain small,
graded, silty beds and zones of sharply bounded gray
green banding. The silty horizons are largely composed
of terrigenous detritus and carbonate fragments, with
heavy minerals and volcanic glass. These silty beds are
also probably indicative of current transport and/or tur-
bidity currents. Dark clayrich laminae occur in Sections
550-26-1, 550-30-3, 550-32-3, and 550-33-2.

X-ray analysis reveals quartz concentrations of 5 to
15% in Subunit 2a (Chennaux et al., this volume); cal-
cite comprises 40 to 50% of the bulk composition. Mag-
nesium calcite is present in Section 550-34-2 (about 15%).
Smectite dominates the clay fraction, steadily increasing
downward (70-85%). Illite remains fairly constant, with
a concentration of approximately 15%. Interlayered ka-
olinite and chlorite comprise less than 10% of the clay
fraction.

Little dissolution of carbonate fossils is apparent in
Subunit 2A, an indication that deposition took place
above the CCD.

Subunit 2b

Subunit 2b consists of siliceous, marly nannofossil
chalks and mudstones that are brown, gray, and olive. It
occurs Hole 550 from 408 to 426.5 m BSF (Section
550-34-4 to 550-36-3, 95 cm) and is late Paleocene in
age.

Subunit 2b consists of brownish (10YR 5/2-5/4; 10YR
3/3; 10YR 8/3; 7.5YR 5/4; 2.5Y 6/2, 2.5Y 4/4), gray
(5G 6/1-8/1; 5G 5/2-7/2; 5Y 5/1), and olive (5Y 5/3-
4/3, 2.5Y 5/4) siliceous, marly nannofossil chalks and
siliceous mudstones.

A single carbonate bomb measurement in the marly
chalk yielded 57% CaCOj;; mudstone yielded 3 to 10%
CaCOj;. Smear slides show that the chalk contains 20 to
70% calcareous nannofossils and as much as 55% un-
specified carbonate, with small amounts of clay miner-
als (as much as 20%) and quartz (as much as 15%); for-
aminifers occur only in trace amounts. The mudstone
contains clay minerals (as much as 50%), quartz (as
much as 25%), mica (as much as 10%), and assorted
carbonate material (as much as 20%). Small amounts
of volcanic glass (as much as 5%) occur throughout; a
smear slide from 550-36-2, 120 cm contained 50% vol-
canic glass.

Siliceous fossils (principally radiolarians, but also
sponge spicules) were detected only in trace amounts on
smear slides. More detailed sampling for paleontologi-
cal purposes indicates that radiolarians occur through-
out Subunit 2b. Thin chert bands and siliceous nodules
occur at 550-36-1, 120 cm and 550-36-2, 90 cm.

Sedimentary structures other than burrow mottling
are rare in Subunit 2b. Fine green and white laminae oc-
cur in Section 550-34-6; a color banded, graded bed oc-
curs in Section 5 of the same core. Section 550-35-1 also
contains a laminated horizon. In general, however, the
absence of transport structures suggests that the sedi-
mentation in Subunit 2b is mixed pelagic and hemipe-
lagic. A downward increase in carbonate dissolution (see
Biostratigraphy) culminates in a 60 cm thick, black, non-
calcareous mudstone at the base of Subunit 2b that
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probably represents sedimentation below the CCD. Small
black manganese nodules within this layer suggest slow
deposition. The nodules were later found to be old fecal
pellets replaced by manganate exceptionally rich in Ba
(Karpoff et al., this volume).

The boundary between Units 2 and 3 is a sharp change
from black noncalcareous mudstone to yellow nanno-
fossil chalk (Fig. 4). This boundary may represent a short
hiatus (3 m.y. at most); alternatively, the manganese-
rich, noncalcareous mudstone may be a condensed se-
quence deposited during the 3 m.y. time interval.

Unit 3

Unit 3 consists of interbedded nannofossil chalk, marly
nannofossil chalk, and sandy calcareous turbidites. It
occurs in Hole 550 from 426.5 to 527 m BSF (550-36-3,
95 cm to Core 47) and in Hole 550B from 456 to 575 m
BSF (Core 1 to 550B-13-3, 50 cm). The sediment is late
Paleocene to early Maestrichtian or Campanian(?) in
age.

Unit 3 may underlie Unit 2 conformably. It consists
of brownish (10Y 7/4, 7.5Y 6/4, 10YR 4/3-8/3, 10YR
5/6, 2.5Y 6/4), yellowish (2.5Y 8/4, 7.5Y 6/6, 5Y 7/3),
and gray (5GY 7/1, 5Y 7/1, 2.5Y 7/2) nannofossil, mar-
ly nannofossil, and calcareous chalk. The chalk is inter-
bedded with pink (7.5YR 8/4), light brown (7.5YR 6/4),
light gray (5Y 7/1), and white (5Y 8/1) sandy calcareous
turbidites. Unit 3 is differentiated from Unit 2 by the oc-
currence of the light-colored turbidites, by a large drop
in gamma ray intensity, and by a downhole increase in
sonic velocity and resistivity. The corresponding changes
in the mineralogical and biogenic components are dis-
cussed by Graciansky and Bourbon (this volume). Unit
3 can be divided into two subunits on the basis of down-
hole measurements (see discussion at end of Subunit
3b).

Subunit 3a

Subunit 3a consists of light-colored to brownish chalks
with interbedded white calcareous turbidites. It occurs
in Hole 550 from 426.5 to 465 m BSF (550-36-3, 95 cm
to Core 40) and in Hole 550B from 456 to 465 m BSF
(Core 1). The sediment is late to early Paleocene in age.

Subunit 3a is composed of light brown (10YR 8/3),
light gray (5Y 6/1-7/1), and greenish gray (SGY 7/1)
nannofossil chalk with pink or gray mottling in its up-
per part (Cores 550-36 to 550-38). It is composed of in-
terbedded white calcareous turbidites and pale brown
(10YR 7/4, 7.5YR 5/4-6/4, 5Y 7/3) and greenish gray
(5GY 7/1) nannofossil chalk in its lower part (Cores
550-39, 550-40, and 550B-1). The turbidites range from
a few centimeters to almost 2 m in thickness. Thick tur-
bidites are shown in Figures 5A to 5C. The base of the
unit is composed of large, rounded clasts (up to 5 cm in
diameter) of soft sediment in a mud matrix; this is over-
lain by laminated and graded, sandy sediments, which
in turn grade into homogenous light-colored, unbiotur-
bated chalk.

Compositional differences are evident between dark-
er beds and pale chalk horizons. In Core 1 of Hole
550B, for example, one sample from a massive, light-
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Figure 4. Boundary between the brown unfossiliferous lower section
of Unit 2 and the highly calcareous Unit 3 (Core 550-36). Bound-
ary is marked by a black and pink, finely laminated, friable mud-
stone. Manganese nodules are scattered in the sediments just above
the boundary. Sections 1 and 2 are very poor in nannofossils as a
result of very strong dissolution and belong to Zone NP9, The sed-
iments in Section 3 at 95 ¢cm and below belong to Zone NP5. An
unconformity or a strongly condensed interval corresponds to the
metalliferous layer, which is dated late Paleocene (Karpoff et al.,
this volume).
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colored chalk contained 95% CaCO; (carbonate bomb),
whereas two samples from brown, highly bioturbated,
marly chalk contained 33 and 46% CaCO;. In general,
the chalks are primarily composed of calcareous nanno-
fossils (25 to 93%, smear slides), with other carbonate
fragments (as much as 70%) important only in the pale
layers. The more marly horizons have clay minerals (as
much as 30%), quartz (as much as 10%), and mica (as
much as 10%). Small quantities of volcanic glass are
found below Core 37. Color varies in Subunit 3a on a
scale of a few millimeters to greater than 50 cm. Burrow
mottling is restricted to the darker sediments. Gamma
ray intensities are very low at the top of Subunit 3a but
increase steadily to a pronounced peak at the base; sonic
velocity is reasonably constant and has a mean value of
2.1 km/s.

Subunit 3b

Subunit 3b consists of light-colored to brown nanno-
fossil and marly nannofossil chalk with interbedded cal-
careous turbidites. It occurs in Hole 550 from 465 to
527 m BSF (Cores 41 to 47) and in Hole 550B from 465
to 575 m BSF (Core 2 to 550B-13-3, 50 cm). The sedi-
ment is early Paleocene to Campanian(?) or early Maes-
trichtian in age.

The boundary between Subunits 3a and 3b is marked
by a distinct increase in sonic velocity (from 2.1 to 2.6
km/s) and a large drop in natural gamma ray intensity.

Subunit 3b consists of alternations of light brown to
brown (7.5YR 7/4, 10YR 7/2-7/4) or reddish brown
(2.5YR 4/2, 10YR 7/2-7/4) bioturbated, marly chalks
and white to greenish gray (SGY 5/2-7/1) massive, lam-
inated or graded chalks. Most of Subunit 3b comprises
repetitions of one basic cycle that usually ranges in thick-
ness from a few centimeters to 1 m but occasionally
reaches 3 or 4 m. The cycle, which has a sharp basal
contact, begins with a basal, light-colored, often green-
ish gray, laminated or graded sandy chalk 1 to 30 ¢cm in
thickness. This grades upward into massive homogene-
ous white chalk 5 to 130 cm in thickness that may be en-
riched in carbonate fragments. The massive white chalk,
in turn, passes gradually upward into brownish, marly,
highly bioturbated nannofossil chalk. Gradational color
banding may be present within the upper parts of the
cycles.

The range of mineralogical compositions within Sub-
unit 3b is similar to that in Subunit 3a. Volcanic glass,
however, is rare (Core 550B-2 and Section 550B-10-1).

Core 2 (Sections 1 and 2) contains a massive debris
flow deposit 220 cm thick. It is composed of dark and
light mud clasts as much as several centimeters in di-
ameter within a light brown to greenish gray mudstone
matrix. The basal contact of the debris flow deposit is
sharp, and color contacts and laminations within it are
often distorted and oriented at high angles to the hori-
zontal.

Core 8 contains a coarse debris flow deposit that grades
upward into a sandy, weakly laminated layer and then
into a massive, fine-grained chalk (Fig. 6). The massive,
fine-grained chalk is, in this case, exceptionally thick
(4.5 m) and may be weakly laminated (visual and thin
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section examination). However, it contains a magnetic
reversal and thus cannot be interpreted as a simple tur-
bidite. The base of the unit contains coarse, noncalcare-
ous pebbles but is 73% carbonate. Carbonate increases
gradually in the basal graded part to a maximum of
88%, which is maintained in the rest of the bed.

Thin section analysis of rhythmic sequences that grade
from laminated white chalk to bioturbated brown clay
reveals the presence of large specimens of planktonic
and benthic foraminifers, abundant large Inoceramus
prisms, some quartz grains larger than 60 pm, and sparse

glauconite in the laminated chalks. The brown biotur-
bated section, in contrast, contains only sparse Inoce-
ramus fragments, and the planktonic foraminifers are
very small.

As previously noted, Subunits 3a and 3b can be sepa-
rated only on the basis of downhole geophysical mea-
surements. Significant variations in logging characteris-
tics can also be seen within Subunit 3b. Above 532 m
BSF (Hole 550B, Core 8), sonic velocity is relatively
constant at around 2.6 km/s, and natural gamma ray in-
tensity is uniformly low. Below this depth (Cores 9-13),
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sonic velocity fluctuates between 2.25 and 3 km/s. Gam-
ma ray intensity is also more variable; high gamma ray
counts coincide with low velocity values.

The changes in the logging characteristics within Unit
3 are not easily explained by the observed lithology. Al-
though the middle part of the unit is slightly poorer in
clay minerals than the top or bottom, these variations
are not visually dramatic. Furthermore, the CaC; val-
ues fluctuate between 30 and 80% throughout the entire
section (carbonate bomb). Therefore, a change in car-
bonate content is not the reason for the dramatic sonic
velocity increase between Subunits 3a and 3b. However,
carbonate dissolution increases steadily down through
Unit 3 (see Biostratigraphy). The dissolution may be re-
sponsible for the increasing variability of the sonic and
gamma ray values, since the clay enrichment due to car-
bonate dissolution could produce an inverse correlation
between the two logs like that observed in Cores 9 to 13.

The contact between Units 3 and 4 is marked by a
small graded sand unit that passes upward into reddish
brown chalk. Below the sand, the upper part of Unit 4 is
a dark reddish brown noncalcareous mudstone.

Unit 4

Unit 4 consists of mudstone, calcareous mudstones,
and marly nannofossil chalks. It occurs in Hole 550B
from 575 to 594.83 m BSF (550B-13-3, 50 cm to
550B-15-4, 83 cm) and is Santonian or Coniacian in age.

Unit 4 consists of firm, black, gray, brown, and yel-
low noncalcareous and calcareous mudstones and marly
nannofossil chalks. The age of the upper part of Unit 4
has not been accurately determined, but it is believed
to underlie Unit 3 unconformably (see Biostratigraphy).
The boundary between Units 3 and 4 is marked by a
large downward increase in natural gamma ray intensity
and reductions in formation resistivity and sonic veloci-
ty. Overall, Unit 4 is characterized by a uniform sonic
velocity of about 2 km/s.

Unit 4 is divided in two subunits on the basis of car-
bonate content. The upper subunit, 4a, consists entirely
of dark, noncalcareous mudstones; the lower, 4b, is com-
posed of interbedded dark mudstones and light-colored
calcareous mudstones and nannofossil chalks. Gamma
ray intensity is high in Subunit 4a. It is lower in Sub-
unit 4b, but there is no sharp break in the gamma ray
profile.

The age of Subunit 4b is Santonian or Coniacian, but
that of 4a cannot be determined directly because of the
absence (probably due to dissolution) of calcareous fos-
sils.

Subunit 4a

Subunit 4a consists of massive noncalcareous mud-
stones. It occurs in Hole 550B from 575 to 584.4 m BSF
(550B-13-3, 50 cm to 550B-14-4, 40 cm).

Subunit 4a consists of black (5Y 2/1, 5GY 2/1, 5G
2/1), brown (7.5YR 6/4, 10YR 6/4, SYR 3/4-4/4), gray
(5GY 4/1-5/1, 5Y 5/2, 5Y 3/1-4/1), and rare green
(5GY 3/2-5/2), red (2.5YR 4/2), and yellow (5Y 6/8)
firm, massive mudstones. Color contacts range from gra-
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dational to sharp, and the colors grade from lighter at
the top of the subunit to darker at the base.

Smear slides contain clay minerals (50-70%), quartz
(10-30%), and small amounts of feldspar, mica, pyrite,
radiolarian fragments, and sponge spicules (as much as
5% of each component). This subunit is essentially non-
calcareous (as much as 10% CaCOj;, but usually less
than 4%; carbonate bomb) and despite its dark color its
organic carbon content is low (0.67% maximum). Olive
yellow (5Y 6/8) lenses and diffuse bands rich in pyrite
occur in Section 550B-13-3. Bioturbation is exception-
ally rare in Subunit 4a, appearing only in Core 14, Sec-
tions 2 and 3.

The scarcity of carbonate and the downward reduc-
tion in carbonate within the overlying Unit 3 suggest
that Subunit 4a was probably deposited below the CCD.
A detailed discussion of the Subunit 4a paleoenviron-
ment is given in the Biostratigraphy and Organic Geo-
chemistry sections.

Subunit 4b

Subunit 4b consists of interbedded mudstones, cal-
careous mudstones, and nannofossil chalks. It occurs
in Hole 550B from 584.4 to 594.83 m BSF (550B-14-4,
40 cm to 550B-15-4, 83 cm) and is Santonian or Conia-
cian in age.

Subunit 4b consists of roughly equal proportions of
firm light gray (5Y 6/1-8/1, N6-N7) calcareous mud-
stones and marly nannofossil chalks. The chalks are in-
terbedded on a scale of 10 to 300 cm with dark green-
ish gray to olive black (5G 2/1-3/1, 5GY 2/1, 5Y 2/1)
noncalcareous mudstcnes. A single layer of dark brown
(7.5YR 3/2) mudstone occurs at the base of the subunit
(550B-15-4, 40-87 cm). The contacts between the calcar-
eous and noncalcareous layers are both sharp and gra-
dational; the sharp contacts usually occur at the base of
the calcareous units, and the gradational contacts occur
at the base of the noncalcareous layers.

Carbonate bomb results can be divided into two dis-
tinct populations representing the calcareous layers
(69-85% CaCO;) and the noncalcareous layers (0-7%
CaCO,). The calcareous facies consist primarily of cal-
careous nannofossils (as much as 40%) and unspecified
carbonate (as much as 55%), with as much as 40% ter-
rigenous detritus (mainly clay minerals, quartz, and feld-
spar). The mudstone facies are predominantly composed
of clay minerals (as much as 65%) and quartz (as much
as 30%), with trace amounts of feldspar and carbonate.
Several large shell fragments (as long as 3 cm) were ob-
served at 550B-14-5, 25 cm.

Bioturbation is weak to moderate throughout most
of Subunit 4b. However, the thicker dark horizons are
often massive or weakly laminated and show no evi-
dence of bioturbation. The lighter-colored calcareous
beds are usually bioturbated at the top and become mas-
sive toward the base. They are occasionally also lami-
nated in shades of green (5GY 8/1; Core 14, Sections 4
and 5). Two upward-coarsening sequences of marly nan-
nofossil chalk were visible in Core 14, Section 5. The
laminations within and the sharp basal contacts of al-
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most all the calcareous layers indicate that these beds
are probably turbidites. The interbedded sequence of
noncalcareous mudstones and calcareous turbidites sug-
gests that deposition took place below the CCD, and
that only the rapid deposition of the turbidites allowed
the preservation of their carbonate content. The lami-
nations within the darker mudstones probably indicate
that Site 550 was periodically anoxic during the Santoni-
an-Coniacian (see Organic Geochemistry).

Microscopic and X-ray analyses of the darker beds in
Subunit 3b reveal the presence of fluorapatite in thin
streaks at three levels. The only foraminifers present be-
long to a single agglutinated species (see Biostratigra-
phy). The clay minerals are subordinate to carbonate
and are chiefly smectite; quartz comprises 15% of the
sediment (Graciansky and Bourbon, this volume). The
chalks contain calcareous planktonic and benthic fora-
minifers, Inoceramus fragments, and sparse quartz.
Unit 5

Unit 5 consists of interbedded, light-colored, biotur-
bated and dark-colored, laminated, calcareous mudstones
and marly nannofossil chalks. It occurs in Hole 550B
from 594.87 to 685.37 m BSF (550B-15-4, 87 c¢m to
550B-25-4, 87 cm) and is middle Cenomanian to late Al-
bian in age.

The boundary between Units 4 and 5 is marked by a
downward color change from dark reddish brown (5YR
4/6-4/8) to light greenish gray (SGY 7/1) mottled with
light red (2.5Y 4/2). A sharp downward increase in nat-
ural gamma ray intensity and moderate increases in son-
ic velocity and resistivity also mark the transition be-
tween units. Unit 5 consists of calcareous sediments
(39-75%, carbonate bomb), in marked contrast to the
interbedded calcareous and noncalcareous sediments of
Unit 4. Four color groups can be distinguished within
these sediments:

1. 550B-15-4, 87 cm to Section 550B-15-5—Ilight gray
(5Y 7/1, 5GY 7/1) bioturbated sediments with three finely
laminated interbeds of light green to bluish green (5Y
5/4, 5G 8/1, 5BG 7/2).

2. Section 550B-15-6 to 550B-18-2, 10 cm—light gray
(N5-N7, 5Y 6/1-7/1) bioturbated sediments interbed-
ded with dark gray to black (N2-N3) finely laminated
material (Fig. 7). The tops of some black laminated lay-
ers are sharp, and the light gray layers are color graded
from lighter at the bottom to darkest at the top. X-ray
analysis shows that the clay minerals are chiefly smec-
tite.

3. 550B-18-2, 10 cm to Section 550B-21-5—highly var-
iegated sediments: gray (5Y 6/1-7/1), reddish or pink-
ish gray (5YR 5/2-6/2), or pale to reddish brown (10YR
6/3, 5YR 4/3-5/3, 2.5YR 5/4).

4. Section 550B-21-6 to 550B-25-4, 87 cm—Ilight gray,
bioturbated (5Y 5/1-6/1) sediments interbedded with
dark gray (5Y 2/1-4/1), finely laminated material.

Variations in total organic carbon (TOC) appear to
accompany the changes between color groups 2, 3, and
4 (TOC was not analyzed for group 1). TOC for group 3
is consistently low (0.06-0.74%); for groups 2 and 4 it
is highly variable (0.1-2.37%), the higher values being
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Figure 7. Interbedded light and dark marly chalk of Unit 5. Dark bed
is finely laminated and unbioturbated (550B-17-2, 100-130 cm).

found in the dark gray laminated layers. However, no
other variations in lithology could be detected, and the
sediment’s downhole logging characteristics showed lit-
tle change except for a slight increase in gamma ray in-



tensity between color groups 2 and 3. For this reason,
no formal subdivision of Unit 5 was proposed.

Little variation in CaCO; content occurs within Unit
5, even between lithologies of different color. Carbonate
bomb analyses show the CaCO; content of most sedi-
ments to be 45 to 60% (extremes are 39 and 75%). A
detailed sampling program in Section 550B-24-3, with-
in bioturbated gray to laminated dark gray sediments,
showed a small systematic difference in CaCO; content
that was covariant with color; dark gray sediments were
approximately 5% richer in carbonate. The possible rea-
sons for this are discussed under Organic Geochemistry.

The carbonate fraction of the sediments consists of
calcareous nannofossils (as much as 75%), unspecified
carbonate (as much as 60%), and foraminifers (as much
as 15%). The terrigenous fraction consists of clay min-
erals (10-40%), quartz (as much as 15%), and feldspar
(as much as 10%), with minor amounts of heavy miner-
als and mica.

Bioturbation is moderate to intense in all the lighter-
colored sediments within Unit 5; the darker sediments
are finely laminated or (rarely) massive. Mud clasts oc-
cur in Section 550B-21-6 from 70 to 90 cm, and inclined
bedding occurs in Section 550B-25-2 from 87 to 114 cm
and from 127 to 150 cm. Both of these features may in-
dicate minor slumping.

The light gray to dark banded sediments in Cores 21
to 25 show two distinct styles of alternation between
beds. In some parts of the sequence (e.g., Section
550B-25-2), the lighter beds grade upward into dark lami-
nated beds, but the transitions from the dark to the light
layers are sharp and sometimes marked by concentra-
tions of glauconite. The rhythmic changes in the sedi-
mentological characteristics of Unit 5 are dealt with by
Graciansky and Gillot (this volume).

Unit 6

Unit 6 consists of dark gray basalt with thin interbeds
of calcareous sediment. It occurs in Hole 550B from
685.4 to 720.5 m BSF (550B-25-4, 87 cm to Core 30).
The basalts are late(?) Albian in age.

Unit 6 consists of dark gray basalts with thin inter-
beds of indurated, reddish brown (2.5YR 3/4) calcare-
ous sediments (two carbonate bomb analyses yielded 14
and 71% CaCOQ,). The basalts are described in more de-
tail in Basalt Lithology and by Maury et al. (this vol-
ume).

BIOSTRATIGRAPHY
Summary

Hole 550

Sediments were recovered from Hole 550 from 99.5
to 536.0 m BSF, a sequence that proved to be lower Plio-
cene to Maestrichtian (Fig. 8). The Cretaceous/Tertiary
boundary was encountered at approximately 470 m BSF.

A continuous lower Pliocene-upper Miocene sequence,
generally rich in planktonic foraminifers and nannofos-
sils, was found from 122 to 255 m. The lower boundary
of the upper Miocene presented here is based on nanno-
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fossil evidence, which disagrees slightly with the evi-
dence of the planktonic foraminifers. The diverse, well
preserved microfaunal and nannofloral assemblages of
the early Pliocene reflect relatively warm water condi-
tions. However, some intervals within the upper Mio-
cene contain assemblages that are affected by strong
carbonate dissolution, and other intervals contain few
or no warm water species. These characteristics indicate
climatic changes and fluctuations in the CCD.

An unconformity involving a hiatus of 2.8 m.y. sep-
arates the upper Miocene(?) from underlying lower to
middle Miocene deposits (the latter of which are 55 m
thick; Fig. 8), although no significant change in litholo-
gy occurs at that point, which unfortunately coincides
with a 30 cm gap in recovery. Samples from above the
unconformity contain rich, well preserved microfossil as-
semblages, while those from below the unconformity
have been subjected to extensive dissolution. The micro-
fossil assemblages characterized by dissolution (which
are probably associated with the presence of cooler wa-
ters) are numerically dominated by species of Bo/bofor-
ma (Miiller et al., this volume).

Beneath the lower Miocene lies a condensed and in-
complete upper Oligocene to middle Eocene sedimenta-
ry sequence (Fig. 8). This sequence, which shows the ef-
fects of strong carbonate dissolution, was subject to pe-
riodic nondeposition and/or erosion. The dissolution is
associated with a‘rise of the CCD that corresponds to
the appearance of cold bottom waters in the North
Atlantic.

A thick (about 93 m) section of lower Eocene sedi-
ments contains abundant, diverse microfossil assemblages
that occasionally show the effects of moderate dis-
solution. The Paleocene assemblages are similarly pre-
served, except for an upper interval of siliceous mud-
stones rich in radiolarians. A probable unconformity
corresponding to a 3.5 m.y. gap appears in the upper
Paleocene and is underlain by a thin layer of manganif-
erous nodules. Cretaceous sediments were encountered
at a depth of 470 m. The Cretaceous/Tertiary contact
was probably disturbed by drilling operations.

Hole 550B

In Hole 550B, where rotary drilling began at 456 m
BSF, the Cretaceous/Tertiary boundary also lies at a
depth of 470 m (Fig. 8). The boundary is not very dis-
tinct, because many reworked Cretaceous species are pres-
ent. However, recovery through the lower Danian ap-
pears to be complete, and the lowermost Danian faunal
and nannofloral zones overlie uppermost Maestrichtian
biozones, indicating that there is no significant uncon-
formity between the Tertiary and Cretaceous. The Cre-
taceous sediments, which lie directly on basalt at 685.37
m BSF, can be subdivided into three main units, each
separated by an unconformity, on the basis of paleonto-
logical data.

In the upper part of the first unit, both nannofossils
and foraminifers indicate an early through late Maes-
trichtian age. In the lower few meters of the unit, ques-
tionable late Campanian sediments are present. From
574 to 583 m BSF, the fossils are either not diagnostic or
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absent, but the lithofacies are similar to those of the un-
derlying unit. The generally poor preservation of the
micro- and nannofossils in these Upper Cretaceous stra-
ta complicates interpretations. In the upper strata (Cores
2-9), the fossils are frequently recrystallized and/or bro-
ken. The effects of carbonate dissolution are evident
from Core 9 or 10 downward in both the lithology and
the preservation and composition of the fossil assem-
blage (resistant nannofossil species are dominant; the
foraminifer assemblage is impoverished; there is a dis-
tinct association of the so-called primitive arenaceous
foraminifers). The unusual thickness (104 m) of the Maes-
trichtian-upper(?) Campanian section is the result of
the rapid accumulation of turbiditic layers, which brought
shallow-water sediments into an abyssal environment.

Of the strata that compose the second unit (thickness
21 m), only the median part can be dated. A Santonian-
Coniacian age has been assigned on the basis of calcare-
ous microfossils from interbedded allochthonous mate-
rials. Dissolution has been so severe that both the upper
and lower parts of this second unit are almost devoid of
calcareous fossils; only assemblages of agglutinating for-
aminifers have been observed so far. In other respects,
the sieved residue (greater than 63 pm) is distinguished
by a large clastic component (quartz, mica), glauconite,
and abundant radiolarians.

A satisfactory chronostratigraphic resolution can be
obtained with the help of foraminifers for the third and
lowermost unit (thickness 91 m). Most of these Upper
Cretaceous strata belong to the middle through lower
Cenomanian (Fig. 18). The fossil assemblages here are
prolific and often well preserved, although dissolution
and fragmentation occur in some dark laminated layers.
A thin layer of Vraconian (latest Albian) age occurs at
the base of the Cenomanian sequence and directly over-
lies basalt. Sediments interbedded with the basalt also
contain microfossils, although most are recrystallized; a
few nannofossils have been obtained, and fairly abun-
dant and well preserved foraminifers are visible in thin
sections. Both groups contain species that range below
the Vraconian, but none is diagnostic of an age older
than Vraconian.

Two aspects of the Upper Cretaceous sediments should
be emphasized. First, carbonate dissolution has been im-
portant in modifying the lithology and fossil assem-
blages at the site. Solution-linked changes in lithology
appear above the Cenomanian and vanish in the upper
Campanian(?)-lower Maestrichtian. (Solution effects al-
so are apparent in the gamma ray log, which shows a
gradual upward decrease in clayey intercalations.) The
second aspect is that as a result of the dissolution it is
difficult to determine whether or not unconformities are
present. Two working hypotheses can be applied: either
sedimentation was continuous, although condensed, be-
tween the middle Cenomanian and late Campanian(?)-
early Maestrichtian, or the sediments were discontinu-
ously laid down. In support of the second hypothesis,
two potential unconformities can be identified. The first
separates fossilrich middle Cenomanian strata from the
Coniacian-Santonian sequence with its clastic detritus
and agglutinating foraminifers. The second is a better



documented unconformity that lies between the Conia-
cian-Santonian section and the first turbiditic-clayey al-
ternations of the upper Campanian(?)-lower Maestrich-
tian. The hiatus probably corresponds to a part of both
Santonian and Campanian time. The results of a de-
tailed examination of seismic profiles in the vicinity of
Hole 550 support the unconformity hypothesis.

The biostratigraphic boundaries specified in the fol-
lowing discussion were determined on board ship. They
are superseded by the boundaries shown in the Site 550
Superlog (back pocket), which represent the results of
subsequent shore-based work.

Foraminifers

Cenozoic

The surface sediment and samples throughout the re-
mainder of Core 1 contain abundant, well preserved
planktonic foraminifers. Pleistocene assemblages from
Samples 550-1-1, 48-51 cm and 550-1-4, 42-46 cm are
numerically dominated by Globigerina bulloides and Glo-
borotalia inflata; a few specimens of warm water spe-
cies, such as Globigerinoides ruber and Orbulina uni-
versa, also are present. This assemblage typifies inter-
glacials and closely resembles the assemblage present in
surface sediments, indicating deposition in a similar en-
vironmental setting. Sample 550-1-2, 64-68 cm is more
typical of assemblages from glacials. Neogloboquadri-
na pachyderma and N. “du/pac” dominate the assem-
blage, and warm water species are absent. This sample
also contains an abundance of detrital quartz, which
strengthens the inference of deposition during a glacial
episode. Core 1 penetrated only 5.5 m below the sedi-
ment surface, but faunal fluctuations are significant
even in this limited interval.

After the mudline core was recovered, Hole 550 was
washed down to a depth of approximately 100 m. Thus,
there is an interval of 95 m from which no samples are
available.

From Cores 2 to 4, an interval of approximately 22 m,
the planktonic foraminifer assemblages are dominated
by Miocene species (Fig. 8). The faunal associations in
the upper part of this interval (Core 2) contain species
that are restricted to Pliocene and younger sediments
(e.g. Globorotalia crassaformis, G. puncticulata, G. ron-
da, Globorotaloides hexagona) as well as species that do
not range beyond the end of the Miocene (e.g., Globo-
rotalia continuosa, G. siakensis, Globoquadrina dehis-
cens). Samples from Cores 3 and 4 contain a purer late
Miocene fauna, although older reworked forms are present
occasionally. Specimens of Bolboforma are few to com-
mon within these two cores. Preservation throughout
this interval is poor to moderate as a result of dissolu-
tion and recrystallization. The Miocene sediment in Cores
2 through 4 is believed to represent slumped material
that has been introduced into a younger sediment se-
quence, because a moderately thick Pliocene sequence
lies beneath it. The thickness of the slumped unit is un-
known, because only the lower boundary can be observed.

Pliocene sediment containing well preserved, moder-
ately diverse assemblages extend downward from Sam-
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ple 550-5-1, 44-48 cm through Sample 550-9-6, 90-95
cm (Fig. 8). The assemblages suggest that this 52 m in-
terval is primarily early to middle Pliocene in age. The
top of the Pliocene in Hole 550 is marked by the LAD
of Globigerina apertura, Globorotalia praehirsuta, G.
puncticulata, G. ronda, Globigerinoides extremus, and
Sphaeroidinellopsis paenedehiscens. The FAD of Glo-
borotalia crassaformis and G. puncticulata can be used
to distinguish the middle from the lowermost Pliocene
section. One sample in the center of the Pliocene section
(Sample 550-8-1, 84-89 cm) contains almost no fora-
minifers, the sand-sized fraction being dominated by fram-
boids of pyrite. The boundary between Zone N18 (lower
Pliocene) and the N17-N16 interval (upper Miocene) is
based primarily on the LAD of Globorotalia continuosa
and the FAD of Globorotalia margaritae.

Upper Miocene sediments are present from Samples
550-10-1, 41-43 cm through 550-16-4, 47-51 cm, a thick-
ness of approximately 63 m. Planktonic foraminifers are
few to common and are generally not well preserved, be-
cause the entire interval has been subjected to dissolu-
tion. Neogloboquadrina acostaensis is much more abun-
dant in upper Miocene than in Pliocene sediments. Sev-
eral thin layers within the N17-N16 interval (Samples
550-12-1, 29-32 cm; 550-15-1, 44-48 cm; 550-16-3,
47-51 c¢m; 550-16-4, 47-51 cm) contain abundant speci-
mens of Bolboforma. Such layers are characterized by
very sparse, poorly preserved planktonic foraminifers.
Murray (1979) reported Bolboforma from Zone N17
(possibly ranging from N16 to N18) at DSDP Sites 403,
404, and 406. The base of the upper Miocene is marked
by the FAD of Neogloboquadrina acostaensis and Glo-
bigerina bulloides.

The interval from Sample 550-17-1, 35-39 cm through
550-18-3, 34-38 cm is interpreted as being of latest mid-
dle Miocene age (Zones N15-N14; Fig. 8). Diagnostic
species within the N15-N14 interval include Globorota-
lia praemenardii and G. siakensis. Both Neogloboquad-
rina acostaensis and Globigerina bulloides, dominant
forms in the overlying upper Miocene sediments, are
conspicuously absent. Once again, several intervals con-
tain abundant specimens of Bolboforma and sparse for-
aminifer assemblages.

An unconformity representing most of the middle Mio-
cene (Zones N10-N13) is present below the N15-N14 in-
terval (Fig. 8). Samples 550-18-4, 34-38 cm downward
through 550-21-2, 85-87 cm are assigned to the N9-N8
interval. Diagnostic species include Globorotalia fohsi
peripheroronda, G. siakensis, Globigerinoides subquad-
ratus, and Praeorbulina glomerosa. Assemblages through-
out the entire N9-N8 interval are rather sparse, primari-
ly as a result of dissolution. Microfossil assemblages are
composed largely of Bolboforma. Auffret and Pastouret
(1979) reported abundant calcispheres from the middle
Miocene of the Bay of Biscay. It appears that the abun-
dant occurrence of Bolboforma is a reliable stratigraph-
ic indicator for middle to upper Miocene sediments in
deep-sea deposits of the Biscay region. They cannot,
however, be so used in shallower localities, as evidenced
by their absence at Sites 548 and 549. The boundary be-
tween the N9-N8 and N7-N6 intervals lies between
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Samples 550-21-2, 85-87 cm and 550-21-3, 110-113 cm.
It is based on the FAD of Praeorbulina glomerosa and
the LAD of Catapsydrax unicavus. Sample 550-21-3,
110-113 cm contains rare Bolboforma, probably as a
result of downhole contamination, and the remainder of
the section is devoid of this group. Planktonic foramini-
fers are few to common and generally not very well pre-
served. The total thickness of the lower and middle Mi-
ocene sediments at Site 550 is approximately 46 m.

An unconformity appears to exist between Samples
550-24-2, 22-24 cm and 550-24-3, 22-24 cm (Fig. 8).
The former sample contains a few poorly preserved spec-
imens of Catapsydrax stainforthi, while the latter con-
tains recrystallized, partially dissolved specimens of Glo-
bigerinatheka. This suggests a hiatus that spans the
entire Oligocene. However, the faunal evidence is exceed-
ingly sparse, because sediments from Samples 550-24-3,
22-24 cm through 550-26-1, 42-45 cm are either barren
or contain only a few planktonic foraminifers. Samples
550-24-3, 22-24 cm through 550-25-1, 35-38 cm contain
a fairly diverse benthic foraminifer assemblage. Nan-
nofossil evidence suggests the presence of a condensed
Oligocene section within the interval that is devoid of
planktonic foraminifers. Foraminiferal evidence is in-
sufficient to evaluate this interpretation. Samples 550-
25-1, 35-38 cm through 550-26-1, 42-45 c¢cm are tenta-
tively assigned to the Eocene, but the specific portion of
that epoch represented by this 10 m interval cannot be
determined from the foraminifers.

Sediments from Samples 550-27-1, 42-45 cm down-
ward through 550-33-3, 59-61 cm are interpreted as be-
ing of early Eocene age (Fig. 8). This interval, which is
about 35 m thick, spans Zones P6 through P8. The up-
per boundary of P8, which adjoins the barren zone, is
marked by the co-occurrence of Acarinina pentacame-
rata, A. primitiva, and A. pseudotopilensis. Sample
550-27-4, 42-45 cm is barren of microfossils, making
the exact position of the Zone P8/P7 boundary impos-
sible to determine. Sample 550-27-5, 42-45 cm lies with-
in Zone P7, as evidenced by the presence of Morozovel-
la formosa gracilis. The LADs of Morozovella margino-
dentata and M. lensiformis lie in the next sample below.
The P7/P6 zonal boundary, which is between Samples
550-29-6, 51-54 cm and 550-30-1, 49-53 cm is marked
by the LAD of Planorotalites chapmani. The LAD of
Morozovella aequa occurs in the sample immediately
below. The base of Zone P6 lies at the FAD of Moro-
zovela marginodentata, an abundant and conspicuous
member of lower Eocene assemblages.

Upper Paleocene sediments of Zone PS5 are present
from the P6-P5 zonal boundary downward through Sam-
ple 550-34-4, 62-65 cm (Fig. 8). The presence of Acarinina
mckannai distinguishes them from overlying lower Eo-
cene sediment. The 15 m interval from Samples 550-34-5,
62-65 cm through 550-36-2, 62-65 cm is completely de-
void of planktonic foraminifers. The sediments are dom-
inated by radiolarians, with sporadic occurrences of dia-
toms. The sediments below the barren zone can be
assigned to Zone P3. Diagnostic species include Moro-
zovella angulata, M. conicotruncata, M. pusilla, and
Subbotina triloculinoides. From Sample 550-38-5, 54-
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56 cm downward to the bottom of Hole 550 (Sample
550-41-2, 114-116 cm), the foraminifer assemblages in-
dicate the Zone P1-P2 interval. The diagnostic species
include Eoglobigerina daubjergensis, Subbotina trilocu-
linoides, S. incostans, and S. trinidadensis. The lower-
most portion of the Danian (Zone Pla) is not present in
Hole 550. Hole 550B, however, does contain the Eoglo-
bigerina eugubina Zone (Pla). The presence of this zone
indicates that there is no significant unconformity be-
tween the Paleocene and Cretaceous. The total thickness
of the Paleocene section at Site 550 is approximately 73 m.

Cretaceous

Although the key species was not observed above Core
5 in Hole 550B, the late Maestrichtian sediments (maya-
roensis or MC-11 Zone) are present as high as Sample
550B-2-3, 56-58 cm, the first sample examined (Fig. 8).
According to the calcareous nannofossils, the boundary
between the lowermost Danian and the upper Maestrich-
tian strata is located between Sample 550B-2-3, 34-35
cm and 550B-2-3, 38 cm. The diagnostic species in the
very rich assemblages in Cores 2 to 5 are Globotruncana
contusa, G. arca, G. citae, G. caliciformis, G. stuarti,
Globigerinelloides messinae subcarinata, Racemiguem-
belina fructicosa, Pseudotextularia elegans, Ventilabrel-
la glabrata, Guembelina excolata, and Bolivina incras-
sata.

In Hole 550, the same Maestrichtian assemblages were
observed within the lowest cores (41-47). At 550-41-2,
118 c¢cm, Cretaceous deposits are overlain abruptly by
Zone Plb-d of the Danian; the contact probably has
been disturbed and poorly recovered.

Cores 7 to 12 in Hole 550B also belong to the Maes-
trichtian. A complete zonal succession of calcareous nan-
nofossils can be observed there (Fig. 8). No precise age
determinations can be derived at present from the fora-
minifer faunas because of grading and recrystallization.
Moreover, calcite dissolution becomes appreciable from
Core 10 downward.

The exact age assignment for Core 13 has yet to be
determined. Its upper part (Section 1 to part of Section
3) could be of late Campanian age, according to the for-
aminifers (which include Reussella szajnochae, Conor-
bina cf. sigmoidalis, Osangularia sp.). Its lower part be-
longs to the interval of black deposits (550B-13-3, 67 cm
to 550B-15-4, 87 cm), which is characterized by scat-
tered chalky intercalations that yield small Hedbergella,
Globigerinelloides, and Guembelina (especially G. pul-
chra). These microfossils support the Coniacian-Santo-
nian age suggested by the calcareous nannofossils. The
species within this assemblage suggest that these depos-
its formed under carbonate-depleted conditions (hence,
“primitive arenaceous” foraminifers, radiolaria, fish de-
bris) and that the calcareous sediments and microfossils
were displaced from a bathyal milieu on the adjacent
slope. The lowest part of this interval (550B-15-2 to
550B-15-4, 87 cm) is almost barren of microfossils.

The lithologic change at 550B-15-4, 87 cm, coincides
with the first downward occurrence of a Cenomanian
foraminifer assemblage, which was observed downward
to the contact with basalt (550B-25-4, 87 cm; Fig. 8).



The planktonic foraminifer-rich assemblages suggest a
bathyal or abyssal paleoenvironment. Some of the ben-
thic species suggest shallower water, but they may have
been transported from shallower parts of the slope or
from the shelf.

From Cores 15 to 17 the main species are Rotalipora
cushmani, R. greenhornensis, R. montsalvensis, R. tho-
mei, R. cf. deeckei, R. brotzeni, Globotruncana stepha-
ni, and Praeglobotruncana aumalensis. They can be as-
signed to the lower part of the middle Cenomanian (lower
part of MCs2 Zone). Core 18 belongs to the early or
middle Cenomanian. Cores 19 and 20 are near the ear-
ly/middle Cenomanian boundary, as indicated particu-
larly by R. cf. cushmani, R. montsalvensis, R. thomei,
R. globotruncanoides, R. evoluta, R. reicheli, R. brot-
zeni, R. appenninica, Globotruncana stephani, and Pa-
rella cheniourensis. Cores 21 to 24 belong to the early
Cenomanian (MCsl Zone), containing mainly R. ap-
penninica, R. balernaensis group, R. evoluta, R. globo-
fruncanoides, R. cf. brotzeni, and Globigerinelloides
eaglefordensis. Core 25 is distinguished by the presence
of Planomalina buxtorfi, which indicates that the lowest
Cenomanian or highest Albian (Vraconian) stage has
been reached.

The sparsity of foraminifers and lack of key species
in the available thin sections do not allow an exact age
to be assigned to the sediments intercalated within the
basalt. The fossils do not seem to be very different from
the late Vraconian-earliest Cenomanian species found
in the sediment directly overlying the basalt.

Nannoplankton

Hole 550

Core 1 of Hole 550 belongs to the Pleistocene, inas-
much as the Emiliania huxleyi Zone (NN21) is present
from Sections 550-1-1 to 550-1-3, and the Gephyrocapsa
oceanica Zone (NN20) is present in Section 550-1-4. The
few samples studied from this core display an alterna-
tion of nannoplanktonrich and nannoplanktonpoor lay-
ers that is related to interglacial and glacial climatic
fluctuations. A 94 m gap in the coring separates Core 1
from Core 2.

A thick sequence of lower Pliocene-upper Miocene
sediments is encountered from Core 2 to Section 550-
18-2 (Fig. 8). The presence of slumped beds dated prob-
ably as upper Miocene (Cores 2-4) is suggested by their
interbedding within Pliocene sediments. Cores 5 to 9 are
dated lower Pliocene and are underlain by upper Mio-
cene layers (Cores 10-18).

In general, the preservation of nannoplankton is no-
tably better in the lower Pliocene than the upper Mio-
cene sediments. In some Pliocene samples there are re-
worked middle and upper Miocene nannoplankton spec-
imens. In the upper Miocene sediments, unlike the lower
Pliocene sediments, Sphenolithus abies and Discoaster
quinqueramus are missing or occur only rarely, although
Discoaster calcaris is abundant in several upper Miocene
layers. The variable abundance of the discoasters and
variations in the degree of dissolution and fragmenta-
tion indicate climatic shifts and fluctuations in the
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CCD. The diversity of the late Miocene nannoplankton
assemblages is rather low as a result of cold water tem-
peratures. Amaurolithus delicatus is present down to
Sample 550-14-1, 49-50 cm, and Discoaster quinquera-
mus is present down to Sample 550-14,CC, so at least
this part of the sequence can confidently be attributed
to the D. quinqueramus Zone (NN11). Core 15 to Sec-
tion 550-18-2 may belong to the Discoaster calcaris Zone
(NN10), because D. calcaris and D. variabilis are com-
mon. D. quinqueramus is absent, perhaps because of
unfavorable ecologic conditions.

Within the upper-middle(?) Miocene sequence, white
and light gray nannofossil ooze alternate. Discoaster va-
riabilis, a species that tolerates rather low water temper-
ature, is abundant in the light gray layers. The preserva-
tion of the discoasters is good (no calcite overgrowth,
which means that the sediments contain a certain amount
of clay), whereas the coccoliths are strongly broken and
etched, indicating that dissolution was more severe dur-
ing the deposition of the light gray layers. Fragmenta-
tion and dissolution are most severe in Cores 17 and 18,
which also are rich in specimens of Bolboforma, a group
that seems to have been most abundant during periods
of low water temperature (Miiller et al., this volume).

There is an unconformity in Core 18 between Sec-
tions 2 and 3 (Fig. 8), where upper Miocene strata are
underlain by middle Miocene strata of Zone NN6. The
unconformity represents a hiatus of at least 2 m.y. Zone
NNG6, which was identified by the presence of abundant
large specimens of Coccolithus pelagicus, Cyclicargo-
lithus abisectus, C. floridanus, and Discoaster exilis, is
present from Samples 550-18-3, 17-18 cm to 550-21-2,
62-63 cm. Nannoplankton are abundant, and discoas-
ters are generally common. Fluctuations of the CCD are
indicated by variations in the degree of etching of the
coccoliths.

The Sphenolithus heteromorphus Zone (NN5) is pres-
ent from Sample 550-21-3, 73-74 ¢m to 550-22-4, 74 cm.
It is underlain by the Sphenolithus belemnos Zone
(NN3) of early Miocene age (550-22-5, 50 to 100 cm).
Nannoplankton Zone NN4 was not recognized; Helico-
pontosphaera ampliaperta may be missing, correspond-
ing perhaps to a small hiatus of 1 to 2 m.y. Otherwise,
Zone NN4 might be present within the 120 cm interval
that was not sampled. Nannoplankton are common,
slightly to strongly broken, and etched by dissolution.

The interval from the top of Core 23 to 550-24-1, 30 cm
belongs to undifferentiated Zones NN1/NN2. The as-
semblages are of low diversity, containing Cyclicargo-
lithus abisectus, C. floridanus, Coccolithus pelagicus,
Reticulofenestra pseudoumbilica, and Sphenolithus mo-
riformis. Siliceous microfossils are present from 550-
23-1, 45 cm to 550-23-3, 22 cm. These sediments are
finely laminated as a result of the presence of large dia-
toms, which might be related to a decrease in water tem-
perature (upwelling?) within the earliest Miocene. Nan-
noplankton are common, slightly etched by dissolution,
and broken.

The 57 m middle and lower Miocene sequence is rath-
er condensed compared with the thick late Miocene~
early Pliocene section (Fig. 8). The presence of similar
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condensation in the same stratigraphic interval at Site
548 indicates that important paleoceanographic changes
took place during the late Miocene.

The Oligocene is represented by a very condensed se-
quence from 550-24-1, 30 cm to 550-24-2, 34 cm (Fig. 8).
Zones NP24/NP25, of late to middle Oligocene age,
were identified in Section 550-24-1 from 30 to 135 cm.
This section is underlain by lower Oligocene Zone NP21.
The inferred unconformity represents nannoplankton
Zone NP23 of middle Oligocene age and Zone NP22 of
early Oligocene age, a hiatus of at least 5 m.y. Dissolu-
tion was very strong within the middle Oligocene, and
very few nannoplankton are preserved; zeoliths are com-
mon. Marked fluctuations in the intensity of dissolution
are in evidence within Zone NP21 (early Oligocene;
550-24-2, 14 cm to 550-24-2, 34 cm).

Eocene nannofloras (Zone NP17 to approximately
NP20) are found at 550-24-2, 62 cm. Nannoplankton
are present only sporadically, and zeolites are common.
The nannoplankton at 550-24-2, 80 cm have been com-
pletely dissolved. This level is underlain by Zone NP14
(early middle Eocene), which occurs from 550-24-2,
95 ¢cm to 550-24-4, 67 cm; thus, there is an important
unconformity within the Eocene.

The identification of Zone NP14 is based on the pres-
ence of Discoaster lodoensis, D. sublodoensis, D. bar-
badiensis, Chiasmolithus grandis, and Discoasteroides
kuepperi. Because dissolution has been strong, the coc-
coliths are almost dissolved, thereby increasing the pro-
portion of the fossil assemblage made up of discoasters.

A thick complete lower Eocene section is present from
550-24-5, 45 cm to Sample 550-34-3, 60-61 cm (Fig. 8).
The interval from 550-24-5, 45 cm to Sample 550-25-3,
97-99 cm belongs to the D. lodoensis Zone (NP13); that
from Sample 550-25-5, 23-24 cm to Section 550-27,CC
belongs to the Marthasterites tribrachiatus Zone (NP12);
that from Sample 550-28-1, 46-47 cm to Section 550-
28,CC belongs to the Discoaster binodosus Zone (NP11);
and that from Samples 550-29-2, 47-48 cm to 550-34-3,
60-61 cm belongs to the Marthasterites contortus Zone
(NP10). Dissolution is sill strong within Zone NP13 and
the upper part of Zone NP12, but diminishes in the
lower part of the sequence. Specimens of the genus 7o-
weius are common to abundant within the lower Eocene
sediments. Rhabdulus solus is abundant within some
samples, and discoasters are generally common. Rhom-
boaster cuspis is present within the lowermost part of
Zone NP10 and the uppermost part of Zone NP9, a
condition that is characteristic of the interval around the
Paleocene/Eocene boundary.

Nannoplankton Zone NP9 (Discoaster multiradiatus
Zone), which is of late Paleocene age, is present from
Sample 550-34-4, 60-61 cm to 550-36-2, 130 cm (Fig. 8).
The variable abundance of nannoplankton within this
zone indicates distinct fluctuations in the CCD. Sili-
ceous microfossils, which are primarily radiolarians (few
diatoms), are present from Sample 550-35-4, 60-61 cm
to Section 550-35,CC. The nannoplankton assemblages
of this zone are diverse and proportionally enriched in
dissolution-resistant species. Zone NP9 is directly un-
derlain by the Fasciculithus tympaniformis Zone (NPS5),
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as identified from 550-36-3, 7 cm to Sample 550-36-3,
104-106 cm. An unconformity representing a hiatus of
about 2 m.y. separates the two units. The assemblages
are of lower diversity and contain F. fympaniformis, To-
weius craticulus, Ericsonia subpertusa, Zygolithus sig-
moides, and Chiasmolithus danicus. Intervals of intense
carbonate dissolution are indicated by layers barren of
nannoplankton (550-36-2, 130 cm; 550-36-2, 29 to 60 cm).

The Ellipsolithus macellus Zone (NP4) is present from
Samples 550-36-4, 1-2 cm to 550-38-5, 50-52 cm, and
the Chiasmolithus danicus Zone (NP3) is present from
Sample 550-38-6, 50-52 ¢cm to 550-41-2, 116 cm. Nan-
noplankton are abundant but slightly or strongly frag-
mented as a result of diagenesis. Braarudosphaera bige-
lowi, which was abundant within this zone at the shal-
lower sites (Sites 548, 549), was not observed at Site 550.
The Cretaceous/Tertiary boundary was not recovered in
Hole 550, where Zone NP3 of the Danian is underlain
by the late Maestrichtian Micula mura Zone; the M.
mura Zone occurs from 550-41-2, 120 cm to Sample
550-43-2, 22-23 cm and is followed by the Lithraphidi-
tes quadratus Zone (Samples 550-43-3, 95-96 cm to
550-47-1, 31-32 cm) and the early Maestrichtian 7et-
ralithus trifidus Zone (Sample 550-47-2, 63-64 cm to
section 550-47,CC). The sediments are very rich in dia-
genetically fragmented nannoplankton. This sequence is
characterized by intercalations of very fine-grained tur-
bidites that contain Cretaceous sediments probably dis-
placed from shallower locations.

Hole 550B

Hole 550B was drilled approximately 15 m from Hole
550. The hole was washed down to a depth of 456 m
(Fig. 8). Core 1 contained sediments of early Paleocene
age (NP3) (550B-1-6, 100 cm). This core consists pre-
dominantly of turbidites containing displaced Maestrich-
tian sediments. White (Campanian) or greenish (Albi-
an/Cenomanian) grains and/or pebbles are present in
the coarser parts of the graded beds (Sediment Litholo-
gy, Unit 2, this chapter; and Graciansky and Bourbon,
this volume).

The Cretaceous/Tertiary boundary, as determined by
the first occurrence of Biantholithus sparsus, lies in Sec-
tion 550B-2-3 between 34 and 38 cm. However, the bound-
ary here is not as distinct as has been described from
other locations by several authors. Nannoplankton are
rare within Zone NP1, and the assemblage, which con-
tains Markalius inversus, B. sparsus, Zygodiscus sig-
moides, and Thoracosphaera deflandrei, is of very low
diversity. The specimens are often small. Moreover,
there are a great number of Cretaceous specimens with-
in the lowermost Paleocene beds. As in other continu-
ous deep sea records of the Cretaceous/Tertiary transi-
tion, these specimens are believed to have been redepos-
ited. The most obvious change at this boundary is the
marked upward decrease of nannoplankton from the
Cretaceous into the lowermost Paleocene.

The upper Maestrichtian Micula mura Zone was iden-
tified from 550B-2-3, 38 cm to Sample 550B-7-1, 38-40
cm. The sediments are very rich in well developed nan-
noplankton, which are moderately to badly preserved as



a result of diagenetic fragmentation. The most abun-
dant species are Arkhangelskiella cymbiformis, Predis-
cosphaera cretacea, Cribrospherella ehrenbergi, Eiffel-
lithus turriseiffeli, and Kamptnerius magnificus. Micula
mura occurs only sporadically.

The Lithraphidites quadratus Zone, which represents

a rather short time interval, is present from Sample

550B-7-2, 36-37 cm to 550B-8-2, 37 cm. In abundance
and preservation the nannoplankton are similar to those
in the overlying assemblages.

The underlying Tetralithus trifidus (lower Maestrich-
tian) Zone is present throughout the rather thick turbi-
dite sequence from 550B-8-2, 80 cm to 550B-13-3, 24 cm
(Fig. 8). The nannoplankton within the sediments re-
worked by turbiditic processes are more recrystallized and
broken than in the hemipelagic ones. Lucianorhabdus
cayeuxii is also more abundant in the turbidites than in
the autochthonous sediments, indicating that the turbi-
ditic sediments were displaced from a shallower environ-
ment.

From 550B-13-3, 65 cm to 550B-14-3, 50 cm, carbon-
ate dissolution is strong and nannoplankton are absent.

An unconformity representing a hiatus of at least
8 m.y. may be present between the Maestrichtian and the
underlying Santonian-Coniacian sequence, which is pres-
ent from 550B-14-3, 90 cm to 550B-15-1, 147 cm (Fig. 8).
However, the recognition of magnetic Anomaly 33 in
this interval may indicate that the Campanian is not
completely missing. The Santonian-Coniacian age as-
signment is based on the presence of Marthasterites fur-
catus and Lithastrinus grillii. In general, the nannofos-
sils are abundant and broken and have slight to heavy
overgrowths. However, nannoplankton are rare and very
badly preserved in several samples (550B-14-4, 140 cm;
550B-14-5, 45 cm; 550B-14-5, 110 cm; 550B-15-1, 15-16
cm). The effects of strong dissolution can be observed
from 550B-15-1, 147 cm to Sample 550B-15-3, 52-53 cm.

Cenomanian nannofloras were encountered from Sam-
ple 550B-15-4, 97-98 cm to at least Sample 550B-21-4,
43-45 cm, as indicated by the presence of Lithraphidites
alatus, a form that first appears at the base of the Ceno-
manian.

The sequence from Sample 550B-21-6, 96-97 cm to
the base of Hole 550B belongs to the Eiffellithus turris-
eiffeli Zone of possibly late Albian age (absence of L.
alatus) (Fig. 8). The nannoplankton are abundant and
generally well preserved throughout the Cenomanian-
Albian. A slight fragmentation can be observed in sev-
eral layers. From Samples 550B-24-2, 55-56 cm to
550B-25-2, 137-138 cm, fine-grained pyrite and organic
matter are present. Only very few specimens of Waiz-
naueria barnesea and E. turriseiffeli were found in the
sediments interbedded with the basalt. The nannoplank-
ton were probably destroyed by recrystallization in these
sediments.

SEDIMENT ACCUMULATION RATES

The sediment accumulation rates calculated for Holes
550 and 550B are combined in Figure 9. Hole 550 was
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drilled from 99.5 to 536.5 m, and Hole 550B was drilled
from 456.0 to 720.5 m BSF. The sedimentary sequence
in Hole 550B is underlain by basalt (685.4 to 720.5 m
BSF).

The estimation of accumulation rates is complicated
by the presence of unconformities and the lack of an ac-
curate biostratigraphy for several intervals. In the Vra-
conian (late Albian) through the middle Cenomanian,
the accumulation rate is 13.5 m/m.y.; but from the mid-
dle Cenomanian to the lower Campanian, the rate is
1 m/m.y., if deposition is assumed to be continuous.
However, the biostratigraphic record is incomplete be-
cause of strong dissolution, and the seismic profile in-
dicates that the upper Cenomanian and Turonian sedi-
ments are missing at an unconformity. Thus, the actu-
al accumulation rate may be somewhat greater than 1
m/m.y.

The introduction of turbidites into the late Campani-
an to Maestrichtian sediment interval increased the ac-
cumulation rate markedly (to 17.5 m/m.y.). The rate
then decreased again (to 6.6 m/m.y.) in the early to late
Paleocene. Later, during the latest Paleocene to early
Eocene, the rate nearly doubled (to 11.0 m/m.y.).

Calcite dissolution reduced sediment accumulation
severely during the late Eocene and Oligocene. If depo-
sition is assumed to be continuous, the accumulation
rate was a mere 0.2 m/m.y. The dissolution also reduced
the biostratigraphic resolution of microfossil assem-
blages considerably. However, the biostratigraphic data,
though limited, suggest that there are several uncon-
formities, increasing the calculated accumulation rate.

During the early and middle Miocene the CCD be-
came depressed, and accumulation rates increased sig-
nificantly (to 5.5 m/m.y.). A period of nondeposition or
erosion followed, but thereafter (in the late Miocene)
the rate nearly tripled (to 13 m/m.y.).

The Pliocene-Pleistocene biostratigraphy is poorly doc-
umented, but the accumulation rate for the entire inter-
val accelerated remarkably (to 35 m/m.y.), partly be-
cause the slumping of older (Miocene) strata became an
important mechanism for deposition.

ORGANIC GEOCHEMISTRY

Total organic carbon (TOC), carbonate, and total ni-
trogen contents were measured on 183 samples by stan-
dard shipboard procedures (Waples and Cunningham,
this volume). Rock-Eval pyrolysis was carried out on 66
of these samples. The analytical results are tabulated by
Waples and Cunningham (this volume).

Total Organic Carbon, Carbonate, and Nitrogen

The nannofossil oozes and marly chalks of lithologic
Units 1 to 3 (Campanian to lower Pliocene) are charac-
terized by uniformly low organic carbon contents (maxi-
mum 0.13%; Fig. 10) and variable carbonate contents
(2-98%; Superlog). Carbonate values are much higher
in lithologic Unit 1 (average 85%) than in lithologic Unit
2 (average 36%). In lithologic Unit 3 the turbidite se-
quences are somewhat more calcareous than the overly-

271



TLT

Depth (m BSF)

=18 g late mid. early Oligocene late middle early Paleocens Maast Ca Santo- | Conia- T . c ; Albi
S E|E| Miocene Mioc. Miocene Eoc. Eocene Eocene Ll me: nian  |cian Hronian. | eenamenian fan
O] & late early late early
i W 2 J |
r~ w oy - o @ [@~ow|as oM e—-|o
o Nl = 7 = i~ | < - - - |- - -
zl2(2|=]| 2 2 =2 2232 (2 )] & [f]| & Eags|a|saz[zRRE & (&[22 &
] ~
- a & ™ o g |
= = oo @ |w|lzle a8 & S |NgR2EE| 2] 2 BiFs 0 = |
= =2 ZlZl 2 |2(212 2 |2|a| & o alaalaa ol o a o oo o o
0 |2 HENEEEIEHBEEEIEHHE 2 |2|22=zzz2| 2| =2 zzlzﬁzz 3 = |2
I i 1 I I I T T
"Ju = s
35 m/m.y.
200 [—
13 m/m.y.

300

\ 55 m/m.y.

several unconformities inferred

08§ HLIS



€LT

N 6.6 m/m.y.
500 |-
17.5 m/m.y.
& |
|
AW
l I
|
1 ? 1 m/m.y.
600 .
13.5 m/m.y.
700 | 1 1 1 L 1 | 1 | |
10 20 30 40 50 60 70 80 920 100

Figure 9. Sediment accumulation rate curve for Site 550.

Age (m.y.)

0SS H.LIS



SITE 550

TOC (%)

Lithologic
100 unit

200

300

400

Depth (m)

500

600

700

800 L i

Figure 10. TOC vs. depth for Site 550 sediments. Values are averaged
over 9.5 m intervals.

ing more hemipelagic sediments (e.g., 82-90% CaCO;
in turbidites in Core 550B-11; 41-48% CaCO; in hemi-
pelagic sediments of Cores 550B-9 and 550B-10).

With the exception of a few turbiditic chalks present
at irregular intervals in the lower half of lithologic Unit
4, the mudstones of Unit 4 are only faintly calcareous,
having been deposited beneath the CCD. There are some
definite trends in organic geochemistry within Unit 4
that are closely linked to sediment color. Figure 11 shows
that sediment color is closely related to organic carbon
content. The sediments that have the highest TOC val-
ues (as much as 0.67%) are black; they are sediments
that are dark gray, grayish olive green, other shades of
gray, and shades of brown and red. This color-TOC re-
lationship is consistent with the idea that organic car-
bon content decreases as the level of oxygen in the sedi-
ment increases.

The highést organic carbon values at Site 550 (maxi-
mum 2.37%) were encountered in several black, finely
laminated intervals in lithologic Unit 5 (latest Albian-
middle Cenomanian). Most of these intervals are inter-
bedded in a sequence that grades upward from light-col-
ored (whitish, light gray, reddish, and brownish), bio-
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cluding turbidites), Site 550.

turbated, organic-carbon-lean sediments (TOC less than
0.2%) to gray to dark gray bioturbated sediments (TOC
0.2-0.8%) to black, weakly laminated sediments (TOC
0.8-1.5%). Although these cycles are irregular in thick-
ness and often incomplete, they nevertheless represent
rhythmic changes in the degree of preservation of or-
ganic carbon in the sediments.

Carbonate contents are slightly higher in the organic-
carbon-rich intervals of Unit 5 than in the organic-car-
bon-lean intervals (55% vs. 45% CaCO;, respectively).
The higher carbonate values in the organic-carbon-rich
samples could be the result of higher carbonate input
(implying higher productivity), less dissolution, or an
enrichment in CaCOj; due to late diagenetic processes.

The atomic C/N ratio for samples from Units 4 and
5 is constant (Fig. 12), indicating that all the organic
material in this unit is of the same type. The intercept
(TOC = 0%) at a positive nitrogen value (0.028%) indi-
cates that a constant amount of inorganic nitrogen is
present in each sample (probably adsorbed on clay min-
erals; Waples, “Nitrogen,” this volume). The samples
with the lowest TOC values have consistently lower ni-
trogen contents than the linear trend in Figure 12 would
predict, however. Nitrogen is removed more rapidly than
organic carbon during diagenesis, especially the nitro-
gen mediated by benthic organisms, and it is therefore
natural that the more diagenetically altered (low-TOC)
samples would be particularly depleted in nitrogen.

The two black shale samples from Unit 5 at Site 549
are also shown in Figure 12. The nitrogen content of
these Site 549 samples is somewhat lower than that of
the Site 550, Unit 5 black shales. The low values might
indicate a slight difference in organic matter type be-
tween the lower-and-middle-Cenomanian black shales
at Site 550 and the upper-Cenomanian black shales at
Site 549.

In contrast, the woody samples from Site 549 (Units
6-10) have a markedly different C/N ratio (85) from the
Unit 5 samples from Site 550 (22). Thus, although some
of the organic material in Unit 5 at Site 550 may be of
terrestrial origin, it is apparently mixed with more nitro-
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genrich material of marine origin. This interpretation is
supported by visual kerogen analysis (Cunningham and
Gilbert, this volume).

Rock-Eval Pyrolysis

The results of Rock-Eval pyrolysis distinguished clear-
ly between the organic-carbon-rich, laminated intervals
that occurred occasionally in Unit 5 and the organic-
carbon-lean, bioturbated sediments from this and oth-
er units. The hydrogen indices for the finely laminated
black shale intervals in Cores 16 to 18 averaged 270 mg
HC/g TOC (Fig. 13) but decreased slightly to 200 mg
HC/g TOC in Cores 24 and 25. A parallel decrease of
TOC in laminated sediments from Cores 16 to 18 (aver-
age 2%) to Cores 24 to 25 (average 1.7%) is attributed
to greater benthic reworking in the organic material un-
der the less strongly reducing conditions that prevailed
during the deposition of the lowe core. The black shale
samples plot midway between Type II and III kerogens
on the Van Krevelen diagram (Fig. 14), suggesting that
they contain a mixture of organic matter from both ma-
rine and terrestrial sources. Oxygen indices for both the
upper and lower black shale intervals in Unit 5 average
75 mg CO,/g TOC.

The hydrogen indices for the light-colored, biotur-
bated, marly chalks interbedded with the laminated black
shales in Unit 5 average 30 mg HC/g TOC, much lower
than those for the black shales. The Rock-Eval data,

SITE 550

therefore, indicate cycles of oxic and nearly anoxic de-
position in Unit 5. Possible reasons for the cyclicity of
the paleoenvironments are discussed later in this section.

The sediments in Units 1 to 4 have low TOC values
(maximum 0.11% in Units 1 to 3 and 0.67% in Unit 4)
and low hydrogen indices (averaging 30 mg HC/g TOC).
The sediments in Units 1 to 3, in particular, were proba-
bly deposited in a well oxygenated environment; those
in Unit 4 were probably deposited under conditions that
varied between very oxidizing (light colors) and slightly
oxidizing to faintly reducing (black muds). Bioturbation
is extensive in the oxidized sediments of all units, where-
as it is absent in the finely laminated layers in Unit 5.
The oxidized sediments all plot in the Type III region in
Figure 14, indicating that any marine organic matter
originally present has been removed and that the sedi-
ments now contain only terrestrially derived or refracto-
ry organic matter.

The hydrocarbon source potential at Site 550, as in-
dicated by the magnitude of the S, value, is moderate in
the black shale intervals (average S, = 4 mg HC/g rock;
both gas and oil are possible products) and poor in the
oxic organic facies. The negligible S; values (less than
0.05 mg HC/g rock) and Ty, values (375-425°C) indi-
cate that all of the sediments at Site 550 are thermally
immature.

Organic Facies

Rock-Eval pyrolysis and the analysis of sediment C/N
ratio and TOC content clearly indicate that there are
two distinct organic facies at Site 550. The nearly anoxic
organic facies is limited to several thin intervals of lami-
nated black shale in Unit 5. These sediments contain
marine-terrestrial organic matter that under other tem-
perature and pressure conditions would have been capa-
ble of producing substantial amounts of both gas and
oil. The sediments in Units 1 to 4 and the organic-car-
bon-lean bioturbated marly chalks in Unit 5 contain ter-
restrial organic matter capable of producing gas.

There are several possible explanations for the in-
ferred cyclic changes in paleoenvironment from oxidiz-
ing to reducing during the deposition of Unit 5. The
interpretation we prefer is that most deposition was pe-
lagic; the contribution from debris flows or turbidity
currents was minor and played no essential role in deter-
mining oxygen levels. Oxygen levels in bottom waters
fluctuated from rather high to nearly zero, perhaps in
response to changes in sea level, productivity, or circula-
tion patterns. Two periods of relatively low oxygen levels
are suggested by the high TOC values in portions of
Cores 24 to 25 and 16 to 18, but fluctuation was consid-
erable even within these intervals. Variations in produc-
tivity seem less likely than changes in circulation pat-
terns to have been responsible for these paleoenviron-
mental cycles (Waples and Cunningham, this volume).

The clays in Unit 4 appear to have been deposited at
the same time as the organic-carbon-rich, laminated black
shales at Sites 549 and 551. The Unit 4 clays differ mark-
edly from the black shales in their much lower TOC
content and lack of lamination. Lower productivity in
the overlying waters and the slow accumulation of non-
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Figure 13. Rock-Eval pyrolysis properties of sediments at Site 550.

calcareous clays below an elevated CCD allowed the
bottom waters at Site 550 to remain more oxygenated
than those at Sites 549 and 551; diagenesis was therefore
more extensive, and it resulted in the extensive removal
of organic matter. The gradual evolution of oxygen lev-
els is recorded by changes in sediment color (Waples and
Cunningham; Waples, “Anoxia;” and Graciansky and
Gillot, this volume).

BASALT LITHOLOGY

Basalt Description

Below the uppermost Albian calcareous mudstone in
Hole 550B (Unit 5; see Sediment Lithology), 33 m of ba-
salts, pillow lavas, hyaloclastites, and minor limestones
were cored (685.4-720.5 m BSF; 550B-25-4, 90 cm to
Core 30; Fig. 8). Recovery of the section is apparently
complete, but some contacts were disturbed by drilling.
This unit, which has been designated Unit 6, can be di-
vided into four subunits.
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Subunit 6a

Subunit 6a consists of pillow lavas and hyaloclastites.
It occurs from 550B-25-4, 90 cm to 550B-26-3, 17 ¢cm
(4 m total thickness).

Subunit 6a was extensively fractured during drilling,
and many of the edges of the lava pillows were dam-
aged. When the fragments were put together, however, it
became apparent that seven lava pillows, characterized
by clearly defined chilled margins and a hyaloclastic ma-
trix, were nearly completely recovered. Sample 550B-26-1,
85-105 cm, was taken through the edge of a single pil-
low. The natural fracture pattern in the pillow lavas is
not radial-concentric but is instead a random mosaic.

As is generally the case for undisplaced pillow lavas,
the hyaloclastic matrix of the pillow lavas is not very
abundant. At 550B-26-2, 55 cm, hyaloclastic breccia is
associated with a calcareous mudstone clast, but unfor-
tunately the relationship between the two is unknown,
because this interval was fragmented by drilling. The
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original hyaloclastic matrix has been transformed into
smectite, mixed-layer clay, and calcite; feldspar is a mi-
nor constituent. With the exception of the feldspars, the
minerals that fill the fractures are similar to the hyalo-
clastite; some fracture fillings are pure calcite, some are
pure clay minerals, and others are clay minerals plus lat-
er calcite.

Visual examination of the slabbed surfaces of the pil-
lows shows that the basalts have phyric textures and con-
tain up to 5% plagioclase phenocrysts, which are as
large as 3 mm in diameter. Calcite vesicles less than
1 mm in diameter are present in the upper fourth of
each individual pillow in amounts of up to 5%.

The edges of the pillows have well defined chilled
zones less than a centimeter or two in thickness. A thin
section of a sample taken 15 cm from the edge of a pil-
low reveals the exceptionally fresh and unweathered na-
ture of the basalt. Phenocrysts are composed of plagio-
clase (7-10%) and altered olivine (1-2%). In composi-
tion the plagioclases are Ang,, and in form they are fresh
euhedral crystals, usually unzoned, and 0.5 to 2.5 mm
in size. The olivines, which have been completely re-

placed by a brownish, pleochroic chlorite, are only rec-
ognizable by the shape of their crystals. The former ol-
ivine crystals are less than 0.5 mm in size and have
been partly corroded. The groundmass is composed of
acicular plagioclase (30%; 0.5 mm in size), euhedral to
radiating sheaves of granular clinopyroxenes (35-40%;
0.01 mm in size), euhedral to granular opaque minerals
(10-15%; 0.01-0.02 mm in size), and rarely smectite (in
former glassy, intergranular spaces). Vesicles, which com-
prise about 1% of the rock, are filled with carbonate
and/or smectite.

Subunit 6b

Subunit 6b consists of a complex assemblage of thin
lava flows, displaced basalt blocks, reddish pink lime-
stones, and hyaloclastic breccias. It occurs from 550B-
26-3, 17 cm to 550B-28-1, 60 cm (7.5 m total thickness).

This subunit is distinguished from those above and
below by the aphyric texture of the basalt (with the ex-
ception of the interval in Section 550B-27-2 from 50 to
10 cm) and the presence of microfossiliferous calcareous
beds.
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A basalt segment 1.20 m thick (550B-26-3, 60 cm to
550B-27-1, 55 cm) is the thickest in this subunit. It might
be either a wide pillow with edges that were not recov-
ered or preserved or a block that has been detached
from a lava flow. A thin section taken 40 cm from the
top of this segment reveals aphyric texture. The ground-
mass consists of unaltered acicular plagioclase (40%;
0.3-0.7 mm grain size), fresh euhedral grains and radiat-
ing sheaves of clinopyroxene (35%; 0.01-0.03 mm grain
size), olivine(?), which has been completely replaced by
a fibrous, dark brownish, pleochroic chlorite (20%;
0.5 mm grain size), and granular to euhedral crystals of
opaque minerals, perhaps magnetite (5%; 0.1-0.5 mm
grain size). A thin section taken 25 cm from the base of
this same basalt segment reveals the same minerals in
approximately the same proportions; the minerals differ
only in that grain size is somewhat larger in the second
sample. In texture the second sample is subophitic (in-
tergranular to poikilitic clinopyroxenes contain laths of
plagioclase). The laths are corroded at the edges but
fresh internally.

Four calcareous layers further subdivide this subunit
(550B-26-3, 20-55 cm; 550B-27-1, 100-115 cm; 550B-
28-1, 60-70 cm and 550B-28-2, 0-32 cm). Red micrite
associated with brecciated basalt is found in between
these layers. The micrite contains tiny lava fragments,
scattered calcified radiolarians, hedbergellid and globo-
truncanid debris, and rare calcareous nannofossils (see
Biostratigraphy).

The sparsity of foraminifers and the absence of char-
acteristic species in the available thin sections make it
difficult to determine the age of this sediment, but it
does not seem to be very different from the Vraconian
sediment that directly overlies the basalt. The two cal-
careous layers in Core 28 are probably the top and bot-
tom of a 90 cm thick breccia that has a matrix of hyalo-
clastic basalt and calcareous sediment. There is a large
clast of aphyric pillow lava in Section 1 between 105 and
134 cm (Fig. 15), and smaller clasts can be observed
throughout the section. Some of the contacts between the
calcareous sediments and the basalts are undisturbed
(e.g., 550B-26-3, 55-60 cm). The contact at 550B-28-2,
30 cm is disrupted by drilling, but the calcareous sedi-
ment apparently overlies a 4.5 m thick phyric basalt
flow, the top of which is deeply fractured. These frac-
tures have been filled partly by calcite and pink calcare-
ous sediment as far down as 2.10 m from the top of the
flow (Fig. 16). This infilling suggests that the surface of
the lava flow was exposed to submarine alteration, rede-
position, and sediment accumulation between phases of
volcanic activity.

Subunit 6¢

Subunit 6¢ consists of four lava flows. It occurs from
550B-28-2, 60 cm to 550B-29-6, 10 cm (15 m total thick-
ness).

This interval of basalt consists of four lava flows of
4.3, 1.9, 1.8, and 7 m thickness. The uppermost lava
flow is covered with and deeply penetrated by the lime-
stone of Subunit 6b. A veneer originally of glass, but
now transformed to smectite, separates each of the four
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lava flows. These veneers were probably thinned by the
drilling operation. The basalt masses are interpreted as
lava flows rather than pillow lavas because the chilled
margins are thicker at the top than at the bottom and
because a thin section examination of textures shows
that cooling was more rapid in the upper parts of the
masses than the lower parts.

The central parts of the flows display phyric subo-
phitic textures readily apparent to the naked eye. This
texture begins a gradual upward change approximately
80 cm from the top of the flow and disappears entirely
50 to 60 cm from the top. Downward, this texture can be
observed as close as 10 cm to the base of the flow. In
the upper third of each flow there are scattered small
(less than 1 mm in diameter) vesicles filled with smectite
and occasionally calcite. Such vesicles are rare to ab-
sent, however, at the bases of the flows.

A thin section examination of the fresh, coarse-
grained, phyric basalts shows that the phenocrysts (which
are 10% of the basalt) are composed of fresh, large (2-3
mm), euhedral crystals of plagioclase (Ang, or greater).
The groundmass is composed of acicular plagioclases
(30%: 0.5 mm grain size), poekilitic or intergranular cli-
nopyroxene (30-35%), euhedral to granular opaque min-
erals, including magnetite (5%; 0.01-0.03 mm grain size),
and olivine(?), again replaced by a fibrous, pleochroic,
dark mineral (10-20%; 0.1-1.0 mm grain size).

In addition, the basalt in Section 550B-29-1 displays
millimetric isolated zones consisting of intergrowths of
subophitic plagioclase laths and poekilitic olivine(?), the
latter again replaced by secondary minerals. The upper
parts of the lava masses have phyric textures and contain
radiating sheaves of clinopyroxene, within which there
are plagioclase microliths, as in the pillow lavas. Such
sheaves do not appear toward the bases of the flows;
there, simple intergranular microlitic phyric textures
appear.

Subunit 6d

Subunit 6d consists of two lava flows capped by vol-
canic breccia with a calcareous matrix. It occurs from
550B-29-6, 10 cm to Section 550B-30-5 (6.5 m total
thickness).

These two lava flows are both capped by breccias that
contain hyaloclastic basalt clasts and red calcareous
clasts (Fig. 17). The upper lava flow is 4.5 m thick; the
breccia overlying it is 1.70 m thick. The lower lava flow
is 2 m thick; the breccia overlying it varies in thickness
from 10 to 40 cm. The lithology of these flows is simi-
lar to that of the flows described previously, except that
several of the minerals are more intensely altered. The
drill rate throughout these lowermost flows was some-
what higher than that for upper flows, a possible conse-
quence of the more pronounced alteration.

Summary and Conclusions

1. A succession of six lava flows of phyric basalt is
capped by a breccia containing both volcanic and cal-
careous clasts. The rate of volcanic activity and em-
placement of the lava flows was probably not very high,
because the upper surfaces of three of the six lava flows
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have been altered, fractured, and covered by microfos-
sil-bearing limestones. The entire succession of flows
and breccias is in turn capped by 4 m of pillow lavas.

2. With only a few exceptions, the basalts display ei-
ther a microlitic phyric texture or a coarser grained, sub-
ophitic, phyric texture. In the former, the phenocrysts
are composed of small (less than 3 mm) euhedral plagio-
clase crystals. In the latter, the phenocrysts are com-
posed of plagioclase microlites, poekilitic clinopyrox-
enes, opaque minerals, and olivine(?), the last of which
has been replaced by brown pleochroic fibrous chlorites.
Chilled parts of flows and pillow lavas are readily ap-
parent. These rocks are fresh except for olivine crystals,
which are replaced, and glass fragments, which have
been devitrified and altered to smectite. Vesicles smaller
than 1 mm in size are filled with calcite or smectite.

3. The lavas contain both well preserved and weakly
altered mineralogical assemblages. Such characteristics
as common phyric texture, high An content in the pla-
gioclases, and the presence of clinopyroxenes as augites
(and not as salites) qualify these basalts as standard oce-
anic tholeiites.

PALEOMAGNETISM

The sequence recovered at this site consisted of Plio-
cene to upper Albian nannofossil chalks and mudstones.
In the uppermost section (Cores 5-10), a series of short
magnetic polarity reversals has been defined that spans
nannoplankton Zones NN12 to NN15. This series may
represent the sequence of normal polarity intervals that
characterizes Anomalies 2A and 3 (Fig. 8). The recovery
of Miocene sediments (Cores 10-24) was comparatively
poor, and as a result the paleomagnetic results for this
section are difficult to interpret.

The lower Paleogene and Upper Cretaceous sediments
yielded a series of polarity reversals that was compared
with a standard polarity time scale by using the strati-
graphic framework provided by the shipboard paleon-
tologists. The comparison suggested that the polarity re-
versals are correlated with marine magnetic Anomalies
22 to 34, with Anomaly 26 apparently missing at an
unconformity.

The position of the base of Anomaly 29 is signifi-
cant, because the Cretaceous/Tertiary boundary is gen-
erally accepted as being in the upper part of the preced-
ing reverse polarity interval. Closely spaced samples in
this part of the section place the base of Anomaly 29 at
469.69 + 0.02 m BSF. This position supports the micro-
paleontological interpretation that the Cretaceous/Ter-
tiary boundary lies in Section 550B-2-3.

Three short polarity reversals were detected in Cores
23 to 25 (Hole 550B) that may represent the mixed po-
larity interval of the upper Albian. The identification of
these reversals in the sediments directly overlying base-
ment is of particular significance to the determination
of the age of the oldest sediments at this site. Additional
data are given by Townsend and by Hailwood et al. (this
volume).

PHYSICAL PROPERTIES

The physical properties of the Site 549 section are
discussed in Appendix I.

SITE 550

DOWNHOLE LOGGING

Unit 1

The logging curves for Unit 1 (99.5-310.34 m BSF as
measured by drill string length; corrected, 99.5-307 m)
are quite smooth and regular, which is in good accord
with the homogeneous lithologies and values of carbon-
ate content (see Sediment Lithology). Layers with low
density and high porosity are present between Cores 6
and 7 (Fig. 18). Other beds with relatively high gamma
ray intensity, high resistivity, and low porosity are pres-
ent in Cores 15 (225-228 m BSF) and 21 (287-289 m
BSF). These beds, which are probably clayey interbeds
within the chalks, correspond to gaps in core recovery.

The lower boundary of Unit 1 is based upon core li-
thology (see Sediment Lithology) and has been fixed at
310.34 m, within Core 24. The boundary is marked by
the stratigraphic condensation of the Oligocene within
carbonate-depleted sediments and metalliferous beds.
These peculiar lithologies may be correlated with the in-
terval between 311 and 316 m, which is characterized by
a complex peak in the gamma ray curve and high forma-
tion density. This depth interval matches the Unit 1/2
boundary measured during coring operations (310-315 m).
The logging curves indicate that (1) the interval repre-
sented by Section 550B-23-6, which was not recovered,
is an argillaceous bed approximately 2 m thick (gamma
ray intensity is high, resisitivity and sonic velocity are
low) and (2) the major discontinuity recorded in the logs
occurs from 304 to 305 m, in Core 23. The depth of the
discontinuity does not coincide with the depth of maxi-
mum carbonate dissolution and maximum stratigraphic
condensation (310 m BSF, Core 24); the dissolution and
condensation occur between the lower Eocene (NP13
Zone) and the upper Oligocene (NP25 Zone) and are ac-
companied by metalliferous crusts. Thus, the discontin-
uity does not correspond to the lithologic boundary be-
tween Units 1 and 2.

Subunit 2a

The main characteristics of Subunit 2a (310.34-408.0 m
BSF) are smooth sonic, resistivity, and density logs, with
average values significantly different from those of ad-
jacent units. The gradually increasing gamma ray inten-
sity shows that calcium carbonate content decreases
from top to bottom within the subunit, especially from
310 to 350 m. This reduction is consistent with the sig-
nificant dissolution of carbonate observed within this
interval. The rapid fluctuations in the gamma ray curve
in Subunit 2a record strong variations in CaCO, content
(from 2-6% to 55-65%; see Organic Geochemistry) and
alternations between highly argillaceous, siliceous beds
and marly chalks (see Sediment Lithology).

Subunit 2b

The siliceous nannofossil mudstones of the upper Pa-
leocene (Subunit 2b: 408.0-426.5 m BSF) are character-
ized by moderate gamma ray intensity, high resistivity,
and low density, neutron, and sonic log values. The un-
recovered lower part of Core 36 (base of Subunit 2b)
corresponds to a gamma ray intensity peak and rela-
tively low sonic velocity values, which probably repre-
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sent the clayrich beds overlying the metalliferous nod-
ules at the top of Unit 3.

Average clay content is significantly higher in Unit 2
than in adjacent Units 1 and 3. The lower and upper
boundaries of Unit 2 are marked respectively by a sud-
den increase and decrease in gamma ray intensity. The
boundary between Subunits 2b and 2a is marked by a
sudden asymmetrical increase in gamma ray intensity
and silica content.

Unit 3

The fine-scale interbedding of white, very calcareous,
turbidite chalks and pinkish marly chalks in Unit 3
(426.5-575.0 m BSF; see Sediment Lithology) are pre-
cisely recorded by the gamma ray and sonic velocity
curves. On a broader scale, the sonic, density, resistivity,
and gamma ray curves document fluctuations in calci-
um carbonate content that have also been recorded by
chemical analysis (see Organic Geochemistry). The logs
suggest the following four subdivisions for Unit 3:

1. From 426 to 445 m (Core 550-37 and the upper
part of Core 550-38), the sediments are more calcareous
than those above and below. The contrast between the
more calcareous (CaCO; content around 65%) and more
marly (CaCO; content: 53-60%) beds is not very pro-
nounced in the gamma ray curve, which has low values
and is fairly smooth.

2. From 445 to 470 m (Cores 550-39, 550B-1, and
550B-2), there are rapid fluctuations in the gamma ray
intensities, which reflect variations in CaCQ; (from
30-40% to 87%; see Organic Geochemistry). The fluc-
tuations suggest closely spaced interbedding.

3. The interval from 470 to 505 m (the lower part of
Core 550B-2 through Core 550B-5) contains the highest
calcium carbonate values recorded in Subunit 3b, and
variation is slight (CaCOj; content: 80-93%). The corre-
sponding gamma ray intensities are low and relatively
constant.

4. The interval from 505 to 573.6 m (Cores 550B-5
through 550B-12) is again characterized by rapid changes
in lithology; the changes are reflected by closely spaced
peaks and valleys in the gamma ray curve.

Unit 4

Unit 4 (575.0-594.87 m BSF; Cores 550B-132 to
550B-15) is characterized by low-carbonate claystones
interbedded with chalky turbidites and has very distinc-
tive logging characteristics. The gamma ray values are
high, and the resistivity, density, and sonic velocity val-
ues are low. Nearly every turbidite bed can be correlated
with specific finely spaced variations in the gamma ray
and other curves (see Superlog).

Unit 5

All logging curves are rather smooth throughout Unit
5 (595.87-685.37 m BSF; Cores 550B-15 to 550B-23),
which is made up of Cenomanian calcareous siltstones.
All the curves display trends that reflect an increase in
average CaCO, content from 45 to 60% just above the
ba.?all basement to 65 to 75% in the upper part of the
unit.
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The small-scale fluctuations in the gamma ray and
sonic velocity curves can reasonably be correlated with
the alternating darker and lighter lithologies in the cores
(see Sediment Lithology). The fine-scale variations in
the logging curves are not accompanied by changes in
carbonate content, however; carbonate bomb analyses
show that the carbonate values are fairly constant. In-
stead, the color banding in the unit is related to total or-
ganic carbon content (see Organic Geochemistry), which
also affects the values of natural radioactivity and sonic
velocity.

CORRELATION OF SEISMIC PROFILES WITH
DRILLING RESULTS

The correlation of the Site 549 seismic profiles with
the drilling results is discussed in Appendix I.

SUMMARY AND CONCLUSIONS

Site 550 is located on the Porcupine Abyssal Plain
(water depth 4432 m) 10 km southwest of the seaward
edge of the Goban Spur, above a high structural block
of oceanic basement (Fig. 19). This site, the seaward-
most in the Goban Spur transect, was drilled to provide
geologic control on the oceanic side of the ocean/conti-
nent boundary. The primary objectives of coring this
site were to determine the age, composition, and subsi-
dence history of the oceanic basement; the age, compo-
sition, and paleoenvironmental history of the postrift
sedimentary rocks; and the relationships between the
stratigraphic sequences and the principal seismic reflec-
tors.

Continuous coring from 99 to 720.5 m and successful
heat flow measurements (Foucher et al., this volume)
and downhole logging allowed us to achieve most of
these objectives. However, the failure of a bow thruster
prevented us from piston coring the upper 100 m as
originally planned.

The most important achievement of drilling Site 550
was identifying the oldest sediments above basement as
latest Albian (Vraconian) and finding within these sedi-
ments the mixed polarity interval of magnetic Anomaly
34 (Townsend, this volume). In conjunction with the
finding that the first postrift sediments on the continen-
tal crust are of early Albian age (Site 549), this infor-
mation confirms that west of the Goban Spur seafloor
spreading began no later than during the early Albian.
Older strata occupy the structural low east of Site 550,
however, so we cannot be sure that seafloor spreading
did not begin during the Aptian, as it did in the nearby
Meriadzek area (Site 400, where Aptian strata form the
oldest postrift sequence; Montadert and Roberts, 1979).
However, when spreading rates are considered, an Apti-
an age seems unlikely. Other significant achievements
include the recovery of a continuous, fossiliferous, Da-
nian-Maestrichtian sequence, the recovery of manganif-
erous sediments in condensed sections at the base of the
(?)middle Oligocene and within the upper Paleocene,
the recovery of marine organic matter in dark laminated
beds of middle Cenomanian to Albian age, and the doc-
umentation of the history of carbonate dissolution next
to the ocean/continent boundary.
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Figure 19. Segment of multichannel seismic Profile CM 11 across Site 550.

Oceanic Basement

The emplacement of basalt flows and pillow lavas
during the early stages of seafloor spreading west of the
Goban Spur formed a basement high (300 to 400 m
above adjacent crust) beneath Site 550 (Fig. 20) from
which we recovered 33 m of remarkably unaltered ba-
salt. Six flows, three of which are capped by microfos-
siliferous limestone, are overlain by a breccia of volcanic
and calcareous clasts. Above the breccias are 4 m of pil-
low lavas. Foraminifers and nannofossils from the inter-
bedded limestones appear to be no older than late Albi-
an. The accumulation of calcareous mud on top of the
altered surfaces of several lava flows suggests that vol-
canic activity was fairly infrequent during this period.
The recovered basalts resemble typical light-rare-earth-
element- (LREE-) depleted Atlantic tholeiites. They have
been subjected to low-temperature alteration, which has
resulted in the development of brown clays and adularia
and enrichment in K, Rb, and Cs. For this reason, K/Ar
dating failed to give valuable emplacement ages (Maury
et al., this volume).

Oldest Sediments above Basalt

Because of the 1900 m difference in elevation between
the basement below Site 550 and the truncated base-
ment surface at Site 549 (truncation inferred to have
taken place near sea level), we estimate that deposition
on top of the youngest lava pillow began in about 1900 m
of water (a bathyal environment). A different method
for estimating the depth of oceanic crust (backtracking
along the thermal subsidence curve; see Appendix) also
indicates that deposition on the youngest pillows should
have taken place in about 1900 m of water. A late Albi-
an age for these oldest sediments is derived from pale-
ontology and is supported by the presence of the mixed
polarity interval of magnetic Anomaly 34 within the
lower 20 m of strata.

Although these data suggest that seafloor spreading
at this location began during the late Albian, there are
older rocks lying on the basement in the depression east
of Site 550 (Fig. 20). Therefore, it is likely that initial
spreading actually took place no later than the early Al-
bian, as indicated by the early Albian postrift deposi-
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tion on the Goban Spur (Site 549). Moreover, seafloor
spreading may have begun in the Aptian, as it did in the
Meriadzek region.

Lower and middle Cenomanian rocks complete the
sequence of interbedded light and dark mudstones that
characterize the relatively rapid accumulation (about
13 m/m.y.) of this early depositional phase at Site 550.
It is difficult to infer the paleoenvironmental conditions
that resulted in the rhythmic alternation of light calcare-
ous strata with dark, often laminated ones, but appar-
ently, while this basin was in its early narrow stage of
development, circulation within the basin was periodi-
cally restricted enough to preserve a mixture of terres-
trial and marine organic remains (TOC 1-2.3%). The
presence of marine organic matter in beds of equivalent
age has been documented at many other (although more
southerly) DSDP sites in the North Atlantic (Waples,
“Anoxia,” this volume).

Turonian(?) Hiatus

The middle Cenomanian sediments lie directly be-
neath rocks of Santonian-Coniacian age; thus, the late
Cenomanian-Turonian(?) sediments, the equivalent in
age of about 10 m.y., appear to be missing. The uncon-
formity is marked by a sharp contact between calcareous
and noncalcareous sediment, a distinct color change, and
a surface perforated by boring organisms. In the down-
hole logs, the unconformity corresponds to a sudden
change in sonic velocity from 2 to 2.5-3 km/s. It is also
correlated with a high-amplitude reflector that appears
to be a nondepositional unconformity. This latter infer-
ence is based on the presence of a thin lens of possibly
Turonian or upper Cenomanian sediments that underlies
the basal Santonian-Coniacian reflector in the depres-
sion east of Site 550.

Santonian-Coniacian Mudstones

Carbonate-depleted clays accumulated below the CCD
at a low rate during the Santonian-Coniacian interval.
The fossils they contain are chiefly radiolarians and ag-
glutinating foraminifers, although a few calcareous nan-
nofossils were noted. In a 5.5 m interval in the middle
of the unit, these carbonate-poor clays are interbedded
with calcareous turbiditic layers (in total, there are 4.2 m
of calcareous material).

The sediment starvation (accumulation rates of less
than 2 m/m.y.) during this interval may result from the
interplay of several factors, such as water that was un-
dersaturated in calcite, a change in oceanwide circula-
tion, and the presence of depositional basins updip that
prevented turbidites from reaching these depths.

Redox conditions in these sediments are somewhat
different from those in the sediments below. For exam-
ple, in spite of the generally dark color, TOC is low, and
no marine organic matter is preserved. A series of rhyth-
mic depositional units is repeated through this section,
in which a progressive change takes place from red (oxi-
dized) sediment at the base to dark pyritic (reduced)
sediment at the top.
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Campanian(?) Hiatus

Updated noncalcareous mudstones at the top of the
Santonian-Coniacian interval are separated from calcar-
eous (?)Campanian and Maestrichtian strata by an ero-
sional unconformity equivalent to a gap of about 7 m.y.
The precise duration of the hiatus is not certain because
of the undated interval below it, but most of the Cam-
panian is believed to be missing. The Campanian sec-
tion may be more complete in the depression east of Site
550. The unconformity correlates with a high-amplitude
unconformable seismic reflector that (on site, at least)
cannot be distinguished visually from that marking the
Turonian gap. However, the two seismic unconformities
seem to separate on the flanks of the basement high

(Fig. 19).
Danian-Maestrichtian Chalks

The uninterrupted late Mesozoic-early Tertiary inter-
val displays an alternation of marly nannofossil chalks
with turbiditic and mud flow deposits (foraminifer-nan-
nofossil chalks). The carbonate contents in the hemipe-
lagic parts (40%) are lower than in the redeposited parts
(80-90%), and that contrast, along with the moderate
dissolution of calcareous tests, suggests that deposition
took place near the calcite lysocline.

The rapid deposition of turbidites (accumulation rate
17.5 m/m.y.) resulted in an unusually thick Maestrichti-
an interval and introduced displaced shallow-water fos-
sils of Maestrichtian and older Cretaceous origin into
the fossil assemblage. The increased intensities of nat-
ural remanent magnetization in this interval suggest a
greater influx of terrigenous material.

The Danian/Maestrichtian boundary was recovered
in the upper chalks of this interval, and preliminary pa-
leontological and sedimentological analyses have yield-
ed no sign of a depositional break, although there is
abundant reworking of shallow-water Cretaceous nan-
nofossils across the boundary. An open, well oxygenat-
ed, abyssal paleoenvironment is indicated by paleonto-
logical and geochemical data, and these conditions pre-
vailed into the late Paleocene.

Intra-Paleocene Unconformity

The termination of turbidity current deposition, a
sudden decrease in carbonate content, and an upward
decrease in sonic velocity from 2.0-2.1 to 1.8 km/s all
occur at a sharp contact within the lower part of the up-
per Paleocene section that corresponds in position to a
stratigraphic break (about 3 m.y. hiatus) that is wide-
spread in the North Atlantic (Roberts and Montadert,
1979). This break can be correlated with a change in
the pattern of paleocurrents, as revealed by an abrupt
change in the magnetic fabric across a coeval disconfor-
mity at Site 548 (Hailwood and Folami, this volume).
However, the break is not correlated with a strong seis-
mic unconformity.

Upper Paleocene-Lower Middle Eocene Chalks

Marly nannofossil chalks, siliceous nannofossil chalks,
and mudstones form the bulk of the upper Paleocene-



lower middle Eocene deposits. Well oxygenated, abyssal
conditions generally prevailed. But at the intra-Paleo-
cene unconformity in the lower part of this section, the
strong dissolution of fossil remains and an enrichment
in silica indicate a rise in the CCD. The unconformity is
also marked by a 60 cm agglomerate of manganese-rich
sediment, which includes abundant small nodules 1 mm
to 1 cm in size (old fecal pellets replaced by barium-rich
manganates; Karpoff et al., this volume). During the
rest of this depositional interval, the site was near and
below the CCD, as indicated by low carbonate contents
(2-3%), poorly preserved calcareous tests, and levels of
radiolarian and sponge spicule enrichment, especially in
the upper Paleocene. Such siliceous zones have equiva-
lents in the Paleocene siliceous nannofossil chalks of
Site 549 and other North Atlantic sites. They are inter-
bedded with numerous volcanic ash and 50 bentonite
layers, which can be correlated with others recorded on
the Hatton and Rockall banks, in the North Sea, and on
the Meriadzek Terrace on the north margin of the Bay
of Biscay (Knox, this volume).

Sediment accumulation rate was low during the late
Paleocene and earliest Eocene (6.6 m/m.y), but it accel-
erated to 11 m/m.y. in the early Eocene. Although there
is no clear evidence of turbidites in the Eocene, the pres-
ence of shallow water foraminifers near the top of this
interval suggests that redeposition was taking place.

Middle Eocene and Middle Oligocene Hiatuses

An unconformity representing a hiatus of 19 m.y.
separates the microfossiliferous lower middle Eocene mar-
ly chalks from the unfossiliferous, manganiferous strata
of the upper Eocene. Another significant unconformity
separates the upper and lower Oligocene (8 m.y. hiatus).
The accumulation of metalliferous (Fe, Mn, Ni, Ba) en-
crustments, zeolite-rich layers, and volcanic ash coin-
cides with these unconformities (Knox; and Karpoff et
al., both this volume). The latter unconformity coin-
cides with a drop in sedimentation rate and a rise in the
CCD. A coeval stratigraphic break has been documented
at the previous slope sites (548, 549), and it is correlated
with the major paleoceanographic changes associated
with a major sea level drop in the middle Oligocene (Vail
et al., 1977).

Late Oligocene to Early Pliocene Chalks

Upper Tertiary deposition at Site 550 produced 211 m
of light-colored nannofossil oozes and chalks and marly
nannofossil chalks and mudstone, which accumulated
much of the time near or below the CCD. The upper
and (?)middle Oligocene strata are particularly carbon-
ate poor and difficult to date, and they are characterized
by manganese encrustments and nodules (Karpoff et al.,
this volume). Calcite overgrowths on nannofossil speci-
mens show that three zones of strong calcite dissolution
in the upper Miocene have been altered by diagenetic re-
deposition. Warm water pelagic deposition prevailed dur-
ing this interval, but it was interrupted occasionally by
terrigenous influxes that were accompanied by cooler
water fossils. The lower Miocene is characterized by the
replacement of foraminifer faunas by assemblages of
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Bolboforma species, an enigmatic calcareous microfos-
sil (Miiller et al., this volume).

Stratigraphic gaps of 2 and 3 m.y. bound the middle
Miocene deposits below and above, respectively. The thick
Pliocene interval is characterized in part by displaced
Miocene strata that appear to be large slumped masses
of sediment.

Conclusion

Site 550 is on the oceanic crust adjacent to the ocean/
continent boundary and has permitted us to establish by
stratigraphic means that uppermost Albian mudstones
of bathyal origin rest on the basaltic basement. The ba-
salts are typical LREE-depleted oceanic tholeiites with
relatively well preserved mineralogical and geochemical
characteristics. Nevertheless, the mobility of K during
late deuteric alteration prevented any valuable dating with
the K/Ar method (Maury et al., this volume). Coring at
Site 549 had earlier established that nearshore lower Al-
bian strata constitute the first postrift deposits on the
Goban Spur, so seafloor spreading west of the Goban
Spur is sure to have begun no later than during the Albi-
an. The Site 549 data indicate the early Albian for the
end of rifting, and strata older than those at Site 550 are
present in a depression east of the site; thus, an age of
early Albian can tentatively be assigned to the oldest
oceanic crust as well. The presence of the mixed polarity
interval of magnetic Anomaly 34 within the upper Albi-
an strata corroborates the previous identification of a
magnetic stripe west of Site 550 as Anomaly 34 (van
Hinte, 1976).

The record of carbonate dissolution at Site 550 re-
veals the history of the site with respect to the position
of the paleolysocline and calcite compensation depth.
Accumulation was generally dissolution free in the ba-
thyal environments of the late Albian and early to mid-
dle Cenomanian. During the Turonian(?), at about the
time that thermal subsidence brought the site into the
abyssal realm (see Appendix), the site descended for the
first time below the CCD. The site was above the CCD
for a brief time in the Santonian-Coniacian, but it re-
submerged in the Campanian.

The deposition of carbonate was continuous and above
the CCD (but below the lysocline) from the Maestrichti-
an through the early Paleocene, and the sequence across
the Cretaceous/Tertiary boundary is uninterrupted. The
site was below the CCD again during the middle and
late Paleocene. A thick lower Eocene section is only
mildly dissolved, suggesting deposition near the lyso-
cline; a subsequent resubmergence under the CCD took
place in the early middle Eocene and lasted until the
early early Miocene. After this, deposition was near the
lysocline except for three periods of submergence below
the CCD during the late Miocene. During the early Pli-
ocene and the late Pleistocene-Holocene, deposition seems
to have taken place above the lysocline. We did not re-
cover the late Pliocene to middle Pleistocene interval.

Two intervals of manganese enrichment were docu-
mented at Site 550, each of which marked an uncon-
formity, a reduction in sediment accumulation, a rise
in the CCD, and an increase in biogenic silica within
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the sediments. The middle to upper Eocene section is
marked by the accumulation of numerous volcaniclastic
layers.

Organic matter was chiefly of terrestrial origin at this
site, but one period of rhythmic sedimentation during
the Albian and Cenomanian produced laminated dark
mudstones containing marine organic carbon.

Six major and two minor unconformities were recog-
nized at Site 550. Four of the major ones can be corre-
lated with obvious seismic unconformities. In addition
to the basement contact, the oldest seismic unconfor-
mity separates the middle Cenomanian from the San-
tonian-Coniacian by a hiatus of about 10 m.y. (the Tu-
ronian(?) and upper Cenomanian(?) are missing). The
second oldest seismic unconformity separates the San-
tonian-Coniacian from the upper Campanian(?) by a
7 m.y. hiatus (the middle and lower Campanian(?) are
missing).

The youngest seismic unconformity separates the low-
er Eocene from the (?)middle Oligocene by a hiatus of
about 14 m.y. (The middle and upper Eocene and lower
Oligocene are missing or considerably reduced in thick-
ness.) The dating of some of these unconformities is im-
precise because of severe calcite dissolution. Every ma-
jor disruption of deposition is associated with a submer-
gence of the site beneath the CCD, which apparently
accompanied the circulation changes that produced the
unconformities.

All the unconformities at Site 550 have equivalents
on the Goban Spur (Sites 548, 549), in the Meriadzek
area (Sites 400-402), and on other margins of the North
Atlantic. The implication is that the causative mecha-
nisms, such as bottom circulation changes and sea level
fluctuations, probably were linked to other factors, such
as climate, tectonism, and seafloor spreading.
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APPENDIX
Subsidence History at Site 550

Backtracking Method

The subsidence history at Site 550 was reconstructed by using the
backtracking method, a method derived from the knowledge that the
depth of oceanic crust increases with age (Sclater and Francheteau,
1970). Various empirical relationships for the rate of subsidence have
been established from the data available (holes where the depth and
age of the crust are known; Le Pichon et al., 1973; Royden et al.,
1980). These relationships have been established by using sites in every
ocean and by assuming that the initial depth of the mid-ocean ridge
crest (the depth at the initiation of subsidence) was around 2700 m.

For Site 550 we used a relationship that Tucholke and Vogt (1979)
established by using sites in the Atlantic only. The subsidence curve
clearly shows a flattening (subsidence rates increase) at ages greater
than 80 m.y. (Fig. 20).

Berger (1972) used this age-depth relationship to reconstruct the
depth of the seafloor at a given time in geologic history. To do so he
had to make isostatic corrections for the sedimentary cover that exist-
ed in different increments of time, taking into account the compaction
of the underlying layers in each increment. The corrections are neces-
sary because when a layer of sediment is added, the water depth di-
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minishes, but the crust simultaneously becomes depressed. Masson et
al. (this volume) used computer methods first proposed by Chenet and
Francheteau (1979) to make these corrections.

Initial Crustal Depth at Site 550

At Site 550 we know the age of the oldest sediments on the oceanic
crust (i.e., Vraconian; 102 m.y.), the present depth of the oceanic crust
(5116 m), the thickness S of the sediments (684 m), and the seafloor
depth D (4432 m).

To reconstruct the subsidence history at one site, one first has to
calculate the depth of basement (Z) without sediments at Site 550 and
to compare it with the theoretical depth for the present time from the
empirical general relationship by using

Zo=D 4§ [ Pm—esY
pm — pw

where pm is the del'lsitgr of the mantle (3.3 g/cm?), ps is the density of
the sediments (2 g/cm” at Site 550), and pw is the density of seawater
(1.03 g/em?), The resulting value of Z is 4812 m. The theoretical depth
of this site 102 m.y. ago is around 5600 m, so Site 550 is clearly shal-
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lower than “normal”. By shifting the age-depth curve upward to fit
the actual depth of Site 550, one finds that the crustal depth 102 m.y.
ago was approximately 1860 m (Fig. 20).

Backtracked Paleobathymetry at Site 550

This procedure consists of determining the depth of the seafloor at
Site 550 at any time during its geological history, taking into account
the increased sediment thickness and the accompanying depression of
the crust under loading.

If we assume that the sedimentation rate was constant and ignore
progressive compaction, an exponential curve can be fitted through
1860 m (the crustal depth at 102 m.y. with no sediments) and 4432 m
(the present depth of the seafloor at Site 550) to give a first approxi-
mation of the paleobathymetry. Since the sediment cover is thin at this
site and the empirical age-depth curve is imprecise, this result will be
precise enough for our purposes.

From Figure 20, one can conclude that the oldest sediments at Site
550 were deposited at lower bathyal depths, but that the site subsided
very rapidly in the late Cenomanian to abyssal depths, if 2000 m is
considered to be the limit between bathyal and abyssal. The site has re-
mained at abyssal depths since. The sedimentation rate was low before
the late Campanian, so the paleobathymetry was mostly controlled by
thermal subsidence.
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[ o ] SITE 650 HOLE CORE 17 CORED INTERVAL 242.0-2515m
O 4 FOSSIL
(=, 5 ; CHARACTER
2 |2 l2]= g z| »
e S8 5 ol GRAPHIC
S ? 2 £l & | umholocy 5 E LITHOLOGIC DESCRIPTION
£7 (275 2|28 %) 2 22zp g
= |z (2 - =
RHEEE 54
ad ey Tt e 58971 i
Fo—— i
it Nannotomil chalk, bended in shades of light bluish gray (58
i F® 0S—A—i—1 W1 and light greenish gray (BGY 8/1)
T s et e Firm
i 1 I e Disrkar bands ars burrow mattied
= 1.0 T T
i IS (i —r a—
i (2]]s]
3 ] |
E e 5GY &/1, burrowed
e 3 -
= tm 4T
3 O 5B BT
§ T I DRGANIC CARBON AND CARBONATE [%):
3 2| = L EX )
——— P Drganic carban 0.3
L i
E =k : =4 Carbonste 02
i % i i 1 . I -
3 R TS e =
; o, —t
:E AP ey A TR = T
8 e " o o =
FE———
R o e = say a1, uowed
Fa| cP (= Al SGY B
SITE 650  HOLE CORE 18 CORED INTERVAL 251.5-261.0m
g FOSSIL
§ i CHARACTER
CwlB|2]2 Z|l 2
A1 Bl | jeaanc 5 LITHOLOGIC DESCAIPTION
HEEH Glg oY
£7(E (3|8 HHBEE E
= |8 HEIH e
FRHEHHE F:2
o _l - 1 = i - 1
o ey Unit
i P o Nannafousil chalk, banded in shades of light bluish geay (58
035 o |=—Blsck lamiria 9/1) and light grasnish gray [5GY 7/1), firm
' 4= Uniets. otherwiss masked the core consists of 2-20 om thick
e bands of bluish end greenish chalk, tha darker (5GY 7/11
§ L1 B [ — wadiment is mottied
E A TTYIT e Two small graded bands were found in Section 4
b I i
— b B5GY 71, laminated
2 I : T : n : s SMEAR SLIDE SUMMARY (%);
W AP (I T— 6G B/1 motthed 1,58
= o e e |- with 5GY 7/1 o
= | Texture:
3 It Sand 30
E m + 1 Silt }
=== ’°
= Composition:
z S ol Mca 5
= ey B Volcanic glass ™
= R T e Foraminifers 20
> [t Caic, nannotouils 50
] cP S —— Diatoams 10
E B e s Aadholarians 10
RP = - -
o o e 589/1 ORGANIC CARBON AND CARBONATE [%1;
M ) — 2.48
I T S Organic carbon o7
5 o aprer e LR Carbonate b
Lo} = = L - i -
Mi—"
T e saan
.‘:I.III Q I=— Foram rich beses
Akt | 1 = 1 = I 1 ’
r— b— 5GY 7/1, mottled
oM o s 5681
o ———
Fa) cP ccl T — 5G 7/1, mortied

SITE 560 HOLE CORE 18 CORED INTERVAL  261.0-2705m
;’ FOSSIL
CHARACTER
5 3.hTE 2|
. =
R HE § ] B H LITHOLOGIC DESCRIPTION
HEIHELE = B LITHOLOGY o 2
g7 = HEIH EzEd o
|z |3 HER = 5
3
g § HEE E g
J= L
- o o e gy Unit
£ ‘.L"'“.L._"_L." Nannofouil coze, bended in shades of light greenish gray (5G
g 0.5 [ty ot A Eeots cick e 8/1=7/1] and light bluish gray (58 8/1)
1| i d (8] sssn-mz Soft
[ Apyimies i ey Banding ls on » scale of 5=10 em unles otherwise marked,
o P o L - - most of the liner banding is betwaen shades of light grean
= :-I--_l_-l.._l_—L..l BB ish gray (BG B/1-6G 7/1) with dark bands often matted
.z 2 Pl Rl iy L
s =—t———vaoin ORGANIC CARBON AND CARBONATE (%):
i B Rl r 2,83
= - S, | =38 Organic carban 0,03
-] B 1 Bl Brepp® Carborat 23
2 b e Syl e | 58 6/1
E 3 B R T L
% 2 i | Sl S iy :5&".10
0 [ e TR 1 i Mottled contact
£ |ee o e B
§ Jripst=y =y B
2 3 o B Dt soalt
ey ] ! 5G &/1, martisd
. 5G 81 and
cp 3 :J'.._ia_i.l. [ G 711
E L
o] 2 ee| Foratma B
SITE 550  woOLE CORE_ 20 CORED INTERVAL  270.5-280.0 m
g FOSSIL
&% g CHARACTER
8 |zulel3 z| @
== 9% H E 2| GRAPHIC
[ '?: :§ HELE | E | umoroey LITHOLOGIC DESCRIFTION
R HHHIREE s o
E |5 § &= B 5
FRHEEE B
| [cofar el T
Unit
Core-Catchar
MNannofossil chalk, light gresnish gray [5G 81}, firm to hard,
u homageneoia
§las
s
»
S
g g
tE
5

05§ LIS
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SITE 550 HOLE CORE 21 CORED INTERVAL 280.0-2895m
] FOSSIL SITE 560 HOLE CORE 22 CORED INTERVAL  289.5-200.0 m
; CHARACTER g FOSSIL
E 2. e g 2| e v |E CHARACTER
e (92| o & GRAPHIC M EMAORE AR
1Z158| 5 E E ElE LITHOLOGY LITHOLOGIC DESCRIPTION A al= =4 - GRAPHIC =
& § HH i gy g.; :é £ 8 E p g E LTHOLOGY | g LITHOLOGIC DESCRIPTION
2 = g El
: 2 S HHHIEE 3P
M HEHHE N RHEHEHE =i
r— 58 91 = = = 4 BGY 101
n 56 8/ o s s | [ =
AP ey 5891 Uit ap 1 Bt
s 5G 71 Nannofassil chalk, extensively banded and mattied (n shades T SR ML 0L
ey ] T
——— ah o ligh bicish gray (3B /11, lght greish pay 15G B/1- an| M e e N L omian Mannotossil chalk, banded, mared and laminated in shades of
1 = /1) and light yellowish green (5 7/11 near the base of the o e e e (TR R R i yalova ecuen 1B AP0 THC LS i et et
—— £ | e o e ties of light [SGY 7/1) and darker or olive |5 6/3) greent
P e o Banding Is on Iarger {38 markad) and finer scale, most contacts e T —— el Firm, matiling most extensive in darker beds
e ars sither sharp or mottied and rapidly traneitionst 103 vy T ‘- E;:’:ﬂ Lightest (2.5Y 8/2-8/4), mast calcaroous bands are nearly
— 5861 In Section 3 there is & fine white foram ssndstone which i i — - homoguneous
= = = - 5671 oraded o I = Laminated Color boundaries are genersily sharp or rapidly tramitionsl
= T ’ ) - and el mottled
= _— | ey comtect The darker greenish lamina snd bands may contsin corsider- | e ] -
5 o e able ities of clay minarals ju e O e Dok + lighiee WIWM:MMDM sand layer rich in forama,
"™ L o P = 1 these are planktonic and deep water benthic species
E E e T = i o L - o w— - savas Darker bands may contain comiderable clay minerals
S BGY 7/1 1 B
= f; 2| o e aal vl e I ol [ SMEAR SLIDE SUMMARY (%):
= N T roan + pese preen 1,63 1,57 1,82 3
3 %ZFP ":': 5GY 11 AGf A FCsar e maeTT Al [rommima D o (‘J“ 03.
i z 1 [ Paler "L"'_J.o SR — Textura:
W E "} Shades of greanish gray AM T S " - [ Derkermossing  Sand 50 5 5 1
B o e e 257 84 zn 20 s 3’ <3
H = Drkening dewnwards Ty - ay 0 s s
g - - 4 ning 3 ce T —— Q ::,':' Composithon:
I o B arp contect i " 1 i 1 n Bleck bano Ouartz s = T
o E- Light, laminated e 2| |ee ——— Moo g Mestetioin  — 810 50 T
AG 3 -~ = Brown green, laminated AP L it &1 Clay - n 20 1]
i & = Pale "y pottied = 3 i o] Carbonste unepec. 20 T Tr 20
- Al E06Y 62 taminated o e E Lo 0o Focaminiters 80 1-5 = L
46|, | | o]« FPwren motwes — forum sncitone 2 i e ) o nactolly: .35 06 78 98
f wamT ~— Mottled shades coarening to base o F— Biack mineral - - - 0
—— [~ brownish green & 2 = o
cC T [+] S o o 4 AN i ey ORGANIC CARBON AND CARBONATE [%]:
N r—" o 28y a2 2,18 4,18
Y o F——— L Owganic carbon 004 -
SMEAR SLIDE SUMMARY (%): g g s v S Carbonate 58 B8
1,48 2,86 3,112 3,05 -4 v e ’
D o 1] 1] r— | r
Texmura: £ low o) 4 ot T o mem O [C2even
Sand - 7 15 50 e 2 25V BT
sift 20 13 30 2% S me e )
Clay BO B0 B5 x P T T "
Composition: o ) |¢ sz
Ouarts - 2 5 Tr O T —— o )
Mica 2 e oW a e e
Hepvy minerals - = 10 s e (o3 257 Bie
Clay 0 s s 0 ¢ Darkaming
Glaucanite - - 15 ™ FP a2
Carbonats unspec. 10 ] ] L] = 1] E:T:M
Foraminifers s - = 2% 5 ro— Darker
Cale.mannofowits 70 70 - o e W %4 A
Spange spicules — 3 - - T el e stk innon
e in
ORGANIC CARBON AND CARBONATE Ty 287 18
L 111 -
kelce Organic carbon (1) L Ed s o ;:: ?r!;
Carbonate 2
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SITE 550 HOLE CORE 23 CORED INTERVAL  299.0-308.5m SITE 550 HOLE CORE 24 CORED INTERVAL 3085-3180m
= FOSSIL
= FOSSIL
§ § CHARACTER § ; CHARACTER
2 = FA
= = @ - w|8] 3 5| & HIC
£ Qg HE § gl & GRAPHIC i LITHOLOGIC DESCRIPTION = gs H § é 2l& uqr':lﬁmr q LITHOLOGIC DESCRIPTION
z|zBl5 0|z 5| E | uorosy HEHE ] B FEM
HERHHE g gl 2 EEEH o LA EIRIE g g2 i
z s £ = H F EH 2 3
" E E 3 g g B 2| Z E § z g a ==
- T 8 I 1071 82, martts AP : | 25Y 64 o
ek " Unit AR .
fossil chalk, banded and mattied
P Eovnen Marly nannotossil chalk grading occassonaily 1o  fight colored r I | Gradssonst oudar, Mty to very marly nannol “-:" . i, i
g + : o [+ e in shades of beown {25Y 6/4-10YR 3/2) and black,
E O e {10YR B/2) nannotossi] chalk, firm to hard | )4 I?_;“ 414 broem bl oty
ce Color banding as murksd (=4 1 i ) .
1 f Diare tami ol '_ ol Upper part of Section 1 & lighter colored chalk, it grades down
¢ " In shades of yellow brown [2.5Y B/2-10YR 8/4) and greens & Buded ince g shduliieslonr P i
P Lo = o sl 5l le 257 704 of hard crusts sin found with black dendritic structure
T Mott contacts raped transitional and moitled _ = tine. sl g o 1he. iadiments: beAsw; I ere
Lio Lo saety Darker beds wiually more mottied and may have coniderable AP o TEY 42 bl i A e R o o
st M &Y 81 quantities of cly mineraly . o 1OVR 44 it
o wine Qccatianal fine feminution and thin sndy  |faram) tamine cp > | i Sedimarn s genwrally dark, richar In clay size paticles and
€L ol T e Pale fisw tarmina are enriched in blogenic sllica e co poi el it pielainanin
y B SMEAR SUMMARY (% ] N size ovolds of pale yellow brown
SLIDE : b i 4 3
3 i [ Black Mrmingtions 2 f: 3,28 P G EL Much of cose is streaked or Hecked in black
= 4
s ap 2 | 2svads o s - it '
L L . i SMEAR SLIDE SUMMARY (%):
- 28V 78 Taxture = AP o
z + - Sand 5 5 £ 270 2,129 4,102
L 287 14 silt a5 5 2 [+ 3 L o o
2 i & WOYR 33 TaKvines
5 A Clay 50 50 = o it P 5 5 g
H . i Composition: @ P & 4 0 45
= Dutenie Cusrtz -5 T T Silt 5
z AM . O . Mics + chiarite  1-5 5 1-5 ;’ I <l e Ciay 0 3 W
o) T - Seebinid Clay 2 W @ 8 ksl thinge Composition:
L ru I I IR Cabonate unspes, 10 10— = w B [ o Ouartz % :n £
z 3 nER fiiimi Foraminifers - Tr - 2 3 O Feldwu - (] -s
- . = 10vR 64 Cale. nannafossils 45 50 &0 = I o Mica + chlorite o 5
= 1 [} Lahiening Rahiclarions 1-6  B=10 T = Clay - 30 :ﬂ
i An L — White Spongespicules  ~ 15 1-B g o e gﬂ 10 ;
——I0YR /4 Black opague Tr - - = 0 Carbonate unipes,  Tr
H i 1avA 87 s Cale, nannofosiin  Tr B 40
% = L [ty B4 CARBON AND TE [%): @ ! 0 Brown ” nmmm_m Tr - -
10¥N 73 .82 2,47 31,3 o 10YR 372, matilieg Spange wm Tr -
g ik = 2svA e Organic cartan 008 0o 003 i o Opsque minerll Tt T Tr
- 16 58 85
) ! o i e [+] ORGANIC CARBON AND CAREONATE (%):
4 4 [} Dackaning 4 ol F 2,124 6124
i K 10¥R 33 Drganic carbon 0os  o0o8
I 0 Mortied, browes, olives, greem g o & oo P 2
L
- ° [ asvaiz ¢ F__WD
m—_—
1 [0 91 1 ovma
=1L 10vA B2 & e
e 0 [ i P ST TOVR B
A W0YR 13
AM a—ry 2 R L @
5 e & 1A 2 5 ©
: e
s
a =4, gom o Ho
—— ] 10vm 173 ]
Fia ] am CC n VR B il o8 cc ILTLE T
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SITE 550 HOLE CORE 25 CORED INTERVAL 318.0-3275m
2 FOSSIL
CHARACTER
§ : 2l 2 HE
=W 2
wE Hi g gl & GRAPHIC LITHOLOGIC DESCRIPTION
z|E8 E H El £ | umowoey
w3 |EN 3l% FiR g H
£IETE (312 |* E
S AHHHE T
=
¢ mm—r—
 —— s
& 1t NANNOFOSSIL CHALK, marly nennofossil chalk
P o s B e o5 Altermating In color from 10¥R 3/3-10YR 3/2-10¥R 7/6—
e 10%R 4/4-10YR 5/4—10YR 53
= 1 e mear s Ll Contacts between colors sometimes gradational, somatimes
s o sharp; Irreguiar contacts in Section 2 (5 & 12 em)
cM 1o Sediment ususlly mottled either to 3 minor or an intensive
degres and burrows ace filled either with brownish sedimont
= r ~-..q_/\f0l08 {3 abave) or a black [N2) sediment
= L= Carbonate is mare abundant in lighter (10YR 7/6) colored
I % ek
. Zh
AM - ! ! : SMEAR SLIDE SUMMARY (%);
- L] 2,58
2| 1 voe > o
] 4 | Texture:
= [ e M “10
= - [ s o m— Mud 80
4 I e s v e Composition:
é i Carbonate urspee. B
< LT Cale. nannofosils >80
1 1 L i
= et
o I . /" ORGANIC CARBON AND CARBONATE (%)
- r o w— :
Z e P Grganic carbon 003
= 3 . o m— Carbonats 4
2l e o =
E 2l lam B v
n - 1 - L =
L = ———
> | 5 e VOID -
B g s
g - Voo
e
1 5 1 : 1 s
4 T =" ¢
e &
g e e
B e e
o e iy
I
AM e e v
B o v
9 e e
1 - i I
i 1 . i
5 prm—— g | 1
1 = n - 'S a
I ¥ .I_l i A
i L i B i A
s i i a
T Al
& iR
- VoI
7 s
s |ow lcc =i Al | VoD

SITE 550 HOLE CORE 26 CORED INTERVAL 327.5-337.0m
; FOSSIL
é Z CHARACTER
2 le]g FAN -
oy = I
TE|EE|E 2 Bl | Phawe | g5 LITHOLOGIC DESCRIPTION
L0 - Q) w 2
27175 2 z a2 E g
= g HEIE E g
2 [B]2]5]3 e
TOVH 44
10VR
& o e S Unit
= 1oYR 33 Marly to vory marly nannafossl chalk, yellow beown (10YR
g |8 [ 10YRA 32 5/8) 10 dark gray brown (10YR 3/2), firm
) B Well mottisd in shades of brown
5 i 10YR 4/4 Biack clay layers a1 15, 20, 30, and 62 cm
& 10YR B/6 Non-calcarsous companant varisble and maybe high near clay
.;- 10YR 33 Iwyers, may include considerable biogenic silics
= ™ 1ovR a4,
10¥R 58, 56 8/1
e | ol VOVR 4/8 + 10YA 33

Marthasterites tribeachistis INP12) (N}

ORGANIC CARBON AND CARBONATE (%):
1.

Carbanate 2
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SITE 550 HOLE CORE 27 CORED INTERVAL 337.0-3465 m
g FOSSIL
§ z CHARACTER
culgl 3|2 Z|l =2 5
- |82 2 ES =8 GRAPHIC T
12 158)3 g H E| E | utHoLogy o 4. LITHOLOGIC DESCRIPTION
w £
AN HHHHE +EH
Q E& i
RHEHE E 3
= Y o e 1 r
T T
-1 I 'S AL A
i o e e p K . NANNOFOSSIL CHALK TO MARLY NANNOFOSSIL CHALK
£ 051 T - & Largely brownish sedimant (Br] (10YR 5/6, 10YR 4/4, 10YR
- : 1 :_I - 5/B), occasional interbeds of 5G 8/1-6/1 (Gr) sediment ar
1 7 x sray 10YR 8] [Gy)
e o| B Mattind with tha above col
L e e e s 0 moderate
42— —L| A = Contacts botween sediments of differant colars unally sham;
o oo irceguler contact in Sectian 1, 147 cm
4 L White spots — forams; i
5 i thin sandy beds [Section 1, 135138 cm), leminated
L G & Laminated green sediment, Section 4, 64—67 em and 127
g | A 131 em; foram nanno chalk
= " A Grayish stroaks and layers, possibly Mnerich, throughaut
; 7 Sections 2, 3, and &; gray nodule in Section 2, 72-74 ¢m
3 -
E ¢ b SMEAR SLIDE SUMMARY (%)
£ Br 1,80 1,133 1,137 2,140
g = Gy o oD o
£ T Compomtion:
b~ ar Ouartz - L] 10 5
AG b ™ Carbanate unspec. T & T -
fem . Foraminifers - 5 i -
— Calc, annotossils 78 0 6 70
Br Dhiatomy - - 0 -
3 Radiotarians - 15 5 0w
L Spange spicules 16 15 15
@ =
8 1 F o ORGANIC CARBON AND CARBONATE [%):
gle B 2,45
=|F Cartorsts as
=
% é B [cM P
I
4 -
Br
} [~ o
Br
ac| ™ v
y s G
Be
L ]
A Gr
1 1 & =
re— — /
& o n I n X
n n Br
i i i
L N
1 1 I
n i
%
A i L J
7| 3 : = o
o —— B
el cc e

SITE 550 HOLE CORE 28 CORED INTERVAL 3465-356.0m
= FOSSIL
" CHARACTER
B "AE z| a
5 gl =
& gl g § 5 E LiHOLbGY LITHOLOGIC DESCRIPTION
= o«
;:l R i 3 g H g
18 | g % 2
@ § H = 3
MARLY NANNDFOSSIL CHALK
d Moitly 10YR 5/8 or 10YR 4/4 in colos, with occasionsl
AG becs of 5G 81 grading into N8: contacts betwsen colors
sametimi gradusl, somatmes sharp
5G B/1 forrms an upwerd fining sequence In Section 1, 80—
735 em, gaing fram a foram-nanno sandy chalk 1o a nanna
ehalk; the contact below is sharp, and the sand is laminated
and rich in heavy minerals; presumabily a turbidite
Sediment ususlly moderately to Intensively bioturbated snd
motthing; hest mottling abserved in 10YR 4/4 chalk
s CORGANIC CARBON AND CARBONATE 1%):
1,46 1,88
Organic carbon 005  0.04
Carbarate 58 B5
[~ VOID
FP
£
g (&
g £ fow ]
ol cm =1
3 =
L
n
n
3
AG :
1]
5
1
i
N
1
N
=
6 L
1
—
AG| AM cC L
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SITE 550  HOLE CORE 29 CORED INTERVAL _356.0-366.5m SITE 50 CORE 30 CORED INTERVAL 3655-376.0m
2 L o
=
§ S - c;mmzn ol § E i
oY o = E w o
*clEg|t| 8 § |l ¥ unarHic LITHOLOGIC DESCRIPTION € EE 2l & GRAPHIC LITHOLOGIC DESCHIPTION
2128|225 5 LITHOLOGY |, & 12158 5| & | uTHowogy A
£ |8 HE ] #| 2 = ] w3z g ¥ g g
R HEEH =+H £ |3 FEH
FEEHEHB HFH g E
i A - - n -
e NANNOFOSSIL CHALK L
i
g e 1 4 Largely 1 4 4 oM MARLY NANNOFOSSIL CHALK
L 3% o e T e . m:m:;h‘r:nva IR I P Largely brownish (10¥R 4/4, 10YR 8/4, 10YA 673) in color
1 o All sediment moderately or intersaly binturbated, burrow 1 4 :l:nﬂ'im' Intarbects of 5G B/1; contacts are gradationsl or
o e = Pty .
S Burrawed throughout, moderately 1o intensely, and mottied
= T Color "
W S 1 ottty slther gracedonal.of shep Bisck laminee, comtorted by flow or pressure (not slump)
= i In Section 3, 22-23 cm
= ) o T SMEAR SLIDE SUMMARY [%): L Ovganic secliment(7} in Section 4, 80107 om
= remecraaws 1,60 2
Y — i i I
5 =
. s e v Taxtinn: 2 o ORGANIC CARBON AND CARBONATE (%):
orjcm S T e T 4 Composition: z 1,61 2,44
E B e S r Carborate unspee. 10 Carbonate % 48
: 2 S N — Caic. nannofossils 90 2
-l - 1 = ' ) A
E T — ORGANIC CARBON AND CARBONATE (%) a
=== 246 2,68 H
" B e Organic carbon 004 003
S o S Carbonate 72 i
i ——
w 'y
. ALY o
I 1 i
B2] fou s : 4 I (™
E B 1 e g
1 3 e — f 3
L i i A (1)
i o e o e =
F 5t H
-
e
mn i
I : —11¢
n
o e e £ o5
o e =
o 4 :l i < i — i n E ‘
B o s e
=
e me e E
1 T I A I T
o m—
Jee e g
e s
i - 1 < i - ) i
e e
s : r— ; g AG
™ § L x i . i 3 i / s
e
{7 ,: -
e
4= : e
Sy e ']
:x 1 i
G| am L e T o6
T
AG|CG 1 6
AP AG
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SITE 550 HOLE CORE 31 CORED INTERVAL 375.0-384.5 m
= FOSSIL
§ ; CHARACTER
AHHE HE )
TE gg HHE ElE | eesy LI LITHOLOGIC DESCRIPTION
- § Nz - w -
S NHHE £ EF
FRHEHEHEE 3
* MARLY NANNOFOSSIL CHALK
e Largely beownish (10YR 873, T0¥R 4/3) in colar, occasian-
1 ally intarbeds and mottling with 5G B/1
™ Moderately to intersely bioturbated and mottled
ORGANIC CARBON AND CARBONATE (%):
N 2,10
Carbonate 47
L
4o
AG
2
Fa
™
AG val
g|E 3
g | 8
o |
o
] N
g s
6 e
4 Ve
~
¥
L
AG = W
’ ;
4
™~
AG /

SITE 550 HOLE CORE 32 CORED INTERVAL 3845-394.0m
2 FOSSIL
- § CHARACTER
8 |z.le]% zl2
ze (28|55 ; 2 GRAPHIC i
‘£ =§ E g ; Bl & LITHOLDGY X L LITHOLOGIC DESCRIPTION
w
= § i g 3 g W= 5 ]
E 5 = é
E z g & FE|
1 25Y 687
m UNIT
4 w| OYRAH Marly to vary marly nannofousil chalk, gray brown (1,5Y 5/2)
e 1o dark yellow beawn (10YR 4/2], firm
AG # —_— G et Homogeneous with scattered tiny  yellow flecks (foram)
7mm|lu nd occasional green om size ovoid mottie
L Froguent bands of gray, often with surrounding zones o
L sgen wresn [BG 6/1), 1=10 cm thick
= 0 ® J=— Gy antn Geay units nin, noncaleareous, often mottled with green,
& I s muy have 8 sharp lowsr contact, some are graded
L ARROWS POINT TO Their composition may be largely tarrigenous, Quartz, mica,
| GRAYOR GAEEN DANDS gy [Seetion 1) of can be curbonate fragments {Section
H 10 504 A) ) )
More terrigenous beds contain some volcanic glise as well s
L Manied band heavy minarals and opsques
eM el .
" L — SMEAR SLIDE SUMMARY {%):
z [ 447
= > - [} D
a o o4 i sham Tumtuee:
£ E Sered 5 50
» ° 10V A Sy a5 20
g =5 o iy bt Clay s 30
§ Compasition:
z 4 1y b, matent Quartz ® 2
E AG ' el Mics 1-5 1-5
ift! | Grev lamina Clay 30 E-10
28 812 Valcanic ghass = T
- i Carbonate unigec. Tr=5 60
o Caie, nannotossily 40 0
H] Lo ORGANIC CARBON AND CARBONATE (%);
§ i fe gt 366 7,42
I L5061 Carbonate 3 a7
= Ll |« |z
E 1
£ 1 | orovmam
4 L Grawnih banaly
§ s 2 greaniah Banch
3 ~ L~ AMROWS INDICATE GREEN BANDS
b= DM is e ting
. i
e Motthed
L [=—Gray., gradad. sharp contser
2 i B Girated, montied
7 L
§ 2 | Girey. araded
[T vL le—Cirmy * batwm catitng
s LHY B
N
1
AG ok —
AG L -
b Gy, graded
4 o Mottied with grees
25Y B2
+1¢
.
1 0 10vVR Bfa
T
10YR 573
Aﬁaﬁ L
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SITE 850 HOLE CORE 33 CORED INTERVAL 394.0-4035m
2 FOSSIL
§ Y CHARACTER
EMEIELE 2l g
Bw
I HEE Bl | oy L < LITHOLOGIC DESCRIPTION
S|~ w
£ HHEHBEE c
i3 HE ; =1
= E HEE 55
i
- 10YR 52 Wik
i Marly 10 very marly nannofossil chalk, gray brown [10YR 5/2)
FG| 7] 1o dark yeilow beawn (10YR 4/4)
AL 1 4L - Shl::&numu Firem o haed
1, | — T wn Homogensous with scattered very fine yellow fiacks (foeams)
] BG 6/1 and occasionsl green ovoid motties, up to om sizm
b~ Sharp boundary Decasianal green (SG 8/1) or greanish gray bands and momiied
5 L 25Y 62 rones o marked
g L Some af thess are silty and enriched in foram fragments which
g L are covered by @ black coating (Section 2)
z 10YR 54 Entire section I calcarsous
n
cG Y- | - Groen, silty fans SMEAR SLIDE SUMMARY [%):
AG| il » /Grm mattles
2 [}
.
E il [ Mottledgrean flecks Texture:
o f=—rFirse greon lines Sand o
B | —— Grayer zons Sitt 40
. Clay 40
¥l +=—~Large green spat Composition:
Quartr 0
r 10YR 4
31 a Mica 1-10
J_ Forsminifers 0
w AG 3l 4
é‘ sl | Cale, nannofossily 40
H o n CARBON AND CARBONATE (%):
N7
L Carbomiate E]
L
L W0YR 62
£ L
E 10YH 4/4
§ L e Girgan lens
2 a - 1 — Green lens
n Q [~ Eoncentratad green matiles
NN ] /
z 1 wvoio
g L Green band
10YR 474
g L
A€ 5 i
L,
L
AG|CG

SITE 560 HOLE CORE 34 CORED INTERVAL 403.5-413.0m
e FOSSIL
G ; CHARACTER
N EMRE zle
i e B g § e | o, | 8t LITHOLOGIC DESCRIFTION
S R HE 2EER 4
A SHHE N b
= =
CMHEHE i
i 10¥R /4
—— __Green band
n
ary ! Unit
aial *© Marly 1o very marly nennofossil chalk, yellowish brown
! (10YR 5/3) and dark beown (10YR 3/3) 10 gray in and
below Section 8 {5 or 5GY 5/1)
ca - Grean band Firm to hard
E Oceasional green [5G 7/1 o« B/1) banding and mattling
5 - Some green bands contain zones of cosrser materisl which i
a T L Gradual wiwiched in guartz and carbonate fragments (larges rannos
] |- |, [ s68r  eonmct  and toramsin parn)
Lo [ Gray black lsmina All the sediments contain small quantities of volcanle glas
g % L L Gradunl contact
- Pate brown
- SMEAR SLIDE SUMMARY (%]:
am Cvingt
5 jag 2 e - 2,20 4,80 5130
3 C— Darkar brown o D D
F—— Testure:
1 s
s e W B = Gradual contact 5 g 16
A b Lightes brown Sitt » 4 50
I B groen Macks Clay 0 s 38
o e L Compaaition:
E Lo ¢ 10YR 673 Quartz -5 15 10
B 1l Feidspar - - T
% g Mica 5 - T
cG oL Clay 2 10
7 3 i | Joveas Volaricglass  T-6 & &
E ~ sl o Glauconin = - T
+ e Pyrite = = i
Carbonate urapec. 10 5 65
Fovaminifers - Tr T
Calc. nannofomils 50 80 30
Ef 56712
4
aG
AM 4 L s
(O
L0 5G 871 with
il O K BG 7/2 mottling
5] 10YR 572
< Grasn mattlng
L]0
5 a s ovR 3
L 5
E = = L Gradual contact
-l = A 56 5/2
£
= L 10YR 43
a " ™~ Grean with white larsing
g 1 10YR 313
E 4L 10YR 313
E Lol |- ometrown
8 L | Groen band
¢ _— = Gracusl contact
¢ SY 81, gray
L | Dark straaks
L | Gray
e | 5G &1, green
O [ sYsi
7 L 5GY 511
lealee cc e 5G A1

0sS LIS
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SITE 650 HOLE CORE 35 CORED INTERVAL  413.0-4226m SITE 650 HOLE CORE 36 CORED INTERVAL 422.5-4320m
g SSIL g FOSSIL
5 5 CHARACTER iy s CHARACTER
g2 |= K gl 2 2 |= wla “
Ex |22 3 g GRAPHIC Bulg) 2 ile =
| = I-E ] g H E| & | utHolecy 3 LITHOLOGIC DEZCRIFTION i E g HE ._ﬁ:ﬁ"gg, K LITHOLOGIC DESCAIPTION
w3 [EN]2 HE = = Zlan|z < gl w 2 “
205 |3 HE § L e i £7E |8 HE HREIE S
8 5 = = 3 |z c
ERHHHE ¥ HIHHHE HEE
B oy b e e e
=) —13 10 [~ A 3, ol i =3 10VR 82
e o unnmdmn. 14 wery marly mannofossit chalk, olive (5Y 5/3) & i | owes Yoied
= Laminated band 4 N fosil chalk © marly nannofossil chalk, beow
AG s w2 1o light brawn gray (2.5 6/2) and olive brown [2.5Y 474 PP 95 =+ * HOYR 54572 to :::M brove (10A 8731 "
1 - ~ Gradual comact Firm to hard 1 & Haed b . il I
A W Seartered grasn mottkes fup to cm sizel and bands i | a,—:u o .:n;m:m wous encept for scattorad Lirge (em sized pin
-+ All core is calcaroous, but alive sedimants ane rich in terrigen- e P ol uv’::'uumm
L out matesial and clay sized particies ES RP . 2 .
L [TYCTa—— Section 4 and below Iz yallowish Brown [10YR 5/4) to brown [~ Seman siicooun roduln g nis mudsione, groen [5G 5/1) to ollve brown (25Y
L i (7.5YR 5/4) with scattered pink, cm size, motties 20 84 5/4) nd ark yellow beown [10YR 4/4)
ol Y A3, e Section G containg a banded coarser bod, enriched in fosamin- TOYR 44 Very firm 10 charty
i ]  iferm fragmants [r——— Generally homogeneous
_ AG| -+ Piokih moktrend 4o e nocalcsnsous % B |FP s Pk rairtig Smear dides thow ouars, mica, clay, glas, radicluris frag-
= oM N ;g | ments, seolites and opague minerali
— A Dark clay material binds saciment fmps togethar
£ 2 ol SMEAR SLIDE SUMMARY [%): £ jem 1 TEea
= ke 2,79 = Gray charty band  Unit 3
e o - - i Smuar shide shows! guartz, mica, glew, abundant clay ced
k o - Textisra: E = o | Womesamous material (black] binding particles together
z i 8 5G 61 motties Band 10 § g -
H - Sitt 30 Tk
E L 257 8/, browe Clay 5 £l cp ] 25v 518, eacarscan
cP 1|9 Composition: > E 8 .m;‘};?’f'mm
il Ouartz 5 F B o b= Aindiam pank matiies SMEAR SLIDE SUMMARY {%):
e 7 0 Mica T-6 g pe Filick, frrable with abundan 1,120 2,120 4,14
a - Clay 30 Pk MEAHIES cEmmin, i o [+ (5}
il 5 26% 444 Molouric ey b ) a e Texture:
o — Gradasl conmen Carbonate 7 B m;‘uf«','lmtm s_mn 5 20 &
AP o unspec. Te-10 y 25Y BT, yeliow Silt 40 50 35
g Cale. nannotossils 20 T o] Clay 55 0 60
] L o Radiolarians T M O s e mochte Camposition:
=2 25% a4 Spongs spicules T = o Cuarrz ] 0 T
a o O} (=] TOVE B3, Mica 7 510 =
g L 3 O iri ke by Clay o 30 5
= CARBON AND TE (%) AM o Glass 5 60
FP TEYR S 1,23 2,12 3,128 512 Carbonate
4 | Qrganie carbion 008 - - - 4 o unspec. T T
N Green bandy Carbanate 57 L] L] a Calc, nannotossile 5 0
L AG
= —t o Radiolarisns - - "
o - L T e " b .
4 Ha
=& L om ac D P v —
— 10YA B4
= n L e Cirpens ytreaks
T = L 0¥ B4
i | - L [ G s
.E 5 N - L]0 Kurn!ﬂm
E F=T 3L = Cailor banded. coaner bas
£ I
§ —— LG 1ovR S
2 . RETRI I n
2 e o Y [ I,
1 i I P L o 10YR B4
B L TEYR B4
—— L0 | Martion rent & graen
i R 4]
AP e T5YR 54
3 k[0
r
= t n Fiad mottias
s I 04
ale I n
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CORE 37 CORED INTERAVAL  432.0-441.6m SITE B
5 :30 HOLE CORE 3¢ CORED INTERVAL 4415-451.0m
g FOSSIL
E 2 2| e ” ; CHARACTER
gzl g GRAPHIC g |=
5§ i HES UTHOLOGY 54 LITHOLOGIC DESCAIPTION L4 EH § AR g E GRAPHIC =
=N 2 HINEIR F =S K E| & | umholooy LITHOLOGIC DESCRIPTION
I E] =HH us |8 R 2d
3 £ i M T q
g |2 3 E F |8 |2|2]s B
I—I g 2|z E i E" =
S v wer e TOYR 773 Groen lanses S
o e s
o] [iovese e T e
rE—— I Groen mottin Unit v 0
b ol ] Nannotouil chalk, pals brown (10YR B/3) ta gray [5Y 7/1— s 2w 4 B sGY 71 Unit
P s i l' 10VR 773 6/1), hord AG o5 Nannofossil chalk, grayiih grean (5GY 7/1) 1o pale brown
1 i v ms B O« Homoganwous with sesttered pink {1 cm size) morties down 1o I I D W Lo ™ Gieer b (YA 112 and grwy (BY 7/2), hard
R o Saction 3, and preenish. smaller motties scattered theough- P Le — Homagenaeous with scattersd small dark gray mottles
Wt W out e P Oecaionad straight thin bands of darker gresn
S — e P Goown morties connanzrane gz ownaln Norizons; wray fediostes P e oy 5GY 71 Seversl graded units with calcarsous silt snd sand st bate
N ey Semnes o e 8 - . presence of glauconite or s smectite B ey el 1 Lowes part of core is banded in pale brown (10YR 7/2) and
n M, L . -1 I , coftacty ane bl i
5 :' :- : " : o 10YR 713 o8t contaots, except whane laminated, s gradatsonsd |, o :‘:ﬁmw generally mottied unbess at bass of
F & e L 5 21, groenish gray SMEAR SLIDE SUMMARY (%): e O £ ¢ s6v 711
z = .—'—'I o | 10¥YR 11 1,77 570 AG T b o SMEAR SLIDE SUMMARY [%):
Al e s o [ Abundant gheen fiocks ] D z |ac o i o vy comer ! 3,72 4,17 667
2 s T svim Textute: = B8 o D o o
) o T TR — ] (] -~ Sile 7 3 g 2 T e e v | W Texture:
g e O | Abundant green llecks Clay 53 ar - o o s s o L Green bend Sand = 30 =3
; i e < A sY 72 Compasitian: i S o e M i - w7
el I — Cuartz - Tr L S T Clay - a0 3
g T ¢l. Abundant green flecks Mica T Tr o — & Compasition:
g W WS P T = Cla =5 =2 Mica - T —
L v i mea w .
R e [ B i 8 Carbonate unpec. 10 5 po I P, Clay <3 <6 <&
e o Foraminifers T = B o e o Volcanic glass N Tr .
el .10 T J
E e 8 Cale. anncfousils 85 98 i |0 Zeakite - ™ T
L Light grean Carbonate unspec. 10 s 10
i B
s 3| a6 " E i Geenbsnd  pouminten Tt — T
2 e 3 = e Cate. nennofossils  B7 Fol 85
= |_. L 1 L = fe Green laming - 4 Radiolarians - Tr -
2| T 5Y B/1, olive gray E -
s = e — 2 A ORGANIC CARBON AND CARBONATE [%:
g e v e 8 B Fd ] 6,65
IR S — BY 71 > Carbonate 83
= o o e B 5 . o BGY 711
] n 7 L
% e T e e i AM
R o e 2
‘ - ._I_l_ A - L
o e e s £ 4 .
s nC2 W N TR - e
-1 - lij - A A L 1 & tand
@ e e iy St [=— Sharp base
o P = i T A F—Mortled base
L & - n
T Y ST e o e S
e Y e n ; === R
g I —T : o s s e vt [
e vares 'y 8 B et i 4 sY 1
T a g o —
s et . AP v o e o
R nEs I~ Gradual contact 5 S T
N o m— — BY 6/1 o O TR T |
B o ot e o 5GY 711
Swne B e e
A L S e v e i sv
J- -1 I T
Y 11 - BGY 7/1
B 1 T — O L
g S s L Strong burrowing
M Jpl—ptpedort. A Laminated
ey s o 1 sandstonn
& = |9 . [ ovaim
_.’.‘.‘.*0 [ sGYsn
T (o| BV
i O] P o it tend
| ap Y 7/1 + 10YR 812

05§ HLIS
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SITE 550 HOLE CORE 39 CORED INTERVAL 451.0—460.56 m SITE B50 HOLE CORE 40 CORED INTERVAL 460.5—470.0 m
E C":gssnculill nﬂw”I¥E
e |3 - ARACTER
T EMAE Zl e & E] z|u
] 2 ol = w|B| 3|8 >
ce |22y § ElE grareed LITHOLOGIC DESCRIFTION e |2z|s k- 2| & bia Lyl 5 LITHOLOGIC DESCRIPTION
HEH E G LITHOLOGY - = E { LITHOLOGY £
S HHHHEEE FEE S HHHHBEE FFEH
= [ = o
R HEHHE $EH R HEE £
® | & = |B e s |c|Zz|=|B o
e L 10 7, CM :'.':'-‘A
el s Interbedded grayih turbitite URits and brownish nannotassil FR ¥y " Hard, gray [5Y 7/1), homageneous nanno chalk. This sectian was
radey chalks T P — - weversly distoried during extraction from core borrel — boerel
or g Turbidite Units are white (5Y 8/1) to ligh gresnish gray [5GY = oG 0'5_£ T S — had to be hested. Calor sred homogeneous texturs may nat be
1 P Pl I e 7). grated and largely unburrowed. The turbidite in = ° I e . ariginal.
. Section 1, 85=116 cm |5 underdain by a thick slump layer § A . Section 1: complex series of intarbaddad lithologies —
A v {Section 1, 116 cm—Section 2. 25 emi, Turbidites consist 10 ) pink (7.5Y R 7/4), homogeneous, nanno chalk
= LN = ' primarily of reworked nannafoss| chalk with some forem- I g — —-L (2} brown 1o dark brown (107R 4/3-3/3), hemogenecus,
= inifer andd rediiolarian debirs. 3 "5 bigturbated, firm, nannofossit chalk
z 10¥A 774, Nanng chalks are varkous shades af beawn, firm, homogenecus, £ e ——— {3) and (6] light yellawish brown (10YR 6/4), firm, homo-
= oM wry Dot borowm and extensively burrowed, They contaln oceasionsl soots i 5 geneout, bioturbated, ranno chaik
g - and vaina of gray [SGY 71), e wrw— (4), (8), and (1) fight greanish gray [5GY 7/1), highly bio-
e Note: dus to hardress of sediment it i difficult 1o estimate = " L1, turbated, firm, nanno chalk
2 LY G4, Bight Beoown COMPasitian abundances with smear sides. = 1 4 {6)  yellowish red (SYR 5/8) to red [2.5YR 4/8), laminated,
3 | g Py g weskly bioturbated, firm, nanna chalic
2 | EGY /1, gt gramsh gray E = . . ' {7 brown (10YR 4/3), homogeneous, unbioturbated, fiam,
: 3 n nanne chalk
T 7.5 6/, o 19 wery dark grayish brown (10YR 3/2), nomogeneous,
s . firm, nanno chalk
- - : S (= SMEAR SLIDE SU“:J.;I:\" I':].“J i _— i 110 pink (SYR B/4), highly bicturbated, firm, renno chatk
= e e e ! : 3 : {12) very pale brown [10YR 7/3), bioturbated, firm, nanno
z =i o Bl o o o ook
i : L - L - L = L Texture:
g o T Ea Sandd 20 - S
> P S S Sin 10 0 20 10 10 = SMEARILIDE SUM‘ ﬁ* ’TIQE 1,71 1, B8
El=| |ee 3 S Clay 0 60 B %0 80 ¥ s s ;
3 3 b v e Comgosition: o ° o °
2 T W o Ouaruz Te T = = - o
1= S-S silt 5 10 ] i
o gl = Clay Tr T Tr - T i £ a0 a0 a0
> BGY 1N Carbonate umpes, 20 20 0 15 15 Comw“ ition:
s - Cale, nannofossily 75 k. -] 80 BO Quartz - " T =
o Feidspar - Te T
YRe—— ORGANIC CAR ECI!ZMD CARBONATE (%) Clay 15 I 0 15
ks 0 AT Carbonate unipec. 10 0 0 30
£ nate a8 38 Caic. nennofossils 70 60 0 50
Radliolarians - - - T
4 Spongs spicules T Tr B
[~ 15vn B4,
s Ext eyl oven.
BY B/, white
oM AV B4 1A,
Tight becem —tir own
5
[ 1OYRA 523, brown
Imterbecded SGY 71
fraded wnit
T.5YR 614 homapeneous
Nt
« [ sovm
! I BYA B/B-10YR 614
oM 6 10V 813402
L boown—dark beown
A0YH 614, light yasiarwith brown




LOE

=
=
m

TIME — ROCK
uNIT

HOLE

a1

o
[=]
-
m

CORED INTERVAL 470.0—479.5m

FOSSIL
CHARACTER

ZONE
FORAMINIFERS

NANNOFOSSILS
RADIOLARIANS
DIATOMS

SECTION
METERS

GRAPHIC
LITHOLOGY

TAILLING

EAMPLES

LITHOLOGIC DESCRIPTION

warty Palsocers

Tmidal

,.
rhuzs tenwis (NP2) (N)

Iate Massstrichtian

CG

Fl

E
E

Mayaroensis 2one (Mea 11

0.5

L 1|||§||

voID

N

o el e M KW

Very pale brown [10YR 7/4—8/3) mottled with light greenish
gray (BGY 7/1), woakly bicturbated, firm, homogeneous, nannc-
fouil chalk.

Section 2, 115 em to base of core conststs of 3 slwmating lith:
cloghes, with extremely gradstional cortects lexcapt where
noted):
(1) wvery pale brown (10YR B/3), highly bioturbated, fiem,
nanng chalk
12)  yellowith brown {10YR B/6), only weakly bioturbated,
4 laministed from chalk
{31 pale brown=dight yallowith brown (10YR 7/4—8/4),
hemogeneous, firm, menno chalk. Bioturbation wariable
— often interse at top and botom of (3], absent in
centes,

SMEAR SLIDE SUMMARY (%)
2,108 2,138 3,70
o D o

30 —
30 L]
40 a5

o
2
8s!

Tr -
10 10
15 18
10 -
40 70
=

Tr 13

Clay

Carbanats unspec.
Foraminifers

Cale. nannafossils
Distoms
Radlalarians
Sponge spicules kL

lRAEE

SITE 550 HOLE CORE 42 CORED INTERVAL 478.5-489.0m
-] FOSSIL
= § CHARACTER
8 l=z.l2l3 z|le
ou|E g
SE|EE| g SR LFTﬁHgL“c:gv LITHOLOGIC DESCRIFTION
Sla~|E H B
£ g 3 g ¢ § ol R
=
@ § 2 g g
Salle]
oe
Section 1, 0=20 em: BYR B/4, graded turbidite unit comtaining
clasts up te 3 mm at base. Clests are largely nanno chalk.
0.5
1 Section 1, 70-150 om: yeflowish brown to very pale brown
(10YR 5/8-7/3), firm, highly bioturbated, nanna chalk.
o
B 2 Section 2, 0-20 am: pink (75YR 7/4=8M), homogeneois,
nanmna challk.
RS S S
s e e Section 2, 20-28 cm: pink (SYR B/4], rurbidite uni, laminated
-] — r-% in upper part, pink and black clasts in lower part,
AN -
2 i s N Section 2, 265-80 cm: light yellowish brown (7.5¥R 8/4), homo-
o o e e gensaus, firm, bioturbated nanna chalk.
ro————
=T L Saction 2, 80-90 cm: pink (7.5YR 714), homogeneoia, firm,
= nanna chalk.

CC: wrong brown {7.5YR 6/8), homoganeous, bioturbated, firm,
nanno chatk.

SMEAR SLIDE SUMMARY (%}:

L2 2,80

o o
Tescture:
Sand 20 5
Sitt 20 1]
Clay 80 B5
Coemposition:
Ouartz Te T
Clay 20 0
Carbonate umpee. 20 20
Foraminifers Tr 5
Cale. mannofossils 40 40
Sponge micules Ll w0

0§S HLIS
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SITE 550 HOLE CORE 43 CORED INTERVAL 489.0-488.5m
El FOSSIL i SITE 650  HOLE CORE 45 CORED INTERVAL 508.0-517.5m
z CHARACTER 2 FOSSIL
§ 2 = - ; CHARACTER
T L LR Bl 2| oraemic g, [Es]2]2]8 | g 5
|3 :5 e g ] =4 LITHOLOGY LITHOLOGIC DESCRIPTION e= SZ1G| 5|2 ol & GRAPHIC E
IR EHHE i gl & @ HEE E g F 5l E uTHoLoGy | 3|< LITHOLOGIC DESCRIPTION
A AHHHHEE FEE HAHHEHBUEE +1H
ERHEHEE E O |1 Bl% E
H 3 g |8 g Z|a EE
i Insrbedded turbidita snd pelagic sedi i ket 6 [ 1
i 0] gl irment | B
L} : () brown (7.5YR , heavily Hoturbeted from nanno Traca in Cove-Catcher only: firm, brown, marly nanno chalk.
chalk
ce : L {30 pink (7.5¥R 8/4), unbioturbated, fine grained turbidites
a consisting primarily of nanne chalk fragments, firm,
- graded, clasts up to | mm SMEAR SLIDE SUMMARY {%):
P — (2= {10+ (3) mixed by bioturbetion T _| th‘.'
= ==
oa 5 Section 2, 50-72 cm: beown (7.5Y 4/4), homoganesus unblo- 5= Texture:
oM turbtedd, firm ranna chalk. -E; gg Clay 100
cG oy I |=E Composition:
5 g2 T Saction 2, 72-78 cm: biue gray (5GY 7/1) and brown (7.5Y 4/4) £33 Cuaste T
2 2% = laminated nanna chalk, = Clay 0
£ |z & Carbonete unspee. 6
i g E Section 2, T8-120 cm: brown (1.5Y 4/4), bioturbated, firm, 3 [g" fale, annnlonile’ 40
= |3 nanna chalic Rodiolarians
g |8 ) Spongs spicules } o
= Section 3, =10 em reddish yalbow [5Y R G/8), ioturbated, firm, Corg 46: no recovery,
[ nanna chalk,
= " - b Seel
+ n tion 3, 25-85 cm: pink (T.5YR B/4], homogeneou, firm,
= o unbiotutbated, nanno chalk, 1 cm leminated, bassly turbidita? SITE 560  HOLE CORE 47 CORED INTERVAL 522.0-627.0m
i layer st base, 2 FOSSIL
p— = § CHARACTER
3 —_— Soction 3, 65160 cm: reddish Seown 10 pink (5Y 4/8 to 7.5YR g |E.MeT= 7 2| w
= 714), highly bioturbated nanna chalk. e 1 z ol = A
el e e .% EIHEE H B Bl it L i LITHOLOGIC DESCRIPTION
Tl SMEAR SLIDE SUMMARY [%]: g31e"|5[g 22| |2 % =
e 1,38 1,63 1,80 E 18 |z g Bl =
e o o [ FHEIEE ES
om| o o b Texture: e
Sand - 5 20 Al N e e s w—
Site n 15 40 o™ i e .
Clay B0 80 40 o5 o 151!:::4?‘::;‘“’“ brown [7.5YR 4] 1o reddish brown
Compotition I i h, fil
iz % % § M N : ren : 1 ¢!, . Uppar part of Scctian 1 is well mottied, streaked horizontally
Feldspar - Tr e Tl = 5“::‘“] Rest of cors & faintly to well lamingted in bands and streaks
Clay w m z M — - iebi TR of white and geay (ismina up to 10 or 16 em agart)
Carbormte unspee. 10 30 10 = Iz (—— i Kyl Chalk is occasionally crucked, rearly parallel to diilling direc:
Calc, nanoofossils 50 30 20 ] 32 e bt S tion a0d in 8t lesst two planes
Radiolarisns 20 w2 ﬁ 25 Ly T iarann Cracks are lined by whits chalk fleaching?)
Spange spleules - Tr - 2 5 L
Nannafeusil chatk E Eg = 1 TEYA B SMEAR SLIDE SUMMARY [%):
fragmants 5|3 = | 1,78 2,54
rewocked - - £ I W— o [+]
[ 1 2 ] 5% - e 4 || Texture:
i == [ -y 3
SITE 550 HOLE CORE 44  CORED INTERVAL 498.5-508.0m = Sy g Clay 0w
o FOSSIL ; [ — Comgposition:
i 5 CHARACTER [ ——— ;Nwmlmrlk [ 5
. ay 5 10
M EMAE 2 e I =~ Abndant
e |25 = E ol = GRAPHI ] : = Carbonte umpec. 15 13
| E :§ H 21z B 4 |.|1|<0|.ogv LITHOLOGIC DESCRIPTION I = bk riomg Foraminifers & -
;:l E % £ ; ! 2% 1 o e’ B = Cale nannotossi 70 0
= z
E |5 zlE o T i |
= § ; H 5 3 _I.: o l_._ -
- - n
ccl [ et [ S
L i 1 i 1
Core-Catcher oniy: white (5Y 8/1), lsminated, hard, siltstane/ A T T TR |
sandstone, 4 1 = n = i . | :
 ———
Mote: too hard for smear slkde. it} ] G-CI s s e :

08§ 4.LIS



zW HOLE B CORE 1 CORED INTERVAL  456.0-465.5 m SITE 650 HOLE B CORE CORED INTERVAL 4B5.5—475.0 m
E o g FossIL [
§ g _.E'Erﬂ‘c“" % g CHARACTER
“
St gm E i E § E Snaralc LITHOLOGIC DESCRIPT! §l- Eulf|d| ¥ gle GRAPHIC
W3 ‘tﬁ z H 6l & | vmower i T |E3|E 5 E El & | umoloay LITHOLOGIC DESCRIPTION
g 2" § 3 al g = 2 w5 [SN]E § H R 2
= § 3 g = £ |E g “
MHEHE 3 SRR HEHEHE
& =] & H a
TEYA B4 chalk,
& | o banch oo Ut cr
Lo} IR —S8-satimgondy Marly nennafomil chalk with berds of nannofossd chalk, TEYR S Unit
Ol |f—smas marty units are light brown, brown (7.5YR 8/4—-10YR 3/2), ., Galearsout chalk, light brawn (10YR 7/3] 10 brown (10YR
iy Sl and gray (5Y 61} to green [5G 71}, chalks are white, p—— 4/3), firm 1o hard
O L omowa sadiment is firm to hard i . e Orn bed of white chalk
& TEVHEM Mast gulor contacts an rapidly transitional with mottling, of L | Most contacts are sharp or motiled
™ - are sharp = L Sectlon 1 and uppsr part Section 2 composed of mm to cm
FP oo ey vy Gray bands are often sandy |n upper part of cors, wnd & z L stz v clasts {owal, banded) alang with plain white, gray,
. whine mostly calcarsous parts & e L aned yallaw clasts in a light brawn mid mateix
| vt sy Al macly sediments contsin ouhedeal grains of carbonats E z ES —_— L Lower piart of Section 3 is banded in shaes of ight and dark
| 5vR 4 ctay Section 4 (110 em and below) contain common vetesnic = |= il e = brown over intervals of 620 em, contacts gradationsl
¥ 61 chel ghons o FP s < TOYR 173 matrin Sediment k& dominanted by calcarsous fragments, darker
= L NG chalb In Section 4 s & poorly sorted chalk pubble conglamerats — E£ et e elimunt contains more L igenals mate sl
= - — oy it s i) u cang 3 ss MM,EE L l e Base of geaded units ars eslearsous, otten rieh in forsm Irg
E g ™ Foraminifar are concentrated in the sandier units % 2 e o L ments ;
= = Seattered stylolites = mm thick s pPorooooil . Fock containg several mineral lined fractures
§ O HYH ara b == I Er:"m‘gum
O b= Cirmy rtiins SMEAR SLIDE SUMMARY [%): 1|0 = SMEAR SLIDE SUMH;:!RY ®):
% 1,38 1,140 3,30 4,135 553 FP ala :m i:; Lo e 213 3,78
] ¢ v o [ D o o & ET1EL o i o o n o
3 O ; Texture: & Wihite chalk Testtura:
E L Gy tund x B W 7 W il o - rmnanians Sand T %
; " TEVR 64 Sily W 38 I 3 0 | op | Alswensring Sitt 5 0 30 =
3 Clay @ s s 80 80 o ] Bandin o dark + Cay CE ]
g & Composition: Fy P o ight tecwn Compasition;
0 oy Otz o 5 T -1 ] 3 o . Cuartz - - Tr -
[ Gredetionsl contact  Mica 1-5 5 15 10 7 o Clay 10 W <3 10
@ O v A Cloy e 5 3 3 30 5 o Volesnic gl - - Tr =
2 & } Gradices contiezs  Voleanic gl = b - 5 B-10 oy - o Carbonate unspec. 70 [ 57 70
2 | Matid gray Glawconits. 8 - - - - 2 | Z(Ar|CF cc HOYR 43 Forsminifers Tr - P13 -
& 1Y% : ilsgs Cale.naanofossits 20 38 15 20
5 o [~ Vit band S peinin i g
z Lo 1= Giaational contast unspec. 510 10 10 8 5 13
g ] 7.5 7/0 Foraminiters 15 w1 T = £ |2 CRGANIC CARBON AND CARBONATE [%]:
v [ it Cale. mannofossils 50 B0 30 40 40 B gé ) 3,20 3,119
ol Sponge splcules Tr - - = - = 'E Orvganic: carbeon 007 o4 003
54 71 matties Semall dark red o & Carbonats 87 30 54
B Grwy green chas minares = <8 = il " 4
L. pea saning H
o THYA 64 ORGANIC CARBON AND CARBONATE (% g
e - 2,35 2,88 B, 108 bt
H ol |y et Orgaiccarban - 008 00 B
& Carbanaty 5 46 a3 &
1 Q| |= owsvmown basa 2
i~ O = Sarcty band, gray ;
é 0| o |5 oenuen -
QO Eow =
O [T roinbant ot
Lrown 4 pray
| Sharp contect
= Light brown
106 56
5G 141
10YA B4
10¥R 63
10YR 372
cm
Banded in brown
C™M ° gy

60t
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SITE 550 HOLE B CORE 3 CORED INTERVAL 475.0-484.5m SITE 550 HOLE B CORE & CORED INTERVAL 484.0-503.5 m
E FOSSIL a9 FOSSIL
$ H CHARACTER § z |_cranacren
£, [eTaTe z| @ =al2l 3| =l e
oy = ol = GRAPHI =] = =
TE[EE|E g L E| & | Liworoay g LITHOLOGIC DESCRIPTION SElcE|E)E)| 2 g go|  ORARC LITHOLOGIC DESCRIPTION
A HHEHEEE +TH R H
FolE |3 g HE Fekdd ] HEHH 2
g |2 HH £ 5f by ERHEHE
-:"':‘:'J"-—O 25V B4
= o e v e Unit et i chalk et redeposited
P i aem :; ¢ Manratosil chalk, ight gray (2.5Y 7/21 to light yetlow brown AN N.maklzl:sl_ e Ty e b
[ s 05— 5@ (2.6Y B4}, firm 1o hard (1) Strong brown (7.5YR B/5), BYR G, sod vl
- - = Containg one graded unit with calcorcous sand a1 bawe and 5 ot
g 1 T ~lo o 1 iah red {75YR 7/6), highly bioturbated, firm, massive,
= g S o i =—10YR 6/& homogenecus mudstona abave and Beiow, other parms of ety ndrin chalk
E g2 10— ¢ c:{- are well to maderately mettied in shudes of primary o™ 12) Fink (T.5YR 818), meive, fine-grainud, homogensow, un-
e 1 ~| il the & em of lithalegy 2 may be mixed
; g g = / © 28Y 84 Lower part of Section 1 i enwiched in dark flecks of unidenti :vmm?: [blul::mc:u?n .b.,.!h?v-u,,ﬂ'mm':;."._
£ (23 [a— P o ' o ; A {3) White—light gray [5Y B/1-T/2) ‘promimal furbidits’ often
= ég o i— ra V] 25Y 12 AR sodimes h"’:'.‘;‘:‘:‘ﬁh".‘" "‘?"“'",'"“m ot fine graded, laminated or crosslaminated and containing clasts
n i i . |
_ % [— = o 26V 814 oritns olution v o " of ranno chatk, farems, and radiolarlan debris,
e  T— LY ,
T‘.' sl 2 4= « Erosional contact SMEAR SLIDE SUMMARY [%): E3 T . F.3 All sedimants are fmarly nanno chalks,
§ T 16| Fiavus AN g 2 SMEAR SLIDE SUMMARY [%):
- ro— ke —— e 2,18 239 2,47 4,50 4,68
; (=] i < 2EY /4 Texture: £EZ o o o o o
= Jom|am o I e 710 25v8/ :I‘I"" - = |&% A Texture:
= = Sand - 5 5 - -
ety kS 3% sitt o w0 0 -
G.I:DM-( on: " ik E § £ Clay 1] 8 - 20 -
% Composition:
Lmtionins gk 42 A 2 5% & Quanz To- 1 8 10
s |2
& B2 Clay 0 20 m 0 0
Cale, nannafossih 40 as = % £ ~ 3 a . . & a5 5 P 35
ORGANIC CARBON AND CAREOMATE (%): : ] i.“l‘:"“'.'::f‘m“l % ; “g: % =
. £ H Rabiolariams - - <5 = =
Organic carbon 0.04 = ;
Carbienats ar Sponge spicules T <5 =6 T Tr
ORGANIC CARBON AND CARBONATE (%):
2,18
SITE 550 HOLE B CORE 4 CORED INTERVA 484.5-494.0m P Organic carbion 0.05
o FORL . Carbarits i
” g CHARACTER 4 B .
MEAOEE 810 | s s
=E|EZ|t g = Bl | g g LITHOLDGIC DESCRIPTION e
MERFCIFIRAE HIREE BaoEd e g :
Eg!%g_ 3!; — e e
= s E = scren TN
s |2 =|a 3 éw AM| FR D M S
T 1 1 T5YASE 5 = 1 - I . L L
I | aracien 10
e e—ra— EETOR Sarbes of sedimentary cycies, color grading from brawn (7.6YR
s+ ~ e ﬁ at top to pink (75YR 741 or white (1T0YR 8/2) o the
b N —— kb 3
s = |CPICM 1 B o e e d S Bioturbation intense ot top of each unit, weak of abuart st the
2 E‘ S w——— TEYH T4 ey
= & [am 10— [ I Base of each umit represants turbédite depesition, top i pelagc
i3 i B 15 2B tads.
= = e SR Coarw pelagic debrin (foram raciolarian ete,] are concentrated
z E " s 1 the hase of sach cycie, which may ba laminated,
- = FEYRSE Al sedimants are marly nenno chalks,
oM 2 L Laminated layer 10YA R72 and 7 EYF 88
15YR S8
SMEAR SLIDE SUMMARY [%):
L5 1108
s} +]
Texture:
Sand - 0
St - o0
Cloy 100 0
Composition:
etz - T
Clay 30 n
Carbonate unspec, 20 n
Foraminifers - 5
Calc. nenofomis 45 %
Radiclarians - <6
Spongespicuin. Tr <8
ORGANIC CARBON AND CARBONATE (%):
1,15
Ovganic carbon o
Carbonate 8
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SITE 530 HOLE B CORE 6 CORED INTERVAL 503.5-513.0m SITE 550  HOLE B CORE 8 CORED INTERVAL _5225-532.0m
= FOSSIL ]
= 2 FOSSIL
§ 5 ,_C':*“;TE“ y o § CHARACTER
= lal= “ 8 |= [ z| @
E= 223 =3 GRAPHIC i3 Bw|E]32 5| =
15 58|% ] g Bl E | uolooy | 32 LITHOLOGIC DESCRIPTION SE|EZ| E S| B | Jhiotogy LITHOLOGIC DESCRIFTION
§ H g 35 gl 2 2 wa |ah 5 ilg 8| 2 =8
HEEE E ElE §
21|23 |5 g |8 HEH E
€M —
Core-Catcher only: 4 em piecs, trown (1.5YR 5/6), biotus- FP I
bated marly nannotfossil chatk. White Unit1
N chaglic Calcarpous chatk, nannofouil chalk, and marly nannotossil
o chalk, white, very pale brown {10YR 7/3) to brown [7.5¥R
“E 1 4/4) and gray green (5GY 7711, hard
[ White beds ara generally homogeneous snd often grade down
z : Pt bl 19 sandy wnit
i B Sandy Top contacts often mottled, busal contacts are sharp
B g =T rsviam Pale brown unit aften homoganeous, Sections 2, 3, 4 and con-
; - O tain visible scattered small dark mineral graing, faint lamin-
% :2 atian visible
& g lam| FP O :)55{ 1 band Beown and geay green beds ere mottied, basal contacts often
& morted, 10ps often sharp
o | crmons conie
2 1WoYR T3 Unit 2
10-5225m Gradod beds, usually gray green, laminated with basal sard
SITE 850  HOLE B CORE 7 CORED INTERVAL 5% as composed largely of ealcarsaus fragments and faraminifera,
o cs TSYR T downward color sequence: brown, white, green
% E CHARACTER s =2
8 = 1 ! z| w K-} 2 SMEAR SLIDE SUMMARY [%):
2r |28 = 2] s GRAPHIC C DESCRIPTION H
ng :E g § E 5 E LITHOLOGY |, g g LITHOLOGI: DESCRY é = 75YR 71 ;3"” ;'m
el o g 3 g a2z EEEg ] E Titurs:
g |83 & 3 EEE= i 2 Eg L Sand 0 15
S R ] 2 |55 sit 5 3
y Fmr e — = H 3 Cay s 50
S B Interbocded: 3 P Compasition:
crl oo e " {1) Brown (7.5YR 6/6-7/8), highly bicturbated, firm, homogen: . Quartz 510 T
0. a wout, marly nanna chalk Mica T 5
[ [2) Fink (7.5YR BM), masive, homogeneois, unbioturbated Clay Tr 0
1 o ——— “digtal” furbiddite, very fine grained, occasionally weakly Carbonate urpec, B0 20
1 I ¢ et T n Laminated a1 base — calcarsous chalk TEYR B4 Fotaminifers 5 -
e w—rv— W [3) White (75¥H B/1) and light greonish gray (SGY 8/1}, Gio a5 pet
g fel—iee| | | coarse qrained, |sminated or crosslaminated, always : >Gm-‘nn Dark recdish
';f ;_LL_[_I..I_I_ LA unblaturtated, calcarcous ant| cm mineral - B0
; -
celem At Sadiments rich in fine carbonale particles, many of which are 4 ORGANIC CARBON AND CARBONATE [%):
3 = r 1. 2 rearly euhedral, 1,15 515 55 ES5 &1
= I Carbhonate a2 88 a2 I 2
E E% SMEAR SLIDE SUMMARY (%):
§ |3 2 Abundant L2 1m: |=- Cosruaming
= i A —quartz o o
T " 75VR G
53 W i &“M““ 16 5 * 78R 516, sandy
A Sil 65 45
o A Clay n = A | ser 701, coarss tend tame
cm ::;pmltlun: % < AP 5 S
i Y 4 T
P | CM 3 Mies T Tr - BYR 44
Clay T Tr=10 8 reriuymien )
Carbonate unspec. 70 40 Brcwen
Forsminifers  5-10  Tr ¢ . sy
e 6 e i 5V a4
mannofowsils 10 40 o | sav
oM
ORGANIC CARBON AND CARBONATE (%): jcc) 5Y 81
1,17 1,102 288
Organic carban - 013 006
Carbonate 86 66 "

05S LIS



Tt SITE 550 HOLE B CORE 9 CORED INTERVA 532.0-541.5m
—_—
FOSSIL
L , CHARACTER
"
§‘-' i : 8l £ GRAPHIG LITHOLOGIC DESCRIPTION
12 HEE E|E | umhowoay | e
EJ HEE g Bl = ES L]
E HEHHEE = g
HEIEH 3
—— 1 1 ¢ [==5vR ars
e e W W Wrats
B v e [ L B T Unit
P r— Grmdutionsl gortacy MNannofossil chabk und marly rannofossil chalie, white and
05— o ] homogensaus to beawn (SYR 4/4) or gray (SYR 472,
o WPy gyl o mar mm SR 4/2, 5Y 6/1) and bioturhated, firm 1o hard
1 3
E e | o Creamionsl SIS ot contacts are gradational except t base of white chalks,
== |¢ ;“_‘: which are often sharp, White sediment usually passes into
Yt o] __}m rinithad gray or brown seciment upward, with a rapid motted
cM R e | (L White baaniss ramltion
- ¢ SR 42 Green color usually ssociated with sandier beds which
4 6 YR al4 undertin white chalks oocesionally
M 3 Graded unit a1 base ol Section & s calcarsous throughout
] O L_saimi ang well laminated, sand a1 base ie finely croubedded.
o —- 0 " TEYA B
SMEAR SLIDE SUMMARY (%):
2 3 v} _ ﬁm‘"‘“‘“" 1,111 2,81 5,4
1 ol o o O
r o f=— :"‘"v:lﬂ'ﬂ Toxture:
7 | Girenn lnminas Sandd = 18
—
§ |z ™ i 4] o Sih - 15 40
= i pe = #% 45
o - — Grwy and *
- 4 o el Eaanc Compostion:
g E‘é . ] Lo ihlins Quartz - - 1
= zlcm = Haawy minrals - s -
f -g - ] Q¢ tacts gradatianat iy ® *
k] 3 easies Carbonate urspee.  — w10
H o 7 . o i Foraminiters - i 15
2 < Cale. nannofossils  — 7% b
=3 o :> Anddahmottes  ggicite vain 100 -
€= SYF 4/ lamires
0 e CARBON AND TE [%):
i n 3,80 40
o g iovna Organic carbon o1 o
o Carbonate | a2
=3 4] Gradatonal ceetact
& [ sven
4 [~ Wit
¢l E
White
Laninaio
cr
Calzarsous, medium wed 8GY 771
.
AP E= o e
5 i - Grﬁmw‘lﬂ‘
Mecidish (faevt] 1o white
cM CC| THYH 414

550 HOLE B CORE 10 L 541.5-551.0m
H FOSSIL
« [& | cHARACTER
§» gu|Bl2/% gl g GRAPHIC
TE|EE|E| 8|2 =l & | urvolosy LITHOLOGIC DESCRIPTION
HECIH o ! e g
N HHEHRE g
= § g2 ER R E i
s |2]2]|2|5 5 Fl
White chalk
sia Unit
oM = o::’m Marty X il and chalk, brown
o » [SYR 4/4], greans gray (SGY B/1) and whits, firm ta hard
el hichop a0 Green andl brown beds are usially well mattied, white beds
el 1EYH B2 are homogenacus to faintly laminated
el Ko Colored becs have mattied contacts with one anather, white
i O bed contscts above gererally e mottled, conticts below
wre usually sharp
. White beds often grade downwards 10 a silty o sandy cal-
- chalk with laminan or
1 Typical upward color sequance in lower part of core m: green
1 yand, white ehalk, green gray chalk
_l voln SMEAR SLIDE SUM:N;:Y {:I“
o = o o
5= Texture:
. Sand 1 30
] Silt 55 a0
- Clay 40 30
e 2 H LBYRSM Compositian:
2 o i Pae whita monises  QUANEE iy T
e 1 ' - Mica Ti-f -
t |5 i Grey Clay 0 <3
§ § — | Gracust contact Volcanjic glas  Tr—5 s
= -% G el 4] o Carbonats unipee. 10 40
H ;g Tlo Foraminifers T 16
= M | At i Cale. annotosili 40 42
SEku T O | vomsscommer G sonacra
e White minersl Te -
i | v ORGANIC CARBON AND CARBONATE [%):
| > 1,48 4,41
= e Carbonate 2 .
% | Gt silt, BOY B/
{~— Martied
e b= Silty, calcareous
Al e
| Whlte
=
e Sharp contes
> Ol [ owen
13 A [T Morted contect
=% - - White, croms bed wang
e |V Green

0SS 91IS
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SITE 560,
szn HOLE B CORE 11 CORED INTERVAL 551.0-560.5m SITE 550 HOLE B CORE 12 CORED INTERVAL 5-570.0 m
H FOSSIL
- = FOSSIL
é E ?‘%ﬂﬁ_‘_ : « |E CHARACTER
3 - 8 2 FeT=T=]
2e (2% E| 2 5| = GRAPHIC 2. |Gy|Bld|% gl &
] - -3 = H ol GRAPHIC
15 E§ : E 5 5 § uTHoLoGY | L LITHOLOGIG DESCRIPTION |2 AH g g g E|E | umolosy . LITHOLOGIC DESCRIPTION
H g ] E | s w ~3ad E- 2% ®
I E HE H 3 £70513] 2|23 EgEd e
FHEHE T £ S ERHEEE T EE
[l 0 1 e e e —suvET =]
B e m = 5v 711
=4 ] TAYR 04 Unit i
P — n Nannofossil o calcarcous chalk, light hrawn [1.5YR 8/4)
L B e e .<-}... o 10 gray (5Y /1) and green gray (SGY §/1, 56 B/1), and Narnofosil and calcarsous [white) chalk, light yeilaw brown
i ) white, fiem o hard [NOYR 6/4), yellow red {SYR 4/8), gray {5Y 7/1) and
 —m—" I~ All beds wall martied sxcept white chalks which are genevally occasionally brown [10YR /3, 3/3, more clayey), firm 1o
1 L i o hard
. Tt hamogencous
e — ¥y White ehalks otten grade dovwnwards to greenish laminated Cotored chalk s mattind and contacts are generally grada:
1 i 1 o caleareou st of senditone Whm
’a Bases of sand units and white chalks are usslly sharp, other ite chalk is usually homogeneous and can grade dowm to
TEYN 6id contacts usually mottied of gradationsl green iSG.\" /1) laminated caleareous sand with 2 sharp,
5 ] | Shwvp contact Light brown chalk af Section 1 is laminated a1 well &1 bio- often srosional, base
£ z turbated g Base contacts of white chalk usually sharp
E _Sg - ) . __m__ Glauconite appears to be present In green sandy beds % = ” XRD suggests groen color due ta clay mineval
£ ¥4 - b
E Q 2 O ™ scs/ SMEAR SLIDE SUMMARY (%): = l;_ 2 SMEAR SLIDE SUMMARY (%):
£ |2 ez [ Mot canmet 2,45 3,85 g TE 3,148
= y = |8y Sand, gray I
i = Whits o e = ig =
£ 3 chalk Taxture: Z |8E | e Texture:
s 4 wvom Sand s 10 g |5 ; § i Sand 0
& = Sl 46 0 & | e e = e silt 30
%h “:I-D'CI-CI'CI-E‘LO | mrat Clay 0 0 5 E% _;: : o acary i 60
FPlep Pooooo]  |¢ S COMPOSITION. £ = |a|l = Lol Compasition:
- L - svan Y- 1 I avRes Cun 5
EoIfitiTen S o . . - e o i
oo - White Mica 2 1 S F—p—y [ Huavy minerals 5
e _I_‘ Lz - Heavy minesals = 2 —tt 1 10YR /8 Clay 0
3 | ol. ooyl Clay = 17 3| Carbonate unipee. 10
e e e g -+ Glaucanite 7 M i e Faraminifers 1
e o e Greaniah Carbonate unspec. 45 0 e O Cale. nannafousils 70
1 1 1 1 ™ Foraminifers & - n 1 n e Ciemem Do
§ S —— Calc. rannofossls 35 70 e 0 CRGANIC CARBON AND CARBONATE (%):
L s i ay pmame o [~ Dk green innina 1,85 3,48 4,40
e A R M DRGANIC CARBON AND CARBONATE (%]: i | Pk, whina Carbonate s 35 58
4 Jod ¥ White 1,33 2,24 3,62 ] [~ i
N Inim morting Carbonate B2 82 o0 w i s Bk 0f 5YA 476 2ad
i il i I I i TEYR A
crlen gl Dirilling besesin oMl cm == i ¥ B4, 5—40 o thick
4
1 L n L i : L
ik
1 § Matiled contmcst
= i - n . n
 Frcm ki
[ s :
FP T | Groen tamine

05§ LIS
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ITE 550 HOLE B CORE_13 CORED INTERVAL _570.0-578.5 m SITE 650 HOLE B CORE 14 CORED INTERVAL 579.5-589.0 m
y——‘ g FoslL ] FossiL
x ||§ | guscren._ | « |E TER
E»- Eull 2 g 8 E GRAPHIC §» Gull g ; gl g GRAPHIC
| 2 ';é L H 5| E | urHooey HTHELOGK DESCRIFTION V= E§ HEE £l & | utHowoey LITHOLOGIC DESCRIFTION
wIIENIZIE|518] (%)% + eSEN (25 58] (8] % e
F ol lElzlals = H - HE K 5
S (5|3 ' E i L HEEIE i a5 =
H HE B 3 & HEE +EE
o = o[ [ - 1>
- Unlt 1 “ 1) Mudstons, olive black [5Y 271} to greenish blsck (SGY 2711,
ﬂ-ﬁ:' Nannofousil chelk and white calcarsous chatk, reddish brown B [~ homegenesus non-calcareon mudstons, Mot Bieturbaled
o {BY R 474), 1o light gray [10YR 7711 firm to hard ~ excupt between JO—80 em and 120140 em in Section 2,
0 = Colored chatks well bicturbated and ofter show pressare 1 oyl below 87 em in Section 3, and above 47 em in Section 4,
] solution lines, contacts transitional 1o mattled >
voio B -
1.0 White chalk generally homogensous with |ower contacts ~ 12) Interbedded with gray o light gray [5Y B/1-8/1), biotur
. that sre wither sharp or grada down 1o lsminated light gresn i i bated (burrows Filled with dark gray], calcereous mudstone.
. sandiianes; upper contoet usually mottled - Sometimes irreqularty laminated (calcaneous mudstons or
3 o say 1 X masly chalk),
7 Bk Unit2
-1 8 PR B Mudstone, light green (5GY 7/1) o reddish (25YR 4/2) - 3) Caleareows mudstone of masly chalk: medium light to light
= L Martied conesct with intormediato shades, becoming darker groen (GGY ey (NE=NT), graded mudstons, bioturbated in upper
= Wiiia 2, 3/2) 1o base. homoganeous, rich in guarts and ciry BlB part anty.
- & = ovara sire fraction
2 1 B caesrs 5GY 71 | 2 Note: Section 4, betwsen 100-120 cm: thrae thin layers of
2| _L T rovee [ -3 IO:E‘"_E" Unit 3 H M lithelogy (1) interbedied with faur thin layers of lithalogy (2]
i | ZkE S e oG 1 Silty muthtone, black {5Y 21} massive, himoganeous, nan- 5
i i E
il e v St it ealcarsoin, firmto hard 3 SMEAR SLIDE SUMMARY [%):
§ g o B e o SMEAR SLIDE SUMMARY [%]: I:},HE :m El? -;,H
3183 Shade of 3,68 3,120 3,146 665 6,70 "
3 = =g EYR 44 o D o o D Tuxtire:
= | 32 nd 810 — Sand 0 5 w20
5| & e Brown exture: ] sih 20 s W™ an
i H ot Sardd 0 s w1 & % 80 0 40
B sitt % 3 o W AP X
2 B 3 Compasition:
Clay » & 7B @ ® - I Quartz E w2
— Abundant Compasition; & F 5 B 5 5
previrs 0WOT  Quarty w ® 2 W W £ orsiaal T
lires Faldspar <6 <5 <8 [ 5 H i @ 9 3 e
MI""' = = 5 =h T & Carbonate unspec. Tt - 50 0
oM 5YH 4 Clay w"o» s z Cale, nannofossils  Tr - 0 0
AP svR s Pyrine = = = ) T 2 |RP Sponge wpicutes  Tr - - -
P e YR a® Carbonate unipec. 5 - Tr - - o
. [ 8aY 711, sana Clynaivobomlly <8 = A = . ORGANIC CARBON AND CARBONATE [%):
AP u| At e Radiclariens = B s o = e 1,8-8 2,12-134,92-93
3 = Wl maatiled contact 5 il <5 <5 i - = 4 ' : :
RP BV 111w Carbonate 2 o 1 7
28vR T ORGANIC CARBON AND CARBONATE [%]:
i grachus bandy i 268 388 273 4 18-119 533-M4 5 62-53
- nah - calesrreun [ T v
AP Carbonate 2 74 8 10 2 » Carbonate 3 81
of
SYR 7 . 4.8 4121 B8 612 14 5 {=T] LT
B o calcarsous Organic carban - - - 053 052 | = o~ Organic earbon = 0.23-0.67
" Carborte 2 [ 4 1 1 E| § = 1
E| 5 e .
B B | Blew
Thin yliow bands 5
4 ety 5| 5% 5 s s
B o ST R 8| Ser| N
T — 5| 8lem
S6Y B2
ES
= Mo caleareca co ccl 6
- E -
“al |®
8
5
B8GY 82
| Gradasionsl
BGY 32
L Sharp contact
B
svan
B 8 .
B
7 By an
Ble
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SITE 550 HOLE B CORE 156 CORED INTERVAL 589.0-638.5m
—r———
g FOSSIL
- i CHARACTER
8 lz.[2]1 5 z| 2 i
E= |2 = GRAPHIC
12 :_5. HEIE 5| B | umolosy g LITHOLOGIC DESCRIPTION
§ £1518)2 ‘ﬂ_ L8
E =
]g 2 ; g a
P
cP {11 Dark greenish gray [5G 4/1) 1o greanith black (5G 2/1), very
slightly cabearecin 1o non-calcareous mudstone, Thin layers
cp|FP s bioturbated, thick layers have bicturbation only st
oo bases, Sections 2, 3, and 4 (020 e only) contain 4 cycles
! with eolor grading from 5G 4/1 at top to 5G 211 &t base.
g 12) Whire (5Y 8/1), waskly laminated, weskly bioturbated
'E marly chalk,
=1
Elce ?,': {3) Geay (5Y 6/1, sometimes weakly laminated, rarely biotur-
g 4 bared, calcareous mudstone,
€ H e
‘g 22 apl ® {4 Fiint nodule.
|58
5|8 B 2 (5) Dark brown (7.5YR 3/2), homogeneous, massive mudstone,
] g with accatlanal gresnish spots,
i
3|3 & {6 Light gray (5 7/1) 1o light gessnish gray [BGY 771, highty
- B bioturbated, burrow moftied, homogenecis calcareous
AP mudstone to marly chalk.
(7) Finaly iaminated in shades of green (SBG 7/2, 5G &1, 6Y
T /4], unbiaturbated esicarsous musdstons,
= B
g (B} Gray 1o dark gray (NA—N3), finely laminated unbioturtated
é 3 calcarsous mudstone.
B
SMEAR SLIDE SUMMARY (%)
2,107 4,60 530 500 823
[+] o s} b o
Textute:
Sand ] 20 10 0 B
Sirr 20 a0 10 n 15
RF| Clay 0 a0 B0 70 BO
Composition;
4 Ouartz o W W w2
Feldspar 5 Tr Tr Tr L}
Clay s B8 2% 48 30
Carbonate unspec.  Tr Tr 20 25 10
Iy (=7} Calc, nennofossils  Tr - 40 1 30
= cG
E ORGANIC CARBON AND CARBONATE (%),
H oM 2,107
£ ! Carbonate 2
= (=]
E SE|™ s
¥ E ce
T3
E -0
i -
-0
[} —
8 set
. =
4
=00
=

SITE 550 HOLE B CORE 18 CORED INTERVA 598.9-608.0 m
H FOSSIL
= |5 CHARACTER
- EMOE z| 2
A EH EF 5 el = GRAPHIC
= ¢ SCRIPTI
i E§ £ g z g & 5 LITHOLOGY . LITHOLOGIC DE on
F § g HEE N i
FH g H ]
AW Gray 1o light gray [NG~-NT1, bioturbated with burrows filled with
dari gray (N4], Weakly laminated between 010, 37-38, and
3 5576 em, marly chalk.
1 1] Qliwe black (6Y 2/1) finely taminated, eaicarsous, not biotur.
oM = bated.
AP
= [2) Light gray {5Y 7/1} to light greenish gray (BGY 8/1] to medi-
SE| | um gray (NS), bionuroatad, turrows filsd with darker gray
g I IN4/NS], marly nanne chatk,
; ';E AG|CG SMEAR SLIDE SUMMARY (%):
kR 1,80 1,110
E § : ; 5
Textura:
o
-] Sand 5 5
% & Silt 15 18
é = Clay 80 80
E - Compasition:
e Cuartz (L] 18
c| Feltipar ) 5
= -
= e
Bt L oo Cubompteumpes, 20 10
3 bt Faraminifers - 10
Fames Calc, annofomils 30 25
: Radlolslans - B
. 2
Trese ORGANIC CARBON AND CARBONATE %1
| 141 1107 2102
4 OO Organic carban - 147 219
Carbanato 75 7 218
fasa] em | ccl ==

08§ LIS
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SITE 550 HOLE B CORE 17 CORED INTERVAL  608.0-617.0m SITE 650 HOLE B CORE 18 CORED INTERVAL 617.0-626.0 m
2 FOSSIL BE FOSSIL ]
v |2 CHARACTER 5 3
g, |8ule]2 gl e
Ex|O2|E] 2 : 2 GRAPHIC g |5u]E]3 gl g
12 |28]% HEB 5| E | umorogy LITHOLOGIC DESCRIPTION TElEs|il 8 = uﬁfﬂiﬁv LITHOLOGIC DESCRIPTION
w3 g g § g g ule wo |ZR|Z| 2 2w 3 -
T [3]E|z2]3 g7 IE" 5 5|2 (E (8] F & FH
= le § 4 g E F 18 I=|lZ|8|% =
R HE R HEHE 3
o e T
r o e -
: Al marty nanna chalk. ﬁ cai i P e — & " ;’:"&?‘r;m —_—
cm| ep baar i
[1) Light gray (BY 8/1=7/1), suresked and spotted with darkes 0.5 G nt
ar L'". i S i ves st Wi AG Dresonsl Mannotoss| chalk, green geay [5GY B/1) to raddish Beawn
1 ory. highty bioturbat aG 1 N . [Lp—— [2.6YR 6/4) to black, harg
1 {21 Diarke gray to grayish black IN3—NZ2), finely laminated (1 mm 1 \( 2‘ Gren, oray, and I'lddl’\d‘-lll.lm orksontally motded
o o lnat], aribirrttiad, N = ::-:wnm Black chalks ire somewhal richer in tetrigenous materisl and
et cf o bl [ contaln comman small black anhedral particles, beds are
13) Dark 1o fight gray (N3-5Y 6/1), relatively coarsely famin B R Sty Jammipatit
wind {0--5 cm, wr Bloturban, o :(I‘-\‘.&l Upper wn:;l:.t: of Ihldc chalks are tharp, bawsl contscts are
e L morn gradational
E A e s Section 1 containg & green gray massive chalk which is lamin-
SMEAR SLIDE SUMMARY (%] B b o st at it base
€ |y 1,28 1,40 2,145 5 |as|ce L Lidd Section 4 containg @ unit of color banded (red, gresn, yellaw)
= fr 2 o o ] o 2 misdstone, beds are =1 em thick, smear slide taken from
22| |es Temture: P - o yallow biand
H %m Sand 10 ] § I3 L
5 |1 s w1 H iz |0 SMEAR SLIDE SUMMARY (%):
£ |2 ) bl B0 g =§ - (O i 1,79 408
S § , ﬂm'm w10 = EE “lo [m— ° 2 ?
£ @ 2 |s G BIY Textre:
S |E g Faldepar I T 5 2 £5 ¢ 25¥H B4 Sand 10 5
3 £3 Mica <5 - o s |83 O i Silt s 18
E |S% Ciay W 15 » Eles 5081 cuy 55 80 B0
§[mjes Cubonateumpee. 30 45 50 = i-« lac|cs Q| [ Gomtuatcontae Compasition:
2 3 Foraminifers <5 T = E 3 (4] Al Qusnz - - T
Calc. pannofossis 15 20 10 5 o wryish red Huavy minerali 10
o g Clay 10 0 80
ORGANIC CARBON AND CARBONATE [%): o) Carborsteumpec. 15 15 10
1,56-57 1,64-86 1,69-70 P ol - Faraminifery 10 5 -
237 = == G2 Cale. nsnnofossily 85 75 T
am| c6 & et - aG|em ol -
1,86-87 2,35-38 ©C o 5YR &2 ORGANIC CARBON AND CARBONATE (%)
Carbonate - 67 65 141 22
(o Carbanate 68 59
4 AG
4 <
[ Coior bandes
om|cm oM V] Arown
cm ® = Color banded
8 sY 8
CG Y 711
SITE 550 HOLE B CORE_18 CORED INTERVAL _ 626.0-635.0m
oM FOSSIL
5 I__GME‘CTEII
[ wlw z| w
s E £ ;‘ g £ § CoRAREIE LITHOLOGIC DESCRIFTION
NHELE g g|2 g g
H % [ £ E i
P cc vl HE g H 3
& e [ [ | me

middie Canomarisn

midaba Conomanian (lower MCs 2] (F | BIDSTRATIGRAPHIC |

Eiffaiithus turriseiffal] (N)

Unit
Marly nannafossi| chalk, reddish brown and greenish gray,
‘ard, wall mottled in shades of gray
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SITE 550 HOLE B CORE 20 CORED INTERVAL 635.0-644.0m SITE 550 HOLE B CORE 21 CORED INTERVAL §44.0-653.0m
g FoSSIL S FOSSIL
x |3 CHARACTER « |& CHARACTER
€ 1Eu[ETETE] T 18] 2 | cnnm -RMABE z|l e -
S EELH 2 Ic £ |S%|E g GRAPHIC
HEE IE] £| ¥ | urHotaey . LITHOLOGIC DESCRIPTION e :ﬁ H AE E| & | Lolosy i LITHOLOGIC DESCRIPTION
¢ HHEHIBLE SHEH o w3 [INIEEfS g ¢ B o
z =] z = |2 =] -
C R Bkl § £ |z [F|515]2 JEEd S
EH BB B a |2|zlz|5 3
=) b1 1+ e o BY &1
fyrdaar = I [¥] &k iz o wvn A Unit
T VR : Marly calcarcous chalk, gray (5Y B/1) 10 weak red (25YR
o5 (O Nanrcfansil chalk, pale trown (10YR 6/3), reddish beawn AGCG 0515 L] 5;2‘}»«:111 :«Ml:nﬁunm:rm to hard
£ 1 e v [+] "f:‘“':f.:aw“ 17.5YR 801, groan (BGY 711}, and black, 3 o] |- Coerems Core |s moderately to well mottled in shadet of darker and
Tt L] ¥ . Tight except for blackish beds which are | ted
e ¢ s S e N A OpafTamm T e o e it e e e
| Of e Contacs we peownly gchtionat, e,  f s shrp ¢ fihd where contacts are rapidly transitional and often moltled
o [ - Sl i ¢ phié of Saction ; & Saction B rontaine & bed of disorted bioturoated mud elasts
a6 ey O [ Morom F“;“m‘“‘“"‘ - varinble. porhene moet. S . brove, o Jsvnes Sadiment is tich (n clay sited materisl and carbonate frog
Lt ]| ments
Y T e Pk bancs : ; :
One block bed, Section B, which is finaly laminated and has .
3 L §
Lo 1] 0 N w,,ﬁ"'m S atieh b O ?uww Feldspars arp comman
S e e 8 Pinkish sadiments have scatterod om ire gray. ovali, disganatic o SMEAR SLIDE SUMMARY (%):
e — :
A T 6| " Sreetons conmme O |—gum e 1,82 3,130 3,145
2 5 o s v— = o SYR A 2 beall.d [ o D
- it — N o - == [=—Grwy and Texture:
(e L —— & 2 10
= jam|ce i o AMIco © 1R St 10 15 0
il o o Io;:'-f;"‘m"ﬂ ¢ f=— Goray band Clay BE B0 0
= e irich g B0 (] SR Composition:
% — 1. | 5GY 6/1 o Quartz w0 5
5 |2 Y -_—\:-mml-! Ea BYR 52 Fulespar & n 10
£ (2 Laler = : I : i : i 0 N s s |52 O [ wvmm Mica - - T
§ g_z. i 2 — E;:::mem"""‘ g EE ') EYAE2 g‘.l(\r :: z g
=2 3 43 =} S = 3 = bonate unspec.
S |kE i : o N [+] ot wtin SMEAR SLIDE SUMMARY {%): 3 g =[O Cale nannofomils 165 20 10
3|2 T ¢ 2,48 2,58 2,88 o -;E 2 o
1 Fo—" z 3
E |5 w7 Faxonss L g ¢ a : E% = |¢ &Y 6
£ ] : As{em .
5 = Voo Sand 5 10 18 0 = Elnck.
e g « L
3 é S Lo SRy Silt 20 15 0 20 5 ';' Gy Monled cantact
[ o e e e~ I = Clay 75 75 [} 60 z BY 11
%“' || ¢ lM” Compesition: X 2 |am|ce &
i e W=l o podnt 1 Ouarcz -
= i rm—T— % I, bands of Hemvy minsrals - 3 5 3 % - :"‘""‘;}“‘"‘“
4 i QO o i Clay 2 2% 10 10 4 [+]
P o 0 " Carborata unspec. 10 10 10 2 o SR—
R R 1 Foraminifers 5 10 10 15 sy
lam|co o —
1 i e e W 4 (O e Cilc. nannofossie 60 60 85 70 M o
i =
e e /g SYR A3 Y
e T BvR a2  rsvnan
M T - =
=== A Somond (of [ v
| L 1 -4 -
j...I.I./o — o _—tawﬁ ]
A== —il.1 ~ - O &
5 J= - 1 - 1 - - o 5 4 0
] fee ro o
e 1 - i - ' =2 e 0
it - Z
o e g (o) <
e v s M >
o
o] -2 e o syan
P fm
= R ey ¢
M| c =L ] 75YA G0 o
& ¢ WMo clasts
cG O
sl
e | Grman vaina
0 BY 81
aMlcs M| BY N
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SITE 650 HOLE B CORE 22 CORED INTERVAL 653.0-662.0 m
o
= FOSSIL
£ CHARACTER
o
% |-
- REMAE E|l 2
) =
w8zl § 2l & QRAPIC E LITHOLOGIE DESCRIPTION
‘2|22z & ol & LITHOLOGY |
e HHE R Bk o
AAHHH R £ ok
k1 =4
a |2]2 g o B %
3 .-o-:na"";a = svan
Treaoao SY 8 unit
= i - O Catcarevus chalk, dark gray (BY 4/1) to light gray (Y &),
| £ 05— o = o e
1 ] = ot Lighter beds aro moderately mattled in shades of gray, motties
n = up to em long, whhorizontal
1.0 i—' = F :: ;: Darker beds, finely 1o irreguisrly laminated in shades af dark
= Q| |—Grmnvn geay and black
ss | *| MY Contacts aro mottied gradationsl
o ] sY 61 Carbanate i mostly in tha form of arhedrsl pasticies
0 o Aue o Tew well formed erystals
s b [ svan
Am| G ¢ oo SMEAR SLIDE SUMMARY [%):
3 & L0 122
O D (s}
iy - Texture:
v
= M F Sandt 5 15
e & ol k wen Silt 20 1%
2|2 b svan Qry L n
H 52 o] Compasition:
E i § o 5 81 Quartz 5 10
> |5 M o b Gresnish bana Fatdspar 5 5
5 |2 o Ok grmy mastios Clay 15 0
s |5 Sl 7 wvsiioan Carbanate umpee. 60 40
€ |5 3 o e Foraminifary Tr T
£ iz Cale, manrotossiis 10 20
g = i 0 ~ Sponge spacules - T
B Dk geay metties
> 8% g =
5|2
g ]
= == [ svan
5 lam|cm 1] Y 8
4 &
- I~ Sy aln
] bl |
In o
e e ] sYan
= -
RisSSSsisses [+
B =S=a=s=m=x &
AL
4P| cM Jessaod o] Lins of sark grwen minaral
Jororororon o /A
5 peamasatas Rd
Soood |, Lt
- n:n—:-ﬁ P
g Bran
cacac=cacs
e
e |9 wen
paoaao! |
AG|ca :_ -xi 0
s A OO0 0 =
e - 0 5Y 81
- (= Green band
A oo o
R S S e
Foorooo] (g sven
Jo-o-oood
7 Jooooo |o
s s s svan
OO0
cP ] ﬁd:w

SITE 560 HOLE B CORE 23 CORED INTERVAL 662.0-671.0m
2 FOSSIL
o |E HARACTE
<
§” PTHHE 5 i GRAPHIC 3 LITHOLOGIC DESCRIPTION
| 2 ;E H z Bl E LITHOLOGY g
A AHHE HEEE +1H
= = -4 5 E i
E HEHEEH F
- E% i BT &A1
oo Unit
am|c6 . L0 * sy @i Calcarsoun chalk, dark gray (5Y 811371} 1 light gray (5Y
05 jooo L@ 1), hard
1| oo & Light colored beds are moderstgly mottied in thades of
oo Lo qray, matties up to cm lang, subharizantal
1oy P /"L"':“"‘“:::' Darker beds are irreqularly to finely laminated in shdes of
A L = " dlark gray and black
—ooon = ey i =
OO = st o L
= e Ll
E ] o4O Y B
il 3 Sog -0
E = |am - ciae L@ [ osven
& 2| Poogen. |0
z as ~ oo |6 BY 01
5|23 T
& E‘%T . roer - [ O
g |5 = 3\ = srsh
H
i s N
=8 7 s B oww
S |58 - L
> |58 . 1|® BY 8
g |5¢ - 1|0
g . = Ll [ o0
AM|CM — I~
* ja Lo 5Y 61
E _m d k] : Y 41
TS oar svan
reooooo L 0
<o ] = sYan
e C
. 0 | svon
-mn—oﬁ gL e
i ms=oss 7|0 56
| cu 4| Foessail
“roroaroc] /
Foooas ) O
celrm oo o L~ svan
SITE 550 HOLE B CORE 24 CORED INTERVAL 671.0-880.0 m
2 FOSSIL
» |& |_cnamacten
g |eolel=2]e z| @
Euw HE :
1 FAHEE gla | (cmamuc, LITHOLOGIC DESCRIPTION
R HHHAR R Rl T 4P
£ 5 |3|215]5 E=+H
-
R HHEHE FEFH
L o = Girwmn tiands
g o 7.5vm b0, Unit
- L 3 Calcarsous chalk to marly caleareous chalk, light gray [7.5YR
= Lo e Gireun band 5/0-BEY B/1) to dark gray [T.5YR 30 o BY 3/1-2/1),
% 1 i o THYA B haed
e EE 1 Lightes bands moderataly mottied in shades of gray, mottles
§ - L O can be cm long, subhorizontsl
? RE |, |__ Gresn bana Darker bands are partly ar finsly laminatod in dark qray and
= G{CG L o
= L LAY 80 black
H g [} Contacts are gradational and mottled
L - .
E é = - [ rsvaam Mn:;:l‘m- carbonate 4 in the form of tragments and ranno-
s e L Sorme carbonats graing are sand sice and euhedral
‘E E i lam| CG i = 7EYH 310 uiartz graéns are rare but can be mediem sand size
lam 2 il I Graan tancr
El e o 1EYR S0 SMEAR SLIDE SUMMARY (%):
2,
o .
e 0 5Y 61 o
> & Textues:
BY 61 Sandd 10
e = )
oo =L 50- - svan 5 30
§isazass + r Clay L]
oo 0 b disn ition:
oo L L J Cuartz T
crlor 3 Tororor (¢ F oevan :"“ e I'
- - lsawy miner; L§
cp :E'Oﬂ'gn: J.& v Clay sized material 40
cP Jeee L B Carbonate unipec. 20
Jo L Foraminiters 5
M| cp e | s Csle. nannafossils 30
= Sponge spicules Tr
Diack aivhaedval
mineral Tr
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SITE 'EE HOLE B CORE 25 CORED INTERVAL  680.0—689.0 m
; FOSSIL
- CHARACTER
MEAAE z| e
- 1 =
=t ezl g £l # dnarie ! LITHOLOGIC DESCRIPTION
E LITHOLOGY
| 5 = E
PR 2 350
2 |5 - 7] g
=g g HHE FEF
-] T|=]a = w
1 e AITCwe poent
u el 0 = b Unit
143 TAYH S0 Marly calcareous chalk, dark gray (7.5YR 3/0) and light gray
lam|ac Liol [ (.5YR 50, hard
1 Lid E 75mn Lighter beds are modeestely mottiad in shades of gray, motties
J_o | 7SYREN may be up to em long
ENRhE Darkar bedh are moderately 1o finely leminated in shades of
o m [ 2svman dark gray and black
g o= 1Ol [ rsvese Contacts are gradational, bioturhated
= :5 i — 2% Sadfimants contain abundant calcarecus particies and clay
% |G N e sized material, black opague minerals are common
g g L0 75YR 4T
F} 1 2 Unit 2
s |E TP Basalt, dark green, hard phenacrystic with large cloor, white
ils 5 and green minerali scattered i @ liner matrix, comman
E Ei 2 ri o |- caleite fillod fractures
- E i 52 I~ 7svRan
z = L I~ Isvaan
B | om o — Hedding
E = 15¥A 0 } inclined
=
(AM] CG 0 TS5YR A0
P o SMEAR SLIDE SUMMARY (%)
4,78
= 74vn 30 &
3 T [ s Toxture:
== TEYA M0 Sand 10
o T Bl
I 30
Jl‘ o TEYA 40 60
AM =0 Campatition:
Quartz 5
L ey THYR A0 Mica Te
[CM| FP 1 o Clay 30
18R 40 Carbonate unspec. 20
L] Faraminifers T
4 I ol Cale. nannofossils 40
- Dark anbhedeal
- minaral T
o 1 von
- L
5 1 sasat |
cp e =4
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CORE/SECTION 261 w02 2603

LEG B0, HOLE 5508, CORE 26

I
.

MAIN SUBDIVISIONS

Whole or fragmented pillow lavas in Sections 1, 2, and 3, 1=17 am, Intercalations of red celcarsous mudstans
wt Section 2, 55 cm.

Cabcareous breccia with volcanie fragments {Sectlon 3, 17-80 em).

Massive lava flow bounded by chilled marging, in Section 3, extends to 160 em {sne continues in Core 27}

Pillow Lavas

Visual Deseription: Dark geay 1o black, moderately phyric, calcite-vesved basalt with well-defined chilled
imarging (12 cm thick), Euhedral plagioelase phonocrysts comprising 7—10% of the basalt, are 0.5-9.5 mm.
Fewer than 5% of the vesicles concentrated in the upper third of the pilews are filled with carbonate. Vi
wre likled with bonate and/or umectite, Matrix of main pillows comprises small pillow fragmants and dovitrl:
fiad hyaloclastite replaced by umectite,

Thin Section Descriptions:

Location: Section 1, 48 cm {15 em inside the chilled barder]

Texture: Phyric

Phenocryits: Plagioclase, 0.5—2.5 men, 7—10%, suhedral, unzoned with fow exceptions, An =60; olivine, 0.5
mm, 1%, replaced by chiorite

Groundmass: Rossttes of sclcular plagiociese, 0.5 man, 30%; snhedral radiating sheaves of pyroxenes, 35-40%;
granular eubedr s magnetite, 30-35%; calcite- or smectite-filled vesicim, 1%

Ausration: Pock very fresh; alteration limited 1o replacement of olivine by chiorise

g
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Falrl 7

Location: Section 2, 2831 cm, 35 em inside the margin of pillow

Texturs: Phyric

Phenocrysts: Vesy fresh plagioclase, 8.5-2.5 mm, 5-T% unzoned with fow exceptions; olivine replaced by
chiorite, 2 mm, 2%

Groundmas: Rosettes of aciculsr plagioclsss strangly etched at the barders, =20.3 mm, 26—30%; anhedral
pyroenes, 0.01-0,02 mm, 40%; euhedral graular opacques, 20-30%. Aare vesicles filled with smectite
1< 1%).

Aleeration: Limited to the repiscement ol ofivine by chiorite

Calcarecus Brecois

Vsl Deseription: Red colored (2.5YR 4/2-4/3) sditone
scattered globigerinics seen in thin section, but not valuable for dating.

Massive Basaltic Lava Flows

WVisual Description: Aphyric, finegrained, very tark gray rock. Few fractures lilled with calcite or smectite.
Cap of hyaloclastite marking the transition with the caicareaus breccls. Chilled margin with finest grain,
40 em thick, on 1o0p of unit.

Thin Section Description:

Loeation: Section 3, 100103 cr, within the chilled maigin
Textura: Aphyric microlithic
mass: Acicular plagiociase microliths, 0,3-0.7 mm, 40%, very fresh: clinopyroxens, = 0.3 mm, 35%,
arhadral granular, forming radisting sheaves; magnetite, 5%, granulae to eubideal, olivine replaced by
chiorie, 0.5-0.8 mm
Alteration: Very fresh rock, sxcept for roplacement of destabilized olivine
Sonic Velocity: Piece 8, 5382 km/y

LEG 80, HOLE 6508, CORE 27

MAIN SUBDIVISIONS
I Base of & massive lava Now (extending from Core 28, Section 3) and interbedding of :
1L recrystallized calcarsous brocosa and plok catcareous mudstone, and

1. aphyric 1o moderately phytic liva flows or pillow-basalt fragments.

1 Massive Lava Flow [Section 1, 040 em|

Visual Description: Dark gray, massive, fractured nearty sphyric bacalt; fractiers fillsd with carbonate. Rare
phenocrysts | < 5%) of plagioclass snd replaced olivine. Loaks unaltered. No wesilees, Chilled masgin, § om
ek 3t the botlom,

Thin Section Descriptions:

Location: Section 1. 21-24 cm; 28 cm abowe the botiom
Taxurn: Ophitic sphyric to nearly aphyric
Partly ackcutar , 0.2=0,8 mm, 30—40%, very frash; intergranular to
poikilitic pyroxenas, 30—40%; euhedral ofivine replaced by chiorite, 16-20%; granular magnetite and ather
opague mingrals, 0.1 mm, 5%
Seomix Vedocity: Piece 18: 4707 ks

n R Breccia and Pink Mudstane
Locations: Section 1, 100115 cm {Pieee 4); Secton 2. 2025 em Prece 2) and 115130 om (Pice 5);

Section 3, B5—80 cm (Pieca 21,

Wisual Descripuion: In Sectsons 1 and 2, dark reddith brown (5YR 374}, haed ealcarsous sadiment, supporting
basalt fragments. Hyaloclastitic matrix predominates over the carbonate mudstone in Piecs 2 of Section 3.
Pieces 2 and 5 of Section 2 show highly contorted stratification,

WIF  Lava Flaws or Pillow Basalt Fragments
Location of main sbdivisions: {3} Section 1, 60100 em; (b] Section 1, 120 cm-Section 2, 20 cm; [c}
Section 2, 30-110 cm; {d) Section 2, 120 cm—Section 3, 85 om; (e) Section 3, 80130 am; no disgnortic
features 1o distinguish between pillow lavas or lava flows.

Viswal Deeription: Aphyric, finerased tasalts, except whbdivaion (¢} which & moderately phyvic (5-10%,
il sltered olivine ph yits). Calcits or smectite vesicles 91 the upper part of subslivision icl,
of wbdivision [d), s complts

fnd, 1 mm, 5%.

Sonkc Valocity: Section 1 (Piece 38): 4195 km/fs; Section 1 [Piece 3B]: 4361 km/s; Sactinn 2 (Plsca 34):
4201 km/s; Sectron 2, (Pisce JA): 4031 kms; Seciion 3 (Piece 20): 3810 km/y; Section 3 [Piece 2E):
A7 ks
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LEG 80, HOLE 5508, CORE 78
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MAIN SUBDIVISIONS

Section 1, 060 em: Fragment of aphyric lava How

Section 1, 60 em=Section 2, 40 cm: and broceia with pillow lragments
Section 2, 40 cm--Section @, 50 em: Two massve, phyric basaltic lsva flowy

Section B, 50 em—and of section: Pillow hasalt iragment

Fragment of Aphyric Lava Flow

Visual Description: Dark gray, fme-grained basall. Highty tractured with white carbonete or greenish snectite
nfillings. Upper and lowsrmant parts comain vesiches, of which 5% ane filled with carbonate.

Calcareous Hyalocinuite Breceis with Pillow Fragments

Visual Deseription: Section 2 (Pieces 2 and 3), glassy marrix contained pillow lavas and calcarsous muditons
tragments. Piece 2A is o daric reddish brown, indurated, celcarsous mudstone. and Picce 34 alw comprises
& vaneor of calcarsous sdiment, Others ara bamitic fragmants Section 3 (Pleces 1A=1C snd 1E) are dark
reddigh brawn, indurated, calcaeous modstone, Pieces 10, TF, and 16 are aphyric, pillow bosalt ragmaents.

Sonic Velocity: Section 2 (Piece 2C): 3026 km/y
Twes Massive, Phyric, Basaltic Lava Flows

Wisal Description: Top has a chifled margin. Anather chilied margin, at Saction B, 5 om, delines the boundary
betwesn the two wmarimposad lave flows. Chilled vesicular margin st the bottom and st the top of the lower
flow. Vesicles are rare [ 1%) in the upper o, Fractures with infillings of hydrothermal calcita and calcar.
wous mudstone I the upper meter of the upper liva llew, Very Tine-grained phytic textures o1 the top and
e of flows. Phyric e tratures inbe Plagiociase and altered-olivine ph vsts of Two sizes,
23 mm and 712 mm; up to 7—10%. Plagioclescs se gonerally the larger phenacrysts.

Thin Section Description:

Location: Section 3, 131133 cm, 160 cm below upper contact af flow

Taxture: Phyric

Phonocrysts: Zoned, plagioclase, up 1o % mm; ofivines replaced by chiorte, up 1o 0.8 mm; 1ogethe: 5T%

Groundmass: Acicular plagiociass, very thin and bifid, 0.1 men; pyroxenes granular to radiating sheaves,
0.1 mm; partly altared opsguin snd magnetite, up to 5%

A ion: A of olivine by ehlorite and alterazion of pyroxens in the groundmas

Location: BA-82 cm, 50 cr abowe the lower contact of lava flow

Tuxture: Phyvic subophitic

Phenocrysts: Very fresh plagioctases, An : 260, some roned, 0.5-3 mm, 7-10%: olivine itrongly conoded
letched borders), complutely replaced by chiorite, 0.5 mm, 5—10%

Groundmass: Very frosh acicular plaginclass, 0.5—1 mm, 40-—-45%; vary frash intergranular 1o paikilitic clino-
pyroxene, 30-36%; suhedral 1o grarsdor magnetite, <<0,1 mm, 5%; devitrified glass replaced by smectite,
2-3%

Location: Ssction B, 57 em, tap of the lower lava flaw of Core 28

Tuoxture: Parphyritic microtitic {chilled margin)

Phancerysts: Euhedeal plagiociase, An >80, 0.5~2 mm, 30%; olivine, 0.5 mm, 5%, strongly siched and re-
paced by chiorite

Groundmass: Scattered very thin snd bifid scicular plegioclase, 16—20%; anhedral gralm 1o radisting sheres
of clinugryraxens, 0.02-0.01 mm, 40%; opaques, 5% Vesicles, 21 mm, 10%, infilling of calcite or smectite

Adraration: None, excapt replacement of olivine

Sanic Velocity: Section 4 (Pieea 1B): 6501 kmis: Secticn 4 (Pieco 18): 5506 kenfs; Section 4 (Pieca 1B):
B212 kmis

Pillow Basalt Fragment

Visual Description: Phyric basait with 5—10% 4 fow caleitic
et of caleitic fractures. Core it cut along the side chilled boeder of the piflow.

1 mm; dense

0sS 9LIS
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LEG 80, HOLE 5508, CORE 29

MAIN SUBDIVISIONS

Sectlon | -Section B, 10 cm: Twa massive, phyric, lava flows

Section 8, 10150 am: I lbrwceia ¥ basalt fragments

Twa Massive Phyric Lava Flows

Wisual Dwseription: Boundary betvwien two lava flows i marked by an intercalation of devitrified glass at the
top of Section 2 and twa chilled marging below and shove Shickentide deformation at the houndary betwesn
the twa wnits.

The upper unit is only 1.50 m thick in Saction 1. Dark gray phyric basalt. Caicite and smactits vesicies
[ 1 mm) s concentrated ot the bese and summit. Zoned plagiociase phenocnyits up to 7% and <1 em,
Subsphitic intargrawths af plagicclase and alivine (the Latter being replacod by chlorital.

The lowsr unit s 6 m thick {Section 2-Section 6, 10 cm). Upper part (1,60 m) is wizular but not the
fower margin. Dark gray basalr. Phyric, except the lower margin, Grain size of the groundmas increases fram
the 10 to the base, then decreoses 39ain i the lower 30 cm. Plogioctase phertcrysts, £ 3 mm, 1-5% up 1o
10% toward the base. Veins and fractures fillad with calcite and smectite.

Thin Section Deseription:

Lecation: Section 5, B5-68 cm

Tewture: Phyric wbophitic

Phenocrysts: Pagioclase, 2-3 mm, 10%

Groundmass: Acicular plagiociase, 0.6 mm, 30%; intergranutar polkilitic pyrosene, 30-35%; magnetite, 5%,
oliving, 0.01-0.1 mm, 2> 20% replaced by cnlorite

Alrgration: Limired 1o the replacemont of olivine by sscondary chiorites.

Sanic Velocity: Section 2, 8183 em (Piece 1C): 4020 km/s: Section 5, 85 an [Puece 1F): 5570 km/s

Interhedded Calcareous Brecsia snd Phyric Basaltic Fragmenty

Visual Deicription: Phyric besslt fragments, 20-50 em in sire, comented by pink calcareous muditone,
inetuding sand-size pllow debris,

0SS HLIS
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LEG 80, HOLE 5508, CORE 30
MAIN SLBDIVISIONS

L Mastive lava flow, Seetiors 1, 2, and 3, 026 em

I, Red calcareous mudstone, Section 3, 25--30 cm

1. Massive lava flow, Section 3, 30150 cm

IV, Hed calcaresun mudsione, Section 4, 0-10 cm

V. Massive lava flow, Section 4, 10150 cm and Section §

IF Massive Lava Flow, Types |, Il and V'

Visual Medium gray, phyric basaits, Type | shows chilled margn with congicucs
carbanats and smectite vesicles st the top [ < 1 mm, < 5%; Section 1, 0~70 cm). Thinner, siterad, chillsd
trings without vesicles at the base, Altored, chilled fringes at 10p snd base of Type |11 bess than 10 cm thick.
Relatively cosrss ophitic texture occupying most of Type |1l Type V shows a B0-cm thick chilled margin
with smactite and calcite wesicles at the top, but only a finegrained phyric toxture without visicles in the
lawer 30 cm. The remainder (s mostly doleritic, suboghitic, phyric basall. Phenocrysts: plaglocisse, 4 mm,
B 7%; ealeitic veins, geodes, and fracturis eoncmtratod towand the top.

Thin Section Description

Location: Section 2, 114-117 em; 2.7 m below top

Testure: Phyric

Pranocrysts: Plagioclass, An>80, 3-4 mm, 5 10%, corroded; aubedral ollve raplaced by chiorite

Groundmasi: Acicular plagiochise, 0,16 mm, 20%; snhedral grains fo radinting sheaves of clinopyraxens,
A%, opsaues, 0.01-0.05 mm, 5%; interlacular graini of olivine, 0.05-0.1 mm, 20% replaced by chlorite

Altgration: Limited 10 the replacement of olivine

Locatkon: Section 4, 1321234 em: 120 em below 10p of subdivision ¥V

Taxture: Phyric sibaphitic

Phenocrysis: Plagiociese, An >80, 2-5 mm, 15%. zoned: some pertly replaced by clinopyroxene: suhedral
aliving, .51 mm, 10% replaced by chiorite

Groundmen: Acicular plagicclose up to 1.5 man, 30-35%: gramuiar magnetite, 5%; rosettes ol pyroxens
organized & radisting theaves of anhedral grains, 0.08—0L1 mm, 30%; intetloculas olivine replaced by
chiorite, 002 mm, 105

I Red Calcarsous Muditone

Wisual Description: Several chumks of red caleareous muditons sssociited with pullow hlnn Tragments sep-
arate massive Lava flowas.

05 HLIS



SITE 550 (HOLE 550)

—150

324



SITE 550 (HOLE 550)

3,cC 5-4 5-5 5-6

—0 cm

—150

325



SITE 550 (HOLE 550)

4o : &m. mm

i
:_.q....m?
ey v

I ju..u.ﬁ R i)
el i

—75

—125

—150

326
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SITE 550 (HOLE 550)

14-3

14,CC

15-1

16-1

16-2

16-4

16,CC

17-1

17-2

17-3

17,CC




SITE 550 (HOLE 550)

19-3 19,cC 20,CC 211 21-2

19-2

P R
b .,w_ IF AR g AR
M NS AL

331



SITE 550 (HOLE 550)

T B ikt

X

b >

¥ ey o T




SITE 550 (HOLE 550)

24-5 25-3 25-4

—75

— I; : |l
= k 3
< [‘ 3

-—150

333



SITE 550 (HOLE 550)




SITE 550 (HOLE 550)

29-3 29-4

29-2

335
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SITE 550 (HOLE 550B)
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